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Overview 
The parameters temperature, water vapor capacity and relative humidity are determining elements for 
the characterization of local climates and are closely dependent on each other. The risk of excessive 
humidity is of additional significance as a bioclimatic aspect. The overwarming of the city compared to 
the surrounding countryside and also small-scale local climatic effects within the city show themselves 
more prominently than in long-term means  in extreme individual cases. At night, with slight clouding 
and low wind weather conditions, the urban climatic changes can be especially clearly detected. 
Moreover at night some influences which exhibit tremendous local variations, like e.g. the shadow 
throw and/or solar illumination are no longer to be found. Thus a generalized display of climate 
parameters for the area becomes considerably easier. 

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 according to the 
characteristics of the 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 itself significantly delayed this way and does not reach the level of the 
climatically uninfluenced surrounding countryside. So on very hot radiation days the highest 
temperatures appear in Kreuzberg, at Alexanderplatz and in the high-rise settlement Hellersdorf. The 
temperature decrease in the night hours is more noticeable in Hellersdorf, influenced through the 
agricultural structured environment, than in other heavily built-up areas (see Fig. 1). Sparsely built-up 
and heavily greened residential areas like Zehlendorf exhibit more favorable all-day conditions. The 
night temperatures over the open Dahlemer Feld in the Grunewald sink in comparison to Kreuzberg 
more than 8 °C lower, while at the forest location a suppression of the daily temperature course 
occurs as expected. 
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Fig. 1: Daily Course of Air Temperature Measured at a Height of 2 m on a Hot Low-exchange 
Radiation Day (8 July 1991) at Various Locations in Berlin 

In Figure 2, the temperature differences of different climate stations to the coldest location Dahlemer 
Feld for the same summer day are listed. At 4:00 a.m. CET the values in the station Leibnizstraße lie 9 
°C over the values for Dahlemer Feld; at other residential locations the differences sink continuously 
to the low values in Zehlendorf (5.2 °C) and Frohnau (4.8 °C). The night 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 
Dahlemer Feld, 4:00 a.m. CET at a Hot Low-exchange Radiation Day (8 July 1991) 

The relative humidity (degree of saturation of the air with water vapor) emerges from the air 
temperature and the vapor pressure (water vapor capacity of the air) available in the atmosphere. The 
water vapor capacity is increased above all through the evaporation process (surfaces of waters, 
vegetation), respiration, particularly of plants (perspiration) and vapor inputs from industry, small 
business and households. Conversely the vapor capacity is reduced through decreases in the 
evaporation potential e.g. due to lowered groundwater levels and ground sealing. 

The atmosphere’s vapor capacity and with it the city landscape are subject to very multi-faceted 
peripheral conditions. The vegetation deficit in the heavily built-up centers must not necessarily lead to 
a reduction of the air’s vapor capacity. Anthropogenic sources provide not only a balance but often 
produce a higher level. This phenomenon is very apparent in the summer months (see Fig. 3). 
Kreuzberg, Alexanderplatz and also Hellersdorf display slight increases compared to heavily greened 
Zehlendorf. In the pine stocks of Grunewald the vapor pressure lies higher than in the treeless location 
Dahlemer Feld. This is in part because of the exposed sands and the interspersed vegetation only 
little vapor can be produced there in the course of the summer. 
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Fig. 3: Mean Vapor Pressure and Relative Humidity at 2 m Height from June to September 1991 at 
Various Locations in Berlin 

Altogether the vapor pressure differences in the area of the city are comparatively slight, so that the 
relative humidity is inversely proportional to the air temperature. The relative humidity in the built-up 
areas lies on average around 4 to 11 % lower than in the Grunewald. At Dahlemer Feld, the especially 
low air temperature in the night hours leads to an equalization with the other locations despite low 
vapor pressure. 

