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Abstract

Land surface temperature (LST) is a basic determinant of the global thermal
behavior of the Earth surface. LST is a vital consideration for the appraisal of
gradual thermal change for urban areas to examine the strength of the ther-
mal intensity of the surface of urban heat island (SUHI) and to see how hot
the surface of the Earth would be in a particular location. In this respect, the
most developed urban city like Dhaka Metropolitan Area (DMA), Bangladesh
is considered for estimation of LST, and Normalized Difference Vegetation
Index (NDVI) changes trend in more developed and growing developing
areas. The focus of this study is to find out the critical hotspot zones for fur-
ther instantaneous analysis between these two types of areas. The trends of
long-term spatial and temporal LST and NDVT are estimated applying Land-
sat images-Landsat 5-TM and Landsat OLI_TIRS-8 for the period of 1988 to
2018 for DMA and for developed and growing developing areas during the
summer season like for the month of March. The supervised classification
was used to estimate the land cover categories and to generate the LST trends
maps of the different percentiles of LSTs over time using the emissivity and
effective at sensor brightness temperature. The study found the change in
land cover patterns by different LST groups based on 50th, 75th, and 90th
percentile where the maximum LST for the whole DMA went up by 2.48°C,
1.01°C, and 3.76°C for the months of March, April, and May, respectively for
the period of 1988 to 2018. The highest difference in LST was found for the
most recently developed area. The moderate change of LST increased in the
built-up areas where LST was found more sensitive to climate change than
the growing developed areas. The vegetation coverage area decreased by
6.74% in the growing, developing areas compared to the developed areas
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from 1988 to 2018. The findings of the study might be helpful for urban
planners and researchers to take up appropriate measures to mitigate the
thermal effect on urban environment.

Keywords

Land Surface Temperature, Surface Urban Heat Island, Urban Thermal
Environment, NDVI Change, Vegetation Coverage Change

1. Introduction

The rapid urbanization process plays a key role within the formation of urban
heat islands (UHI), where the heating would have a further impact upon the ur-
ban life quality [1] [2] [3]. A UHI phenomenon creates in urban city areas with
substantially warmer temperatures than adjacent rural areas causing huge ther-
mal discomfort to all living entities within the city [4]. Natural landscapes of ru-
ral areas are transformed into modern land use and land covers like buildings,
markets, roads, and other impervious surfaces, making urban landscapes frag-
mented and sophisticated and raising the urban temperature affecting the lives
of urban dwellers. Urban land cover changes (ULCC) are mainly caused by the
removal of natural vegetation cover, mainly responsible for the microclimate
change of the town [5]. In general, the surface cover with vegetation and water
provides lower surface temperature. In 1990, only 15% of the world’s population
lived in cities, while within the 20th century, this picture has been completely
changed with about 50% population of the planet is estimated to reside in cities
[6]. LST may be a controlling factor for many of the physical, chemical, and bio-
logical processes in the world and may be considered as a measuring indicator of
global climate change [7]. For the urban environment, LST may be a crucial pa-
rameter for monitoring of the energy exchange between the land surface and
thus the atmosphere in terms of the sensible and heat transformation fluxes [8].
This bears importance when discussing about the thermal effects of the cities on
the regional climate. An understanding of LST is vital for urban climatology,
global environmental change, and human-environmental interactions [9]. In
fact, the observed geographical and ecological patterns and processes tend to be
spatial variables. Therefore, the relationships between LST and its impact factors
are often characterized by local changes [10]. It has been found that the rela-
tionship between land use land cover (LULC) type and LST is very strong with a
strong positive correlation (r* = 0.9281) [11] [12] [13].

The DMA in Bangladesh is undergoing rapid urbanization transforming into
a hotter city. The LST in Dhaka City has been increased substantially within the
city area [4] [14] [15]. Most of the prevailing research has been accomplished
based upon the LST changes or land cover (LC) changes in DMA [16] [17] [18]
[19] [20] for the period of 1989-2009. The LSTs were retrieved to know the vari-

ation of temperature from rural areas to urban areas [21]-[26]. Another study
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found that agricultural land had been decreased from 67.38% to 62.20% between
1976 and 2014 having an annual rate of 0.56% between 2001 and 2008. The in-
crease of the urban areas was found from 11% to 34.4% between 1960 and 2005
in Dhaka city. It has also been found that the warming has been mostly con-
nected to Dhaka city due to urbanization having a global phenomenon [27].

However, no studies were found on the trend of the variation of LST and LC
changes in the developed and growing developing areas of DMA, Bangladesh
during the summer season. With this respect, the study was aimed to provide a
comprehensive assessment of the thermal environment using remote sensing
data over time in the selected locations of DMA. The objectives were: 1) to de-
termine trends in the frequency of extreme temperature indices; 2) to analyze
the spatial patterns of extreme temperature related indices; and 3) to assess the
statistical significance of the trends in indices of extreme temperature through
parametric and non-parametric tests. 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 DMA.

