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ABSTRACT 

Changes in surface characteristics of an urban area 

instigates an island of heat with higher temperature 

compared to surrounding rural area air temperature. 

Heat island intensity have been captured globally by 

many researches engaging various measurement 

techniques, comparing urban and rural area 

temperature; however they provide relative numbers, 

which are debatable. 

The author of this paper with the help of ENVI-met 

simulation captures the air and surface temperature of 

an existing parcel of land for different development 

pattern/ surface characteristics analysing that there can 

be 2-3°C air temperature difference between worst 

case and improved case.  

INTRODUCTION 

The UHI phenomenon, documented across the world 

occurs when the air and surface temperature of the 

urban area is hotter than its rural surroundings, 

dependent upon the urban area surface characteristics, 

climate and the anthropogenic heat. Urbanization 

plays a major role in formation of heat islands. Oke, in 

one of his research work has highlighted that the heat 

island intensity and degree of urbanisation are 

proportionally related (Oke, 1987).  To cater to the 

increasing rate of urbanisation development is 

required, which leads to increase in city limits thus 

changing the characteristics of earth surface by adding 

roads, buildings, industries and people. These urban 

structures store heat in them during daytime and 

slowly release it back to the environment at nighttime, 

thus raising the temperature of a city relative to its 

rural surroundings. With increasing urbanisation and 

urban development, it is anticipated that the heat 

island effect will increase in frequency as well as 

magnitude. For example, Los Angeles, California for 

past 60 years has been getting 1°F hotter every decade 

(Voogt J. A., 2004).  

The warming, which is the resultant of urban heat 

island, is an example of local climate change which 

fundamentally differs from global climate change. 

Climate change is mainly due to emission of 

greenhouse gases (GHGs) causing global warming 

and these emission rates varies with consumption 

patterns. UHI is warming of a particular area 

dependent upon its surface characteristics, but during 

summers they can contribute to global warming due to 

intensification in use of air-conditioner, refrigerator to 

maintain a comfort level results in increase emission 

level of heat trapping greenhouse gases (Lendrum & 

Carlos, 2007) (West, n.d). Additionally, it causes heat 

related illness and mortality and thus effect 

communities (EPA, 2008). Heat island formation 

around Los Angeles annually costs the city $100 

million in energy (Heat Island Group, 2013). India 

Today in its Bangalore mail edition, April 21, 2010 

covered “Heat Islands in Delhi” which highlighted “If 

you are feeling oppressed by the heat, don't blame it 

on global warming. Bad local planning may also be 

responsible” (Martin, 2010). Times of India in its 

April 29th, 2009 Kolkata edition talked about “Heat 

island effect: Blame it on mushrooming high rises” 

(Bandyopadhyay, 2009). Mumbai, Delhi and other big 

cities are been facing this onslaught of heat for 20 

years. It may eventually result in unprecedented 

repercussions such as heat waves, human discomfort, 

health impacts and increased mortality among the 

elderly (Sharma, 2011). 

Intensification of urban developments, resultant of 

increasing urbanisation has a cumulative effect on heat 

island intensity. USEPA reported that a city with 

population of 1 million or more can have an annual 

mean air temperature difference of 1–3°C higher than 

its surroundings and this difference at times can be as 

high as 12°C during evening time (EPA, 2008). Heat 

island intensity at New York during 2002 summer was 

recorded as ~3°C to 5.4°C and at Paris during June 

2006 was recorded as ~ 2.6°C to 6°C (Gaffin, et al., 

2008) (Sarkar & Ridder, 2011). The heat island 

intensity at London ranged from 8°C - 9°C during 

summer of 2003, for Beijing the intensity recorded 

was 7.9°C in July 2002 and for Tokyo the intensity 

ranged from 5.3°C - 8.1°C in March 1992 (Greater 

London Authority (GLA), 2006) (Yu & Fei, 2006) 

(Saitoh, Shimada, & Hoshi, 1996).  

