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ABSTRACT. Delhi exhibited several small warm pockets due to agglomeration of houses in
colonies interspersed by green vegetation, open areas, wide roads, parks and maidans etc. Two peaks
of heat island intensity were observed —one in the early night and another in the early morning.
The early morning heat island is stronger than the early night. Humidity islands exhibited inverse
relation to heat islands wherever moisture is not available but followed heat islands in intensity where
moisture is available. Humidity islands also exhibited two peaks similar to heat islands. The early
morning peak was in phase with heat island but the early night peak is out of phase. The thermal
radiant emittance from different surfaces in Delhi like green areas, concrete roads, tar roads, built-up
areas are found to be responsible for the formation of several warm pockets instead of a single intense

heat island.

1. Introduction

The heat island effect of a city (its relative
warmth as compared with pre-urban conditions)
is a central research focus in urban climatology.
On a daily basis the differential energy ex-
changes in urban and rural areas retard the
nocturnal cooling of urban surfaces between sun-
set and midnight, when rural surfaces are cool-
ing most rapidly. From about midnight until
morning, both surfaces cool at about the same
rate. In the morning solar heating causes more
rapid warming of rural surfaces as compared
to urban surfaces due to the thermal properties
of urban building materials. Other factors retard-
ing early morning warming of urban surfaces
include shading by the buildings and increased
solar attenuation associated with elevated pollu-
tant layers.

It follows from the above that surface heat
islands achieve maximum values near midnight
and remain fairly steady through the remainder
of the night in the mid-latitudes. Daytime heat
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islands generally show small urban-rural sur-
face temperature differences. The magnitude of
the surface heat island at a particular time and
place depends on local meteorological condi-
tions such as cloud cover and wind speed. Clear
skies favour nocturnal cooling of rural surfaces
and hence lead to strong urban heat islands. Low
wind speeds allow excess urban heat to accumu-
late, Of the several areas that require additional
observations and scrutiny the urban out-
going long wave energy flux is of special signi-
ficance for it determines the heat island inten-
sity at any particular city (Bornstein and Oke
1979). Oke et al. (1972) made comparative
studies of urban/rural cooling rates at night at
Montreal and Vancouver and found that the
heat island intensity is related to differential
rate of cooling of urban/rural surfaces. Tesler
(1978) working at Uppsala, Sweden found that
at ground level the heat island intensity deve-
lopes rapidly after sunset in response to diffe-
rent urban and rural cooling rates. Oke (1978)
while working on surface heat fluxes in the
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Padmanabhamurty (1979), Padmanabhamurly and
Bahl (1980). But no studies have been made on
the radiative fluxes of different urban arcas. In
the present paper it is proposed to present the
results of hourly variation of heat and humidity
islands in Delhi from sunset to next day sunrise
and also the differences in the thermal radiant
emittance from different urban surfaces and their
role in the physical processes of formation, deve-
lopment, intensification dissipation of heat island
and its dynamics on two clear, calm winter nights.

2. Materials and methods

The observational area is the city of Delhi
and its environs and its meteorological features
were described earlier (Bahl and Padmanabha-
murty 1977, 1979). Mapping of urban (empe-
rature and humidity ficids were also presented

the authors separately (Bahl and Padmana-
murty 1979). An additional fealure of this
study is collection of hourly temperature and
humidity observations at 19 points distributed
in the city. At the minimum temperature cpoch
observations are collected at 85 points which
include 19 fixed points and 66 mobile survey
points. The method of reduction of mobile sur-
vey data to the minimum temperature epoch
was already described by the authors (Padma-
nabhamurthy and Bahl 1979, Padmanabhamurthy
1979).

Hourly data of 19 fixed points were collected
on two clear winter nights, viz., 22-23 February
1979 and 27-28 March 1979 utilising calibrated
psychrometers.

3. Results and discussion

Temperature and humidity data were plotted
on locator map of Delhi every hour and also at
the minimum temperature epoch and carefully
analysed taking care of the efiects of hills, ridges,
and water bodies.

