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INTRODUCTION: 
The study of temperature is very important in our present 
scenario, since global temperatures are increasing the 
one hand and the sea level is rising on the other hand. 
The earth releases its temperature all over its surface but 
the urban centers are releasing much more heat than 
other places which is caused by the large number of 
industries, the use of automobiles, dense settlement, 
uses of air conditioners and the lack of trees and other 
vegetation. Urban centers have the unique characteristics 
that they pull in populations from the rural areas due to 
the availability of employment, education and medical 
care which therefore increases the population. This 
increasing population converts open spaces and 
vegetation into built areas. The increasing surface 
temperature in an urban centers threatens human life by 
producing an environment that causes health problems, 
particularly sunburnt (skin diseases), mental stress, and 
dehydration. Therefore the study of urban surface 
temperature can find out the level of increase, where it is 
and why it has increased to suggest how to maintain the 
resources and surface temperature. The present study 
has been conducted in Hyderabad, Chennai and 
Bangalore. The development of information technology 
and its services in the selected cities have increased the 

population and consequently, the surface temperature. 
The current study analyzed the variation of temperature 
spatially and temporally.      
2. STUDY AREA  
The selected cities for the present study are located in 
the southern part of India which is shown in Map: 1. 
These international business hubs have developed largely 
after globalization because skilled labour moved from 
well-developed educational via the good accessibility of 
international airports to other cities in the world, as well 
as the natural environment and helpful policies made by 
the local government.  
The city of Hyderabad is the capital of the Telangana and 
the Andhra Pradesh states in India which is located on the 
Deccan Plateau in the southern part of India. The 
geographic location of the city is 17020´ N Latitude and 
78030´ E longitude, at an altitude of 542 meters above sea 
level.  
Chennai is the capital of the state of Tamil Nadu, which 
lies between 13º04´ of the northern latitude and 80º17´E 
of the southern longitude. As the city is located on the 
coast of the Bay of Bengal it has an almost flat land 
surface over the entire city. The even topography of the 
land throughout the city renders sub-divisions into 
natural regions rather difficult. It rises slightly as the 
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temperature has witnessed least change. The surface temperature variation between different land uses shows 
that, built-up land and barren areas have the highest temperature when compared to other land uses while water 
bodies and vegetation have the minimum temperature.  
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distance from the sea-shore increases but the average 
elevation of the city is not more than 22m above mean 
seal-level.  Chennai is one of the leading cities in India 
today from the point of view of trade and commerce, 
with the fourth largest port in the country and the first to 
have developed a full-fledged container terminal to 
international   standards. The port provides trade links 
with Japan, Singapore, Malaysia, Burma, Bangladesh, 
Ceylon and other far eastern countries. Chennai is also 
one of the most important industrial cities of the sub-
continent.  
Bangalore is the capital of the state of Karnataka, which is 
located at 12059’ North latitude and 77057’ East 

longitude, and is situated at an altitude of 920m above 
mean sea level. This is one of the fastest growing cities in 
Asia, which has recently attained the fame of a ‘Silicon 
City’, due to its progressive trend in Information 
technology. The city is also known as the Garden City 
because of having many parks.   The city is well 
connected by ground and air with the other cities in India 
as well with other countries, which makes accessibility 
possible and easy. It has witnessed rapid vertical and 
horizontal growth after the boom in information 
technology, which is the reason for the high density of 
population, increased air pollution, water 
overconsumption and increase in temperature. 

   

 
3. Methodology  
The study has been conducted based on secondary data, which has been collected from the concerned departments and 
downloaded from authorized websites. The satellite data of the study has been downloaded from the 
earthexplorer.com for which the details are given in Table 1.   
 

