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04.04 Temperature in Medium Low-
exchange Nocturnal Radiation Periods 
(Edition 2001) 
Overview 
 

The parameters temperature, water vapor content and relative humidity are determining elements 
for the characterization of local climates and are closely interdependent. The risk of excessive humidity 
is of additional significance as a bioclimatic factor. The overwarming of the city compared to the 
surrounding countryside and also small-scale local climatic effects within the city are far more apparent 
in extreme individual case than in long-term mean-temperature analyses. Urban climatic changes are 
especially evident at night, with slight clouding and low-wind weather conditions. Also, nocuturnal 
conditions are free of such effects as shadow throw and/or solar illumination, which cause tremendous 
local variations. Thus, a generalized representation of climatic parameters for the area becomes 
considerably easier. In the context of the extrapolation of the climate maps to the situation of 2000, 
only the parameter "air temperature" was updated for Map 04.04, since the variation in relative 
humidity essentially reflects that of temperature, and the criterion of equivalent temperature for the 
description of the dangers of humidity can be assessed in far greater detail by means of Map 04.09, 
Bio-Climate by Day and Night. 

Air Temperature 

The air temperature during the course of the day for the near-ground atmosphere in cities and 
conurbations develops differently under low-exchange weather conditions, depending on the 
characteristics location, vegetation share, development structure and use. The maximums in heavily 
built-up city structures are moderately exceeded, and shift somewhat in the afternoon hours. The 
nocturnal cooling is thus itself significantly delayed, and does not reach the level of the climatically 
unaffected surrounding countryside. Thus, on very hot radiation days, the highest temperatures appear 
in Kreuzberg, at Alexanderplatz and in the high-rise residential area of Hellersdorf. The temperature 
decrease during nighttime hours is more noticeable in Hellersdorf, due to the agriculturally structured 
surroundings, than in other heavily built-up areas (see Fig. 1). Sparsely built-up and heavily greened 
residential areas like Zehlendorf exhibit more favorable daytime conditions. Nocturnal temperatures at 
the open Dahlem Field in the Grunewald Forest drop by more than 8 °C. in comparison to Kreuzberg, 
while the forest location suppresses the daytime temperature course, as is to be expected. 

 

http://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/eia409.htm
http://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/eia409.htm
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Fig. 1: Daytime Course of Air Temperature Measured at a Height of 2 m on a Hot Low-Exchange 
Radiation Day (July 8th 1991) at Various Locations in Berlin 

Figure 2 shows the temperature differences between various climate stations and the coldest location, 
Dahlem Field, for the same summer day. At 4:00 a.m. CET, the values in the station Leibnizstrasse are 
9 °C above the values for the Dahlem Field; at other residential locations, the differences drop 
continually to the low level of the values in Zehlendorf (5.2 °C) and Frohnau (4.8 °C). The nocuturnal 
temperatures are remarkably low within the Tiergarten, located in the inner city. 

 
Fig. 2: Temperature Differences with Respect to Some Climate Stations at the Coldest Station, Dahlem 
Field, 4:00 a.m. CET on a Hot Low-Exchange Radiation Day (July 8th 1991) 

Statistical Base 
West Berlin 

For the western part of the city, the statistical base was already created with the first edition of the 
Environmental Atlas (SenStadtUm 1985). During the period between 1981 and 1983, measurements of 
air temperature and relative humidity were taken in each summer semester during nocturnal radiation 
periods with weak to moderate winds. Altogether four measurement trips were undertaken along four 
different routes. The individual routes included areas of different use categories and development 
densities, in order to obtain a representative basis for interpolation for those areas where no 
measurements had been taken. 

East Berlin and the Surrounding Countryside 

For the eastern part of the city, data were collected for the period from May through September 1991. 
Twenty-four measurement trips were undertaken along five routes. One of these was an East-West 
connecting route, from Rahnsdorf to the Grunewald. As a complement to this program, 17 
measurement trips from the center of the city to the surrounding countryside were undertaken, 
mostly during the summer of 1992, along four routes, to determine the climatic significance of the open 
spaces on the outskirts of the city for the burdened inner city area. All trips were undertaken in 
nocturnal radiation periods (9:00 p.m. - 2:00 a.m. CET, degree of cloudiness below 4/8) under low-
exchange weather conditions (wind speed up to 4 m/s). 
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The measurement trip grid was augmented by the data from 38 climate stations. The measurements of 
air temperature and humidity were generally taken at an elevation of 2 meters. 

