MISCELLANEA
GEOGRAPHICA

WARSZAWA 1992 Vol. 5

Jolanta Wawer

THE IMPACT OF WEATHER CONDITIONS ON THE INTENSITY
OF THE URBAN HEAT ISLAND IN WARSAW

The urban heat island in Warsaw (higher air temperature in the city than in its
surroundings) is a frequent phenomenon. This does not mean, however, that it
occurs every day and has the same intensity. This phenomenon appears as a
result of variations in radiation balance, varied thermal conductivity, differences
in heat storage capacity between the city and the out-of-town areas, influence of
anthropogenic ("artificial") heat, and of air pollution. The range and character of
changes of the thermal regime in the city in comparison with its surroundings are
influenced by weather conditions existent during the day: a degree of cloudiness,
direction and velocity of wind depending on the synoptic situation, and the kind
of the air mass. The problem of this relationship is presented in this paper.

Numerous publications on this subject (Landsberg 1983, Hess et al. 1989, Le-
winska et al. 1982, Stopa-Boryczka 1988, Taesler 1980) show that the greatest ther-
mal differentiation, that is the greatest intensity of the heat island, appears between a
city and its suburbs, and that it occurs most frequently in the city centre,

The formation of the urban heat island in Warsaw was analyzed on the basis
of examination of difference of air temperature (At) in the city centre (Warsaw
University Station) and in the suburbs (Okgcie Airport Station).

For the purpose of the analysis, daily meteorological data, thermograms and
Synoptic Bulletins of the Institute for Meteorology and Water Economy from the
two stations, from the periods 1961-1965 and 1976-1980, were used. A detailed
analysis was made of cases of great thermal differentiation (AT>3°C) with re-
gard to weather conditions.

The diurnal course of the intensity of the urban heat island (AT) in Warsaw
depends on the season (length of day, time of daily insolation). Generally speak-
ing, a heat island occurs in the cool season (in particular from December till
March) usually for 24 hours, and a rapid increase of its intensity falls between
16.00 and 18.00 hours. A maximum of its intensity is found most often between
21.00 and 24.00 hours (sometimes a little later); sometimes a second maximum is
observed around 3.00-5.00 hours a.m. The intensity falls between 6.00 and 7.00
hours.
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Table 1
Values of rates of heating and cooling of air in the centre of the city and in suburbs, in seasons
of a year (°C/h)
Seasons Rate of heating °C/h Rate of cooling °C/h
Centre Suburbs Centre Suburbs

Winter 02-1.0 1.5-2.5 0.1-0.7 1-3
Spring 03-2.0 1-3 as in winter

Summer around 1 1-3 1 1-5
Autumn 1-2 1-3 1-2 2-3

During a meteorological winter (December, January, February) a great inten-
sity of the urban heat island (AT>3°C) was related to the anticyclonic situation
from over Central Europe or Poland, or from over Southern Europe and in weak-
gradient situations in the masses of continental, polar (PPk) and polar, maritime,
old (PP_ ), rarely arctic (PA) air. A strong development of the urban heat island
was encouraged by a situation of frosty (air temperature below -5°C), cloudless
and windless weather, or with very weak or weak winds from the South or from
the West. This season witnessed the highest differences in temperature (AT) be-
tween the city centre and its suburbs, amounting to 9-10.5°C.

Table 2

Most frequent synoptic situations and kind of mass of air on days of great intensity of the heat island

Synoptic situation Mass of air

WINTER

High pressure over Central Europe or Poland
High pressure over Southern Europe
Weak-gradient situations

High pressure over Westem Europe or Scandinavia

polar continental
polar maritime old
arctic

SPRING

High pressure over Central Europe or Poland

High pressure over Southern Europe

High pressure over Westem Europe or Scandinavia
Weak-gradient situations

polar maritime old
polar continental
polar maritime
arctic old

SUMMER

High pressure over Central Europe or Poland
Weak-gradient situations

High pressure over Southern Europe

High pressure over Western Europe or Scandinavia

polar maritime old
polar continental

AUTUMN

High pressure over Central Europe or Poland
High pressure over Southern Europe

High pressure over Western Europe
Weak-gradient and frontal situations

polar maritime old
polar continental
polar maritime warm
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In the spring (March, April, May) varied and changing weather conditions
occur so that diurnal courses of AT are differentiated.

