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The Urban Heat Budget Derived from Satellite Data

Eberhard Parlow, Basel

1 The urban heat island

In Central Europe up to 85% of the population lives
in cities or urban agglomerations (UNITED NATIONS
2000). This makes the urban climate and its anthropo-
genic modifications an important issue for planners,
scientists and policy makers. The urban climate differs
completely from that of rural or forested areas. Since
urban surfaces are extremely heterogeneous the inter-
action with the urban boundary layer is very complex
and there are only a few micro-meteorological meas-
urements existing providing us with sufficient data of
the urban radiation and energy balance. For many
years, remotely sensed data have been used in urban
climate studies. Most of these data are in the thermal
infrared band between 8 and 14 um where the spa-
tially distributed surface temperature can be meas-
ured. In many publications this is often used as an
indicator for the urban heat island (UHI). Long-wave
emission, calculated from surface temperature data,
is however only one variable among others impor-
tant for the characterisation of net radiation and heat
balance. The UHI is a characteristic feature of the
urban climate. Used alone, it can thus lead to incon-
sistent results. In general, mean air temperatures in
cities are several degrees higher than in rural environ-
ments or in forested areas. This is true not only of big
cities, but also of provincial towns. A more detailed
analysis shows that in most cases the UHI-effects
can be detected in annual, monthly and daily means
and in mobile measurements made at night. Detailed
investigations during daytime are very seldomly car-
ried out (ALEXANDER 1988). Satellite or aerial thermal
imagery always show surface temperatures of urban
areas which are 10 to 15 K higher than the surround-
ing rural areas. This is one reason why high surface
temperatures are often used as an indicator of high air
temperatures — but this is not necessarily the case for
urban surfaces.

Fig. 1 shows an example of the city of Basel (Swit-
zerland) with an inner city station (Spalenring) com-
pared to a rural site (Fischingen). The figure shows
air temperature differences between urban and rural
conditions for the year 1994. Positive temperature
differences indicate a warmer city compared to rural
conditions. With the exception of a few days the
city is always warmer than the rural site. Integrated
over daily or monthly time intervals the UHI effect
can clearly be demonstrated. An interesting feature

develops if shorter time intervals of measurements
are compared, e.g. hourly or 10-min averages. Fig. 2
shows an isopleth diagram of air temperature differ-
ences between the same stations and the same year
as presented in Fig. 1. The UHI effect is clearly vis-
ible during night-time over the whole year between
18 and 6 hours and during winter during the whole
day. But between April and October there is a clear
modification of the thermal situation: the urban air
temperature is mostly up to 2 K colder than at
the rural site. This indicates that an urban cooling
island (UCI) is often well developed during day-
time, despite the high surface temperatures. This fea-
ture can be seen for other years and by using other
meteorological stations available in the Basel area
(FEHRENBACH 1999).

2 The energy balance

The left side of the energy balance equation (Eq. 1)
shows the fluxes of short-wave and long-wave radia-
tion (£, £, E, E ) which sum up to the net radiation
Q. The right side of the equations stands for the tur-
bulent and diffusive heat fluxes which balance the net
radiation. The energy balance equation can be formu-
lated as follows:

(E_+E A E ~EJ=AQ. 0 + ) (Eq. 1)
with:

E_ = solar irradiance

E, = short wave reflection

E , = atmospheric counter radiation

E . = terrestrial emission

Q.. = storage flux

@, = latent heat flux

Q,, = sensible heat flux

Net radiation is controlling the turbulent fluxes and
the storage heat flux into the ground and the building
structures, respectively. Normally, net radiation is posi-
tive during daytime which enables heat fluxes into the
atmosphere. During night-time, net radiation is mostly
negative resulting in a decrease of air temperature or
condensation. Thus net radiation determines the direc-
tion of heat fluxes (from ground to atmosphere or vice
versa). In most urban climate studies based on satel-
lite data only the terrestrial emission (E,) is derined
from surface temperature measurements. As can be
seen in the equation above, terrestrial emission is only
one of four variables necessary for the analysis of net
radiation. Surface temperature is directly coupled with
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Figure 1: Temperature difference between an urban and a rural station at Basel, Switzerland for 1994. The bars

indicate monthly means, the lines daily means.

