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Abstract
Background: Urbanization results in the formation of heat pockets termed as “Urban Heat Island” (UHI) and their 
intensities depend on urban built geometry. This study attempts to assess the impact of urbanization on urban heat island 
intensity in Chennai Metropolitan Area (CMA). Methods/Analysis: Air temperature and relative humidity were measured 
at one hour interval at 30 fixed locations covering urban, suburban and rural locations in and around CMA. HOBO data 
logger (HOBO U10 Temp/RH), enclosed within a white perforated plastic box to shield the instrument from direct solar 
radiation were deployed for the study. UHI intensity was computed based on the reference data from Numgambakkam 
Meteorological station. Day time and night time temperature isopleths of CMA were derived using ArcGIS, including the 
isopleths at maximum and minimum temperature occurrences at 14.00 hrs and 06.00 hrs respectively. The temperature 
isopleths at 10:00 hrs, 14:00 hrs and 18:00 hrs were analyzed for daytime intensity of UHI and their temperature 
distribution pattern. Findings: Maximum daytime temperatures were recorded between 11:00 hrs and 15:00 hrs which 
varied between locations based on urban morphology and the time at which the measurement location is exposed to 
incident solar radiation. The daytime temperature isopleths at 14.00 hrs revealed the existence of a cool island in the 
urban core of CMA with a temperature difference of 10.4oC in summer and 3.7oC in winter. The night time UHI in the CMA 
was analysed with the temperature isopleths of 22:00 hrs, 02:00hrs and 06:00hrs. The night time temperature isopleths 
reveal the significant existence of positive UHI in the CMA. The isotherms at 06.00 hrs revealed a significant positive UHI 
ranging from 3.6oC in summer to 4.1oC in winter. The results of the study indicate a maximum nocturnal UHI during the 
calm, clear, winter periods in the CMA. The urban rural differences also revealed a significant cool island during the day 
with the maximum cool island intensity during summer. Applications/Improvements: A significant correlation between 
urban-rural differences and density of urban built form was established; indicating the significance of building regulations 
that define urban built geometry, in designing comfortable urban environments.

1.  Introduction
Urban areas experience a distinct climate due to the 
transformation of natural ground cover into hard 
impervious land parcels. When compared to rural 
surroundings, urban activities associated with increased 
anthropogenic emission, increases air temperatures 
significantly. The urban areas experience higher 
temperature than the rural areas as the built fabric stores 
the absorbed incident solar radiation and anthropogenic 
heat released from vehicles and equipments1, resulting in 

the formation of heat pockets that are termed as “Urban 
Heat Island” (UHI)2. And the intensity of heat island is 
determined by the temperature difference between urban 
and rural areas. The intensity of heat islands depends 
on the density, population and size of a city3 and the 
morphology of cities4. The urban heat island measured 
through the differences in ambient air temperature at the 
canyon layer (between buildings at street level) is termed 
as the Canyon Layer Urban Heat Island. Urban geometry 
and capacity of urban fabric to absorb heat determines 
the intensity of UHI predominantly5. 
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Oke found that the maximum UHI occurs during 
the night, under calm and clear nights4.  Studies found 
that small green areas, trees and urban parks reduced 
the ambient air temperatures significantly6,7. A study 
at Szeged, Hungary, established a strong relationship 
between increased air temperatures and urban land 
use and built density, indicating an increasing trend 
of isotherms from suburbs to city core with distinct 
seasonal variation in UHI intensity8,9. Also, envelope 
ratio determined by built geometry, vegetation and open 
verandahs greatly contributes to thermal variation10. 

The earliest UHI study in tropical cities was conducted 
by Nieuwolt in Singapore11. Air temperature and relative 
humidity measurements from nine urban and suburban 
locations were compared with the data from the airport 
region representing rural characteristics. The study 
found that the city was 3.51oC warmer than the airport 
area. Subsequent UHI study in Singapore found the 
severity of UHI with 4.01oC intensity during night time 
with higher temperatures at Central Business District 
area12. Also the night time UHI study at Singapore found 
that the commercial and business areas experienced 
higher ambient temperatures than industrial and airport 
areas13.

