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Abstract:  

 
Rapid urbanization creates a significant impact on urban land use land cover (LULC), increasing the land surface 

temperature (LST). Remote Sensing is one of the most proficient techniques for identifying the pattern of urban growth 

and LULC change in a particular region and its impact on urban LST variations. A significant increase in urban LST 

influenced by rapid LULC change substantially impacts the ecosystem, climate change, and accelerated global 

warming. Haphazard urban growth and lack of proper planning negatively impact natural resources (vegetation and 

water bodies) and result in a replacement with non-evaporating surfaces (urban area). This study used multi-temporal 

Landsat OLI/TM satellite data sets to analyze the impact of LULC changes on LST increase for two decades (1999, 

2009, 2019) in Mymensingh city, Bangladesh. After becoming the divisional center, the result suggests that rapid 

urban growth takes place with a remarkable decrease in vegetation cover and water bodies in the study area. The 

urban growth almost doubled in the last 20 years, significantly increasing the LST by almost 8˚C. The LST distribution 

showed a higher concentration in urban areas, followed by bare land, vegetation cover, and water bodies. The study 

reveals that the decrease in urban green cover/wetlands and expansion in urban areas significantly increased the 

study area's surface temperature for the last two decades. This study will help urban planners, and environmental 

engineers quantify LULC change impacts on LST and proposed appropriate policy measures to control it. 
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I. Introduction 
 

Cities are the identity and initiator of modern urbanization process [1]. Development process enhances urbanization 

[2, 3]. This urban expansion can result changes in ecosystem, biodiversity, landscape and surrounding environment 

[2, 4, 5]. Though urbanization creates mass amount of development and prosperity in an area, it has certain demerits; 

both short and long-term [6, 7]. A long-term effect of this urbanization is the rapid increase in the land surface 

temperature (LST) [7, 8]. In these recent decades, rapid urban growth caused significant changes land use land cover 

(LULC) which had a negative impact on LST [9]. Currently, more than 50% of the people all over the world lives in 

urbanized areas [2, 10, 11]. This population is expected to increase to 6 billion by 2045 [11]. These urban inhabitants 

constantly take part in the economic progress and the regional exploitation of a city [12]. This development causes 

change in LULC which affects urban climate and the LST [13, 14]. Land cover (LC) usually means the part of the 

earth’s surface covered with natural resources and other natural features while land use (LU) means the area covered 

by humans for their personal uses but they are often considered studying together due to their strong interrelation [15]. 

LST can vary in both temporal and spatial features as a vast increase in LST can be seen in urban areas compared to 

the other LC [16]. In 1950, the urban area was only 3% which is expected to be increased to 66% by 2050 [17]. This 

rapid increase in the urban areas creates a major loss in the vegetation cover increasing the LST of that region, resulting 

creation of urban heat island (UHI) in these cities worldwide [18-20]. Dense vegetation is a cooling agent for the LST 

in the area [21]. In urban planning, LULC data are vital for long-term policy making [22]. And to detect changes in 

LULC, spatial mapping is one of the key tools to identify spatial and temporal change in an area [23].  
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For spatial mapping, satellite remote sensing (RS) in combination with Geographic Information System (GIS) is used 

all over world [12, 24]. Globally, Landsat data is used for this spatial mapping purpose as it has the longest continuous 

available record (nearly 45 years) [23]. GIS and RS is used globally to calculate ecosystem change and to observe 

global climate change in urban areas [6, 25-27]. Monitoring LULC changes and its impact on LST through direct field 

visits is time-consuming, error prone, and a matter of hard labor [28, 29]. On the other hand, RS and GIS technology 

is more efficient to evaluate, examine and map LULC and LST changes [30-33]. Several researchers have used GIS 

and RS data to analyze LULC change and its impact on LST with multi-temporal data [6, 8, 29, 34-40].  