Indian cities are urbanising at fast rate and have 

become an easy target for various problems related to 

urbanisation, with Urban Heat Island being one of the 

most critical. Heat island intensity recording and 

documentation has been carried for several Indian 

cities. Heat island intensity at Delhi during summer 

was recorded as ~ 4.7°C to 8.3°C, at Bhopal recorded 

was 6.5°C, Kolkata was 4°C, Mumbai was 9.5°C, 

Vishakhapatnam was 0.6°C and Vijayawada was 2°C 
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(Mohan, et al., 2012) (Padmanabhamurty, 1990-91) 

(Santamouris, 2001). 

The aforementioned heat island intensity of various 

cities are not comparative as they are dependent upon 

urban and rural area surface characteristics, 

anthropogenic heat and climate type. Gartland 

highlighted in his study that an ideal way to measure 

an intensity of heat island would be to examine 

regional weather patterns, both with and without the 

city in place (Gartland, 2008). Development is 

imperative, therefor it is necessary to assess each of 

the development pattern against its worst and 

improved case pattern in order to reduce the 

cumulative effect on urban air and surface layer 

heating.  

In similar context, site planning section in GRIHA 

rating for Large Development (GRIHA LD) launched 

in February 2013, provides calculator to analyse the 

heat island effect. The calculator accesses the impact 

of the proposed large development project against the 

base case, where in base case the proposed design 

assumes 100% paved area, 0% GnPR (Green Plot 

Area Ratio) and 0.5 sky-view factor. Knowing every 

project is unique, the heat island intensity calculation 

of a project is dependent upon the site planning and 

urban form and not on sub-urban area or green area in 

the project vicinity. The base case scenario provides 

the maximum increase in temperature that is possible 

for a project and design case are compared against the 

base case (GRIHA LD manual)      

STUDY FRAMEWORK 

The present work targets to analyse the air and surface 

temperature for various existing development patterns 

against their worst and improved case with the help of 

ENVI-met. The area selected to carry the study is 

Gurgaon, Haryana, India. Gurgaon, the sixth largest 

city of the state of Haryana has emerged as the 

industrial and financial hub of Haryana in the last few 

decades. The city has seen some fast pace 

development activities. It is the largest city in the 

Gurgaon district (Narain, 2009).  The city is rapidly 

urbanising and it has seen a rise of 73.9% in its 

population in the past 10 years (The Times of India, 

2011). Over the past 25 years the city has undergone 

rapid development and construction and with the 

sudden increase in population it has witnessed several 

issues like, rapid urbanisation coupled with 

industrialisation, rapid development, environmental 

degradation, climate change, to name a few (BBC 

2013, 2009). 

The study carried for selected sites at Gurgaon, 

Haryana and has four parts as follows: 

1. Site selection- Identification of heat pockets in 

Gurgaon city from thermal imagery – 

LANDSAT-5TM.  

2. Site survey- Urban morphology of selected site 

studied with the help of fieldwork and satellite 

image. Additionally data related to road layout, 

green areas, open areas, site density and built to 

open ratio collected from TCP, Haryana, India 

(Town and Country planning department).   

3. Site Analysis- The site morphology is analysed 

against the recorded surface temperature from 

thermal imagery.  

4. Envi-Met simulation – Each site is analysed for 

its present case, worst case and improved case to 

comprehend increment/ decrement in air and 

surface temperature. Each site is simulated for 

following three cases: 

 Present case – considers present state of 

selected site (Case 1) 

 Worst case – considers all paved areas and no 

vegetative cover for selected site (Case 2) 

 Improved case – considers vegetative cover 

and, paved areas are kept to minimum for 

selected site (Case 3) 

PART 1 - SITE SELECTION  

Satellite imagery from LANDSAT-5 TM, which 

consists of thermal band is analysed for the city of 

Gurgaon. Data has been  acquired for the month of 

May and October for the year 1998, 2009, 2010 and 

2011. Following data has been acquired from 

LANDSAT-5 TM:  

 False Colour Combination (FCC) of band 2,3,4 

 Landuse Characteristics/ Surface Characteristics 

 Normalized Difference Vegetation Index (NDVI) 

 Emissivity 

 Land Surface Temperature (LST) 

The satellite imagery analysis highlighted rapid 

development in Gurgaon since 1998 (refer table1). 

