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ABSTRACT

Thestudy of distribution of maximum and minimum temperatures over Delhl and neighbourhood
fram 2 denze network of 19 flxed weather stations found that during mest of the menths, the
zones of warmest temperaiures over the reglon were located in the thickly populated mortheast
and north districts of the territery. A secondary maxima was found over southern parts of the
city Lowest temperatures wers found towards west and northwest of the city with 3 belt of low
temperatures extending up to agricultural research form of the Indizn Agricultural Hﬂiean:h
Institute. The patterns of distribution of both the maximum and minimum temperatures were
similar The maximum intensity of Urban Haat Island at maximum temperature epoch was found
in the menth of lanuary (3°C} and that at minimum temperature epech in the transition months
of March (5.57°C) and October (4°C) The intensity was low during the mansoon months. Population
density and prevakling winds sesm to determine the temperature distributions over the arez

Keywords: Urban heat island, maximum and ninimum femperaturss. gresdient of temperatine

1. Introduction

The metropolltan areas are significantly wammet
than their surrounding rural ‘areas. Even within
metropoliian aress, cartan areas ars warmer than
others. These areas are called urban heat jslands
(UHN The phenomenon was first investigated and
described by Luke Howard in early 19th century
{Howard 1820) The temperaturs differancs usually
is larger at night than during the day. and is most
zpparent when winds are waak Sessonslly, UHI
iz seen during beth summer and wintar. The main
cause of the urban heat island is medification of

the land surface by urban development which uses:

materigls which effectively retain heat \Waste haat
generated by energy wusage is a secendary
contributor As population centers grow thay tend
1o modify & greater and greater area of land and
have & comespeonding increase in averags
temparaturs

Mot all cities have a distinet urban heat island
Mitigation of the urban heat istand effect can be
accomplished through the use of grean roofs and
the use of lighter-celorad surfaces in urban areas
which reflect mores sunlight and absorb less heat
Despife concarns raisad abou! iis possible
coniribution to global warming, camparisons
betwesn urban and rural areas show that the urban
heal [sland effects have litle Influence on global
mean temperature rends [Peterson et al. 15949]
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There are several cguses of an UHI The
principal reason for the nighttimse warming Is that
buildings black surfaca heat from radiating into the
relatively cold night sky. Twa other reasons are
changes in the thermal properties of surface
materials and Jack of avapotranspiration (through
lack of vegetation) in urban areas. Materials
commenly used in urban areas for pavement and
roofs. such as concrete and asphalt, have
significantly. different thermal bulk proparties
(including heat capacily and thermal conductivity)
and surface radiative properties (albedo and
enissivity) than the sumounding rural arzas. This
cauzes a changs in the ensrgy balance of the urban
area, ofien leading to higher temperaturas than

surrpunding rural areas. (Oke, 1932) Other causas

of a UHi ate dus 10 geomeiric effecis The tall
buildings within many urban areas provide multipts

surfaces for the reflection and absorptlan of

sunlighl. increasing the efficiency with which urban
areas are heated. This is called the “urban eanyon
effect” Another sffect of bulidings is the blocking
of wind, which also inhibits cosling by convectlon
Waste heat from automobiles, air conditioning.
indusiry, and othersources also contribules to the
UHI. High levels of pollution in urban areas can also
increase the UHL as many forms of poliution
change the radiative properties of theatmosphers
(Oka 1982)



UHI studles have baen carried out in India for a
few citizs. Bahland Padmanabhamurty (1975)in &
survey eonducted over Delhi feund warm packsis
over north and northeast Delhi and cold zones over
west Delhl Jayanthi (1951) in a study ofheatisland
over Madras (now Chennal) found thres distinct
heat islands over thickly populated and industrial
areas; and a ralatively cool poolover the vaniilated
and vegstative areas of the gity. The Intensity of
heat istand on a cold night was found to be 22
degree C for Thiruvananthapuram by Gangadharan
etal (1999) Kumar etal (2007) found thatthe heat
islands in the city of Mumbai are located in the
interior of the city, The maximum intensity was