 

In Bangladesh, there are several studies related to LULC changes and its impact on LST change over the decades for 

various cities like Dhaka, Rajshahi, Chittagong, Cumilla, Khulna, etc. [34, 35, 40-43]. However, this type of analysis 

not that much available for Mymensingh City, the administrative headquarter of the new Mymensingh division of 

Bangladesh. Mymensingh City Corporation (MCC) area shows huge amount of urban growth, speacially in the last 

decade and many researcher believe it had a negative influence on the vast increase of temperature in that area. This 

study observes the LULC change in the MCC area for the past two decades (for the year 1999, 2009, 2019) and 

calculates the LST for those years using Multi-spectral Landsat data. This study also evaluates the relation of certain 

LC with the increase of LST and shows the increase in certain LC. Urban planners and policy makers will find this 

study useful for further planning of the urban growth in this city and to make it more environment friendly in the 

future.  

 

II. Material And Methods 
Study Area Profile 

Mymensingh City is the divisional headquarter of the newly formed Mymensingh division [44]. In september 2011, 

the Mymensingh Zilla Nagorik Andolon resulted turning Mymensingh into the divisional capital and a city 

corporation. The city is located about 120 km north of Dhaka, the capital of Bangladesh.  

 

 
Figure no 1: Location map of the study area (a) Mymensingh district in Bangladesh (b) Mymensingh City 

corporation in the district (c) Mymensingh City Corporation area 
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Mymensingh city corporation has an area of 19.60 km2 and Mymensingh municipality has a estimated population of 

471,858 for 2018. Mymensingh is clearly observed from the old Brahmaputra river flowing along its north. The 

climate of this region is nearly same as Dhaka, having three major seasons, i.e. summer, monsoon and winter. The 

monsoon starts here from May or June and continue till August. In October to January, Mymensingh faces the winter 

season. The temperature rises in the end of January and the highest temperature can be recorded in February to mid-

March. During this period, high sweating is caused by the increased level of humidity. Mymensingh city is well-

known for the rapid urban growth after 1980s.  

 

Data Acuqisition 

Multi-spectral Landsat data was acquired from the USGS database to examine the LULC changes, LST variations, 

and the impact of LULC change on LST. Both summer and winter temperature were needed for this study. Thus, 

USGS data was downloaded for both of those seasons for the year 1999, 2009 and 2019. The study area lies into one 

scene of Landsat images, path 137 and row 043. The maximum cloud coverage was set to <10% during the satellite 

data downloading process but all the images contained almost zero cloud coverage over the study area. No additional 

process of geo-rectification or image to image registration process were done as Landsat data does not contain any 

kind of geometric and radiometric distortions [1]. The detailed information about the acquired data is shown in Table 

1.  

 

Table no 1: Detailed information of the acquired Landsat satellite data 

 
Respective 

Year 
Season Date Acquired Sensor Path/Row Multi-spectral band resolution Thermal band resolution Cloud Cover 

1999 
Summer 21 March 1999 

TM 

137/043 30 m 

120 m (resampled to 30 m) 

< 10% 

Winter 16 November 1999 

2009 
Summer 28 February 2009 

Winter 26 October 2009 

2019 
Summer 24 February 2019 

OLI 100 m (resampled to 30 m) 
Winter 23 November 2019 

Source: US Geological Survey, 2020  

Classification of LULC  

For the study period, the data collected form the USGS database were divided into four LC classes. They were water 

bodies, urban areas, vegetation, and bare land using maximum likelihood classification (MLC) in ArcGIS 10.6 

software. Band composition was performed for Landsat 5 TM and Landsat 8 OLI images where band 1 to 5 and band 

7 were used for Landsat 5 images and band 1 to 7 were used for Landsat 8 images. Except water bodies, more than 

100 signature files were taken for each LC classes. Due to the very low amount of water bodies, around 50 signature 

files were taken for this class.  

 

For the accuracy calculation, more than 150 ground truth points (GCP) were acquired using Google Earth Engine 

(GEE) and global positioning system (GPS). Overall accuracy, user accuracy and Kappa Co-efficient were measured 

in the accuracy assessment. All the land cover images had overall accuracy of more than 84% and a Kappa Coefficient 

of more than 0.87.  