Urban heat island studies were also studied in some 
Indian cities. The UHI study in Delhi revealed the 
existence of UHI ranging from 5°C to 7°C from December 
to March14. UHI study in Mumbai revealed that the 
urbanization contributes significantly to the formation 
of heat islands when compared to the coastal influence15. 
The UHI study in Bangalore identified the reduction in 
diurnal temperatures especially in the city core during 
winter months16. Intensity of UHI vaiedy from 2°C to 
4°C based on the topography and urban morphology 
with the occurrence of higher intensities during winter 
months17,18. 

Jayanthi conducted the first UHI study in Chennai 
through vehicle traverse and found that 4°C of UHI 
exists during night time19. Also the urbanization 
effects of Chennai from 1991 to 2000 revealed an 
increase in heat pockets in the city that corresponds 
to the increase in urban built up20. Also urbanization 
resulted in an increasing discomfort in Chennai city21. 
Through literature it is evident that urban built fabric 
contributes to the intensity of UHI effect. Therefore, this 
study attempts to assess the impact of urbanization on 
intensity of urban heat island in Chennai Metropolitan 
Area (CMA). 

2.  Methodology
The Urban Heat Island (UHI) in the CMA is studied 
through temperature isopleths derived from in-situ field 
measurements. Air temperature and relative humidity 
were measured at one hour interval in 30 fixed locations 
in and around CMA using HOBO data logger (HOBO 
U10 Temp/ RH). The data loggers were enclosed within a 
white perforated plastic box, which in turn, was covered 
by a white painted PVC vent cap (115 mm diameter) in 
order to shield the instrument from direct solar radiation. 
The instruments were fixed on utility poles in the canyons 
at 2.0 m to 3 m height, in order to keep away from the 
pedestrian traffic and to avoid the risk of theft. The 
deviation in heights at some of the urban sites, as compared 
to the standard heights at the non-urban station (1.25 
m–2 m), has been acceptable as observations in dense 
urban canyons show little variations in air temperatures22. 
Also, the instruments were placed at least 1m away from 
dense built surfaces to avoid reflectance of radiation 
from surrounding surfaces. Data from Nungambakkam 
meteorological station were used as reference weather 
data for the study.  Figure 1 show the typical instrument 
setup used in the in-situ field measurements.

Figure 1.  Typical instrument setup used in the in-situ 
measurements.

To investigate the spatial and temporal change in the 
temperatures of the CMA, 29 measurement stations within 
the CMA and one rural station (located at a distance of 57 
km in the southwest of the city core) have been selected 
based on Oke’s local climate zone classification23.  The 
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stations chosen were as far as possible homogenous in 
nature. Figure 2 shows the measurement locations and 
meteorological stations in the CMA and Table 1 shows 
the characteristics of the measurement sites in CMA. The 
in-situ field measurements were conducted from May 
2008 to January 2009 to cover the various seasons typically 
experienced in the city of Chennai. The measurements 
from 4th to 29th May 2008 represent the hottest period; 
20th July to 8th September 2008 represents the period 
between the hottest and the coldest, and 16th December 
2008 to 31st January 2009 represents the coldest period. 
The climate data collected on the rainy days (unstable 
weather conditions) were not included in the analysis of 
the study.

Figure 2.  Location of the measurement site and the meteo-
rological stations in the CMA.

3.  Results and Discussions
The intensity of the Urban Heat Island (UHI) in the 
CMA is assessed with the day and night time temperature 
isopleths of Chennai Metropolitan Area (CMA) derived 

from the field measurements using ArcGIS. Figures 3 to 
8 show the temperature isopleths of the six measurement 
periods at 02:00 hrs, 06:00 hrs, 10:00 hrs, 14:00 hrs, 18:00 
hrs and 22:00 hrs, to cover the 24 hour duration of the day 
and includes the maximum and minimum temperature 
occurrences (14:00 hrs and 06:00 hrs). 