Temperaturdifferenz und Tagesmitteltemperaturen zwischen einer urbanen und einer ruralen Messstation in Basel/
Schweiz fiir das Jahr 1994. Balken: Monatsmitteltemperaturen, Linien: Tagesmitteltemperaturen

Différences de température et températures moyennes quotidiennes entre une station de mesures urbaine et une
station de mesures rurale a Bdle/Suisse, en 1994. Barre: températures moyennes mensuelles; lignes: températures

moyennes quoltidiennes

terrestrial emission through the law of Stefan-Boltz-
mann:

E =ceT (Eq.2)
Due to high surface temperatures there is an increased
longwave radiative loss from urban surfaces which is
not compensated by an increase in short-wave radia-
tion. It is easy to understand that misinterpretation of

thermal infrared satellite images is likely if only one
variable of net radiation is considered.

Fig. 3 (left) shows the spatial distribution of surface tem-
peratures and net radiation of the city of Basel, Switzer-
land, at the time of a Landsat-TM satellite overpass on
July 7™, 1984. The high surface temperatures of urban
surfaces (surrounded by a black line) reach up to 30 °C.
Temperatures between 15 and 20 °C are characteristic
of rural and forested sites. The River Rhine, crossing the
city centre, has the lowest surface temperature. The spa-

tial distribution of net radiation at the time of the satel-
lite overpass (Fig. 3 right) shows that the city is charac-
terised by a moderate net radiation and that we find the
lowest values of net radiation at the warmest parts of
the city or at Basel airport to the northwest. The high-
est net radiation corresponds to cooler surfaces (for-
ests, River Rhine) or to sun-exposed locations in the
nearby mountains where we have a surplus of solar irra-
diance due to slope and aspect conditions. Therefore, it
is an erroneous assumption that high surface tempera-
tures of urban surfaces are closely correlated with high
air temperatures. The latter are the result of a complex
interaction of the spatially distributed net radiation, the
available energy for sensible heat flux and the local
wind field which drives the vertical fluxes. Concerning
methodological aspects of the computation of net radia-
tion, refer to PARLow (1996a).

A visual comparison with surface temperature clearly
indicates that the spatial pattern of net radiation dif-
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Figure 2 Isopleths of temperature difference between an urban and . rural Station at Basel/Switzerland for 1994.
The X-axis shows the Day of Year (DOY) and den Y-axis the day time between o and 24 hours measured every
10 minutes. QOrange and yellow colours indicate a warmer city and blue colours a cooler city. The white colour is
used for missing data at one of the two stations.

Thermoisoplethen der Temperaturdifferenz zwischen einer urbanen und einer ruralen Station in Basel/Schweiz fjjy
das Jahr 1994. Xx-Achse: Tage des Jahres, y-Achse: Tageszeit zwischen © und 24 Uhr, Messung in 10-Minutenmittel-
werten. Orange und gelb deuten auf eine warme Stadt, blaue Farbtone weisen auf eine kilhlere Stadt hin. Weisse
Stellen bedeuten Datenllicken an einer der beiden Stationen.

Thermoisopleths de la difference de temperature entre une Station urbaine et une Station rurale & Béale/Suisse, en
1994. Axe x: journees dans Tannee; axe y: temps entre 0 et 24 heitres; mesures effectuees en sequences moyennes
d'intervalles de 10 minutes. Orange et jaune: une Ville chaude; teintes en bleu: une ville plus fraiche; en blanc, des
lacunes de donnees dans Tune des deux stations.
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Figure 3 Surface temperature (left) and net radiation (right) of Basel, computed from Landsat-TM data (July
7,1984

Oberflachentemperatur (links) und Strahlungsbilanz (rechts) von Basel, berechnet ays Landsat-TM-Satellitenda-
ten vom 7 Juli 1984

Temperature de surface (4 gauche), bilan radiatif & droite), 2 Bale. Base de calcul: donnees satellitales Landsat
T™, 7.7.1984

