 

LST estimation for Landsat 5 TM images 

Both summer and winter season LST were measured for this study over the study period using Landsat Thermal bands. 

For Landsat 5 TM images, a three-step method was followed. The digital numbers (DN) of band 6 were converted to 

radiation luminance (RTM6) using equation 1 – 3 [45, 46].  

RTM6 =  
V

255
 (Rmax − Rmin) + Rmin ... ... ... (1) 

Where V is the DN of band 6 and Rmax = 1.896 (mW × cm−2 × sr−1); Rmin = 0.1534 (mW × cm−2 × sr−1).  

Then, the RTM6 is converted to Kelvin scale LST by using equation 2.  

Tk =
K1

ln  (
K2

RTM6
b

+1)
 ... ... ... (2) 

where, K1 (constant) = 1260.56 K and K2 = 607.66 (mW × cm−2 × sr−1 μm−1); b (spectral range) = 1.239 (μm). 

Then, to convert the temperature into celcius scale, equation 3 is used.  
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𝑇𝐶 =  𝑇𝑘 − 273.15 ... ... ... (3)  

 

LST estimation for Landsat 8 OLI images 

A seven-step method was followed to measure the LST for Landsat 8 OLI images.  

 

Step 1: Band 10 and 11 is known as the thermal infrared sensor (TIRS) for Landsat 8 images. Band 2 – 5 were used 

separately to establish a spectral radiance (SR) data with equation 4 [47, 48].  

 

𝐿 = (
𝐿𝑚𝑎𝑥− 𝐿𝑚𝑖𝑛

𝐷𝑁𝑚𝑎𝑥
) × 𝐵𝑎𝑛𝑑 +  𝐿𝑚𝑖𝑛 ... ... ... (4)  

Here,  

L = Atmospheric SR in watts/(m2 × srad × μm) ;Lmax = Maximum SR of respective Band; Lmin = Minimum SR of 

respective Band ; DNmax = Qcal max – Qcal min = maximum and minimum difference of sensor calibration. 

  

Step 2: The metadata file has thermal constant value. After the conversion process of DNs to SR, the TIRS data has 

converted SR to BT. This process used equation 5 [49].  

 

BT =
K2

ln  (
K1
Lλ

+1)
− 273.15 ... ... ... (5)  

 

Step 3 and 4: The NDVI is calculated and its maximum and minimum value is used to calculate the proportion of 

vegetation (PV) using equation 7 [50, 51]. 

 

NDVI =  
NIR−R

NIR+R
 ... ... ... (6) [52, 53] 

  

PV = (
NDVI − NDVImin

NDVImax − NDVImin
)2 ... ... ... (7)  

 

Step 5: The land surface emissivity (LSE) is calculated after the previous process [50, 54].  

 

𝐿𝑆𝐸 = 0.004 ×  𝑃𝑉 + 0.986 ... ... ... (8)  

 

Step 6: LST is evaluated for both band 10 and 11 using equation 9 [50, 51, 54].  

 

𝐿𝑆𝑇 =  
𝐵𝑇

1+(
𝜆𝐵𝑇

𝜌
) ln(𝐿𝑆𝐸)

 ... ... ... (9) 

 

where, λ is the wavelength of emitted radiance and ρ was calculated as: 𝜌 = ℎ 𝑐 𝜎 = 1.438 × 10-2 mk.  

Here, 𝜎 = 1.38 × 10−23 J/K, h (Planck’s constant) = 6.626 × 10−34 J s, and c (velocity of light) = 2.998 × 108 m/s 

[48, 50].  

 

Step 7: To calculate the acutal LST, using cell statistics tool in ArcGIS 10.6 software, an average of both LST of band 

10 and 11 is evaluated for the study area.  