Additionally it highlighted the pockets having higher 

surface temperature (refer table 2). Following tables 

represents the data calibration of acquired 

LANDSAT-5 imagery. 

Table 1 

LANDSAT 5 TM (multi spectral)-LULC Visual 

resolution 30m 

Date of Acquisition:  

May 1998 

Date of Acquisition:  

May 2011 

  

 
Area statement (hectare) 1998 2011 

Highly dense built up 212.47 825.34 
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Medium dense built up 1470.78 5054.14 

Vegetation  14934.06 372.312 

Barren 6066.72 8180.25 

Unclassified 9820.30 18072.16 

 

Table 2 

LST - LANDSAT 5 TM (multi spectral) 

Visual resolution 120m 

Date of Acquisition: 

May 1998 

Date of Acquisition: 

May 2009 

  
LST 

 

LST 

 

Date of Acquisition: 

May 2010 

Date of Acquisition: 

May 2011 

  
LST 

 

LST 

 

Date of Acquisition:  Oct 

1998 

Date of Acquisition:  Oct 

2009 

  
LST 

 

LST 

 
Date of Acquisition:  Oct 

2010 

Date of Acquisition:  Oct 

2011 

  
LST 

 

LST 

 
From table 2, LST data analysis indicates rise in the 

surface temperature values; additionally it highlights 

higher surface temperature for highly dense built up 

areas and newly developed areas as compared to 1998 

LST. City pockets having high surface temperature are 

selected and are analysed for their influence on city 

heat island effect.  

PART 2 - SITE SURVEY 

Total 20 sites are identified in the city after the 

analysis of Landsat 5 TM imagery. These sites include 

high-density zones in the centre of the city. Some of 

these high-density area could not be taken for study 

purpose as these are old developments and doesn’t 

come under Haryana Urban Development Area 

(HUDA). These areas are marked as villages in the 

centre and around the city. 

The final six sites selected belong to the different 

Landuse Landcover (LULC). Each of the selected site 

measures 250x250m. The selected sites are then 

analysed for their built-up areas, paved areas, road 

cover, green areas and open areas. The information on 

selected site development norms and urban 

morphology is collected from Town and Country 

Planning Department, Haryana (TCP) and through site 

visit. The selected site characteristics and urban 

morphology is highlighted in table 3 and table 4. 

Table 3  

Selected study area landuse characteristics 

Site Site Characteristics 

Site 

1 

Plot size: 14 marla, 8 marla, Density: 275, 1-3 

storey high, Tree plantation and maintained 

green areas are minimum 

Site 

2 

Plot size: 14 marla, 10 marla, 1 Kanal, Density: 

275, 2-3 storey high, Paved areas along all 

houses, green belt for every third plot 

Site 

3 

No green space allotted in whole sector, 6-7 

storey high buildings 

Site 

4 

Developed by DLF, Plot size: As per DLF 

Density: 250 2-3 storey high, Green belt along 

all houses 

Site 

5 

Hotel bays 4-5 storey high, Commercial 

complex 2 storey high, Non shaded parking 

space proposed 

Site 

6 

Plot size: 1 acre, ½ acre, 4-5 storey high, No 

green area allotted, No green areas maintained 

by owners, Pavement along all plots 

Table 4 

Selected site urban morphology 

Site Study area details 
Schedule of areas 

(sqkm) 

Site 1 

 

 

Landuse: Residential 

North - 20° towards 

east 

Built up - 0.188 

Roads - 0.138 

Green Area - 0.131 

Paved Areas - 0.031 

Open space - 0.138 
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Site 2 

 

Landuse: Residential 

North - 40° towards 

East 

Built up - 0.225 

Roads - 0.188 

Green Area - 0.169 

Paved Areas - 0.044 

Open space - 0.000 

Site 3 

 

 

Landuse: Commercial 

North - 50° towards 

East 

Built up - 0.213 

Roads - 0.144 

Green Area - 0.169 

Paved Areas - 0.100 

Open space - 0.000 

Site 4 

 

 

Landuse: Residential 

North - 20° towards 

East 

Built up - 0.205 

Roads - 0.195 

Green Area - 0.017 

Paved Areas - 0.139 

Open space - 0.069 

Site 5 

 