In the course of an especially warm day differences in the vapor pressure from location to location are 
more significant than for the monthly average (see Fig. 4). In contrast, the course of the day for a 
given location is only distinctly noticeable in the outer areas of the city and with respect to the relative 
humidity. On this day there is the formation of a normal double wave in the vapor pressure which is 
marked by a minimum in the early morning hours (dew formation and reduction of perspiration) and by 
an interruption of the maximum during the noon - and afternoon hours on account of increased air 
exchange. Due to the high temperature on this day a high moisture deficit is produced over the well 
ventilated Dahlemer Feld. At night a moisture saturation of more than 90 % is reached here through 
the strong cooling already at 2 m height to so that at the floor dew formation occurs. The forest 
location Grunewald also at exhibits a relatively large day-time amplitude. 
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Fig. 4: Daily Course of Vapor Pressure and Relative Humidity on a Hot Low-exchange Radiation Day 
(8 July 1991) at Various Locations in Berlin 

With a proven nocturnal moisture deficit of over 20 %, the built-up city areas are relatively dry at night 
in contrast to the locations Dahlemer Feld and Grunewald. During the day occasionally a higher value 
at night than can be found at the Dahlemer Feld and the Grunewald. At the urban locations Kreuzberg 
and Alexanderplatz anthropogene sources contribute to the comparatively high vapor pressure. 

The humidity load is caused by different climate parameters. These include the vapor capacity of the 
atmosphere, the sunshine, the wind and the air temperature standing. Thus the equivalence 
temperature has been applied to determine the level of humidity. It consists of the air temperature 
and the latent heat which would be present at a given level of condensation from a specified vapor 
capacity. 

Again using the example of the very hot summer day, it becomes clear that the inner city residential 
areas exhibit very high equivalence temperatures at noon and still in the evening hours (see Fig. 5). 
The station in Zehlendorf is, especially in the evening hours, already to be classified as essentially 
favorable. The outer areas like the Grunewald and especially the Dahlemer Feld are the least 
burdened during the course of the day. 
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Fig. 5: Daily Course of Equivalence Temperature on a Hot Low-exchange Radiation Day (8 July 1991) 
at Various Locations in Berlin 

On the basis of investigations in Berlin (Wedler 1970), health burdens are to be anticipated in areas in 
which the daily average equivalence temperature exceeds 50 °C. Other authors (Linke and Baur 
1957) define the humidity limit at 56 °C. In health spa climatology, the limit has already been reached 
at 49 °C according to Jendritzky et. al. (1979). Based on these values, the number of hours in which 
the limits are exceeded in the inner city residential areas during the months of July and August is very 
high. This is a period in which the risk of excessive humidity is especially high (see Table 1). That 
applies also for the high-rise settlement in Hellersdorf on the outskirts of town. In the heavily greened 
residential areas, as well as at forest and field locations the number of the burdened hours is 
considerably lower. The absolute number of hours are subject to the annual variations. However the 
relative differences at the individual locations may be taken as representative. 

 

Tab. 1: Number of Hours with an Equivalence Temperature over 49 °C and/or over 56 °C as 
Measure of the Humidity Load at Various Locations in Berlin 

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

For the eastern part of the city, data were collected for the period of May till the end of September 
1991. Twenty-four measuring trips were undertaken along five routes. One of these measuring trips 
was laid out as East-West connecting route from Rahnsdorf up to Grunewald. As a complement to 
this program, 17 measuring trips from the center of the city to the surrounding countryside were 
undertaken predominantly in the Summer 1992 along four routes, to determine the climatic 
significance for the burdened inner city of the open spaces on the outskirts of town. All excursions 
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). 

The measuring trip network was augmented by the data from 38 climate stations. The measurements 
of air temperature and humidity were taken as a rule from an elevation of 2 meters. The vapor 
pressure values were calculated based on the temperature and relative humidity.   

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 with 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 parameter temperature. 

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

Using this assignment, the different measurements from an excursion could be synchronized, i.e. 
collated with others at a given point in time (see Stülpnagel 1987). Subsequently the results from the 
measuring trips were averaged for each measuring point. For weighting of the individual trips, the 
weather statistics from May - September 1991 for Berlin - Dahlem were applied (Institute for 
Meteorology of the FU - Berlin 1991): The individual measurements were weighted as to the wind 
direction, wind speed and the degree of overcast at the measuring time and its proportional effect on 
the weather conditions during all low-exchange nocturnal radiation periods in the period May to 
September. 