 
Table: 1 Details of Satellite Imageries 

 

S.N Type of Landsat 
Sensors 

Name of 
Cities Name of State Path/ 

Row 
Date of 
acquisition 

Temporal 
Variation 

1 TM – OLI/TIRS Bangalore Karnataka 144/051 16/03/2000 and 
15/03/2014 14 Years 

2 TM – OLI/TIRS Hyderabad  Andhra Pradesh 144/048 29/02/2000 and 
15/03/2014 14 Years 

3 ETM + – OLI/TIRS Chennai Tamil Nadu 142/051 27/02/2006 and 
17/03/2014 8 Years 
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For the cities of Bangalore and Hyderabad, fourteen years 
of interval data has been obtained but for the city 
Chennai the same interval data was not available so the 
study has adopted the eight year interval data which was 
available from above mentioned source. Figure 1 shows 
the step by step data process.   
Each satellite has several sensors and each sensor 
captures the data on the specific wavelength of the 
electromagnetic spectrum which is called the band. 
Among these several bands, some have been captured in 
the thermal spectrum, which can be used to find out the 
land surface temperature. For example, the bands 6 in 

TM sensor, 6.1 in ETM+, and 10 in TIRS are thermal bands 
which were used for the present study.    
Once the preprocessing of the satellite data was over, a 
spatial model was prepared in ERDAS Imagine to convert 
the digital number of satellite imagery into spectral 
radiance, then the temperature in degree Kelvin was 
found from the spatial radiance, and finally the Kelvin 
spatial values were converted to Celsius values to find out 
the spatial temperature of the study area.  
The pre designed formula to convert Landsat 5, 7, and 8 
thermal bands into temperature bands was obtained 
from the Landsat User guide. 

 

 
3.1 Landsat 5 and 7 the formula are as follows: 
• The formula to convert Digital Number (DN) to Spectral 
Radiance (L), (USGS, 2001). 

 
 

Where,  
QCALMAX = the maximum quantized calibrated pixel 
value (DN=255). 
QCAL = Digital Number (or) Raw Thermal Band. 
The LMIN and LMAX are the Minimum and Maximum 
Spectral Radiances of the thermal band respectively and 
can be obtained from Metadata file (.met) along with the 
downloaded files. 

• Conversion of the Spectral Radiance to Temperature in 
Kelvin, The TM and ETM+ thermal band data can be 
converted from spectral radiance temperature, which 
assumes surface emissivity = 1 (USGS, 2001). 

 
Where, 
TKelvin = Effective at-satellite temperature in Kelvin 
(Surface Temperature) 
K1 =Pre-Launch Calibration constant 1 
K2 =Pre-Launch Calibration constant 2 
L= Spectral radiance (watts/meter squared*ster*µm)

 
 

 
 
 
 
 
 

Table 2: Pre-calibrated constants value of Landsat 5 and Landsat 7 
Sensors Bands K1 K2 LMIN LMAX 
Landsat 5 TM Band 6 607.76 1260.6 1.238 15.6 
Landsat 7 ETM+ Band 6-1 666.09 1282.7 0 17.04 
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• Conversion of Kelvin to Celsius: the formula to 
convert Kelvin to Celsius is  
3.2 Landsat 8 OLI/TIRS iimagery  
The conversion formula of Landsat 8 differs from other 
imagery since its data has been saved in 16 bit 
radiometric resolution. Landsat 8 carries two individual 
sensors to capture the thermal waves, and these bands 
are ordered as band 10 and 11 in the Landsat sensors 
band order. The formulas given below are used to find 
out the surface temperature from the Landsat 8 images, 
which were obtained from the Landsat User’s Guide.   
• Digital Numbers to Top-of-atmospheric TOA radiance 
(Rtoa) 

 
 

Where, 
G=Rescaled gain; Radiance Multiplier. 
DN=Raw Thermal Band. 
B= Rescaled bias; Radiance Add. 
• Convert radiance into degrees Kelvin 

 
Where, 
Rtoa = Top-of-atmospheric radiance  
K1 =Pre-Launch Calibration constant 1 
K2 =Pre-Launch Calibration constant 2 
• Conversion of  degrees Kelvin into Degree Celsius 
TCelcius = TKelvin – 273 

 
 

Table 3: Pre-calibrated constants for Landsat 8 
 

Landsat 8 TIRS Band 10 
Radiance Multiplier 0.000334 
Radiance Add 0.10 
K1  774.89 
K2  1321.08 
Source: Landsat 8 User Guide 