4. � Analysis of Daytime CLUHI 
Intensity

The air temperatures at the canyons between high rise 
buildings will be lesser than those of the surrounding 
low rise areas during daytime and acts as a “heat sink”. 
Oke attributes the daytime heat sinks to shading and 
the thermal inertia of tall buildings1. The intensity of 
the heat island effect varies from day to day and with 
the time of the day, depending on the synoptic weather 
conditions24,25. The temperature isopleths at 10:00 hrs, 
14:00 hrs and 18:00 hrs were analysed for the daytime 
intensity of the UHI and the temperature distribution 
of the CMA during daytime. The analysis of the daytime 
temperature isopleths reveal that the urban areas act as 
a heat sink. The maximum daytime temperatures were 
recorded between 11:00 hrs and 15:00 hrs and it varied 
between locations based on the urban morphology and 
the time at which the measurement location is exposed to 
incident solar radiation. 

Therefore, the analysis of the temperature isopleths at 
14:00 hrs (period of intense solar radiation) of the three 
measurement periods reveals the nature of the UHI 
intensity in the CMA. 

4.1 � Temperature Distribution of the CMA 
during Daytime

The warming up of the urban built up commences with 
the sunrise and the temperature distribution pattern of 
the city structure depends on the capacity of the materials 
to absorb and reradiate the solar radiation. The daytime 
temperature isopleths of the three measurement periods 
at 10:00hrs, 14:00hrs and 18:00hrs are shown in Figures 3 
to 5. Table 2 shows the daytime intensity of UHI during 
the different measurement periods. The analysis of the 
daytime temperature isopleths of the three measurement 
periods reveals the following:

•	 During daytime, minimum temperatures were 
recorded in narrow streets with high density urban 
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Table 1.  Characteristics of the measurement sites in the CMA

S. 
No

Urban 
Climate 
Zone* Location Description

1 2 Triplicane Coastal traditional settlement in the east with high density and high traffic

2 2 George Town A mixed residential area in the old city with very high density and very high traffic with no 
vegetation

3 2 Old 
Washermanpet

Old settlement with high density, medium traffic and no vegetation

4 2 Purasawakkam A perfect mixture of commercial and residential hub with very high density and very high traffic
5 2 Mount Road Central Business district with high density and very high traffic
6 3 Santhome A fishing settlement close to the sea in the east with medium density and medium traffic
7 3 T. Nagar A medium density residential area with few parks and very high traffic.
8 3 Kodambakkam Residential zone with medium density, medium dense vegetation, high traffic

9 3 Koyambedu A major hub of activity zone with one of Asia’s largest perishable goods market complex and 
Asia’s largest mofussil bus terminus accompanied by medium density and very high traffic.

10 3 Perambur Suburb in North Chennai with medium density and medium traffic

11 3 Thiruman-
galam

Primarily a residential neighbourhood with medium dense vegetation, medium density and 
heavy traffic 

12 3 Virugambak-
kam

One of the fastest growing residential neighbourhoods with medium density and medium traffic

13 3 Saidapet Largely a residential area with medium density and medium traffic

14 3 Adayar A residential neighbourhood in the south with medium density, dense vegetation and high 
traffic

15 3 Besant Nagar Primarily residential neighbourhood adjoining the theosophical society and Kalakshetra acad-
emy with medium vegetation, medium density and medium traffic

16 3 Velachery A fast developing residential area in south west Chennai with medium density and medium 
traffic.

