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Ecological impact evaluation of urban heat island in Dhaka city: A spatio-temporal 1 

approach 2 

Abstract  3 

Urban heat island (UHI) is one of the major causes for deteriorating ecology of the 4 

rapidly expanding Dhaka city in the changing climatic conditions. Although researchers 5 

have identified, characterized and modeled UHI in the study area, the ecological 6 

evaluation of UHI effect has not yet been focused. This study uses land surface 7 

normalization techniques such as urban thermal field variance (UTFVI) to quantify the 8 

impact of UHI and also identifies vulnerable UHI areas compared to land cover types. 9 

Landsat imageries from 1990 to 2020 were used at decadal intervals. Results of the study 10 

primarily show that intensified UHI areas have increased spatially from 33.1% to 40.9% 11 

in response to urban growth throughout the period of 1990 to 2020. Extreme surface 12 

temperature values above 31°C have also been shown in open soils in under-construction 13 

sites for future developmental purposes. UTFVI is categorized into six categories 14 

representing UHI intensity in relation to ecological conditions. Finally, comparative 15 

analysis between land use/land cover (LULC) with UTFVI shows that the ecological 16 

conditions deteriorate as the intensity of UHI increases in the area. The developed areas 17 

facing ecological threat have increased from 9.3% to 19.8% throughout the period. 18 

Effective mitigating measures such as increasing green surfaces and planned urbanization 19 

practices are crucial in this regard. This study would help policymakers to concentrate on 20 

controlling thermal exposure and on preserving sustainable urban life. 21 

Keywords Dhaka city; Ecological Evaluation Index; LST Trajectory; UHI; UTFVI 22 

1 Introduction 23 

Urbanization causes radiation balance alteration that triggers variations in reflective 24 

power (Shahmohamadi et al. 2011). The resultant effect makes urban areas warmer than 25 

their surrounding countryside. This phenomenon of fluctuating temperatures is known as 26 

the Urban Heat Island (UHI) (Oke 1982; Toy and Yilmaz 2010; Stewart and Oke 2012). 27 

Notwithstanding the sizes, each urban structure can generate UHI of 0.4 to 11°C hotter 28 

than the adjacent suburban areas (Oke 1973; Tzavali 2015).  The development of UHI is 29 
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fueled by the dynamic interaction of various factors. These factors can generally be 30 

asserted as anthropogenic heat, impermeable surfaces, and geometry of urban structures 31 

(Ryu and Baik 2012; Li et al. 2020). Recent decades have seen threatening impacts of 32 

UHI on the human environment (Watkins et al. 2007; Yow 2007; Ward et al. 2016). Yow 33 

(2007) discussed local to global impacts of UHI including human health and comfort, 34 

energy consumption, alterations in ecosystems, and climate. For instance, urban warming 35 

with changing climate effects on fish communities as well as trophic dynamics of water 36 

bodies results in degrading ecological status of the ecosystem (Jeppesen et al. 2010, 37 

Pörtner and Peck 2010). 38 

Urban regions that facilitate human society to develop seamlessly but also jeopardize the 39 

quality of the environment and ecosystem as well. Degradation of the environmental 40 

quality increases various diseases and mortality as well as hampers urban productivity 41 

(Arnfield 2003; Grimm et al. 2008; Zhou et al. 2014; Zhou et al. 2016).  Therefore, 42 

contemporary urban researchers are focusing on alleviating and reducing UHI (Li et al. 43 

2014; O’Malley et al. 2015; He et al. 2019).  44 

In recent times, the UHI effect can be measured by several methods. Among them, 45 

surface UHI assessment by using satellite data is a significant and most recommended 46 

method (Voogt and Oke 2003). The surface temperature that emits from land and detects 47 

by satellite can play a key role in the age of UHI as a crucial variable (Zhou et al. 2019) 48 

in terms of surface radiation and energy transactions. It regulates the circulation of warm 49 

air between the surface and the atmosphere. Until now Land Surface Temperature (LST) 50 

has been calculated by several algorithms (e.g. Planck Function, Single Channel 51 