2. Materials and Methods
2.1. Study Area and Datasets

Dhaka City as Dhaka Metropolitan Area (DMA) is located almost in the geo-
graphical center of Bangladesh at 23°43'0"N and 90°24'0"E (Figure 1). Dhaka
city is the capital of Bangladesh. It is rapidly growing in terms of population and
extent. In 2016, the population of the greater Dhaka area was 18.237 million. The
city has been transformed into a mega city of about 19.56 million people. Now it
is the hub of the industrial, commercial, cultural, educational, and political ac-
tivities of the country [28] [29]. The city is rich with colorful history and cultural
tradition. Dhaka is famous for her big numbers of mosques and ancient muslin
already revived very recently. This profile captures the unplanned and sponta-
neous urbanization of Dhaka, which has been resulted in unplanned and disor-
ganized spatial expansion and transformation of the city. The unbalanced urban
primacy is the result of a high concentration of administrative activities, jobs,
and services in the city [30]. Such a dramatic urbanization process inevitably has
brought an UHI effect on the entire city due to the increasing built-up density
and the loss of urban green spaces. For the research purposes, study areas were
categorized into two types: developed and growing developing areas. For this
study, we selected Motijheel, Gulshan, and Uttara as developed area and Demra,
Pallabi for growing developing areas within the DMA.

The developed area was considered based on land use, and land cover catego-
ries of the specific areas, like Motijheel was considered as developed area, and
Pallabi was considered as growing developing areas. Conversely, Motijheel
represented the prime commercial area of the Dhaka district. Head offices of a
variety of commercial establishments exist in Motijheel. On the other hand, Pal-

labi Thana is bounded by natural almost geographical settings. Uttara thanas are
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Figure 1. (a) Study area (Dhaka metropolitan area with developed and growing developing area); (b) Dhaka district; (c) Bangla-

desh with base map.

on the north, Mirpur model and Shah Ali thanas are on the south, Biman Ban-
dar, cantonment and Kafrule thanas are on the east and Savar Upazila is on the
west. Pallabi is a growing area with residential facilities like markets and shop-
ping centers mostly in a planned way. A large portion of land is yet to come un-
der developmental activities. So, Pallabi was considered as a growing and devel-
oping area [31].

The time series of Landsat images taken by the Landsat TM and Landsat Op-
erational Land Imager (OLI)/Thermal Infrared Sensor (TIRS) were obtained
from the USGS website. Landsat images were available from 1988 to 2018, as
shown in Table 1. The Landsat TM passed over the study area between ap-
proximately 3:45 and 3:50 GMT and Landsat OLI/TIRS passed over the study
area between approximately 4:10 and 4:30 GMT. This provided a good opportu-
nity for collecting images with maximum illumination, especially for LST stu-
dies. Satellite images were clustered by a 10-year period as 1988-1997, 1998-2007,
and 2008-2018. The trends of percentile groups of LST were found for the se-
lected months from each group with an average value of LST of different percen-
tiles. Similarly, trend of vegetation coverage was found for the same period and

same group from each group with an average value of normalized difference
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Table 1. Information about Landsat images used in the study.

Number Spatial
Year Range  Sensor Type U Acquisition Months Path/rows P .
of Images Resolution
1988-1997 ™ 106 March, April & May 137/44 30m
1998-2007 ™ 90 March, April & May 137/44 30 m

2008-2018 TM and OLI/TIRS 117 March, April & May 137/43 and 137/44  30m

vegetation index (NDVI). Google Earth Engine and ArcGIS version 10.6 were
used for image processing. Microsoft Excel was used for conducting the statistic-
al analysis using the multi-buffering method. Pre-processing was done for the
Landsat images to remove the biases [32]. Usually, it was not necessary to con-
duct a geometric correction for Landsat level 1 products, as they were registered
through a systematic process [33]. The main correction was radiometric and
eliminates errors that affect the brightness values of the pixels [34]. These errors
were mainly due to detection errors in the sensor system and environmental at-
tenuation errors. The original image sizes were larger than the study area, so af-
ter pre-processing, they were edited using a shapefile of the DMA. In Table 1,

the Landsat images used in the study are shown.

2.2.Image Pre-Processing

Landsat 5 TM and Landsat 8 OLI/TIRS were acquired for the summer months
like March, April, and May from 1988 to 2018 for deriving LST trends. The
images received from the USGS website (https://earthexplorer.usgs.gov/) and

cloud-free images or images with minimal cloudiness (less than 5%) were consi-
dered. All bands of the satellite imagery of the DMA (band 2 - 8 and 10 - 11)
were clipped to the study area boundary. Before land cover (LU) classification
mapping and LST trend, these satellite images were subjected to a group of pre-
processing procedures. The pre-processing included radiometric calibration and
atmospheric correction (dark-object subtraction). Then, the pictures were fur-
ther resampled with pixel sizes of 30 m by 30 m for all bands, including the
thermal band. The ultimate urban landscape was divided into different group
classifications. During this process, with the Google Earth Engine, images with
high spatial resolution and other auxiliary data were calculated to spot the land
use types. Overall, the entire accuracy of the land use classification was achieved
over 86.6% [35]. Alongside the LST data, Landsat image of the clear sky days
were used for the accurate estimation of the LST averages for the month of March,
April, and May. To make sure the reliability of the monthly LST values, a mini-
mum threshold of twelve clear sky days per month was set. Additionally, the
standard assurance data sets were used, and only good data quality pixels were

selected, which have a mean error for emissivity < 0.01 and for LST < 1 K [36].