found to be as high a5 12 degree Cin winters. All
these studies In indla referrad to above were carried
outthrough mobile survay of the cities and the time
of obssrvations at all the observation points was
not the same MNecessary corrections howsaver,
werg applied. Also the results weare for individual
days which might have been differentfrom themean
conditions Presently National Capital Teritery of
Delhi and itz neighbourhood have a network of 19
fixed weatherstations - both manual and automatic
{Fig 1). Tha data from which have bean used with
an objective of delineating warm-and cold zones of
the city averaged over the whote menths.
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Jhajjar (AWS)
Rohtak (AWS)
Sonepat (AWS)
Mungeshpur (AWS)
MNarela (AWS)
Pitampura (AWS)
Delhi Radge (Obsy )
Yamuna Sports
Complex (AWS)
Indirapuram (AWS)
10. NOIDA (AWS)

11, Lodhi Road (Obsy)
12, Safdasjung (Obsy)
13. IARI (AWS)

14, Nazafparh (AWS)
15, Jafarpur (AWS)

16. Palam (Obsy)

1 7. Avanauar (Obsy)
18, Fanidabad (AWS)
19. Nuh (AWS)
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AWS - Automuanic
Weather Station

Obsy- Manned
Observalory

Fig.1 District map of Delhi and observation network in the region.
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2. Geographical Location of New Delhi
New Delhi, the capital of Indla is located in
narthem India betwezan the latitudes of 28°-24'17"
and 28°-53-00" North ‘and longitudes of 76°-50'-
247 and 77°-20'-37" East (Fig 2) Delhi shares
boerders with the Stafes of Uttar Pradesh and
Haryana It has an area of 1 483 2q kms s
maximum length is 51 .90 kms and greatest width
is 48 48 kms The Yamuna Riverand terminal parnt
of the Aravali hill renge ara the two main
physicgraphic features of the city. The Aravali hill
ranges are coverad with forest and are called the
Ridges, they ars the city's lungs and help maintain
its environment. The Yamuna River flows through
ithe eastem paris of Delhi Deli is bounded by the
Indo-Gangetic allivial plains in the north and east,
by Thar Desert in the west and by Aravalll hill
ranges in the south. The terrain of Delhi is flat in
general except for a low NNE-S5W tranding ridge
which s considared and extenfien of the Aravalii
hills of Rajasthan The ridge may be said to enter
Oefhi from the SW. The =astem part of tha ridge
disappears below Yamuna alluvium in the NE on
tha right bank of the river Ecalogically, the Ridge
acts a barrier between the Thar Desert and the
plains and slows down the mavement of dust and
wind from the desert. This green bell a natural
forest. has a moderating infiuence on temperature

besides bestowing athar known benefits on the
peopla Dealhi s adminisirativaly divided jnto nine
districts as.given in Fig 1

3. DataandMethodology

Heacently 3 meso-network of automatic weather
statiens has been established in and arpund Belhi
(Fig. 1). Dally ebservations fram these stations are
avallable for full one year (201C) now Daily
maximum and minimum temperaturas from these
stations were used to find the monihly averages of
maximum and minimum temperatures which have
besn usad in the present study. The rasults are
prasented forindwidual months categorized into four
seasons - winter (Janvary-February) summer
(March-May), monsgon (June-Septembearn) and
post-monsoon (Cctober-Dacember) The figures
given in resulis saction were prepared using Arc
GIS 10 yial version. Tempsarature data of 19 weafher
siations distributad over and araund Delhl were
procasssed in spreadshesats as input for GIS
analysis Thesa spreadshests ware then convered
inte festure class in defined spatial reference. Using
the Topotarastar Geoprocessing tool, a surface was
created by raster interpolation. This surfacs was
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then used 3z Input for contour analysiz All the
GEﬂpm[:as:amg tocls ware converted In to python
scripl and ediled to export the final output as
tempacature profiles