Algorithm) which are developed in recent times (Li et al. 2013; Avdan & Jovanovska 52 

2016; Ndossi & Avdan 2016; Sahana et al. 2016) . Ndossi & Avdan (2016) compared 53 

different algorithms for LST derivation and found that Planck Function produces the best 54 

outcomes on both Landsat 05 and Landsat 08. LST normalization indices such as urban 55 

thermal field variance (UTFVI) help to better evaluate urban thermal intensities and 56 

ecological health (Guha et al. 2018). For maintaining the environmental balance within a 57 

city, determining the level of ecological comfort is an important task. 58 

Dhaka is the most populated city in Bangladesh experiencing the fastest urbanization 59 

within the world unlike other less developed and developing countries (Seto et al. 2011). 60 
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Several attempts have been made to investigate UHI in the city using air temperature, 61 

surface temperature from satellite sensor, numerical modeling (Ahmed et al. 2013; Das & 62 

Karmakar 2015; Tashnim & Anwar 2016). Das & Karmakar (2015) analyzed the annual 63 

temperature data from 1961 to 2000 and also studied the Weather Research and 64 

Forecasting (WRF) model, which showed a growing trend of temperature in the city 65 

compared to the surrounding districts and found that it was mostly warm during the night 66 

and afternoon hours. Kakon & Nobuo (2009) investigated the effect of sky view factor on 67 

seasonal solar radiation in the study area. Previous studies on UHI in the study area were 68 

mainly focused on UHI intensity, factors, and the correlation of different land cover types 69 

with LST (Raja 2012; Dewan & Corner 2014; Mia et al. 2017; Trotter et al. 2017; 70 

Rahman et al. 2020). However, much of the research evaluating the impact of UHI up to 71 

now in the city has been descriptive and no prior studies have been undertaken to assess 72 

the impact of UHI quantitatively. 73 

To address the research gap mentioned above, this study focuses mainly on the spatial-74 

temporal assessment of the impact of UHI on the urban ecosystem over the study area 75 

using Landsat images through the period from 1990 to 2020. First, this study analyzes the 76 

spatial-temporal variations of LST. Secondly, the study explores the surface cover 77 

scenarios and the UHI affected area. Finally, quantitatively evaluates the ecological 78 

impact of UHI using the UTFVI. 79 
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2 Materials and methods 80 

 2.1 Study area 81 

The study area, Dhaka is shown in Fig. 1. It is positioned in central Bangladesh at 82 

23°42′N and 90°22′E. The city has a population of 21,005,860 (2020) approximately with 83 

a total area of 306 km2 . The city is located on the lower range of the Ganges Delta which 84 

is flat and close to sea level and the land is characterized by tropical vegetation and moist 85 

soils under the Köppen climate classification. Dhaka experiences a mean annual rainfall 86 

of 2,084.7 millimeters and an average annual temperature of 25.9°C varying between 87 

18.6°C in January and 29 °C in June which resembles a tropical savanna climate 88 

(Choudhury 2016). 89 

 2.2 Data 90 

Landsat TM (1990, 2000, and 2010) and Landsat OLI/TIRS (2020) were downloaded 91 

from the official website of the US Geological Survey (USGS). Spatial resolution of 92 

Landsat is 30 meter and images for the study area fall inside the scene of path 137 and 93 

row 44. Cloud free images of winter were collected to have similar weather conditions 94 

and phenological characteristics. Table 1 illustrates collected data in detail. 95 

 2.3 Methodology 96 

All the following procedures were carried out using QGIS software and R programming. 97 

Image correction and sampling for LULC were done in QGIS platform. Image 98 

classification, LST calculation, and visualization were performed in Rstudio with the help 99 

of raster, rgdal, caret packages. 100 

2.3.1 Data processing 101 

Prior to analysis of Landsat imageries, radiometric calibration and atmospheric correction 102 

are necessary. All the collected raw bands were converted into top of atmosphere (TOA) 103 

reflectance and radiance from digital numbers (DN) to represent physical properties 104 