2.3. Estimation of Land Surface Temperature

The land surface temperature (LST) was derived from atmospherically corrected
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Landsat 5 TM (band 6) and from Landsat 8 TIRS (band 10) through the raster
calculation in ArcGIS. In this study, the supervised classification was used to es-
timate the land cover categories and to generate the LST trends maps of the dif-
ferent percentiles of LSTs over time using the emissivity and effective at-sensor
brightness temperature. All equations were considered from USGS website. The
additional input parameters such as atmospheric water vapor content and near
surface air temperature from ground-based observations were also required to
calculate the LST. They were usually unavailable [37]. All the digital numbers
(DN values) of thermal bands were converted into spectral radiance using
Google Earth Engine. A three-step process was followed to derive the LST from
Landsat image in both developed and growing developed areas [38]. The trend
of different percentile of LST over time like 50®, 75™, and 90™ percentile for the
whole DMAs was estimated by different year LST groups. The thermal infrared
observations are easily contaminated by cloudiness, leading to many gaps during
the LST estimation [39]. So, it is indispensable to observe the LST trend in the
different locations of urban areas for further adaptation of the microclimatic
changes or to mitigate the UHI. To mitigate global warming, LST is a very cohe-
sive factor that increases UHI. The final step of retrieving the LST or the emis-
sivity-corrected land surface temperature was computed using the emissivity and
effective at-sensor brightness temperature, where images were further used to
derive LST using Equation (1) [11] [30]:

LST = BT (1)

(1{“;)*11”1(5)]

where LST is in “C, BT is the at sensor brightness temperature ("C), A is the av-

erage wavelength of the specific band, ¢ is the emissivity and p = Ado, o =
Boltzmann constant (1.38 x 107 J/K), Ais Planck’s constant (6.626 x 107**]/s), ¢
is the velocity of light (2.998 x 10° m/s).

2.3.1. Calculation of Brightness Temperature
The Equation for calculating the brightness temperature Equation (2) is that the
same for Landsat TM, ETM+ and OLI/TIRS [40]:

K
BT=——2*>—-273.15 (2)

Kl

In| —+1

L
where BT is the effective satellite temperature (brightness temperature) in °C, K
is that the band-specific conversion constant, and X, is another calibration con-
stant in Kelvin. Therefore, values of K] and K, are constant for OLI/TIRS, but

the values of bias and gain values could also be different for various satellite im-

ages.

2.3.2. Calculation of Top of Atmospheric (TOA) Spectral Radiance
Pixel values represent the digital number (DN). Radiance depends on the illu-

mination (both its intensity and direction) and on the orientation and position
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of the target. The top-of-atmosphere (TOA) earth radiation budget (ERB) may
be a key property of the climate system that describes the balance between what
proportion of solar power the world absorbs and the way much terrestrial ther-
mal infrared it emits. The DN values were converted to TOA Spectral radiance

and calculated using the subsequent Equation (3) [41]:
TOA(L):ML *Qcal +AL (3)

Here, M, represents the band-specific multiplicative rescaling factor from the
metadata, Q. is the Quantized and calibrated standard product pixel values,
correspond to band 10, 4, is the band-specific additive rescaling factor from the
metadata, the pixel values of satellite images (DN) were converted to Kelvin and

further to Celsius.

2.3.3. Estimation of Emissivity

Surface emissivity is important for calculation of land surface temperature by
remote sensing. There have been several studies on emissivity. Among these, we
adopted the frequently used method of the estimation of emissivity using simpli-
fied normalized difference vegetation index (NDVT) thresholds derived from the
spectral reflectance in the red and near-infrared bands. It is assumed that the
surface is flat and homogeneous. The conditional Equation (4) for estimation of

emissivity [42] is as follows:

Emissivity = evAPv+esA(1—-Pv)+CA (4)

where evand esare the vegetation and soil emissivity.

In this study, values of vegetation and soil emissivity 0.98 and 0.92, respec-
tively; Crepresents the surface roughness taken as a constant value of 0.005 (C=
0 for flat surfaces and homogenous), A represents wavelength (um), Pv is the
fraction of vegetation or proportion of vegetation (Pv) is calculated by the fol-

lowing Equation (5).