 

LST variation over different LULC  

The LST value does not remain the same over all the LC in one area. It fluctuates between low value in vegetation 

covers and water bodies to higher values in impervious surfaces of urban areas or bare lands. To calculate this variation 

for the four LC classes of the study area over the study period, tabulate area tool was used in ArcGIS 10.6 for both 

summer and winter season.  
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III. Result and  Discussion 
LULC Change Analysis 

 

 
 

Figure no 2: LULC Map of the study area for the year 1999, 2009 and 2019 

 

The MLC algorithm was used for the classification process over the study period for MCC area (Figure 2). Two trends 

of land cover change clearly stood out. The vast increase in urban areas and the gradual decrease in the vegetation 

areas and bare lands. In 1999, very low amount of water bodies (1.79%) and vegetation area (7.73%) was there. The 

maximum LC in the study area was in bare land (59.35%) (Table 2). From 1999 – 2009, urban areas increased by 

9.91% and the vegetation area decreased by 34.48%. Remarkable increase in urban areas was also seen in 2009 – 2019 

period, where it increased by 48.85%. During this period, significant decrease in other LC is also seen. Water bodies 

decreased by 13.23%, vegetation cover decreased by 27.65% and bare land decreased by 20.36%. During the whole 

study period, an increase of 63.60% of urban areas was seen in the study areas whereas 52.59% decrease in vegetation 

land and 22.44% decrease in the bare land was also recorded. This gradual decrease is caused by the replacement of 

bare land and water bodies with urban areas. Haphazard and unplanned growth in the study area caused this scenario 

of gradual decrease of bare land and vegetation cover.  

 

Table No 2: Area change in different land cover  

 

LULC Type 
Area (in sqkm) Area (in %) Change (in %) 

1999 2009 2019 1999 2009 2019 1999 - 2009 2009 - 2019 1999 - 2019 

Water Body 0.35 0.93 0.80 1.79 4.72 4.10 163.59 -13.23 128.72 

Urban Area 5.30 5.83 8.68 27.07 29.75 44.28 9.91 48.85 63.60 

Vegetation 2.31 1.51 1.10 11.79 7.73 5.59 -34.48 -27.65 -52.59 

Bare Land 11.63 11.33 9.02 59.35 57.81 46.03 -2.61 -20.36 -22.44 

 

LST scenario for the study period 

Spatial-temporal distribution in the study area for both summer and winter season was calculated, discussed in section 

II. The yearly distribution for summer and winter season is shown in Figure 3 and 4. The increasing scenario for both 

seasons is clearly visible and the detailed observation is shown in Table 3. In 1999, the highest temperature was 
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26.57˚C and 21.42˚C which increased to 29.43˚C and 25.25˚C in 2009 for summer and winter season respectively. 

The maximum area (46.16%) in 1999 for summer season fall in 24˚C - <28˚C. As for the winter scenario, maximum 

area fall in <20 ˚C range. For 2009 scenario, maximum area for summer season (44.44%) fall in 28 ˚C - <32 ˚C and 

for winter season (42.59%) 24 ˚C - <28 ˚C range had the highest percentage of area. In 2019, the scenario changed for 

both seasons.  

 

 
Figure no 3: LST distribution for summer season of 1999, 2009 and 2019 

 

In 2019, the maximum temperature was 35.91˚C and 29.74˚C for summer and winter season respectively. For summer 

season, no area fall in <20 ˚C and 20 ˚C - <24 ˚C range, where for winter season the temperature range started from 

20 ˚C - <24 ˚C. 28 ˚C - <32 ˚C range covered most of the areas (55.61%) for 2019 summer scenario whereas 24 ˚C - 

<28 ˚C had the most area (51.58%) covered during the winter scenario for the same year.  