(Yankovich et al. 2019). The DOS1 method was applied to correct atmospheric 105 
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disturbances. Resultant surface reflectance and brightness temperature (K) bands were 106 

then used in the further calculation of LST (°C),  and LULC retrieval. 107 

 2.3.2 LST retrieval 108 

LST was derived from the brightness temperature of band 06 and 10 of Landsat TM and 109 

TIRS respectively. Corrected near-infrared (NIR) and Red bands were used to calculate 110 

NDVI. It is calculated by dividing the differences between NIR and Red with their sum to 111 

correct brightness temperature against land surface emissivity. The NDVI threshold 112 

method was applied to estimate surface emissivity. The proportion of vegetation (Pv) was 113 

determined using the following equation1 (Carlson and Ripley 1997). 114 

 𝑃𝑃𝑃𝑃 = � (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)

(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑃𝑃 − 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)
�2 

(1) 

Where, NDVIs and NDVIv is the value assigned for bare soil (0.2), and healthy 115 

vegetation (0.5) respectively. 116 

It is essential to obtain surface emissivity for accurate measurement of LST since it is a 117 

proportionality factor that scales blackbody radiance (Planck's law) and predict radiance 118 

(Jiménez-Muñoz et al. 2006). The emissivity was conditionally determined (Wang et al. 119 

2015) from equation (2). 120 

 ε = εvPv + εs(1-Pv) + C (2) 

Where, εv is vegetation emissivity, εs is soil emissivity and C represents the cavity effect 121 

of the surface (C=0 for flat surfaces) was estimated using equation (3) 122 

 C=(1-εs)(1-Pv)F εv (3) 

Where, F is a shape factor, whose mean value is 0.55 assuming different geometrical 123 

distributions (Sobrino et al. 2004) in the area. 124 

For TIRS band 10, when the NDVI is less than 0, the emissivity value of 0.991 is 125 

assigned considering pixels as water. For values between 0and 0.2, the emissivity value 126 

of 0.966 is assigned considering pixels as soil. For values between 0.2 and 0.5, equation 127 
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(2) is applied to retrieve the emissivity considering pixels as mixtures of vegetation and 128 

soil. At last, when the NDVI value is greater than 0.5, the value 0.973 is assigned 129 

considering pixels to be covered with vegetation. 130 

For TM band 06, simplified equation (4) is used to determine emissivity (Sobrino et al. 131 

2004). 132 

 ε =0.004Pv+0.986 (4) 

Finally, the emissivity correction of LST was carried out using the following equation (5) 133 

(Avdan & Jovanovska 2016). 134 

 Ts=
𝐵𝐵𝐵𝐵�1+�𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆ℎ𝑐𝑐 �.𝑙𝑙𝑙𝑙𝑙𝑙�−  273.15 (5) 

Where, Ts is the LST (°C), BT is at-sensor brightness temperature (K), λ is the effective 135 

wavelength of the radiance, σ is Boltzmann constant (1.38 × 10−23 J/K), h is Planck's 136 

constant (6.626 × 10−34 Js), c is the velocity of light in a vacuum (2.998 × 10−8 m/sec) 137 

and ε is emissivity. 138 

 2.3.3 UTFVI calculation 139 

Several indices of thermal comfort are available for assessing the UHI impacts on the 140 

quality of urban life (Ahmed 2018; Guha et al. 2018). UTFVI was calculated for 141 

quantitative evaluation of the impact of UHI using equation (6) and divided into six 142 

levels corresponding to ecological evaluation indices and UHI phenomenon intensity 143 

shown in Table 5 (Guha et al. 2018). 144 

 UTFVI=
𝐵𝐵𝑠𝑠−𝐵𝐵𝑚𝑚𝐵𝐵𝑚𝑚  (6) 

Where Ts and Tm are LST (°C) and mean LST (°C) respectively. 145 

 2.3.4 LULC classification 146 

There have been many classification algorithms developed and implemented to classify 147 

images. Machine learning (ML) classifiers (e.g., random forest, support vector machine) 148 

is being popular for their high accuracy and robustness (Zhu & Woodcock 2014; Belgiu 149 
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and Drăguţ 2016). For this study, Random forest (RF) was used to LULC classification of 150 