©)

NDVI-NDVL_ Y’
Pv=
NDVI__ —NDVI__

2.3.4. Estimation of Normalized Difference Vegetation Index (NDVI)

In this study, NDVI was used to express the vegetation land cover changes in
urban area specifically, in the more developed and growing developing areas
within the study area and differences in the spatial resolution of the images,
which are within 30 m. GIS tools were then applied to the data using visual
analysis, reference data, as well as local knowledge to split and recode these cov-
ers. It was done to closely reflect their true classes. Conversely, assessment of
NDVT for a specified pixel always results in a number that ranges from —1 to +1.
The Normalized Difference Vegetation Index (NDVI) was calculated by the eq-
uation (6). Three main types were identified: low vegetation, medium vegetation,
and high vegetation. In this study, NDVI values were selected less than 0 to 0.05
for low vegetation, 0.05 to 0.2 for medium vegetation, and 0.2 to 1 for high ve-
getation. The satellite data from 1988 to 2018 were studied using spectral and
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spatial profiles to ascertain the digital numbers (DNs) of different categories
prior to classification. The supervised classification of NDVI was reclassed be-
cause sometimes urban landfill were merged with other classes, which were not
possible to separate them due to their similar spectral properties. So, reclassifica-
tion was used to improve the accuracy of the classification by the physical field
survey method. In this study, classification accuracy referred to communication
between the remotely sensed data and reference physical information of those
pixel values. In order to assess the accuracy of land cover maps extracted from
Landsat data, a total of 20 stratified random pixels were generated for the year
2018.

(NIR —Red)

NDVI=-—
(NIR +Red)

(6)
NDVT is calculated for Landsat 5 TM and Landsat 8 OLI & TIRS with the fol-
lowing prescription:
NDVI for Landsat 8 OLI & TIRS = (Band 5 — Band 4)/(Band 5 + Band 4) and
NDVI for Landsat 5 TM, NDVI = (Band 4 — Band 3)/(Band 4 + Band 3).
NDVI will be computed temporally to understand the change of land cover
during the study period and for the proportion of vegetation (Pv). That is why
Pris highly related to the NDVI and emissivity ().

2.4. Impact of Land Surface Temperature on Urbanization

The mean LST values for the selected area, each class in the time scale were de-
termined. The values of the LST within each selected area and the entire DMA
zonal statistics in ArcGIS were used. Identification of the temporal dynamics of
LST with urban land cover classes was the main intention in this step. Since the
main consideration of this study was the analysis of the spatial and temporal
trends of LST values, urban density and NDVI values in the urban land cover
class were further extracted. LST values were reclassified according to 50, 75%,

and 90" percentiles for each month to analyze the trends of LST.

3. Results and Discussion

3.1. Spatial Trends of Different Percentile of Land Surface
Temperature (LST) and Vegetation and Land Cover
Classification

The LST's of the study area were calculated from the Landsat images as discussed
in the methodology. The common cloud cover for the selected months (March-
May) for some places was considered as blank. As a result, some values did not
maintain the regular trend of LST. The maximum, minimum, and other statis-
tical values of LST could be calculated using the Zonal statistics in ArcGIS [43].
On the other hand, the land cover with vegetation was grouped considering the
NDVT values. The classification results were mostly reliable, though overestima-
tion of urban land cover with vegetation happened. Considering more accuracy,

remotely sensed data were referenced in the practical information of 120 ran-
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dom pixels values of 2018. On the other hand, the maximum satellite image of
March was cloud-free. That was why the month of March was considered for dry
month, which was graphically represented by Figure 2. This phenomenon could
be best explained by the fact that vegetation could decrease the amount of heat
stored in the soil or land surface through the process of transpiration [44].

The LST and NDVI maps of DMA in Figures 2(a)-(f) and developed and
growing developing areas in Figures 3(a)-(f) were derived for the year group
1988-1997, 1998-2007, and 2008-2018. The average LST of the group of 2008-2018
was all along higher than the group of 1988-1997 and 1998-2007 (Figures 2(a)-(c).
It was observed that, in the year group of 1988-1997, 1998-2007, and 2008-2018,
LST values (min and max) in March in DMA showed ranges between 19.86°C to
28.11°C, 22.14°C to 31.19°C, and 24.49°C to 31.95°C, respectively. LST values in
April in DMA showed ranges between 23.50°C to 29.58°C, 23.04°C to 29.80°C,
and 24.64°C to 30.59°C respectively. LST values in May in DMA showed ranges
between 22.02°C to 26.66°C, 19.96°C to 29.94°C, and 23.05°C to 30.42°C, re-
spectively. Similarly, it was observed that the average NDVI value for the year
group 1988-1997, 1998-2007, and 2008-2018 was —0.239 to 0.501, —0.256 to
0.458, and —0.239 to 0.501, respectively. This study also observed that the highest

23°51'0"N

23“45I'30"N

23°40'0"N

23°510'N

23"45I'30"N

23°40'0"N
1

1
1988-1997 [1998-2007 N 2008-2018
] b 118
° °
= :"E- - IDT’_ n
A o
Q Q
3 3
- e - e -
P &
LST Range LST Range LST Range
B <265°C o |mm<265°C _ |mm<265°c
BN265-285°C 85 o W26.5-285°C £ |mm265-285°C g5
> 285 °C i kil o S| >285°C Kilometers [~ 2] W > 28.5 °C Kilometers -
T— T T R goe1930°€ 90°250°E 003030 N 00°1930°E 90°250°E 90°3030°E
90°1930°E 90°7250°E 90°3030°E \ . A \ \ A
1988-1997. 1998-2007 N 2008-2018
° A ap
z z
5 5 .
- o] - o Soner B
@« @ X
2 Q
2
z z
=3 o
. © o | |
2 -8
8 &
NDVI Range NDVI Fange NDVI Range
Low ow ] tow
[ Medium z [ wegium z | [ Medium
) 85 4. 5 High 1<} 8.5 »
.o - o -S| o -
T T T & T T &
040120 on 1] 02012 ©19'230" 951" °20'30"| ) 1 J
90°19'30"E 90°25'0"E 90°30'30"E N 90°19'30"E 90°25'0"E 90°30'30"E N 90°19'30"E 90°25'0"E 90°30'30"E

