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Abstract 

 

Knowledge of Land Use and Land Cover (LULC) change is essential for sustainable urban planning, 

environmental monitoring, and efficient resource management. Dhaka City, which is experiencing 

overpopulation and excessive resource utilization, was selected as the study area, and land use from 2007 to 

2022 was assessed through the creation of Land Use and Land Cover (LULC) maps using ArcGIS and remote 

sensing techniques. Satellite images (30-meter resolution) and data from USGS were used for the study. Land 

use changes were classified into eight categories- savannas, grasslands, permanent wetlands, cultivated 

croplands, water bodies, urban and built-up lands, natural vegetation, and barren. The result shows a decline in 

savannas (116.6 sq. km) and croplands (8.5 sq. km) which indicate rapid urbanization, heightening food 

dependency and vulnerability. On the other hand, upsurge in wetlands (7.28 sq. km), water bodies (15.2 sq. km) 

and natural vegetation (54.52 sq. km) indicating ongoing efforts to conserve and restore ecosystems. Accuracy 

assessments were checked as well. The error matrix along with kappa statistics for all classified images were 

meticulously generated. The study provides insights into Dhaka's urban growth over the past 2 decades, which 

will help with sustainable future planning to make Dhaka a better living place. The analysis revealed that water 

bodies and built-up areas increased by approximately 82.6% and 21.28%, respectively, whereas the cultivated 

area decreased by about 1.99%. 
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Introduction 

Land use is an important factor in understanding how human activities change the environment. Changes need 

to be monitored and identified in order to maintain a sustainable and conducive environment in any city. Dhaka 

is one of the most densely populated mega-cities in the world with an area of 1464 sq km (P. Roy & A. Roy, 

2010). This study assesses land use change in Dhaka City resulting from rapid urbanization between 2007 and 

2022. Land use during these years was analyzed through LULC mapping using ArcGIS and remote sensing 

techniques using satellite images and data from USGS and ESRI. The change in land use has been classified into 

eight categories for the purposes of this study: barren, cultivated croplands, grasslands, natural vegetation, 

permanent wetlands, savannas, urban built-up lands and water bodies. After analysis an accuracy assessment has 

been done in this study to keep LULC's classified maps accurate and transparent. 

 

Methodology 

Detecting changes in land use and land cover (LULC) through satellite imagery constitutes a pivotal aspect of 

this investigation. Employing a supervised classification method, a well-established approach, aids in 

categorizing the LULC data extracted from satellite imagery. The analysis and classification of satellite images 

were conducted using ArcMap 10.8 software. Additionally, thematic maps and area calculations were performed 

within the same software. Microsoft Excel was utilized for generating graphs, creating tables, and conducting 

land cover change calculations. 

The subsequent steps detail the work-flow for Land Use and Land Cover (LULC) analysis, providing a clear 

framework for accurate and thorough data analysis. 
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Fig 01: Flow diagram of LULC change detection 

 

Data acquisition 

Land use and Land Cover classification utilized “MODIS MCD12Q1 V6.1” imagery spanning from 2007 to 

2022, obtained at a 30-meter resolution. The satellite data for the study area was accessed through the Earth 

Explorer website (http://earthexplorer.usgs.gov/). Cloud-free images were located and utilized to improve result 

accuracy. The databases were downloaded as TIF files.  

 

Data Preparation & Pre-processing 

A layer stack tool (Mosaic) was used to combine all bands and create one image, as bands come separated in 

raw images. After that, The LULC map was clipped to the study area using the clipping tool from ArcGIS.  

Generating LULC classifications  

The study area is divided into 18 segments. Each band was assigned to a particular channel which produced an 

output of various combinations of the true-color (Red, Green and Blue) composites in the study area. These can 

be defined based on this classification as Different Classes of Land like- 

 

i) Water Bodies  ii) Croplands  

iii) Barren  iv) Permanent Wetlands 

v) Natural Vegetation  vi) Grass lands  

vii) Urban and Built-up Lands  viii) Savannahs. 

 

Generate Attribute Table 

The attribute table is dissolved by grid value. This operation aggregates data based on the common values 

within the grid, effectively merging related features. Following this dissolution, information is collected from 

the resulting attribute table. 

