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Abstract: 
 

Urban developments have faced consequences in manifold. The ultimate effect is seen as 

aggravated environmental pollution. Thermal pollution is one of them and plays a major 

role in driving the air pollution parameters. Thermal pollution is seen as urban heat island. 

Urban heat island diminishes the air quality by hindering in ozone formation, disturbing air 

circulation, increasing surface temperature, etc. Air pollution has a direct relationship with 

urban heat island. NOAA, Landsat TM thermal bands maps the surface temperature. GIS 

takes into account the spatial scenario. The combination of both provides a model which 

presents a city map where one can find the buildings which requires attention in the sense 

of energy consumption. This would help in restructuring urban plans, traffic diversions, 

alternate cooling mechanisms etc. Therefore, mitigation of thermal pollution would indeed 

help in planning urban development with minimum environmental degradation. 
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Introduction: 
 
The main objective of this study is finding thermal pollution due to urban heat island (UHI) in 

city of lakes, Bhopal using thermal bands of remote sensing satellite imageries. UHI refers to 

the difference in air temperature from the exurb areas. Urban environmental quality 

degradation is taking place not only because of increase of pollution in water, air, soil but also 

due to drastic changes in the surface and atmospheric temperature. The concern of Bhopal lies 

in it depleting level of lakes, which has still played a great role in mitigation of UHI. Vegetation 

plays an important role in creating and mitigating UHI (Weng, Lu and Schubring, 2003). 

Vegetation in terms of agricultural lands, grasslands, urban forestry can be extracted from 

NDVI of multi spectral satellite image. The irradiance of land cover type is greatly influenced by 

the amount of vegetation present. Thermal pollution is aggravated with heat waves. In India, 

the news of death of people of lower class people due to heat waves is common. Urban people 

generally use air conditioners to mitigate UHI indoor. However, it has two basic disadvantages. 

Firstly, the increased amount of energy consumption results in burning of extra amount of fuel. 
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Secondly, it results in further enhancing the UHI outdoor (Solecki, et al, 2005).  Bhopal being 

at the centre of the country also faces intense heat waves aggravated by the UHI effect. Hence, 

UHI mitigation should be an imminent step for not only Bhopal but also major cities like New 

Delhi etc.  UHI requires generation of land surface temperature (LST) map with GIS. Land 

surface may be soil, buildings, tree canopy, shrubs etc. LST can be determined using thermal 

imagery generated by remote sensing sensors. Therefore, use of high resolution thermal infra 

red imagery in mitigating urban heat island and reducing the pollution can be done. 

 

Study Area: 

Bhopal though known for its lakes, unfortunately undergoing drastic climatic changes due to 

rapid urbanization, decreasing level of lake water and industrialization. Geographical 

coordinates range of study area (41 wards) are 77 22 04.71 E – 77 26 25.73 E and 23 11 46.59 

N – 23 17 38.72 N. Based on the certain environmental parameters, urban environmental 

quality map was created by integrating remote sensing GIS and fuzzy set theory (Gupta, Dey, 

2008). Land use and land cover map was created by the visual interpretation of fused Cartosat-

1 and IRS P-6 LISS IV multi spectral image. As per the national ambient environmental 

standards, the map was categorized into critical, high, middle and low pollution using GIS 

software. The area which was covered under the critical class is the old city of Bhopal as shown 

in fig 1. 

Fig 1: Old Bhopal City in Critical Condition 

 

                                                                   

The existing old Bhopal and its surrounding is the hub of all Activities and is the most congested 

area. It has maximum population pressure, maximum intensity of buildings and movement of 

traffic and services. It mainly comprises of mixed land use i.e. commercial and residential.  
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The existing old Bhopal and its surrounding is the hub of all Activities and is the most congested 

area (fig 3). It has maximum population pressure, maximum intensity of buildings and 

movement of traffic and services. It mainly comprises of mixed land use ie commercial and 

residential. The old city has the highest population density (shown in red in fig 2). 

Fig 2: Population Density of Bhopal Municipal Corporation 

         

 

Source: Directorate of Town & Country Planning, Bhopal 

 

Study Data: 

Thermal imagery of LANDSAT ETM+ (b) of year 2006 is fused with Cartosat -1 high spatial 

resolution satellite imagery (a)of year 2006 of Bhopal. Resultant image is (c) as shown in fig3. 

IRS P-6 LISS IV MX image of year 2006 is used to extract vegetation by Normalized Difference 

Vegetation Index (NDVI). The software used was ArcGIS 9.2, ERDAS Imagine 9, and 3D model 

was digital data of buildings using 3D Studio Max Software. When it was overlaid with thermal 

image and was compared independently with the surface temperature, a strong relationship 

was found. The vegetation helped in reducing the temperature by 2-3 C. The fig 4 shown below 

shows a part of old city having a park in between concrete structure. The temperature scale 

shows the difference in the temperature. 