Figure 2. Land surface temperature (LST) trend maps (a, b, ¢) and normalize difference of vegetation index (NDVI) trend maps
(d, e, f) for the month of March in the Dhaka metropolitan area (DMA) from 1988-2018.
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Figure 3. Land surface temperature (LST) trend maps (a, b, ¢) and normalize difference of vegetation index (NDVI) trend maps

(d, e, ) for developed (Motijheel, Gulshan, Uttara) and growing developing area (Pallabi and Demra) from 1988-2018.

vegetation category for 1988 to 1997 was found 74% to 95% of the total land
area, medium range of vegetation was 2.44% to 25.49% of the total area, while
low vegetation category was 1.47% to 3.26% of the total area. On other hand, in
2014, the highest low vegetation category was found in the developed areas of
Motijheel, Uttara, and Gulshan by 68.51%, 76.55%, and 56.60% respectively of
total land area. Therefore, it was strongly established that vegetation coverage in
the urban areas was decreasing being replaced by built up areas. For the last 30
years, it decreased by 28.88% - 95% of the total area. This trend was true mainly
for built up areas. It was increasing for both growing developing and developed
areas for the more populated city. So, LST had a strong positive relation to the
vegetation index and highest vegetation category which was found in the lower
range of LST in Figures 2(d)-(f).

Moreover, this study also graphically analyzed the LST trend in the developed
and growing developing areas. The trends of LSTs and NDVI for the more de-
veloped and growing developing areas such as Motijheel, Gulshan, Uttara and
Demra, Pallabi for the month of March to May within the year group of 1988-
1997, 1998-2007, 2008-2018 were analyzed. Figures 3(a)-(f) displayed the spatial
distribution of the LST trend map and NDVI trend map for the month of March
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which was presented for the urban pixels of the developed area of Motijheel,
Gulshan, Uttara and the growing, developing area of Pallabi and Demra of the
selected year groups. The LST varied in the developed area from minimum
21.14°C to maximum 30.96°C, from minimum 21.56°C to maximum 31.30°C,
and from minimum 21.70°C to maximum 32.12°C for the year groups of
1988-1997, 1998-2007, and 2008-2018, respectively in the month of May. Simi-
larly, they were found from 22.90°C to 30.78°C, from 23.02°C to 31.31°C, and
from 26.96°C to 30.44°C in April. In March, LST trend was found from 19.35°C
to 38.50°C, from 21.45°C to 31.34°C and from 23.51°C to 30.75°C, respectively
for those year groups. It was also detected that the maximum highest trend of
LST was found 27.17°C to 30.39°C, from 26.96°C to 30.14°C, and from 24.94°C
to 30.96°C for 1988, 1998, 2008, and 2018 in May, respectively (Table 2). The
maximum average temperature value of the developed area was found 37.93°C
and the highest difference in the LST trend was found 2.97°C between the de-
veloped areas.

The trend of LST for the growing, developing areas for March was found by
16.82°C to 29.77°C, 18.0°C to 34.50°C and 25.15°C to 32.20°C while for April
was found from 21.60°C to 32.80°C, 22.21°C to 35.31°C and 27.67°C to 32.54°C

Table 2. The trend of minimum, maximum, and mean LST of the selected developed and
growing developing area for the year group of 1988-1997, 1998-2007, and 2008-2018.

Year group 1988-1997 Year group 1998-2007 Year group 2008-2018

Thana
Min Max Mean  Min Max  Mean Min Max  Mean

MARCH
Gulshan 21.99 28.18 23.77 21.45 30.80 26.13 23.51 30.75 27.13
Motijheel 21.86 37.93 29.90 25.11 31.21 28.16 25.36 29.70 27.53
Uttara 20.17 27.49 23.83 22.73 31.34 27.04 25.28 30.41 27.84
Pallabi 21.11 28.51 22.67 18.95 31.35 25.15 24.22 31.43 27.82
Demra 21.73 29.77 23.45 20.51 34.50 27.50 22.64 32.20 27.42
APRIL
Gulshan 22.90 30.51 26.71 23.02 30.90 26.96 26.62 30.44 27.06
Motijheel 24.90 30.09 27.50 25.02 31.31 28.17 28.03 30.04 27.70
Uttara 23.66 30.57 27.12 24.30 29.66 26.98 26.75 30.41 27.85
Pallabi 22.47 32.80 27.64 2221 33.32 27.77 27.67 31.43 27.83
Demra 21.60 32.71 27.16 22.59 35.31 28.95 27.98 32.54 27.64
MAY