3.1. Hourly variation of isohumes and isotherms
(i) 22-23 February 1979

Hourly observations are taken from 1700 to
2400 hr but at bi-hourly interval from 2400
to 0600 hr and at hourly interval from 0600 to
0800 hr. The isothermal pattern at 1700 hr
shows a warm pocket in south Delhi, another
in the trans-Jamuna area and an indication of
warm pocket in old Delhi near Jama Masjid
area. At 1800 hr the south Delhi and the
trans-Jamuna warm pockets continued to exist
and another warm pocket encompassing Con-
nought Place and Jama Masjid appeared. By
1900 hr the three warm pockets strengthened
but shifted their location towards west parti-
cularly the south Delhi one. At 2000 hr the
three warm pockets continued to exist but the
south Delhi onc shifted to west while others

remained practically stationary. By 2100 hr the
warm pockets shrunk but their existence continued
through 2200, 2300, 2400, 0200, 0400, 0600 hr
gradually intensifying from 2200 hr and attain-
ing highest intensity at 0600 hr. At 0700 and
0800 hr also the warm pockets remained more
or less in their posiiion but with less intensity.

Isohumes also indicated seveml1 pockets of
high humidity one each mnear Palam, R, K.
Puram, Kalkaji, trans-Jamuna Colony, D. P.
School. Akashvani at minimum temperature
epoch. Where warm pockets appeared low re-
lative humidity islands existed but where there
is moisture availability particularly vegetation,
rivers  elc, heat islands are associated with
humidity islands. At 1700 hr humidity islands
prevailed over Kingsway Camp, Gandhi Nagar,
Jawaharlal Nehru University and a feeble one
over Rajouri Garden area. By 1800 hr while the
KW Camp and Gandhi Nagar islands persisted
and shilted slightly to the left, the Rajouri
Garden humidity island disappeared. The
humidity island in the south moved towards
right and extended upto Lodi Colony. With the
march of time in the night these three humidity
islands persisted with increasing intensity. An
interesting feature is the appearance of another
humidity island over Palam area from 0400 hr.

(if) 27-28 March 1979

The characteristic feature of Delhi, viz., several
small heat pockets are also exhibited here. This
is because of the topographic feature of Delhi
of having clusters of houses in colonies inter-
spersed by green vegelation, open areas, wide
roads, parks, maidans etc, At 1700 hr heat
pocket in the trans-jamuna Colony, south Delhi,
Jama Masjid area and a feeble one in west
Delhi existed, These picked up intensity from
1800 hr and continued to exist till the next
morning 0800 hr, The oscillatory nature of
these heat pockets, however is exihibited in this
survey too. '

The pattern of isohumes at the minimum
temperature epoch also exhibited high humidity
island in the trans-Jamuna Colony, South Delhi,
Jawaharlal Nehru University, Ashok Nagar,
India Gate and Roop Nagar areas, At 1700 hr
the trans-Jamuna and south-Delhi high humi-
dity pockets appeared in west Delhi but by
0500 br on the next morning the pockets have
becume stable and appeared over Lodi Colony,
Palam, Karampura, Roop Nagar and trans-
Jamuna areas. These persisted till the next morn-
ing 0800 hr. '

‘The pattern of isotherms and isohumes at
minimum temperature epoch are shown in
Figs. 1 and 2 respectively.
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Fig. 4. Rate of change of temp. and thermal radiant emittance in the
night from different urban surfaces
3.2. Heat island intensity with time either at unstable or neutral conditions. In both
the cases [Fig. 3 (a & b)] the occurrence of an
The excess of temperature of the urban centres carly night peak at 2000 hr and steadiness till
over the rural environs keeps the urban atmos- the early morning and another rise in the small

phere from becoming stable and maintains it hours of the morning. We observe that the early
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morning peak is stronger than the early night
peak. Similar studies at Pune (Padmanabha-
murty 1979) showed also two peaks but little
later than the times of occurrence at Delhi. OF
the two surveys conducted that in March showed
higher heat island intensities in both the peaks,
correspondingly the back radiations also were
higher; back radiation of 3.5 cal/cm®/hr is
available at the early morning peak in March
*79. Back radiation/thermal radiant emittance
from different surfaces are computed by Stefan-
Boltzman law assuming that the surfaces radiate
at black bodies. The effect of humidity and eva-
poration is automatically taken care of by the
temperature attained by the different radiating
surfaces.