 

Table No 3: Seasonal LST scenario for both summer and winter season over the study period 

Temperature Range (in 
degree celcius) 

Area (in sqkm) Area (in %) 

Summer Winter Summer Winter 

1999 2009 2019 1999 2009 2019 1999 2009 2019 1999 2009 2019 

< 20 4.61 0.00 0.00 11.98 6.58 0.00 23.52 0.00 0.00 61.16 33.59 0.00 

20-<24 5.94 4.00 0.00 7.61 4.67 2.52 30.32 20.41 0.00 38.84 23.82 12.86 

24-<28 9.05 6.89 3.71 0.00 8.35 10.11 46.16 35.15 18.95 0.00 42.59 51.58 

28-<32 0.00 8.71 10.90 0.00 0.00 6.97 0.00 44.44 55.61 0.00 0.00 35.56 

≥ 32 0.00 0.00 4.98 0.00 0.00 0.00 0.00 0.00 25.44 0.00 0.00 0.00 
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Figure no 4: LST distribution for winter season for 1999, 2009 and 2019.  

 
Reduction of vegetaion covers, climate change, hapharazard urban growth, and unplanned urbanization is the primary 

reasons behind this rapid increase of LST [55-57]. The climate change experts and the metrologists suggest that the 

winter season in the upcoming years will be shorter than the previous years due to low falling amount of mercury [58]. 

Unchecked growth in LST will soon result bad affect on ecosystem eliminating rare plants, species and other natural 

features, lowering groundwater level, and will create shortage in livestock [59].  

 

LST distribution in different LC (Summer Season) 

Spatial distribution of LST in different LC shows higher concentration of high temperature in urban areas and bare 

lands. As vegetation LC is considered as a cooling agent in LST, low temperature scenario is seen in vegetation covers. 

Maximum temperature for summer season in 1999 fall in 24˚C  - <28 ˚C range having 18.05% area in urban areas and 

27.69% of area in bare lands. In 2009, urban area had the maximum concentration (25.05%) in the highest temperature 

range, i.e., 28 ˚C - <32 ˚C with 18.66% of the area in bare lands. In 2019, the maximum range was ≥32 ˚C which had 

the most concentration of area (20.51%) in urban land cover. Also, for the 28 ˚C - <32 ˚C, urban areas (23.46%) and 

bare lands (28.42%) had the most percentage of areas.  

 

Table no 4: LST(Summer) distribution in over different LC 

LST Range in ˚C 

LULC 
< 20 20 - < 24 24 - < 28 28 - < 32 ≥ 32 

Area (sqkm) Area (%) Area (sqkm) Area (%) Area (sqkm) Area (%) Area (sqkm) Area (%) Area (sqkm) Area (%) 

1999 Summer Season 

Water Body 0.23 1.19 0.08 0.41 0.04 0.19 0.00 0.00 0.00 0.00 

Urban Area 0.29 1.47 1.48 7.55 3.54 18.05 0.00 0.00 0.00 0.00 

Vegetation 2.01 10.27 0.25 1.29 0.05 0.23 0.00 0.00 0.00 0.00 

Bare Land 2.07 10.59 4.13 21.08 5.43 27.69 0.00 0.00 0.00 0.00 

2009 Summer Season 

Water Body 0.00 0.00 0.58 2.94 0.26 1.31 0.09 0.47 0.00 0.00 
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Urban Area 0.00 0.00 0.05 0.25 0.87 4.45 4.91 25.05 0.00 0.00 

Vegetation 0.00 0.00 1.11 5.67 0.35 1.80 0.05 0.26 0.00 0.00 

Bare Land 0.00 0.00 2.26 11.55 5.41 27.60 3.66 18.66 0.00 0.00 

2019 Summer Season 

Water Body 0.00 0.00 0.00 0.00 0.55 2.81 0.24 1.24 0.01 0.05 

Urban Area 0.00 0.00 0.00 0.00 0.06 0.31 4.60 23.46 4.02 20.51 

Vegetation 0.00 0.00 0.00 0.00 0.61 3.09 0.49 2.49 0.00 0.01 

Bare Land 0.00 0.00 0.00 0.00 2.50 12.75 5.57 28.42 0.95 4.87 

 

LST distribution in different LC (Winter Season)  