Production of LULC maps 

After completing the LULC classification, the resulting map was projected onto the ArcGIS layout. The 

segments were divided and outlined for different land-use classes. 

Change detection Analysis 

A raster calculator was used to compute differences between classes. To calculate the difference between two 

raster images. Change Detection Percentage (CDP) can be written as: 

 

CDP = ( 
Changed Area

Total Area
)×100% 

 

CDP is the percentage change in class. Changed area means the pixel wise difference between two raster image. 

Accuracy assessment 

The evaluation of the categorized images' accuracy was conducted through the utilization of the ArcGIS 10.8 

application after their generation. Following the image classification process, it becomes imperative to ascertain 

the classification's precision. Kappa quantifies how much better the classification is compared to random chance. 

User accuracy, another critical factor in identifying omission errors, was also considered. 

 

User’s Accuracy = (
Number of Correctly Classified Pixels in a Category

Total Number of Pixels Classified in That Category
)×100% 

 

Kappa = 
Observed Agreement− Expected Agreement 

1− Expected Agreement 
 

http://earthexplorer.usgs.gov/
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Observed Agreement (OA) is the proportion of correctly classified pixels and Expected Agreement (EA) is the 

proportion of agreement expected by chance. A Kappa value closer to 1 indicates a high level of agreement 

between the classification and ground truth, while a value closer to 0 suggests agreement similar to what would 

be expected by chance. 

 

Results and Discussion 

Different classes of land of satellite images that were selected for the study are in Supplementary Table- 

 

Table 01: Selected MCD12Q1-International Geo-sphere Biosphere Programme (IGBP) Legend 

 

Name Value Description 

Savannas 9 Tree cover 10-30% (canopy >2m) 

Grasslands 10 Dominated by herbaceous annuals (<2m) 

Permanent Wetlands 11 Permanently inundated lands with 30-60% water cover and >10% vegetated cover 

Croplands  12 At least 60% of area is cultivated cropland 

Urban and Built-up 

lands 

13 At least 30% impervious surface area including building materials, asphalt, and 

vehicles.  

Cropland/ Natural 

Vegetation 

14 Mosaics of small-scale cultivation 40-60% with natural tree, shrub, or herbaceous 

vegetation 

Barren 16 At least 60% of area is non-vegetated barren (sand, rock, soil) areas with less than 

10% vegetation 

Waterbodies 17 At least 60% of area is covered by permanent water bodies 

 

 

The LULC analysis shows that Urban and Built-up Lands has expanded by 47.05 square kilometers, reflecting 

rapid urban development and infrastructure growth within Dhaka city. While Natural Vegetation has the 

biggest surge by 54.52 square kilometers, suggesting reforestation efforts, afforestation projects/ urban greening 

projects, community engagement in conservation efforts, and strategies for climate change adaptation from the 

regulatory authority. Surprisingly, water body coverage has increased too since 2007, by 15.2 square kilometers, 

possibly due to the creation of reservoirs, pond construction, or changes in hydro-logical patterns. Permanent 

Wetland has an increase of 7.28 square kilometers, indicating potential conservation efforts or natural 

ecosystem restoration. With urban and built-up area, water-body growth, savanna (tree cover 10-30%) has 

faced the biggest decrease. Decreased from 2007 to 2022 by 116.6 square kilometers. Grassland has experienced 

a decrease of 2.59 square kilometers, and an increase of 2.26 square km has observed from barren land. 

Cultivated cropland has declined by 8.5 square kilometers, which could be attributed to urbanization, land 

conversion, or changes in agricultural practices. The changes are shown in following table and figures.  

 

Table 02: Land cover/land use labels with areas of 2007 to 2022 
 

 
 

 

  



 International Conference on Advances in Civil Engineering (ICCEI 2025), 12-14 December 2025 

RUET, Rajshahi, Bangladesh 

 

1952 

 

Table 03: Difference of land use and land cover of Dhaka between 2007 and 2022 

 

 
 

 

   

 

Fig 02: Projected maps of land use and land cover of Dhaka city from 2007 to 2022  
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Major Changes in Water Bodies, Vegetation, and Urban and Built-Up Land (2007-2022): 

From the maps representing the years 2007, 2011, 2015, 2018, and 2022, significant changes were observed in 

the Water Bodies, Vegetation and Urban and Built-Up lands. 

