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Abstract

Dhaka, the capital of Bangladesh, has rapidly expanded due to urbanization and is experiencing temperature
increase. The purpose of the study is to monitor and understand the changes in Dhaka Metropolitan area’s (DMP)
Land Surface Temperature (LST) over the last 32 years by using Geographical Information Systems (GIS) and
Remote Sensing (RS). This information is essential to study environmental conditions, urban development, and
climate dynamics. The land surface temperature of Dhaka city has been increased substantially within the
metropolitan city area. A supervised classification of Dhaka metropolitan area's land use land cover (LULC)
using ArcGIS software was conducted. Land surface temperature was derived from Landsat 5 and 8 images
captured in 1992, 2007, 2014, and 2024 and compared to simultaneous Land use land cover maps. The land
surface temperature increased across all land cover types over the period, indicating the existence and potential
effects of the urban heat island in Dhaka city. The study found the increase in highest temperature, lowest
temperature and mean land surface temperature during summer season respectively is 4.76°C, 2.22°C and 4.04°C
from 1992 to 2024. From the study we found urbanization has a direct impact on the microclimate of a region.

Keywords: LST; LULC; DMP; ArcGIS; Remote sensing
1 Introduction

LST can be defined as the skin temperature of Earth’s surface and controls most physical, chemical, and
biological processes (Mia et al., 2017). LST may be a controlling factor for many of the physical, chemical, and
biological processes in the world and may be considered as a measuring indicator of global climate change
(Ranagalage et al., 2019). When solar radiation interacts with the ground and heats it, the emission of thermal
radiance from the land surface is measured by LST (Fu & Weng, 2018). Many land surface characteristics and
climate conditions can have an impact on LST, either directly or indirectly.

LST can be found using remote Sensing techniques. By analyzing satellite images in software that allows
working with temporal data, LST can be measured. Temporal information from past years has been preserved in
satellite image websites. Comparing the LST of an area over the years, we can know the characteristics of the
LST of that area and the variation in LST. These will lead us to understand that area’s thermal condition. The
urban LST depends on changes in urban LULC, environmental circumstances, and ecological conditions
(Hussain et al., 2023). LULC measurements indicate changes in the urban physical landscape and growth rate of
urban built-up areas compared to other physical footprints (Hussain et al., 2023).

The study was aimed at providing a comprehensive assessment of the thermal change using remote sensing data
and ArcGIS software for the past 32 years in the Dhaka Metropolitan Area (DMP). The knowledge generated by
this study will be an aid to assess and mitigate the socio-economic impacts of the increased thermal changes in
the UHI of the DMP.

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).
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Figure 1. Study Area Map (Dhaka Metropolitan City).

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. The Land Surface Temperature (LST) is extracted
from Landsat imagery by following a certain procedure, which is below. The LST is calculated by using thermal
bands of Landsat images. For Landsat 8-9, the thermal band 10 is used, and for Landsat 5, the thermal band 6 is
used. These bands represent the thermal data of any place; thus, by following some procedures, the LST of any
area and also the LST contour can be found.

3.1 Step-by-step procedure for landsat 8

1. At first calculation of ‘TOA’ (Top of Atmospheric) spectral radiance

2. TOA to ‘Brightness Temperature’ conversion

TOA = Ml * Qcal + AI

Where, M = 0.0003342; Qca = Band 10; Aj=0.1 (For Landsat 8)

BT = (Ko/(In(Ky/L) + 1)) - 273.15

Here, Ky = 774.8853; K, =1321.0789; L = TOA (For Landsat 8)

3. Calculation of ‘NDVI’

4. Calculation of the ‘Proportion of Vegetation’
PV = Square ((NDVI - NDVlmin) / (NDVlmax - NDVlmin))

NDVI = Float (Band 5 - Band 4) / Float (Band 5 + Band 4)

5. Calculation of ‘Emissivity’

E=0.004 * PV + 0.986

6.Calculation of ‘Land Surface Temperature’

LST=(BT/ (1+ (10.8* BT / 14388) * In (E)))

At first the ArcGIS software was opened, and a blank map was opened. Then from the ‘Add Data’
option the thermal band 10 was added as a layer.

Then the ‘Arc Toolbox” was opened from which the ‘Spatial Analyst Tool’ was selected. Then the
‘Map Algebra’ was selected followed by the ‘Raster Calculator’.