 
4. Spatial Model Designing: 
The spatial models were designed in ERDAS Imagine using a pre-designed formula by USGS. Fig: 2 indicates the three 
models which were built for Landsat 5, Landsat 7 and Landsat 8 respectively.  
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Code 1: 
For Landsat 5 = 1.238+(15.600-
1.238)*$n6_PROMPT_USER(1)/255 
For Landsat 7 = 0.000+(17.040-
0.000)*$n6_PROMPT_USER(1)/255 
For Landsat 8 = 0.0003342 * $n6_PROMPT_USER(1)+0.1 
Code 2: 
For Landsat 5 = 1260.56/(LOG (607.76/$n7_memory+1)) 
For Landsat 7 = 1282.71/(LOG (666.09/$n7_memory+1)) 
For Landsat 8 = 1321.08/(LOG (774.89/$n7_memory+1)) 
Code 3: 
For Landsat 5 = $n8_memory-273 
For Landsat 7 = $n8_memory-273 
For Landsat 8 = $n8_memory-273 
Once the results were obtained using the models, each 
year’s results were compared with other years for that 
city to find out the temporal variation of temperature, 

and each city’s temperature results were compared with 
other cities to find out how the temperature varies from 
one another. Finally a transect profile in ArcGIS was used 
to find out the variation of temperature between 
different uses of land.  
5. Result and Discussion  
The study has been conducted to assess, a) how the cities 
temperatures have changed over the selected years, b) to 
compare the spatial extension of temperature and c) how 
the temperature between the different land uses varies. 
The each goal of the study has been discussed below in 
detail.      
5.1 Temporal Changes of Temperature  
The temperature variation between selected years has 
been calculated for each selected city and mapped (Map: 
2)

     

 
The result of the temporal study has showed that the 
minimum temperature of Hyderabad was 21.700C while 
the maximum was 38.960C in the year 2000, and these 
values changed in the year 2014 with a minimum of 
24.500C and maximum of 38.310C, which demonstrate 

that the minimum temperature of the city has increased 
by 2.80C while the maximum has decreased by 0.50C.       
Chennai’s minimum temperature was 25.270C while the 
maximum was 38.100C in the year 2006, and it has 
changed to a minimum 23.610C and a maximum 42.060C 
in 2014, which is evidence that the minimum 
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temperature has decreased by 1.660C and the maximum 
has increased by 3.960C.   
Bangalore’s minimum temperature was 11.490C while the 
maximum was 41.640C in the year 2000, which has 

changed to a minimum of 17.630C and a maximum of 
44.710C in 2014, which shows that the minimum 
temperature has increased by 6.140C while the maximum 
has increased by 3.070C. 

    

Table 4: Temporal Changes of Temperature 
 

Name of 
Cities 

Temperature in Degree Celsius 
T1 T2 Variation 
Min Max Min Max Min Max 

Hyderabad  21.70  38.96  24.50  38.31  2.80 - 0.50 
Chennai  25.27  38.10  23.61  42.06 - 1.66  3.96 
Bangalore  11.49  41.64  17.63  44.71  6.14  3.07 
T1 indicates the year 2000 for Hyderabad and Bangalore while 2006 for 
Chennai, T2 indicates the year 2014  
Source: Analytical Result 

 
Table 4 and Map 2 clearly show the minimum and maximum temperature changes of the selected cities. From this it is 
clear that Bangalore’s temperature has increased more than the other two cities, followed by Chennai and Hyderabad 
respectively.   
5.2 Spatial Extension of Land Surface Temperature  
The results of the land surface temperature study have been classified into 7 groups to compare the spatial extension of 
temperature, such as, very low (< 220C), low (220C -250C), moderate (250C -280C), high (280C-320C), very high (320C-350C), 
extreme (250C-380C) and torrid (>380C) (map: 3). ArcGIS was used to classify the raster layer into 7 classes and each class 
spatial extension has been calculated (table 5).   
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Table:5 Spatial Variation of Land Surface Temperature (Area in Km2) 

S.N. 
Temperature 
Classification (in 
Deg. Cel.) 