17 4 Madhavaram An low density industrial zone with medium traffic

18 5 Chrompet A fast growing residential neighbourhood in the suburbs, with medium density, medium traffic 
and medium dense vegetation

19 5 Kolathur Newly developing low density residential area with low traffic
20 5 Valsarawakkam Low density  residential area with medium traffic and more open areas
21 5 Ambattur A low density residential neighbourhood with low traffic, and medium dense vegetation
22 5 Redhills A low density suburban area with low traffic close to Puzhal lake
23 5 Thiruverkadu Low density, low traffic with more open spaces and medium vegetation
24 5 Kilkattalai A newly developing residential neighbourhood with low density and medium traffic

25 6 Anna 
University

An institutional zone close to the Guindy National Park and Raj Bhavan with high dense vegeta-
tion, low density and medium traffic

26 6 Adayalampattu A suburban low density institutional zone with more open spaces

27 6 Sholinganallur A suburban institutional zone with low density, medium traffic and more open space with less 
vegetation

28 7 Sekkadu A rural agricultural area with low density and low traffic

29 7 Vandalur A rural area adjoining Anna Zoological park with dense vegetation, low density and medium 
traffic

30 7 Chengalpet A rural low density residential zone with less traffic
* Oke’s Urban Climate zone classification23. 
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built up (George Town, Old Washermanpet, Saidapet) 
and at locations characterized by dense vegetation 
(Anna University, Adayar, Besantnagar).  In the urban 
areas the shading effects of the buildings and vegeta-
tion reduced the daytime temperatures significantly, 
thereby resulting in the negative intensity of CLUHI 
in the CMA. The sea breeze along the coastal areas in 

the afternoons also reduced the air temperatures sig-
nificantly (Santhome, Triplicane). The intensity of the 
cool pockets observed during daytime in the urban 
areas becomes prominent with daybreak and reaches 
its peak around 14:00 hrs and fades off with nightfall.

•	 The maximum temperatures during daytime were 
recorded at locations with rural characteristics (Sek-
kadu, Chengalpet and Vandalur). A few sites within 
urban areas also experienced similar temperatures as 
those of the rural areas, thereby nullifying the UHI 
effect during daytime. The sites characterized by wider 
streets where the shading effects of buildings and veg-
etation is either absent or negligible (Thirumangalam) 
and with low rise urban built up, recorded tempera-
tures almost similar to those of the rural areas during 
daytime (Ambattur, Virugambakkam). This increase 
in the ambient air temperatures can be attributed to 

Table 2.  Intensity of urban heat islands during day time in the CMA

Measure-
ment 

period

10:00hrs 14:00hrs 18:00hrs

Max. Temp 
recorded 

in the 
rural Mea-
surement 

site

Min. Temp 
recorded in 
the urban 

Measurement 
site

Inten-
sity of 
Heat 

island

Max. Temp 
recorded 

in the rural 
Measure-
ment site

Min. 
Temp 

recorded 
in the 
urban 

Measure-
ment site

Intensity 
of Heat 
island

Max. Temp 
recorded 

in the rural 
Measure-
ment site

Min. Temp 
recorded in 
the urban 
Measure-
ment site

Inten-
sity of 
Heat 

island

May 37.0oC
Chengalpet

33.0oC
Besant Nagar

Kodambakkam

- 4.0oC 43.2oC
Sekkadu, 

Chengalpet

32.8oC
Santhome

-10.4oC 33.7oC
Chengalpet

30.7oC
Besant 
Nagar

-3.0oC

July-Aug-
Sept

32.3oC
Chengalpet

29.5oC
Adayar

-2.8oC 35.8oC
Chengalpet

31.9oC
Adayar

-3.9oC 32.2oC
Chengalpet
Vandalur

29.2oC
Besant 
Nagar

-3.0oC

Dec-Jan-
Feb

All the urban and suburban sites were 
warmer than the rural location and 

ranged up to 4.7oC

31.4oC
Chengalpet

27.7oC
Adayar

-3.7oC All the urban and suburban sites 
were warmer than the rural location 

and ranged up to 2.7oC

Figure 3.  Daytime temperature isopleths of the CMA 
during May at 10.00hrs, 14.00hrs and 18.00hrs

Figure 4.  Daytime temperature isopleths of the CMA 
during July-August-September at 10.00hrs, 14.00hrs and 
18.00hrs

Figure 5.  Daytime temperature isopleths of the CMA 
during December-January at 10.00hrs, 14.00hrs and 
18.00hrs
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the heating up of the hard surfaces of the urban built 
up areas, characterized by low rise and wide road net-
work with direct solar radiation.