4. Winter Season (January- February)

The lowes!t mean minimum lemperatures in the
city wers recorded In West Central Delhi In the
observatory situated in the Indian Agricullural
Research Cbservatory (Pusa) for beth the months.
As this abservatory is sityated in the large
agricuitural research farm of the observatory close
1o the Ceniral Ridge. it represenis the typical rural
seftings. A tounge of low temparatures alse
extends towards Delhi from the southwest
Warmest temparaturas are found In the 2asi and
northsast of the city. A bell of high lemperature
sxtends from northeast into Neorth and nordhwest
district (Fig. 2a and 2b)

The distribution ef maximum temperatures was
alzo similar to that of the minimum tamparaturewith
the lowesttemperatures in the Pusa-Central Ridge
zane with 2 teunga of low temperatures extending
from southwest Highesttemparatures were found
in the sast and nerthaast of the city {Fig. 2¢ and
2d})

1k

‘Fig.2a Mean minimum femperaturs (January)
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5. Pre-Monsoon Season (March- May)

Generally. the lemperatures starl rising over
zntire northwest India from the month of March.
Mesg-analysis of temperatures over Deihi and
naighbourhood shows that the lowest maximum
temperatiras in the menth of March are to the north
and northweast of Delhi A narrow tongue of low
temperatures extends from east info caniral pans
afthe city The maximum temperatures are highest
over northeastern and southweslam parts of the
cily The pattern of maximum lemperature
distripution remams the same during Aprif and May.
There iz 'a general increase of about 7-8°C fram
March to April. Further increase from April to May
was net faund to be only about 1-2°C. The gradient
oftemperaturein and around the city is the steepest
in March; and it generally slackans as the season
pregresses inte April and May (Figures 3a, 3b and
3}

The minimumizmperatures are again the lowest
in north and northwestern and highest In
nortiveasiern parts of the city. The bell of warmest
temperatures extends from northeastemn parts into
the northem parts of Central Dalhi The area of
lowes! temperatures is found in the northwest
comer of the city It extends through the wastem



parts into wast central Delhl where the observatory
ocated in the research farm of the Indian
Agricultural Research Institute ([ARI). -As the
obsaryvatory is situated in middlz of large agricultural
resaarch farm it records lower temperatures: 4 belt
of ralatively higher temperaturas is also found in
the south- southwasiemn parts of the city The
pattemn of minimum tampsratures during the moenths

Fig 3b Maan maximum temperaturs (April)
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of April and May ks simllar 10 that of March with
northeastem paris of the cly being the warmest
and northwestem paris of the coldsst. The gradient
of minimum temperaturs also slakens with progress
of the season as is the gase for maximum
lemperaturs. The general Increase is T-5oc fram
March to April and 3-4oc from April to May {Fig 3d.
de and 3}
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‘Flg. 3c Mean maximum temperature (May]

‘Flg. 3d Mean minimum femperature (March)
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Fig 3fMean minimum temperatura (May)
6. Monsoon Season (June-September)
There 5 nol much difference in magnifude of
maximum temperaturs from May to Juns The
distribution over and around the city is also broadly

(-

similar for the two months A zone of highest

maximuh lemperdture Is found in north and
northeast of the country. Thereis ancther area of
high temparaturasin southwestem pans of the city
tike many previeus menths, the zone of lower
maximum tsmperatures extands from northweast of
the city upto the wast- cantral parts (|1AR)) Another
zone of low maximum temperatures is found in
southeastemn paris of the city

As the monsoon s2is in the average maximum
temperaturas fall io about 34oc in the month of July.
The distribution also becomes flat with reduced
gradient aver the city. The areas of warmest
lemperatures of more than 35oc are located In
southwestem parls with a small pocketin northem
paris ¢f the city. :Small pockats of relatively lower
temperatures are located in the northwest, west-
central and southeastermn parts The distibution
flattens further in August with most paris of tha city
having temperatures between 33 and 33 5oc Small
packets of temparatures lowar than 33o0c ars
lecated in northweast northeast and southeastem
parts of the city. The maximum temperaturs
distribution in Seplember over the aniire city s
within half a degree C (31 and 31 5oc) (Fig 4z 4b.
dcand 4d) '