Fig 3: Fused thermal imagery 
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    (a)                                 (b)                              ( c) 

                          

 

Fig 4: Area of Park Cooler then Surrounding 

 

(a)  Thermal imagery  (b) Thermal urban model 
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Methodology: 

Thermal pollution is mainly due to the formation of urban heat island. As already mentioned, 

UHI can be identified using Landsat TM band. It can be identified by NOAA, AVHRR satellite 

data. Because of low spatial resolution data of AVHRR, one can only examine and map the 

phenomenon at macro level. For Bhopal city, Landsat TM band with a spatial resolution of 120m 

is used to derive surface temperature. But this resolution is also inadequate to capture all the 

complex temporal changes of the urban environment. The complexity of human activities 

requires the highest possible spatial resolution for an accurate characterization of the urban 

land cover thermal responses. 

Fig 5: Aerial picture of highly congested Bhopal city 

 

 

Certain assumptions are made in this study. These are:  

a) There is inverse relationship between thermal pollution and biomass. (reference) 

b) Surface reflectance mitigates thermal pollution. (Rosenfeld et al., 1997) 

 

The Land Surface Temperature (LST) was derived from the corrected ETM+ TIR band. The 

ETM+ thermal band has a spatial resolution of 120m which was resample by nearest 

neighborhood to 60m. The image was of month June. Digital number (DN) of Landsat ETM+ TIR 

band was converted to spectral radiance ln (Landsat Project Science Office, 2002). 

c) Ln= 0.0370588 X DN + 3.2 

d) The spectral radiance was converted to at-satellite brightness temperature TB   

e) TB = (K2)/ (ln x k1/l +1) 

f) K2 and K1 are pre -launch calibration constants for Landsat-7 ETM+. Each of LULC 

categories was assigned an emissivity value by reference to the emissivity classification 

scheme by Snydes et al (1998). IRS P-6 LISS IV MX image of year 2006 is used to 
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extract vegetation by Normalized Difference Vegetation Index (NDVI). NDVI could also 

be extracted from visible and NIR band of Landsat-7 ETM+ image so that relationship 

between LST and NDVI can be found. When it was overlaid with thermal image (LST) 

and was compared independently with the surface temperature, a strong relationship 

was found. The vegetation helped in reducing the temperature by 2o-3o C. The fig 5 

shown below shows a part of old city having a park in between concrete structure. The 

temperature scale shows the difference in the temperature.  

Fig 6: Maps Showing Relationship of Surface Temperature with Vegetation (NDVI) 

                                                        

 

In the figure 6, the dark patches (grey) shows less vegetation and on comparing to the 

classified thermal map, these areas shows more surface temperature. The central area was 

highly dense compared to the surrounding area. The hottest areas of old Bhopal are land uses 

associated with impervious cover such as buildings and roads. 

 
Results & Analysis: 

Results, Fig- 4(a) & (b) have shown that areas in old Bhopal have very prominent UHI effect 

than surrounding. Further, the areas with vegetation and lighter surface color of buildings have 

lower UHI effect than the surrounding areas. However, there are still some areas where even 

with vegetation the mitigation is not so enhanced. Further, at some areas even with lighter 

color of roofs, mitigation is inappropriate. Areas having roads have greater UHI effect due to 

heavy traffic pollution and emission of hot gases. The same is the condition with the industrial 

belt. 

 The study possesses a limit regarding the accessibility of data of air conditions, coolers etc 

inside homes. Nevertheless, it can be said that office buildings indeed have air conditioners and 

their effect is also seen in the generated result. 

 

Conclusions & Recommendations: 
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Results have brought in certain conclusions which are delineated below. These are as follows: 

a) Vegetation cover mitigates urban heat due to evapo-transpiration with larger tree 

canopy mitigation is enhanced. 

b) Air conditioners are not the effective and suggested measure by environmental planner 

for UHI mitigation. 

c) Roof tops can have small trees in earthen pots to avoid from direct heat exposure.  

d) Open spaces with free breeze suppress the UHI development. 

e) Water bodies in the vicinity reduce the UHI due to convection. 

f) Only certain type of trees and planned forestry, for example the trees near window of 

the house blocking the direct sunlight, helps in mitigation. 

 

 The congestion brings in the limitation to the planting of trees. Further, the inhabitants of old 

Bhopal city don’t have financial background to paint their small brick-cement house with lighter 

color. Moreover, with congestion wind speed is also thwarted so high reflecting surfaces may 

result in high UV reflection which is dangerous. In the light of the above scenario, mitigation 

requires more alternatives and intervention of urban forestry.  
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