Winter scenario also shows higher concentration of urban areas in higher temperature areas. For 1999, only two ranges 

were present in the study areas. The higest temperature fall in 20˚C - <24 ˚C range, having 19.50% of urban areas nad 

18.50% of bare lands. As vegetation area is a cooling agent, 11.16% of vegetation cover fall in <20 ˚C in the same 

year. In 2009, the highest temperature fall in 24 ˚C - <28 ˚C range, where 25.79% of urban area was present and 

15.85% of bare land was present. In 2019 scenario, higher temperature fall in 28 ˚C - <32 ˚C range, where 29.06% of 

urban areas were present with 15.04% of urban areas falling in 24 ˚C - <28 ˚C range. The highest amount of bare land 

were present in 24 ˚C - <28 ˚C, having 31.13% of bare land.  

 

Table no 5: LST(Winter) distribution in different LC 

LST Range in ˚C 

LULC 
< 20 20 - < 24 24 - < 28 28 - < 32 ≥ 32 

Area (sqkm) Area (%) Area (sqkm) Area (%) Area (sqkm) Area (%) Area (sqkm) Area (%) Area (sqkm) Area (%) 

1999 Winter Season 

Water Body 0.31 1.58 0.04 0.21 0.00 0.00 0.00 0.00 0.00 0.00 

Urban Area 1.48 7.56 3.82 19.50 0.00 0.00 0.00 0.00 0.00 0.00 

Vegetation 2.19 11.16 0.12 0.63 0.00 0.00 0.00 0.00 0.00 0.00 

Bare Land 8.01 40.85 3.63 18.50 0.00 0.00 0.00 0.00 0.00 0.00 

2009 Winter Season 

Water Body 0.64 3.28 0.19 0.96 0.09 0.48 0.00 0.00 0.00 0.00 

Urban Area 0.12 0.62 0.65 3.34 5.05 25.79 0.00 0.00 0.00 0.00 

Vegetation 1.11 5.67 0.31 1.59 0.09 0.46 0.00 0.00 0.00 0.00 

Bare Land 4.71 24.02 3.51 17.94 3.11 15.85 0.00 0.00 0.00 0.00 

2019 Winter Season 

Water Body 0.00 0.00 0.36 1.82 0.41 2.10 0.03 0.17 0.00 0.00 

Urban Area 0.00 0.00 0.04 0.18 2.95 15.04 5.69 29.06 0.00 0.00 

Vegetation 0.00 0.00 0.43 2.17 0.65 3.31 0.02 0.11 0.00 0.00 

Bare Land 0.00 0.00 1.70 8.68 6.10 31.13 1.22 6.22 0.00 0.00 

 

 

IV. Conclusion 

 
This study was conducted to find out the changes in LULC in the MCC area and its impact on LST with detailed 

observation of spatial distribution of LST over different LC. This study reveals that over the last two decades, urban 

areas increased by 63.60%. This rapid expansion of this urban areas resulted in 52.59% and 22.44% decrease in 

vegetation and bare land respectively for 1999 – 2019. This unplanned change in LULC resulted rapid increase in 

LST for both summer and winter season over the study period. The LST changing trend shows that the maximum 

temperature during the summer and winter season increased by 8 ˚C in summer seasons and 5 ˚C in winter season over 

the last two decades, having most of the higher temperature areas in urban areas and bare lands.  
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To control this urban growth and the rapid increase of this temperature resulted great harm in the ecosystem and 

lowered the ground water level, with creating unbearable loss in the greener areas. A planned approach in the 

development of policies and urban expansion will result placement of different urban features in proper places. This 

planned approach will preserve the vegetation cover and will result in a more controlled temperature scenario in the 

study area. Urbanization is not a phenomena that can be stopped entirely, but it can be controlled with proper planning 

and policies which will ensure adequate housing for all the people with a balanced ecosystem and nature. This study 

will help the urban planners and policy makers to understand the current situation in Mymensingh city and to make a 

decision which will make this city more sustainable and eco-friendly.  
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