Hyderabad Chennai Bangalore 

2000 2014 Changes 2006 2014 Changes 2000 2014 Change
s 

1 < 22 (Very Low) 0.00 0.00 0.00 0.00 0.00 0.00 4.50 0.30 -4.21 
2 22-25 (Low) 4.91 1.33 -3.58 8.90 0.05 -8.85 19.27 10.02 -9.25 

3 25-28 (Moderate) 5.33 3.74 -1.59 128.3
2 2.24 -126.08 87.72 16.09 -71.63 

4 28-32 (High) 114.4
9 18.87 -95.62 37.48 13.58 -23.90 676.17 232.93 -443.24 

5 32-35 (Very High) 52.79 127.8
2 75.03 2.29 103.7

1 101.41 1082.0
4 840.49 -241.54 

6 35-38 (Extreme) 0.61 26.40 25.79 0.02 54.33 54.31 301.36 969.84 668.48 
7 >38 (Torrid) 0.03 0.03 0.00 0.00 3.06 3.06 13.91 114.57 100.66 
Source: Analytical Result 

 
Table 5 depicts the spatial extension of temperature in 
each class. The classification of the result for Hyderabad 
shows that, there was no area covered by very low (< 
220C) temperature, low, moderate and high temperature 
class areas have decreased, very high, and extreme areas 
have increased while torrid had no changes. This clearly 
demonstrates the increasing land surface temperature in 
Hyderabad.  
The spatial extension of Chennai’s temperature shows 
that there was no area of low temperature (like 
Hyderabad) in both years, and also that there was a 
decrease in low, moderate and high temperature areas. 
Very high, extreme and torrid areas showed an increase 
which evidence of the increasing land surface 
temperature in Chennai.  
The spatial extension of Bangalore’s temperature shows 
decrease in all the classes except extreme and torrid 
which have increased highly. The results for Bangalore 
represent the spatial increase of temperature in the city.    
The overall view of spatial extension of temperature is 
evidence that the areal unit of higher temperature is 
increasing while lower temperatures are decreasing in all 
the cities. Bangalore has witnessed the highest change in 
the areal extension of temperature over the period when 
compared to the other cities. About 668.48 km2 area has 
increased to the extreme class which was previously 
lower than this class and the torrid class has also 
increased 100.66 km2. This higher amount of increasing 
areal temperature extension shows that the city’s 
temperature has increased greatly followed by Chennai 
where 101.41 Km2 is very high, 54.31 Km2 is extreme and 
3.06 is torrid. The areal unit of the city of Hyderabad has 
also increased in very high (75.03 Km2) and extreme 

(25.79 Km2). The areal extension of increased 
temperature areal unit in the city Hyderabad is lower 
when compared with the other two cities.   
5.3 Variation of temperature between different land 
uses 
The temperature of land surface varies from one usage 
area to another as each feature on the earth’s surface has 
its unique capable of reflecting and holding temperature. 
To find out temperature variation between different land 
uses the transect profile has been created on the on the 
temperature raster in ArcGIS. To create the transect 
profile one should consider the origin point (where it 
should start) so the study has considered the Central 
Business District (CBD) as the origin place of each city. 
The Charminar’s area has been considered as the central 
business district for Hyderabad while Adyar is for Chennai 
and Majestic for Bangalore.  
The transect profiles have been created towards the 
North, East, South and West from the CBD on each city’s 
temperature raster. The result of the transect profile is 
then compared with the land use and land cover data of 
each city to find out how the temperature is changing 
from one place’s use to another. Figure 3 shows the 
created transect profiles and the numbers on the profile 
line indicate the temperature of different land’s use and 
land cover. The exact location and the associated land 
use are given in Table 6. The x – axis of profile graph 
shows the distance from the CBD to the end point of a 
specific direction in meters whereas the y-axis shows the 
temperature values in Celsius. The fluctuating values of 
temperature shows the lows and highs in the graph, and 
the numerical value of the result has been tabulated in 
order to measure the temperature of different places. 
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Table: 6 
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5.4 Univariate statistical table of spatial variation in 
Land Surface temperature associated with various 
environment types 
Once the variation of temperature between different 
land uses was found, the results were consolidated as 

maximum, mean and minimum temperatures for each 
year of the selected cities in respect to its land use and 
land cover (Table: 7).  