The heat island clearly manifests itself from 17.00-18.00 hours (in March and
April) or between 18.00 and 20.00 hours (in May), usually reaching its maximum
around midnight. It markedly weakens around 7.00-8.00 hours. Between 10.00
and 15.00 hours the heat island is barely observed or completely disappears (it is
cooler in the city than in the suburbs). The synoptic situations favourable to
strong development of the heat island were anticyclonic structures in a warm
(April, May) or frosty (March) air mass with little cloudiness and windless
weather. The highest values of AT reached 8.7°C.

In summer (June, July, August) the urban heat island starts to develop clearly
after 18.00 hours, and sometimes a little later. Its maximum usually falls between
22.00 and 24.00 hours (2-3 hours after sunset) or at 1.00 and 4.00 a.m. The value
of AT clearly decreases between 6.00 and 8.00 a.m. In the day-time the island
disappears completely. A strong development of intensity of the urban heat is-
land was favoured by an anticyclonic weather in the warm masses of polar air,
continental or maritime, old, cloudless and windless. Extreme thermal differen-
tiation between the city centre and its suburbs did not exceed 8°C.

During the meteorological autumn (September, October, November) therc is.a
considerable differentiation of AT values as well as of weather conditions. In
September and October the heat island manifests itself clearly from 16.00 to
18.00 hours, reaching the greatest intensity around 21.00-3.00 hours at night and
decreases or disappears between 6.00 and 9.00 a.m. In November, the heat island
rarely exceeds 3°C. A strong development of the island was favoured by warm
weather in the anticyclonic structures from Poland or Southern Europe, or in
weak-gradient situations in the polar, continental air masses, cloudless and quiet
or with very weak and weak winds from the Southern sector. An extreme inten-
sity in this season reached the value of 8.1°C.

The formation of the thermal contrasts between the city centre and the sub-
urbs is the result of a different rate of heating, in particular of cooling of the air
in the built-up areas of the city in comparison with a different environment in the
suburbs. Differentiation of values of both rates (°C/h) was examined in a more
detailed way on the days of strong development of the urban heat island.

A rate of heating and cooling of air is always higher in the suburban areas ir-
respective of the season of the year; it is only values of the two indices, varying
according to the season, that change (see Table 1).

Summing up it should be said that a decisive role in shaping the urban heat island
should be attributed to weather conditions, mainly to little cloudiness (from 0 to 2)
and small wind velocity (up to 5 m/sec). Of importance is also direction of wind,
particularly from the Southern and Western sectors. The character of impact of these
clements on the intensity of the urban heat island (AT) was also determined by the
synoptic situation (chiefly anticyclonic structures having their centre over Central
Europe or Poland and over Southern Europe, as well as weak-gradient situations),
and a kind of the air mass (most often polar, continental and maritime, old air)
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(Table 2). In winter and spring the heat island was an almost daily phenomenon
but its intensity was usually small (AT up to 1.5°C) or moderate (AT up to 3°C).
Yet in summer and early autumn great intensity of the heat island occurred much
more frequently (AT >3°C). The highest extreme of intensity of the heat island
(A Tmax) could happen in any season of the year but the highest probability of its oc-
currence in winter is a frosty, cloudless and windless anti-cyclonic weather or a
weak- gradient situation in a mass of polar continental air.

Table 3 shows the average and extreme values of thermal differentiation between
the city centre and the suburbs throughout the seasons of the year. The conclusions
obtained confirm the results of research published in Polish and foreign literature.

Table 3

Average and extreme values of differences in air temperatures between a city and suburbs (AT), in
seasons of the years

Average values T Extreme values
WINTER
By day around 0.5°C 9.1°C
By night around 3°C 14.XI1. 1963 h. 21.00
10.5°C
19.11.1978 h. 21.00
SPRING
By day around 0°C 8.7°C
1.111.1963 h. 24.00
By night 1-3°C 7.0°C
11.V.1977 h. 4.00
SUMMER
By day around 0°C 7.6°C
or <0°C 20.VIII. 1965
By night 2-4°C 7.9°C
5.V1.1978 h. 4.00
AUTUMN
By day around 0°C 8.1°C
or < 0°C 7.X.1964 h. 3.00
By night 2-4°C 7.5°C
13.1X. 1979 h. 4.00

Warsaw is characterized by a typical thermal regime peculiar to cities of over
one-million inhabitants. Extreme values of AT in Warsaw reach 10°C, these cases
occurring only during frosty, dry, windless and cloudless weather because in
summer these values are slightly lower (around 8°C). Such high values of inten-
sity of the heat island are characteristic of Warsaw (the largest city in Poland)
only because in other towns values higher than 8.5°C were not found. In
European cities values of AT are slightly lower or similar (5.5°C in Sofia, 7.6°C
in Bratislava, 10°C in Helsinki) while in American cities they exceed 10°C.
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