•	 Anthropogenic heat and the material properties 
(albedo) have also been found to affect the urban air 
temperatures significantly (Purasawakkam). 

•	 The daytime temperature isopleths of the summer 
period (May) revealed that the urban areas shaded by 
vegetation and dense urban built up were cooler than 
the rural areas by up to 4.0oC at 10:00 hrs, 10.4oC at 
14:00 hrs and 3.0oC at 18:00 hrs. 

•	 The July-August-September temperature isopleths 
reveal that the difference between the cooler pockets 
in the urban areas and warmer rural areas varied from 
2.8oC at 10:00hrs, to 3.9oC at 14:00 hrs and 3.0oC at 
18:00 hrs.  

•	 The cooler pockets in urban areas were witnessed only 
at 14:00 hrs in the temperature isopleths of the winter 
period (December-January), and they were cooler up 
to 3.7oC,   whereas at 10:00 hrs and 18:00 hrs, all the 
sites remained warmer than the rural location.  The 
warmth of the urban areas ranged up to 4.7oC at 10:00 
hrs and 2.7oC at 18:00 hrs and can be attributed to the 
formation of smog during the winter periods.

The daytime temperature isopleths at 14.00 hrs revealed 
that a cool island exists in the urban core of CMA with a 
temperature difference of 10.4oC in the summer months 
and 3.7oC in the winter months. 

5. � Analysis of Night time UHI 
Intensity

UHI is measurable during daytime in an urban area 
but significant positive UHI can be measured only 
during night time when the temperatures are minimum 
(Landsberg 1981). The heat absorbed by the built 
geometry, asphalt roads, parking lots and other hard 
urban built fabric during the daytime are re-radiate back 
to the atmosphere after sunset. The night time UHI in the 
CMA was analysed with the temperature isopleths of 22:00 
hrs, 02:00 hrs and 06:00 hrs at different measurement 
periods. The night time temperature isopleths reveal 
the significant existence of positive UHI in the CMA. 
All the measurement locations in the CMA recorded 
the minimum temperatures at 06:00hrs during the three 
measurement periods with minor deviations. Figures 6, 
7 and 8 show the night time temperature isopleths of the 

three measurement periods at 22:00 hrs, 02:00 hrs and 
06:00 hrs. Table 3 shows the night time intensity of UHI 
during the different measurement periods.  

Figure 6.  Night time temperature isopleths of the CMA 
during May at 22.00hrs, 02.00hrs and 06.00hrs

Figure 7.  Night time temperature isopleths of the CMA 
during July-August-September at 22.00hrs, 02.00hrs and 
06.00hrs

Figure 8.  Night time temperature isopleths of the CMA 
during December-January at 22.00 hrs, 02.00 hrs and 06.00 
hrs.

5.1 � Temperature Distribution of the CMA 
during Night Time 

An analysis of the temperature isopleths of 22:00 hrs, 
02:00 hrs and 06:00 hrs of the three measurement periods 
reveals the pattern of temperature distribution of the 
CMA during night time.  During the measurement 
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periods, the nights were generally characterized by either 
very few or no clouds, and calm or very low wind speeds. 
It is clearly evident from Figures 6, 7 and 8, that the urban 
built up areas of the CMA are warmer during night time. 
The analysis of the night time temperature isopleths of the 
three measurement periods reveal the following:

•	 At 06:00 hrs, the measurement locations with rural 
characteristics (Sekkadu, Chengalpet, and Vanda-
lur) recorded the lowest temperatures, and ranged 
from 20.8oC to 27.2oC.  Due to the open nature of the 
measurement sites with rural characteristics, the heat 
absorbed during the daytime is reradiated back to the 
night sky at a much faster rate when compared to the 
dense urban areas. The maximum temperatures were 
recorded at locations with narrow streets and high 
density urban built up (George Town, Kodambak-
kam, Perambur, Purasawakkam) and varied between 
23.8oC to 30.4oC.  The narrow streets block the night 
sky for re-radiation and reduce the cooling rates in 
the urban areas. The intensity of CLUHI identified at 
06:00 hrs ranged from 3.6oC (hottest months) to 4.1oC 
(coldest months). 