Update of the Data Base in 2000 

The changes of the use structures in the building stock and also the changed usage of open spaces 
were expected to cause climatic effects in many places of the city. Another investigation program was 
therefore undertaken from September through November of 1999 for the classification of the relevant 
new construction and dense-structure areas. The data from 13 climate stations of the TU 
Measurement Network (Research) as well as the Weather Map of the Free University of Berlin were 
analyzed; three addition stations were built in the context of the investigation program. Moreover, 
during the same time period, 12 nocturnal measurement trips were carried out through representative 
and structurally changed areas. 

For the situation of land use in Berlin as of 2000, all areas with change potentials of city-wide 
significance, the construction of which had already been realized in 2000, were taken into account, on 
the basis of the data from the land-use survey conducted by ID 1 of the Senate Department for Urban 
Development. In order to also be able to incorporate building projects which had already been initiated, 
areas were also taken into account on which the projects were slated for completion by 2002. 

Methodology 
Due to the differences in available data, the climate parameters were calculated separately for West 
Berlin and East Berlin/surrounding countryside. However, the calculation procedures were largely 
identical. Since all calculation steps had to be conducted for East Berlin and the surrounding 
countryside, the procedure will be outlined briefly using the example of the parameter temperature. 

East Berlin and the Surrounding Countryside 

Of central importance for the different calculation steps is the assignment of individual measurement 
points to continuously measuring climate stations and/or to measurement points which were 
repeatedly visited during measurement trips. In addition, it was assumed that the temperature course 
at the climate station and/or the repeatedly visited measurement points, could be extrapolated to other 
measurement points. 

Using this assignment, the various measurements from a trip could be synchronized, i.e. referenced to 
a given point in time (see Stülpnagel 1987). Subsequently, the mean of the results from the 
measurement trips was obtained for each measurement point. For the weighting of the individual 
trips, the weather statistics from May through September 1991 for Berlin-Dahlem were applied 
(Institute for Meteorology of the FU Berlin 1991): The individual measurements were weighted for wind 
direction, wind speed and degree of cloud cover at measurement time, and its proportion of overall 
weather conditions during all low-exchange nocturnal radiation periods in the period May through 
September. 

To derive the mean conditions in low-exchange nocturnal radiation periods during the summer 
semester of 1991 from the results of the measurement trips, the results from the climate stations were 
again applied. The sorting of the measurement points from each of the measurement trips into the 
corresponding climate station structure was done step by step according to a procedure described in 
detail by Stülpnagel 1987. It can only be described briefly here. 

First, the measurement points adjacent to a climate station were considered. Regression equations 
were developed empirically in order to derive the temperature of the climate station at the respective 
adjacent point. The data from each measurement trip was compared with the simultaneous data of the 
station, and as a linear function of the temperature difference between the station to the central station 
in the Great Tiergarten at the respective point in time. The adjacent measurement points for the period 
under examination could be projected using these equations. 

Thus, a network of "fixed points" emerged which could be used for the projection of the remaining 
measurement points. In this way, measurement routes which passed several climate stations, for 
which several fixed points emerged, were broken down into segments extending from one fixed point 
to the next. The projection for the intermediate measurement points was calculated by extrapolating 
the measured temperature course between the fixed points and the measurement points to be 

https://www.klima.tu-berlin.de/index.php?show=home_start&lan=en
https://www.klima.tu-berlin.de/index.php?show=home_start&lan=en
https://berliner-wetterkarte.de/
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calculated onto the projected course at the fixed points. That means it was assumed that in case of an 
expansion or compression set of temperatures at the fixed points, a corresponding expansion or 
compression set would be undertaken at the measurement points. This process was expanded 
gradually to all further measurement points, whereby common points on already adjusted routes were 
treated as new fixed points. 

At the conclusion of the process, the extrapolated temperatures for each measurement point of each 
route had been calculated for the investigation period. The large-scale depiction was obtained by 
means of manual interpolation, taking into account land use (SenStadtUm 1993b, c). 

The projections for relative humidity and vapor pressure, which were needed for the calculation of 
equivalence temperature, were generated analogously. 

West Berlin 

For the western part of the city, the temperature distribution under low-exchange weather conditions 
was essentially adopted from the first edition of the Environmental Atlas. However the temperature 
level was lowered by about 1 °C, on the basis of a comparison of the mean values for the summers of 
1982 and 1991 at the climate station in Berlin-Dahlem, and the assumption that a general reduction by 
this amount for all measurement points would be justified. The only deviations from this procedure 
involved new measurement trips when they crossed into areas of West Berlin. 