 

Landuse: Commercial 

North - 45° towards 

West 

Built up - 0.181 

Roads - 0.238 

Green Area - 0.201 

Paved Areas - 0.000 

Open space - 0.006 

Site 6 

 

 

Landuse: Industrial 

North - 38° towards 

East 

Built up - 0.281 

Roads - 0.138 

Green Area - 0.206 

Paved Areas - 0.000 

Open space - 0.000 

PART 3 – SITE ANALYSIS 

The land surface temperature from LANDSAT-5 and 

the urban morphology parameters is analysed to study 

impact of each of the aforementioned parameter on the 

land surface temperature. To define the relationship 

between dT (difference in temperature as an indicator 

of UHI) and different urban morphology parameters 

commonly observed in urban areas (as a part of 

primary survey), correlation analysis is carried out. dT 

is taken as dependent variable and each surface area is 

taken as independent variable. dT is the difference in 

surface temperate of each of the site with respect to the 

nearby less developed areas surface temperature. 

Following equations derived from correlation 

analysis: 

Table 5 

Correlation analysis between dT and urban 

morphology parameters 

Correlation between 
Line equation (y axis 

temp., x axis area) 

dT(May) vs Built up area  
y = 0.0046x + 8.3738 

R² = 0.00218 

dT(Oct) vs Built up area 
y = 0.0056x + 6.2682 

R² = 0.00228 

dT(May) vs Roads 
y = 0.0108x + 8.2348 

R² = 0.01488 

dT(Oct) vs Roads 
y = 0.0045x + 6.3075 

R² = 0.002 

dT(May) vs Green area 
y = -0.0568x + 9.0095 

R² = 0.7942 

dT(Oct) vs Green area 
y = -0.0484x + 6.8369 

R² = 0.4527 

dT(May) vs Paved area 
y = 0.0346x + 7.7099 

R² = 0.4534 

dT(Oct) vs Paved area 
y = 0.0361x + 5.5706 

R² = 0.3886 

Case 9: dT(May) vs Open 

area 

y = -0.0039x + 8.5556 

R² = 0.0039 

Case 10: dT(Oct) vs Open 

area 

y = -0.0072x + 6.4721 

R² = 0.0103 

 

The correlation analysis inferred following:   

 Built up, roads and paved area contribute to the 

heat island effect as these parameters are 

positively related to dT; whereas and green areas 

and open areas are negatively correlated helps in 

reducing heat island effect. 

 Further correlation indicates that green areas are 

negatively related to dT at 99% confidence level 

and paved area are positively correlated to dT at 

95% confidence level. 

PART 4 – ENVI-MET SIMULATION 

The six sites are simulated for their impact on air and 

surface temperature with the help of ENVI-met under 

three scenarios. The first scenario simulates the 

present conditions of the selected site. The first 

simulation exercise also provided validation to the 

analysis carried in part 3 of the study. The second and 

third scenario simulates the cases for their worst and 

improved conditions. Each site simulation is carried 

for sunshine hours i.e. 6am to 6pm however, result of 

simulation performed has been presented for 3pm. 

Study carried by Prof. Manju Mohan at Delhi 

highlighted that the maximum intensity of heat island 

is at 3pm and hence the results of simulation 

performed at analysed for daytime at 3pm. The results 

presented indicates the air temperature within the site 

in the range of 32.35°C to 36.35°C for all three cases 

and surface temperature range varies for all three 

cases. 

CASE 1 – PRESENT CASE 

Case 1 simulates the present on site conditions of all 

the sites for their effect on air and surface temperature. 

The effect of urban morphology on air temperature 

(table 6) is presented in the range 32.35°C to 36.35°C 

for all six sites; whereas the range of variation in 

surface temperature (table 7) varies with each case and 
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they differ from each other significantly. Table 6 and 

7 presents the case 1 ENVI-met simulation results.  