Then in Raster Calculator the following formula were applied sequentially:
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e Then the ‘Shapefile’ of Dhaka Metropolitan Area was added and the LST raster image was extracted by
the shapefile mask data

3.2 Step-by-step procedure for landsat 5
* Band 6 is added to the map as a layer.
*  The same procedure of processing is followed before the ‘Raster Calculation’ procedure.
* Then in ‘Raster Calculation’ the following formulas were sequentially used:

1. Conversion of DN (Digital Number) to Radiance
Radiance = Li= ((Lmaxl - Lminl) / (Qcalmax - Qcalmin))*((Band 6- l) + Lminﬂ)
Where,
Lmaxa= Radiance max band 6 = 15.303
Lmina= Radiance min band 6 = 1.238
Qcaimax = Quantize cal max band = 255
Qcaimin = Quantize cal min band = 1

2. Conversion of Radiance to BT (Brightness Temperature)
T=Ks/In (Kl/LA+1)
Where,
K1=607.76; K, = 1260.56

3. Conversion of unit from ‘Kelvin’ to ‘Celsius’
Celsius = “Kelvin (T)”- 273.15

Finally, an LST contour map was found for the Landsat 5 image and it was clipped to the shape of the
desired ‘Shapefile’.

4 Results and Discussion

To compare the analyzed LST and recorded temperature in Dhaka, 32-year data of meteorological station from
1992 to 2024 are obtained from the Bangladesh Meteorological Department (BMD). The comparison between
LST data and BMD data is shown by graphs in Figure 2, 3 and 4.

Table 1: LST High, Low and Mean values of summer season over the years from 1992 to 2024.

Year Date High temp. (°C) Low temp. (°C) Mean temp. (°C)
1992 17/03/1992 33.66 20.62 24.94
2007 11/03/2007 33.66 21.94 26.78
2014 14/03/2014 36.29 22.17 28.50
2024 09/03/2024 38.42 22.84 28.98

The temperature data provided spans from 1992 to 2024, including high, low, and mean temperatures for each
year. Analysis of this dataset reveals significant variations in temperature patterns over time. From Table 1, it can
be seen that the LST is increasing gradually over the years during the summer season. The year 2024 stands out
with the highest recorded high temperature of 38.42°C, the highest recorded low temperature of 22.84°C and a
mean temperature of 28.98°C. While 1992 has the lowest mean temperature of 24.94°C and the lowest recorded
low temperature of 20.62°C. The mean temperature increased by about 4.04°C from 1992 to 2024, which is
graphically visualized in Figure 2. Whereas the high temperature increased by about 4.76°C over the years as
shown in Figure 3, and the low temperature increased by about 2.22°C as shown in Figure 4.
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Figure 2. Variation of Mean temperature over the years in Summer season.
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Figure 3. Variation of High temperature over the years in Summer season.
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Figure 4. Variation of Low temperature over the years in Summer season.

From Figures 2, 3, and 4, some disparity between the satellite-derived LST results and ground-based BMD data
can be seen. BMD temperature data is typically the air temperature taken by thermometers. Surface and air
temperature differ, as surface temperature is affected more directly by solar radiation, while air temperature is a
more standardized measurement of the air above the surface. Materials like asphalt, concrete, or dark soil absorb
more sunlight and heat up much faster and hotter than the air, creating a significant gap. Conversely, factors like
evaporation from a wet surface and air movement can cool the air more than the surface itself. Though the values
of satellite-derived LST and ground-based BMD data are not exactly the same, they show a much more parallel
pattern.

From the LST contour maps in Figure 5(a), (b), (), and (d), the LST distribution is much more prominent. It can
be seen that in 1992 the city core had an LST distribution that was of rather moderate temperature. The
distribution of LST is prominent within the city core area and areas with low moisture content or dry, bare land
in 2024. In 2014 it started to become significantly visible.
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5 Conclusion

(©

Figure 5. LST maps of year 1992, 2007, 2014 and 2024.

(d)

It can be seen from the LST contour maps that the city center is gradually becoming much hotter in 2024 than the
surrounding areas compared to the previous year, 1992. When this is compared to LULC classification, then it
can be seen that the city centers are heavily built-up regions. The surrounding peripheral areas are comparatively
less hot than the city core. It is also noticeable that the most recently developed area or area with dry sand or bare
land has also shown a higher LST value, meaning a higher temperature than the surrounding land.
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In conclusion, the analysis of LST range data reveals developing temperature patterns reflecting the UHI impact.
Understanding these changes is crucial for developing specific approaches to address the thermal difficulties that
come with urbanization and climate change.
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