4 different years according to the classification scheme of Table 2. RF is a non-151 

parametric ML algorithm, can handle high dimensional data (Gislason et al. 2006). It is 152 

an ensemble of decision trees which are trained on bootstrapped samples of original 153 

training datasets. For classification, each tree provides a class-label and the output is 154 

determined by the mostly voted class of the trees. In RF, two-third of the training samples 155 

are used to classify and another one-third is considered as out-of-bag (OOB) data. These 156 

OOB data are then used to produce a non-biased measurement of the error rate of 157 

classification (Breiman 2001). 158 

 3 Result 159 

 3.1 LST Trajectory 160 

Before conducting any kind of application procedure, validation of extracted LST is 161 

essential with in situ observations or with another kind of satellite sensor. In this research, 162 

air temperature data were collected from different sources for the study area. Air 163 

temperature and LST of similar dates were compared and validated. The range of LST of 164 

the study area closely approximates with the air temperature of that area. The spatial 165 

extent and magnitude of LST have become more salient during 2020 from the past. 166 

Spatial distribution and descriptive statistics of LST of the corresponding year is 167 

represented in Table 3 and Fig. 2. A significant increase in the mean and maximum LST 168 

was followed between 2000 and 2020. Around 75% of the area had a temperature of over 169 

18°C in 1990 and decreased to closely 50% in 2000. More than 75% area in 2020 was 170 

occupied by temperatures above 22°C (Table 3). It is apparent from the table that LST of 171 

the previous decade (1990-2000) was less deviated from the mean value which shows 172 

more variability in the recent decade (2010-2020). The lower central regions were 173 

relatively higher than the surroundings during 1990 and 2000. Peripheral areas have 174 

shown a decrease in LST from 1990 to 2000. In the years 2010 and 2020, some patches 175 

of extreme LST have been noticed in peripheral areas. Apart from that, a denser and high 176 

LST distribution can also be seen in the central zone (Fig. 2). 177 

 3.2 UHI identification 178 
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Validation of LULC classifications (1990 – 2020) involved collecting samples from high-179 

resolution images of the closest dates available of Google Earth. Because of the 180 

unavailability of Google Earth’s image during 1990 samples were collected from the 181 

corrected Landsat image of the year. Overall accuracy was achieved for all the 182 

classifications ranging from 94 to 96.2% with kappa accuracy ranging from 92 to 95%. 183 

It can be seen from Fig. 3 that urban expansion took place in all directions. Noticeable 184 

expansion of urban areas has occurred northward and southeastward direction. A 185 

comparison of the LULC area and corresponding LST data between 1990 and 2020 is 186 

presented in Table 4. The developed surface dramatically increased throughout the period. 187 

The water surface showed a significant decline after 2000 followed by a moderate 188 

increase from 1990. Open soil decreased by 50% between 1990 and 2010 and 189 

significantly expanded afterwards.  190 

Differences in mean LST of the developed surface to others are displayed in Fig. 4. The 191 

mean LST of the developed surface is higher than other classes supporting the existence 192 

of UHI. Open soil in 2010 and 2020 exhibits higher mean LST than developed areas and 193 

showed high variability than other classes from in both the years’ Table 4. The reason 194 

behind this variability can be the contrasting nature of open soils in the study area. Open 195 

soil surfaces show an almost similar temperature to developed surfaces. In our study area, 196 

identified patches of open soil in Fig. 5 gives a close look to the corresponding surface in 197 

high resolution of Google Earth imagery. These surfaces are cleared bare soils for 198 

development purposes. These soils are drier than other barren surfaces of the study area 199 

which are mostly low lying lands. 200 

 3.3 UHI evaluation 201 

UTFVI classification and relevant statistics are shown in Fig. 6 and Table 5 for 202 

comparative evaluation of the UHI impact over decades. Most of the regions were 203 

occupied with the strongest UHI (>0.020) and none UHI (<0). Strongest UHI spread 204 

spatially over time in upper eastern and southern regions (Fig. 6). Strongest UHI 205 

experienced in the study area showed a steady increase until 2010. In 2020, the strongest 206 
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UHI decreased from the previous year and showed the presence of strong and stronger 207 

classes of the UHI phenomenon. 208 

According to the Ecological Evaluation Index (EEI), conditions ranging from bad to 209 

worst considerably increased, and above normal conditions showed a decline in contrast 210 