Table 6 

Case 1 - Air temperature for 6 sites 
Air Temperature  >32.35°C ---- < 36.35°C 

 
Site 1

 

Site 2

 
Site 3

 

Site 4

 
Site 5

 

Site 6

 

 

Table 7 

Case 1 - Surface temperature for 6 sites 
Site 1

 
>32.41°C -------- <48.54°C 

 

Site 2

 
>31.82°C -------- <49.16°C 

 
Site 3

 
>35.9 °C -------- <49.83°C 

 

Site 4

 
>31.43°C -------- <48.51°C 

 

Site 5

 
>35.48°C -------- <51.48°C 

 

Site 6

 
>35.65°C -------- <50.08°C 

 

Inferences: 

Site 5 has the highest cover under hotter air as per table 

6, whereas site 2 and site 4 are having comparatively 

1°C cooler air compared to site 5 & site 7. Refering to 

the table 3- site characteristics, the table 6 represents 

higher air temperature for site having higher area 

under paving and roads with no vegetative cover. 

Futher, as per table 6, the site 5 development pattern 

also hinders the wind direction leading to higher air 

temperature. 

Table 7 indicates higher surface temparature for site 5 

and site 6 compared to rest 4 sites, where site 4 has the 

least surface temparature. This analysis also validates 

part 3 analysis; concluding higher area under 

pavements/ raods leads to higher effect intensty and 

green areas are negatively correlated to heat island 

effect. 

CASE 2 – WORST CASE 

Case 2 simulates the worst case for all the six sites. 

The green and open area in each site is replaced with 

paving, roads are made wider and thus their impact on 

air and surface temperature is captured. The air 

temperature for the worst case is presented in the same 

temperature range as that for present case and 

improved case and the surface temperature range has 

been kept same in the worst case and improved case 

for all six sites for comparative analysis. Table 8 

represents air and surface temperature for the worse 

case. 

Table 8 

Case 2 – Air and Surface temperature for 6 sites 
Air Temperature 

>32.35°C ---- < 36.35°C 

 

Surface Temperature 

>38.85°C ---- <54.85 °C 

 

Site 1

 

Site 1

 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1051 -



Site 2

 

Site 2

 
Site 3

 

Site 3

 
Site 4

 

Site 4

 
Site 5

 

Site 5

 
Site 6

 

Site 6

 

Inferences: 

Compared to case 1 the air temperature for sites in case 

2 has increased approximately 1°C, further all six sites 

have approximately similar air temperature. Whereas 

surface temperature has increased by 3°C - 7°C.  

CASE 3 – IMPROVED CASE 

In this case, green and open areas are introduced at all 

sites, unshaded parking areas are shaded, paved areas/ 

roads are kept to minimum and thus their effect on air 

and surface temperature is captured with help of 

simulation. The indicated air and surface temperature 

range is kept similar to that of case 2.  Table 9 

represents air and surface temperature for the 

improved case.  

Table 9 

Case 3 – Air and Surface temperature for 6 sites 
Air Temperature 

>32.35°C ---- < 36.35°C 

 
 

Surface Temperature 

>38.85°C ---- <54.85 °C 

 
 

Site 1

 

Site 1

 
Site 2

 

Site 2

 
Site 3

 

Site 3

 
Site 4

 

Site 4

 
Site 5

 

Site 5

 
Site 6

 

Site 6

 

Inferences: 
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The case 3 analysis indicates significantly lower air 

and surface temperature compared to that of case 2. 

There is approximately 2°C-3°C lower air temperature 

as compared to case 2. 

CONCLUSION 

It is evident from above analysis that changes is 

development pattern/ surface characteristics is 

forming heat island by trapping heat and releasing it 

on a slower rate. GRIHA LD rating heat island effect 

calculator tool indicates increment in heat island 

intensity of approximately 1-2°C for the base case as 

compared to design case. The present study simlations 

indicates that different surface characterisctics can 

induce 2-3°C higher air temparature. The cumulative 

effect of such development on the heat island intensity 

is much dreadful. The surface temperature can vary 

more than 10°C for cases where more of heat 

absorbing surfaces are proposed. The study also 

hghlights that not only the surface characteristics, also 

the development pattern i.e. placement of buildings, 

trees affects the heat island intensity leading to higher 

air temperature.  
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