 
  Table 7: Consolidated Spatial Variation of Land Surface Temperature 
Study Area / Year Associated land 

use / land cover 
Min Temp. (0 
C) 

Max Temp. 
(0 C) 

Mean Temp 
(0 C) 

 
Bangalore / 2000 

Builtup 29.5 38.9 34.20 
Water Body 13.0 18.9 15.95 
Vegetation 14.2 18.2 16.20 
Barren Land 25.0 30.0 27.50 

 
Bangalore / 2014 

Builtup 28.1 38.9 33.50 
Water Body 24.1 26.9 25.50 
Vegetation 19.2 37.0 28.10 
Barren Land 35.2 36.0 35.60 

 
Hyderabad / 2000 

Builtup 28.8 36.2 32.50 
Water Body 23.0 29.7 26.35 
Vegetation 26.8 30.3 28.55 
Barren Land - - - 

 
Hyderabad / 2014 

Builtup 39.0 31.2 35.10 
Water Body 24.2 33.0 28.60 
Vegetation 28.0 34.0 31.00 
Barren Land - - - 

 
Chennai / 2006 

Builtup 29.5 37.2 33.35 
Water Body 27.0 27.0 27.00 
Vegetation 28.0 29.6 28.80 
Barren Land 29.6 37.5 33.55 

 
Chennai / 2014 

Builtup 32.2 39.0 35.60 
Water Body 28.0 28.2 28.10 
Vegetation 29.1 32.7 30.90 
Barren Land 35.5 42.0 38.75 

Source: Computed by Researchers 
 
The consolidated table shows that built up land use has 
higher temperatures than other land uses, followed by 
barren and vegetation while water bodies have the 
lowest temperature in all the selected cities. Therefore it 
is clear that built up areas covered by concrete or asphalt 
with scarcity of vegetation on the earth surface leads to 
an increase in the temperature of the land surface. 
Vegetation produces a lower temperature as it consumes 
most of the radiation energy during the 
evapotranspiration process while water bodies have least 
temperature.  

6. CONCLUSION 
The present study has concentrated on three aspects to 
find out the temporal changes of temperature, compare 

the spatial extension of temperature, and compare the 
temperature between different land uses. The result of 
the first aspect of temporal changes shows that the 
minimum and maximum temperatures of Bangalore city 
has increased, Chennai has decreased by 1.660C minimum 
and increased by 3.960C maximum and Hyderabad has 
risen 2.80C minimum and fallen by 0.50C maximum 
temperature. The overall study of temporal changes 
shows that, Bangalore’s temperature has increased 
higher than other two cities while Chennai and 
Hyderabad come in second and third places respectively.  
The second aspect of the spatial extension of 
temperature shows that, the areal unit of higher 
temperature has increased while the lower temperatures 
have decreased in all the cities. Especially has Bangalore 
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witnessed highly in the areal extension of temperature 
over period than the other cities, where about 769.14 
km2 area has increased to extreme and torrid classes 
which were previously lower than these classes. In the 
city Chennai, the area has increased about 101.41 Km2 in 
very high, 54.31 Km2 in extreme and 3.06 in torried from 
the lower classes. The result for Hyderabad shows an 
increased area in very high 75.03 Km2 and in extreme 
25.79 Km2. The comparison of these three cities 
increased areal unit in higher temperatures demonstrates 
that Bangalore has changed more than the other two 
cities while Chennai and Hyderabad come second and 
third respectively.  
The third aspect which was conducted to find out the 
temperature variation between different land uses shows 
that built-up and barren lands have higher temperatures 
than other land uses while vegetation and water bodies 
have the lowest temperatures, which clearly shows that 
increasing cultivation of vegetation and protection of 
water bodies in city area can reduce the surface 
temperature.  
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