Gulshan 21.14 30.14 25.48 21.90 31.30 26.60 22.14 31.71 26.93
Motijheel 23.12 30.39 26.29 23.40 31.10 27.25 23.52 31.30 27.41
Uttara 21.43 30.96 25.74 21.56 30.96 26.26 21.70 30.98 26.34
Pallabi 21.59 30.65 25.56 22.10 32.12 27.11 22.80 32.12 27.46

Demra 21.50 30.10 25.46 22.20 32.20 27.20 22.42 32.92 27.67
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and for May they were found from 21.50°C to 30.65°C, 22.20°C to 32.20°C and
22.80°C to 32.92°C for 1988-1997, 1998-2007 and 2008-2018 year groups, re-
spectively. In the growing, developing areas such as Demra, Pallabi for the year
group 2008-2018 LST was increased from 32.24% - 43.97% in March, from
5.30% - 7.78% in April, and from 4.27% - 5.59% in May compared to the year
group of 1988-1997. For that reason, March was more sensitive to changing LST
in the growing, developing areas. Conversely, in the developed areas, it was in-
creased by 1.17% - 16% in the year group of 2008-2018 compared to the year
group of 1988-1997 where March was also more sensitive month for LST change.
Therefore, the change of the LST in an urban area was rapid, and the change of
urban temperature over the last 30 years (during the period 1988 to 2018) had a
positive trend and was very stronger in the more developed areas compare to
less developed areas. This study revealed that the maximum LST trend for the
whole area went up by 2.48°C, 1.01°C, and 3.76°C in the months of March,
April, and May from 1988 to 2018. Increases in the range values could be related
to the time of images were captured, meaning that different times of the year af-
fected the results during the same period. Particularly, the trends of the urban
pixels during month of March were high, because of urban surface materials
with higher radiant temperatures [42]. A large expansion of the built-up area
was clearly reflected by an increased LST in the city center. LST in the developed
areas was greater than growing developed areas by 2.97°C. The study observed
that the maximum LST change rate close to from 1.1°C to 3.76°C within the last

30 years in the urban areas.

3.2. Spatial Trend of Area Coverage by Different Percentile of LST
Groups and Different NDVI Ranges for the Developed and
Growing Developing Areas

The land area cover patterns by different temperature groups based on the 50™,
75", and 90™ percentile showed a similar gradient to the temperature values in
Figures 4(a)-(e). Furthermore, vegetation coverage mapping of the study area
would provide information on the identification and estimation of trends of ve-
getation index changing over the past 30 years. The area changing scenarios of
vegetation in these time frames for the months of March of the selected areas are
also presented in Table 3. The land cover patterns with vegetation, which were
identified by 3 categories used for the year 1988-2018, as well as land cover
changes along the time, are listed in Table 3.

Along the time scale (1988-1997, 1998-2007, 2008-2018), in the month of
March the percentage of areas covered by temperature ranges below 26.5°C was
found by 88.51%, 58.43%, 25.31%, respectively, for the range of 26.5°C to 28.5°C
was found by 11.18%, 31.25%, and 51.89%, respectively and greater than 28.5°C
was found by 31%, 10.32% and 22.80%, respectively, which correspond to 50,
75" and 90™ percentiles, respectively. It was evident that in the months of March
during 1988-1997, land area coverage by temperature range of 75" percentile and

90™ percentile was related to rapidly increasing areas during the month of March
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and the area coverage with the temperature range 50" percentile decreased by
71% where in 2008-2018, it was going to 22.80%. Similarly, area coverage for the
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Figure 4. Urban land surface area covers by different percentile of LST groups for the

corresponding month of March in the developed area (a, b, and c) and growing develop-

ing (d and e)

areas.

Table 3. LULC classification and area coverage by different land covers for the corres-
ponding month of March from 1988 to 2018 in Motijheel, Gulshan, Uttara, Demra, and

Pallabi.
Area coverage Percentage of the total area
Location Types of land coverage
1988-1997 1998-2007 2008-2018
Low vegetation 12.18 16.37 2.61
Motijheel Medium vegetation 48.39 61.35 68.51
High vegetation 39.43 22.28 28.88
Low vegetation 8.26 3.57 0.18
Uttara Medium vegetation 34.80 59.52 76.22
High vegetation 56.94 36.91 23.59
Low vegetation 1.43 4.52 0.42
Pallabi Medium vegetation 24.93 44.30 57.69
High vegetation 73.64 51.18 41.89
Low vegetation 3.77 11.24 2.94
Medium vegetation 21.57 51.01 57.76
Gulshan
High vegetation 74.66 37.75 39.30
Low vegetation 74.19 37.53 39.40
Medium vegetation 2.34 2.98 0.85
Demra High vegetation 2.98 5.81 12.82
Low vegetation 94.68 91.22 86.33

range of 75" percentile was found that land area coverage increased by 78.45%

and at the year group of 2008-2018, the area coverage increased 98.66% by the

range of 90" percentile compared to the year group 1988 to 1997. It was also ob-

served that, in the month of March, higher areas were also covered by that group

of temperature compared to the month of April and May. It was exposed that

DOI: 10.4236/jgis.2021.134030

551

Journal of Geographic Information System


https://doi.org/10.4236/jgis.2021.134030

M. S. Begum et al.

during the month of April, in 2008-2018 year group, the temperature range of
50" percentile was increased by 63.63% compared to the year group 1988-1997
which was lower than March.