•	 The night time temperature isopleths of the summer 
period (May) revealed that all the urban and suburban 
locations were up to 3.3oC, 3.4oC and 3.6oC warmer 
than the rural locations at 22:00 hrs, 02:00 hrs and 
06:00 hrs respectively.  

•	 The July-August-September temperature isopleths 
shown in Figure 7 also confirmed the existence of 
urban heat island pockets in urban areas.  The urban 

areas were warmer than the rural areas by up to 2.0oC 
at 22:00 hrs, 2.5oC at 02:00 hrs and 2.6oC at 06:00 hrs

•	 The maximum intensity of CLUHI is witnessed in 
the night time temperature isopleths of the winter 
(December-January) period. The CLUHI intensity 
ranged up to 3.9oC at 22:00 hrs, 4.0oC at 02:00 hrs and 
4.1oC at 06:00 hrs. The night time temperature iso-
pleths of the winter period revealed that the entire city 
core remains warmer than the surrounding suburban 
and rural areas with a distinct cool island visible at the 
Guindy National park.

The temperature differences are greatest on calm, clear 
nights, and grow with time after sunset, and the minimum 
temperatures were recorded at 06.00 hrs in CMA.  The 
temperature isopleths at 06.00 hrs reveal a significant 
positive CLUHI ranging from 3.6oC in summer to 4.1oC 
in winter months.

6.  Conclusion
The significant existence of an urban heat island is evident 
from the urban-rural temperature differences in the 
CMA, during both day and night. During the night, all 
the urban and suburban locations within the CMA were 
warmer than the rural locations, whereas during the day, 
some locations were warmer and others cooler.  Also, the 
results of the study indicate a maximum nocturnal UHI 
during the calm, clear, winter periods in the CMA.  The 
urban rural differences also revealed a significant cool 
island during the day with the maximum intensity during 

Table 3.  Intensity of heat islands during night time in the CMA

Measure-
ment 

period

22:00hrs 02:00hrs 06:00hrs
Max. Temp 

recorded
in the urban 

Measure-
ment site

Min. Temp 
recorded

in the rural 
Measure-
ment site

Inten-
sity of 
Heat 

island

Max. Temp 
recorded

in the urban 
Measure-
ment site

Min. Temp 
recorded

in the rural 
Measure-
ment site

Inten-
sity of 
Heat 

island

Max. Temp 
recorded

in the urban 
Measure-
ment site

Min. Temp 
recorded

in the rural 
Measure-
ment site

Inten-
sity of 
Heat 

island

May 33.3oC
Purasawak-

kam

30.0oC
Chengalpet

Sekkadu
Vandalur

3.3oC 31.6oC
Purasawak-

kam

28.2oC
Sekkadu

3.4oC 30.4oC
Purasawak-

kam

26.8oC
Sekkadu

Chengalpet

3.6oC

July-Aug-
Sept

30.0oC
Kodambak-

kam

28.0oC
Sekkadu

Chengalpet

2.0oC 29.4oC
George 
Town

26.9oC
Chengalpet

Sekkadu

2.5oC 29.0oC
George 
Town

26.4oC
Chengalpet

2.6oC

Dec-Jan-Feb 26.8oC
Mount Road

22.9oC
Chengalpet

3.9oC 25.7oC
Triplicane

21.7oC
Chengalpet

4.0oC 24.9oC
George 
Town

20.8oC
Sekkadu

4.1oC
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summer.  The study also found a significant correlation 
between urban-rural differences and the density of urban 
built form, built geometry and vegetation; indicating the 
significance of the building regulations that define the 
urban built geometry, in designing comfortable urban 
environments.
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