Update of Data Base in 2000 

For the update of the climate maps of the Environmental Atlas, the temperature ranges were not newly 
calculated, but rather were entered into the maps of the Environmental Atlas. For this purpose, the 
temperature data from the measurement trips were scaled to and compared with the results of the 
1993 version. The scaling permits the comparison of the cooling of different measurement routes and 
weather situations. A scaled temperature of 1 means that in comparison with a reference point, no 
cooling takes place in the overheated city center. The lower the scaled temperature, the stronger the 
cooling is. The scaled temperatures were then entered into the existing temperature classes. Fig. 3 
shows the breakdown of scaled temperatures for a measurement route in northeastern Berlin. The 
deviations between the measurements of 1999 (blue curve) and the 1993 breakdown (green curve) 
can be clearly seen around the development areas of Buchholz and Karow. The methodology and the 
results are described in detail in Stoffregen, H. 2000. 

The scaled temperature is calculated according to the following formula: 

 
Where: 
Ts: Scaled temperature of the measurement point [-]; 
TMessung: measured, time-corrected temperature of the measurement point [°C]; 
TMitte: mean temperature in the area Unter den Linden/ Friedrichstrasse (time-corrected) [°C;]; 
and DTMessnetz: Difference between daily minimum values of the TU measurement network [°C]. 
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Fig. 3 : Results of the measurement trips (blue: scaled temperature) on low-exchange radiation days 
(Map 04.04.1) for a measurement trip (northeast, Karow and Buchholz). 
The new breakdown into temperature classes of the Environmental Atlas (black) and the comparison 
with the results of the 1993 Environmental Atlas (green). 

Map Description 
Map 04.04.4 Measuring Routes and Measuring Stations 

In this map part all measuring routes and climate stations are contained which were used for the 
climate maps in the Environmental Atlas as a Statistical Base. That means beside the current 
measuring routes, those routes driven in West Berlin in the years 1981-83 are also contained. For 
reasons of clarity only the smaller auxiliary routes have been omitted. 

The air temperature and the humidity at an elevation of 2 m and the wind speed and wind direction at 
elevations of 2.70 m and 6.70 m were measured using of the TU Berlin Department of Bioclimatology 
mobile monitoring vehicle. 

The operating period of the stations was not uniform. In the eastern part of the city measurements 
were taken from June 1991 to May 1992. The data at Alexanderplatz and at Ostkreuz was provided by 
the Berlin weather bureau of the Deutscher Wetterdienst. In the western part of Berlin, most 
measurements were taken between 1981 to 1983. However in order to make comparisons with the 
data from 1991/92 some stations in the western part were reactivated and/or installed anew. For the 
research in 1999 the data from 13 climate stations of the TU Measurement Network (Research) as well 
as the Weather Map of the Free University of Berlin were analyzed; three additional stations were built 
as part of the investigation program. 

Map 04.04.1 Distribution of Air Temperature 

The temperature differences within the city boundaries are much higher in nocturnal radiation periods 
than the long-term means (cf. Map 04.02, SenStadtUm 2000a). Since one is concerned with a 
selection of certain weather conditions the temperature levels cannot be carried over for the entire 
year. However it can be assumed that the spatial distribution of the isotherms is comparatively 
representative. 

The most overwarmed areas with mean temperatures over 19 °C are to be found where the 
development is densest, above all in Charlottenburg, Mitte, Kreuzberg, Schöneberg and the northern 
part of Wilmersdorf. 

https://www.klima.tu-berlin.de/index.php?show=home_start&lan=en
https://berliner-wetterkarte.de/
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However the warmest areas are not necessarily to be seen as distinct as they appear from the density 
of development. So in heavily built-up Moabit, but also in Friedrichshain and Prenzlauer Berg the 
temperature lies under 19 °C. Temperatures over the 18 °C characterize the area within the city rail 
circle line, but also Spandau, Tegel, the old town of Köpenick and the high-rise developments 
Märkisches Viertel and Gropiusstadt. The comparably lower temperatures in the large settlements of 
Marzahn and Hellersdorf can be explained by the large open spaces in the neighborhood. 

Clearly green spaces and allotment gardens are distinguished from the inner city by temperatures 
under 17 °C, while larger open spaces near the outskirts (e.g. parts of the Königsheide and the 
adjacent allotment gardens) record values of under 16 °C display. The large bodies of water lie in the 
area between 16 and 17 °C. 

Forest areas are distinguished generally by temperatures under 15 and/or 16 °C. Low lain forest glades 
like Saubucht and Teufelsfenn even lie under 14 °C. Parts of the Krummendammer Heath northeast of 
the Greater Müggelsee Lake are especially cool with values around 13 °C. 
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