Figure 4 symbolizes the area covered with the different percentile of selected
areas in the DMA. From Figure 4, it was clearly understandable that the more
developed urban areas show higher percentile groups of LST values compare
with growing developing areas. One of the reasons for having high temperature
values for developed areas was that the bares lands were in places where there
was on-going development taking place. As a result, the vegetation cover was
reducing in the developed and growing developing areas Table 3. Therefore, the
background climate change was weaker than surface warming in urban areas.
This implied that, in the months of March, 50® percentile group of LST coverage
areas were decreasing at the rate of 67% - 96%, the 75" percentile group of LST
coverage areas was increasing at the rate of 63% - 74%, and the 90" percentile
group of LST coverage areas was increasing at the rate of 5% - 28.54%. Similarly,
in the month of May, more hotspots areas were covered by the group of 90™
percentile. On the other hand, in 2014-2018, vegetation coverage area with high
NDVT (0.2 tol) was decreased by 13.50%, 35.15%, 25.96%, 6.76%, and 31.70% in
Motijheel, Gulshan, Uttara, Demra, and Pallabi respectively in comparison to
1988-1997, while medium range of NDVI (0.05 to 0.2) has been increased by
21.74%, 36.15%, 31.59%, 8.1% and 31.7% (Table 3). It was a well-known fact
that more greenery areas led to more cooling effects. So, it was to be confirmed
that vegetation coverage such as urban rooftop agriculture (URTA), gardens, fo-
rests, parks, and grasslands were well established tools for reducing urban ther-
mal environment enhancing urban cooling through evapotranspiration and shad-
ing effect by green activities.

The study exposed that the urban LST and vegetation changes in the three pe-
riods examined in this study did not occur evenly in all directions. New devel-
opments were observed along with the urban areas as well as in the areas that
had already been replaced by built up areas. The rapid change of vegetation de-
creases and LST increase in the more developed areas of DMA means that it was
not possible for the metropolitan government to provide basic urban comforts
for the population. It has led to a comprehensive range of environmental prob-
lems. In more developed areas, landfills have contributed to soil effluence, re-
sulting in reduced vegetation and increases clumsy urbanization. The creation of
landfill sites had intensified the extent of inundation in the developed area com-

pared to growing developing areas in DMA.

3.3. Temporal Trend of Different Percentile Groups of LST

The yearly deviation of different percentiles of temperature was analyzed with
the time series data. The monthly variation of temperature was analyzed based
on the average maximum and minimum temperature of the last 30 years from
1988-2018. Figures 5(a)-(c) show the average monthly mean LST trend of DMA.
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Figure 5. Temporal trend of mean LST of DMA in March (a), April (b) and May (c).

The study perceived that average high LST was found in March during the pe-
riod of 1988-2018. The lowest average mean LST trend was found in the month
of April. A higher monthly average temperature was observed in the month of
May for the DMA.

An increase in temperature was not found significantly within the period of
1988-2018. In addition to the increase of LST induced by variations in the sur-
face area cover condition, the general climatic warming environment represented
an important background for analyzing the temporal variations. To deepen the
understanding of the temporal variations, the mean value of LST data was de-
rived from performing a near about similar trend analysis, as shown in Figure 5.
The changed pattern distribution of mean LST in the month of March to May
was significant, and the change trending in the month of March was more sig-

nificant in comparison to the month of April and May. The mean value of LST
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LST in °C

LST in °C

had an increasing trend in urban areas. In DMA, the mean LST value was found
at 24.1°C, but due to urbanization, in the year 2018, the mean value of LST in
the same month was found at 29.8°C. Similarly, in the month of April and May
from 1988 to 2018, the mean LST was found to increase by 4.9°C and 5.3°C in
the DMA. The magnitude of the change in mean LST in the month of May was
generally higher than the other month of the year.

Figures 6(a)-(f) and Figures 7(a)-(f) also show the mean LST trends both in
developed (Gulshan and Motijheel) and growing developing areas (Demra and
Pallabi) located around the boundary of DMA and show a strong warming effect
with the higher values.

The LST value of only two Thana of growing developing areas and developed
areas are presented in Figure 6 and Figure 7. Furthermore, LST of other Thana
was calculated from Landsat image and analyzed and the average values of tem-
poral trends (LST) of those selected areas were estimated. From analysis and ob-
servations of these Figure 6 and Figure 7, it was found that the mean LST of
each year had an increasing trend, and the warming effect was more pronounced
at the month of March (R* = 0.128 to 0.2459) in higher built up areas in DMA

such as Motijheel and Gulshan while the warming effect was significantly weaker
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Figure 6. Temporal trend of monthly mean LST in the developed areas during March, April, and May (Gul-
shan—a, b, and ¢; Motijheel—d, e, and f).
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Figure 7. Temporal trend of monthly mean LST in the growing developing areas during March, April, and May
(Demra—a, b, and c, Pallabi—d, e, and f).