The first peak is mainly due to large diffe-
rences between urban and rural temperatures.
After the sunset rural areas radiate faster than
urban areas owing to nature of their surfaces.
These rural areas cool more in the early night
and by 2000 hr or so the back radiations from
both rural and urban surfaces become stable and
result in maximum heat island intensity confirm-
ing the observations of Oke et al. (1972), Ludwig
(1970) and Hage (1972). The back radia-
tions from both the surfaces are also steady till
early morning and register a minimum value in
the early hours.

3.3. Humidity island with time

Here too, two peaks are discernible—one in
the early part of the night and another in the
early morning. While the morning peak coin-
cided with the heat island peak, the early night
humidity island peak has a shift by an hour or
so sometimes earlier and sometimes later. As
in the case of heat island the latter peak is stron-
ger than the former. Further, both the peaks
in February are stronger than in March. Similar
studies in Pune (Padamanabhamurthy 1979)
showed that the former peak coincided with the
heat island peak while the latter did not exhibit
any such relation but also declined in strength.

3.4. Effect of wind on the heat and humidity
islands ,

In Fig. 3 are also plotted the hourly varia-
tion of wind speed and wind direction. It is
generally observed that wind speeds were low
when heat/humidity island intensity are high
suggesting an inverse relationship. When wind
speeds are strong it is also observed that heat
and humidity islands are displaced downwind.
The heat and humidity islands are strong when
the winds are from west to north sector in com-
parison with other directions indicating the con-
trast between the cold and comparatively dry air
in the rural environment with reference to nurban

atmosphere.

3.5. Urban/rural cooling rates and thermal
radiant emittance

Oke et al. (1972) recognized that urban/rural
cooling rates and thermal radiant emittance as
causes for the dynamic nature of the urban heat
island. As the rates of cooling of different sus-
faces differ and cause different heat island inten-
sities the present authors have computed hourly
rates of cooling and thermal radiant emittance
assuming that the surfaces radiate like black
bodies, from different surfaces and presented in
Fig. 4 (a & b). The urban-rural thermal system
are identified as (1) Tar roads, (2) Concrete
surfaces, (3) built-up areas and (4) green sur-
faces. The figures exhibit characteristic features
of the surfaces. The rate of cooling of tar roads
is faster immediately after sunset followed by
green surfaces. Concrete surfaces and built-up
areas cool slowly. It is this differential rate of
cooling between urban concrete and built-up
areas on the one hand and green rural areas op
the other result in the early night peak. Like-
wise larger rate of cooling of green surfaces in
relation to urban areas resulted in another peak
in the early morning hours. The thermal radiant
emittance, of all the surfaces, is highest from
green surfaces and lowest from concrete sur-
faces followed by built-up areas and tar roads.
This is the reason why in Delhi which is inter-
spersed by built-up areas, tar roads, concrete
bqlldmgs with wide maidans, parks and lawns
with greenary, results in a number of small
warm pockets in contrast to Pune where
mainly one heat island is noticed (Padmanabha-
murty 1979, Bahl and Padmanabhamurty 1979).
The study, therefore, suggests that built-up areas
and concrete surfaces interspersed with wide
lawns and parks tend to mitigate the formation
of intense heat islands. This prevents the air
from the surrounding countryside flow towards
the urban centre. This type of landscaping and
building construction does not allow formation
of intense heat islands which otherwise would
have produced local centripetal near surface
winds strongest across the steep thermal gra-
dient of urban margins that would tend to bring
encountered pollutants during their travel from
the surrounding areas towards the heat island.
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