(Table 5). Ecological conditions ranging from bad to worst in the developed area showed 211 

progressive trends throughout the period whereas similar conditions in the non-developed 212 

area were regressive until 2010 and increased afterwards (Table 6). Figure 7 shows 213 

ecologically threatened developed surfaces in red color. 214 

 4 Discussion 215 

The findings of the study show that the total environmental scenario of Dhaka was 216 

degraded in the developed area from 1990 to 2020 due to urban expansion as well as UHI 217 

intensification. Below normal ecological conditions showed considerable increase 218 

throughout the period, albeit the city central zone experiencing low UHI effect and 219 

having a normal ecological condition in 2020 (Fig. 6). There has not been an increase of 220 

vegetated or water surface in that zone to reduce the temperature and the rooftop garden 221 

is not extensively used (Farhana et al. 2019) which can mitigate the UHI effect. Therefore, 222 

the possible reason could be extreme heated open soils in surrounding patches shown in 223 

Fig. 6 influencing the LST normalization. Similar to Raja (2012), some open soil patches 224 

in adjacent urban areas show the highest LST in the years 2010 and 2020. These are the 225 

cleared or filled sites for new urban extensions (Fig. 5). 226 

Highly centralized movement of people, along with an increase in urban population by 227 

birth increases pressure in cities. Dhaka receives 300,000 to 400,000 migrants annually 228 

for economic opportunities and other urban facilities (Lata 2017). This human pressure is 229 

the determinant of city expansion, both vertically and horizontally. Besides, the 230 

increasing concentration of the population in a particular region adversely affects the 231 

exploitation of the natural resources of the region (Rashid 2020). In response to its 232 

growth, the city is opening up new opportunities and facilities. This vicious nature of city 233 

dynamics keeps urban temperatures rising more frequently than the surrounding 234 

counterpart and constantly entraps city dwellers inside the UHI bubble. It is evident from 235 
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this study as well as previous literature (Ahmed et al. 2013; Dewan & Corner 2014) that 236 

developed surfaces along open dry soils release higher LST than other surface types 237 

(Table 4). With the rising temperature, energy demand also increases for cooling the 238 

building’s inside environment and puts pressure on the electricity grid during peak hours. 239 

Uses of air cooler, refrigerator, etc. contribute to greenhouse gas volume which 240 

ultimately warms the earth (Calm 2002) and creates discomfort for us. Industrial 241 

chemicals, gashes, and contaminants create several environmental problems by 242 

modifying natural substances, create human health nuisance, and hamper an imbalance in 243 

biodiversity. In developing countries, the share of emitting greenhouse gases from urban 244 

areas is increasing rapidly. It is threatening for the urban dwellers' health; particularly the 245 

poor urban dwellers are in vulnerable conditions due to the newly created health hazards 246 

imposed by modified urban climate and a brief consideration of climate change (Oke 247 

1982; Toy and Yilmaz 2010). Besides, due to the increasing trend of UHI and the 248 

influence of climate change, urban areas are more prone to undergo environmental 249 

hazards than their rural counterparts (Fig. 2). An approximate estimation of urban 250 

population facing below normal ecological conditions is 595,862.73 (9.3%) in 1990 251 

which increased to 4,201,172 (19.8%) in 2020 (Fig. 7). Heat-related mortality and illness 252 

also increase with the rising temperature (Wu et al. 2018). The sensitive population 253 

especially children and older people of the city are more vulnerable to heat-initiated 254 

diseases (McMichael et al. 2008). On the contrary, the less intense winter season 255 

decreases the rate of cold-induced death. But in urban areas, hot microclimate also 256 

damages the atmospheric layer and produces an increasing amount of photochemical 257 

smog (for example, ozone); thus health risks also increase. UHI also degrades the quality 258 

of water sources in different ways. One of the foremost reasons is the heat-generating 259 

wastages coming from industries and other urban sources. Runoff from urban areas is 260 

hotter than the adjacent countryside in the summer season while the temperature of the 261 

pavement is higher than the air temperature. Runoff with high-temperature causes 262 

damage to young plants on its way and affect the ecosystem of water bodies and wetlands. 263 