Flg 4a Mean maximum temperature (June).
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Fig 4h Mean minimum temperature (Sapteamber)

7. Post-Monsoon Season (October-

December)

Buring the post monsoon season also, the
maximum tempsratures increase from northwest
1o eastafthe city The ares of lowesttempearalures
in all the three months extends fram northwest of
the city upto IAR| where a zone of lowest
temperatureexits Anothararea of low temperatures
is locatad to the south of city in all the months. The
zone of warmest temparatures in October extends

Fig.5a Mean maximum temperaturs (October),
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from southwestto ceniral end then to noriheln parts
of the city The belt of high maximum temperaturss
during tire months of November and Decembet
axtends from southeast to central and than to
northem paris of the city (Fig 58 b and ),

The distribution of minimum femperatures is also
similar to that of maximum temparaturs with the beh
af minimum temperatures extending upo west-
central parts (1AR1) frem narthwest of the city with
a secondary zone of low minimum lemperatures in
south. The highest minimum temperatures in all the
threa months area found in north eastam parts of
thecity (Fig 5d. eanc f)

Ly 3 i 185

‘Flg.5¢c Mean maximum temperaturs (Dacember).



Fig 5f Mean minimium temperaturs (December)
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B. Summary and Discussion

During most of the months. the pocksts of
highest maximum temperatures during the day wers
found in northeasl central and south eastem parns
of the city and those of the lowest maximum
lemperatures over northwest parts of the city. The
beft of lower maximum tempsrature extendsd o
west central parts up fo the 1ARI area Ths pattam
for the menth of august was found to be different
from other months as belt of lower maximum
temperatura exten ded from nuﬂheabt in to central
and up to west central parts ofthe city The averags
manthly intensity of the UHI at the time of maximum
temperature =poct (Table 1) was the highest during
January (3°C). It was 2°C to 2.5°C from February
to June The intensity decreased to 1.5°C during
the-monsoon months of July to Septamber. It was
found to be the lowest (1°C) during November

The pattem of minimum temperatire distribution
was also similar to that of the maximum
temperature The highesi maximum temperaturss
were recordad in the northeast and northem parts
of the city with secondary maxima over southwast
Tha lowes! minimwm lemperatures were found over
northwestern parts of tha city with their belt
axtending up to JARI area where a secendary
minima was ¢cbserved. The intensity of the UHI at
minimum temperatufe epoach was found to ba highly
variable betwesn different months (Table 2! ftwas
found o highest in the transition menths of March
(55°C) and October (4 0°C) The lowest intensity
was in the monsoan month of July to Seplembar
(110 1.5°C).

The pattern of mean monthly UHI found in the
present study has been similar to that reported by
Bahl and Padmanabhamurly (1973) They havs
also reported the highest temperatures over north
and nartheast of Daihi with secondary maxims over
southwastemn parts in the surveys canductad during
four nights in the month of December, January
february and March. The Intensity of UHI reparted
by them was 4°C during the month of December
and Fabruary, and 6°C during January and March.
Tha intensity however has been found lo be the
lowest during January in the present study, The
different could be because of the reason that the
result reported by Bahl and Padmanabhamurty
{197%) are for individual nights whereas those in
the present study are the means far each of the
manth

One ofthe main rezsons for consistently hotter
temperatures aver nertheast and sast disiricts

‘could be the higher population density in these



districts (http Yeww censusindla_gov in/201 T-prov=
results/data flles/delhi/3_PDFC-Paper-1-
tables 60 81.pdf) The coldesttemperatures to the
northwest could be because of the reasen that the
prevailing winds during majoer part of the y=ar
{except monsaen segsonare from the nothwest

&ks0 the targe agncultural research famm ef the 1AR)

and the nearby Jocation af the resarve farest af the

central ridge provide the relatively greener and
wetter microclimate, keeping the ares cold
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