(R*> = 0.0049 to 0.0587) at the month of May. On the other hand, LST was higher
at the month of May (R*> = 0.2068 to 0.3487) in the growing, developing areas
such as Demra and Pallabi. Analysis of the trends using the average temporal
values of LST of the developing and developed areas from 1988 to 2018 of those
selected areas showed that the most developed and growing developing areas
had a positive trend of LST in the month of March to May.

Less significant trends were found for the months of April in both areas. The
average value of LST in more developed areas was increased by 6.3°C, 3.10°C,
and 5.3°C for the months of March, April, and May over the last 30 years. Simi-
larly, the average value of LST in the growing developed areas was increased by
6.1°C, 3.1°C, and 3.2°C for the months of March, April, and May, respectively
for the last 30 years. So, a change of LST was more sensitive in the more devel-
oped areas compare to growing developing areas. Therefore, changes of different
ranges of LST both in developed and growing developing areas frequently cov-
ered by built up areas, were directly related to the expansion of built-up areas.
However, due to the warming effect of climate change, from the above discus-
sion, it is clear that LST is the major issue and factor of climate change as well as
global warming. This phenomenon is more reflected in the city center of urban

areas, especially the more developed areas.

DOI: 10.4236/jgis.2021.134030 555 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2021.134030

M. S. Begum et al.

3.4. Comparison between Vegetation Coverage and Different
Percentile of LST with Developed and Growing Developed
Areas in DMA

Urban growth is common in developing countries, while their growing process
and patterns are different due to different urban planning, administrative poli-
cies and for their different urban landscapes. The urbanization amplitude of the
foremost developed Thanas, like Motijheel, Gulshan, and Uttara, was analyzed
applying the Landsat image. It was found lower as compared to the growing de-
veloped areas like Demra and Pallabi and was consistent with the urban land
cover changes. The massive area of vegetation to a populated area could contri-
bute significantly to the UHI effects of the DMA by increasing LST. The areas
with high temperature also tended to possess lower NDVT values. This aspect
was corroborated through the analysis of the correlation between LST and
NDVI. Therefore, the correlation between NDVI and LST from the visual inter-
pretation of NDVI and LST contrasts was crystal clear. Within the LST images,
the LST values of low-vegetated areas (built-up, barren, dried riverbeds) were
above those obtained for areas concerning waterbodies, vegetation, and agricul-
tural land. Table 3 shows that the peaks of the LST were found usually in the
built-up areas, while the troughs were found in the vegetation areas. The peaks
of NDVI were found in vegetated areas. Thus, NDVI and LST showed a trans-
parent negative correlation. In other words, the NDVT values were diminutive
(or, even adverse) where LST was high and vice-versa. From Table 3, it was
found that vegetation coverage within the developed area was decreased by 7%
to 10% in comparison with the growing developed areas. The connection be-
tween LST and concrete land covers was investigated with an identical correla-
tion. The very best LST was found in Motijheel which was above Demra by
37.932°C. It was a contrast for early developing and densely built-up areas. In
Demra, the medium vegetation range area was increased by 13.74% compared
with the developed areas, like Motijheel. A vegetation coverage area was de-
creased by 6.74% within the growing, developing areas compare with developed
areas in 1988-2019. So, the studies used the typical satellite images at two or
three different dates within the same month. All available clear-sky images
within several years were studied for the selected areas to avoid the cloud con-
tamination and the less accuracy. It was obvious that the urban vegetation land-
scape played a vital role in reducing the UHI effect in the city centers. Urban
planners to come forward to increase the urban green spaces through planning

as mitigation tools to reduce urban heating in Dhaka City.

4. Conclusions

This study analyzed the land surface temperature and urbanization trend of the
DMA and its impacts on the creation of UHI exhausting remote sensing and GIS
tools. The results of this study clearly indicated a significant warming trend for

the most developed or the most built-up areas that are facing increased UHI ag-
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gravating climate warming. It is certain that the warming trend would further
deteriorate the urban ecosystem and modify the major hydro-ecological processes
over the study area. An increased vegetation activity is capable to deter the cur-
rent heated local environment from the urban areas eliminating climate change
impacts. The spatial and temporal trends of vegetation and their effects on LST
changes as per percentiles of 50%, 75", and 90" led to conclusions that hot spot
zones are assembled in the most developed areas where vegetation coverage is
lower than the growing and developing areas. LST in the developed areas is more
sensitive to climate changes than the growing, developing areas, and adaptation
approaches or vegetation increases are needed to overcome LST increases in
hotspot regions.

It is imperative to carry out analysis of urban heating impacts using mul-
ti-source satellite images/radar data for curbing of future UHI effect of DMA.
The integrated use of ArcGIS, RS, and socio-economic data would be effective to
understand the spatial and temporal dynamics of the major changes in both LST
and NDVL

These results are supposed to provide valuable information for urban planners
and researchers to take up appropriate green actions like roof top agriculture to
mitigate the UHI effects. It will pave the way of achieving sustainable urban ci-
ties. Furthermore, with these findings, the planners can predict the possible

changes in urban growth configurations.
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