It is observed in association with Islam et al. (2010) that the water surfaces are declining. 264 

Thus thermal alteration of water surfaces is adding to the problems already being faced 265 

from the reduction of water occupied areas. Fish communities are much likely to change 266 
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in growth, abundance, community structure, and richness due to this warming (Jeppesen 267 

et al. 2010, Pörtner and Peck 2010). Pörtner and Peck (2010) discussed that thermal 268 

tolerance varies among species and their life stages as well which in turn affects 269 

ecosystem productivity. 270 

The pressure on the ecosystems of the world is increasing due to the influential role of 271 

urban inhabitants. As a result, cities have significantly large ecological footprints. 272 

Urbanization also offers some ecological benefits, among them shared use of the resource, 273 

opportunities for reuse and recycling and economies of scale are primes. To make 274 

effective use of the urban ecosystem and produce most of the outcomes, it is necessary to 275 

achieve a sustainable means of obtaining ecosystem services. Hence, UHI mitigation 276 

practices need to be deployed as early as possible. Both nature-based solutions (i.e. 277 

rooftop gardening, green spaces) and technical solutions (i.e. white rooftop, solar panel 278 

on the roof) can be used to reduce the UHI effect. Residential areas can use rooftop 279 

gardening to reduce heat and create spaces by applying the floor area ratio (FAR) for 280 

more green cover (Mahtab-uz-Zaman et al. 2007). A newly built environment such as the 281 

Basundhara Residential Area which is facing the worst case of heat stress must consider 282 

these mitigating measures. The solar panel seems to be a viable solution for mitigating 283 

UHI and energy consumption in industrial and commercial areas to an extent (Masson 284 

2014).  285 

 5 Conclusion 286 

Extensive urbanization factored by rapid population growth and economic development 287 

impacting local climates in metropolitan areas. UHI is the boomerang effect of unplanned 288 

urban development. Transformation of big cities into UHI is considered as one of the 289 

most highlighted results of microclimate change. The purpose of the current study was to 290 

determine the impact of UHI on the ecosystem of Dhaka city. This study has shown that 291 

high UHI experienced area, as well as the worst ecological condition, is expanding 292 

considerably in the city especially over the developed surfaces. The findings of this study 293 

based on satellite remote sensing analysis generate valuable information regarding urban 294 

health from the UHI mapping which can be used as an important reference for planners, 295 
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stakeholders, policymakers to aid in the mitigation measures. Further research can be 296 

carried out to assess the viability of the different mitigating solution and analyze the 297 

thermal tolerance of the urban ecosystem components. 298 
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Figures

Figure 1

Study area showing administrative boundary of Dhaka Metropolitan Area (DMA)



Figure 2

Spatio-temporal distribution of land surface temperature (LST) in the area where a, b, c, and d
corresponds to the year 1990, 2000, 2010, and 2020 respectively



Figure 3

LULC classi�cation maps of Dhaka city where a, b, c, and d corresponds to the year 1990, 2000, 2010,
and 2020 respectively. Also VS, WS, DS, and OS are illustrated as vegetated surface, water surface,
developed surface, and open soil accordingly.



Figure 4

Difference of mean LST between developed surfaces (DS) and other LULC classes.



Figure 5

Patches of open soil showing extreme temperature.



Figure 6

Urban thermal �eld variance index (UTFVI) classi�cation into six classes according to the Table 5



Figure 7

Comparison between LULC and UTFVI classi�cation. 8