 

• Increasing Built Area: The bar chart indicates that the built-up area has rapidly changed from year 

2007 to 2022. The observed increase in built area over the years indicates rapid urbanization and 

infrastructure development in Dhaka city. This expansion of built-up areas is likely driven by 

population growth, migration, and economic development, leading to the construction of residential, 

commercial, and industrial structures.  

        
Fig 03: Changes of Urban and Built-up lands                    Fig 04: Changes of Vegetation Area 

from 2007 to 2022                                                              from 2007 to 2022 

 

• Increasing Vegetation Area: The increase in vegetation area from 2007 to 2022 in Dhaka city suggests 

positive trends in environmental health and urban greenery. Possible factors contributing to this increase 

include initiatives for environmental rehabilitation, urban greening projects, policy interventions promoting 

green infrastructure, community engagement in conservation efforts, and strategies for climate change 

adaptation. This expansion of vegetation signifies efforts towards enhancing biodiversity, improving air 

quality, mitigating urban heat island effects, and promoting overall urban sustainability. 

                                       
• Increasing Water Bodies: It was observed that the water bodies of Dhaka City have expanded from 2007 

to 2022. The observed increase in water bodies from 2007 to 2022 suggests efforts towards water 

management and conservation in Dhaka city. This may have resulted from initiatives such as river 

restoration, lake rehabilitation, and storm  

 

water management projects aimed at improving water quality and mitigating flood risks. The expansion of water 

bodies can also enhance urban aesthetics and recreational opportunities for residents. 

 

 
 

Fig 05: Changes of Water Bodies from 2007 to 2022 

 

Accuracy Assessment: The aim of the accuracy assessment is to evaluate the performance of the LULC 

classification for Dhaka City over the period from 2007 to 2022, focusing on User’s Accuracy and the Kappa 

coefficient. 
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Table 04: Classification accuracy of user and Kappa coefficient 

 

 
           

User’s Accuracy: The User’s Accuracy for each land cover class was calculated to determine the reliability of 

the classification from a user’s perspective.  

⚫ Cultivated Croplands achieved the highest accuracy, with a value of 93%. 

⚫ Barren land exhibited the lowest accuracy, at 40%. 

⚫ Other classes, such as Urban and Built-up Lands and Natural Vegetation, showed moderate accuracy 

levels of 72% and 69%, respectively. 

 

Kappa Coefficient: The overall Kappa coefficient for the LULC classification was determined to be 0.62. This 

indicates a substantial agreement between the classified data and the reference data, accounting for the 

possibility of chance agreement. 

Analysis: The substantial Kappa coefficient value suggests that the LULC classification for Dhaka City is 

generally reliable. However, the relatively low accuracy for Barren land points to potential misclassification 

issues that require further refinement. 

 

Conclusion: 

The LULC study provides valuable insights for understanding the relationship between human activities and the 

Earth's surface. This knowledge is essential for promoting sustainable land management practices and addressing 

the challenges of the 21st century. 

 

The study on land use and land cover change detection from 2007 and 2022 in Dhaka has identified trends in 

land use, such as urban and built-up lands, savannas, grasslands, permanent wetlands, cultivated croplands, water 

bodies, natural vegetation and barren. This allows prediction of future land use patterns and their impact on the 

environment. The pattern of land cover has changed drastically over the past decades. The savannas, cultivable 

croplands and water grasslands in Dhaka shows the negative change from 2007 to 2022. The positive change has 

been noticed in urban and built-up area, permanent wetlands, barren, natural vegetation and water bodies. 

Overall, the maximum part is covered with urban and built-up area and natural vegetation. From the study it is 

noticeable that settlement is increasing at an alarming rate. 

 

On contrary, natural vegetation has increased, indicating with proper policy, plan and effort it is possible to 

increase green coverage, reducing urban heat trap, better water management, supporting biodiversity. With 

combined efforts, Dhaka City can become more climate-resilient and sustainable. 
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