To derive the mean conditions in low-exchange nocturnal radiation periods in the summer semester 
1991 from the results of the measuring trips, again results from the climate stations were applied. The 
sorting of the measuring points from each of the measuring 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 measuring 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 adjacent point. 
The data from each measuring trip was compared with the contemporaneous data of the station and 
as a linear function of the temperature difference of the station to the central station Tiergarten at this 
point in time. The adjacent measuring points for the period under examination can be projected using 
these equations. 

Thus a network of ”fixed points” emerged which could be used for the projection of the remaining 
measuring points. Thus measuring routes which passed several climate stations, for which several 
fixed points emerged, were broken down into lines extending from one fixed point to the next. The 
projection for the intermediate measuring points was calculated by carrying over the measured 
temperature course between the fixed points and the measuring points to be calculated onto the 
projected course at the fixed points. That means it was assumed, that at a expansion or compression 
set for the temperature at the fixed points a corresponding expansion or compression set is to be 
made. This process was expanded gradually to all further measuring points, whereby common points 
were treated with an already adjusted expansion as new fixed points. 
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At the conclusion of the process, the extrapolated temperatures for each measuring point of each line 
had been calculated for the investigation period. The wide-area depiction was obtained by way of 
manual interpolation taking into account the area use (SenStadtUm 1993b, c). 

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

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

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. 

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 (c.f. Map 04.02, SenStadtUm 1993a). 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. 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. A possible explanation therefore is, that in the 
summer 1991 the winds blew predominantly from eastern and northwest directions so that the heat 
island was displaced leeward. 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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Map 04.04.2 Distribution of Relative Humidity 
Since the vapor pressure varies slightly within the city boundaries occasionally and locally according 
to source or sink, but displays on the whole no great differences, the relative humidity depends 
essentially on the air temperature. Thus the distribution of relative humidity is in many areas of the city 
inversely proportional to the temperature. 

The densely built-up residential areas of the center of town, above all in Charlottenburg, Schöneberg, 
Wilmersdorf, Mitte, Prenzlauer Berg, Friedrichshain and Schöneweide are, with under 60 % relative 
humidity (RH), the most dry. The adjacent, sparsely greened areas lie at between 60 and 65 % R.H. 
With decreasing density of development and increasing greening, the relative humidity clearly 
increases. The southern outskirts and outer areas as well as the greater part of the Grunewald reach 
70 to 75 % R. H.; in the Grunewaldseenrinne lake channel and the sinks in the Grunewald (Pechsee 
Lake, Saubucht, Teufelsfenn, Postfenn) the humidity even reaches 75 to 80 %. This applies also to 
the larger surface waters, broad parts of the agricultural and forest management areas in the 
surrounding countryside and along the entire northern outskirts. 

The high moisture deficit in the inner city even in the night hours causes a substantial potential 
evaporation rate. The high values for relative humidity include on the contrary areas which distinguish 
themselves through an increased fog risk. The fog frequency is to be classified as greater in the 
surrounding countryside than in the inner city. 

Map 04.04.3 Equivalent Temperatures under Low-exchange Weather 
Conditions 
The absolute value of the equivalence temperature depicted is not determining because of the 
selection of weather conditions and the night hours. The essential information is carried rather by the 
relative differences in the city landscape. This allows only humidity risk areas to be delimited. 

The areas with the highest equivalence temperatures (over 40 °C) are found in the core area of the 
western part of Berlin, in the industrial areas of Tegel (Borsigwerke) and in the Spree valley 
(Siemensstadt, Haselhorst). The densely built-up areas of Charlottenburg, Wilmersdorf, Schöneberg, 
Spandau, Tegel, Neukölln, Köpenick, additionally some high-rise development and industrial areas on 
the Teltow canal as well as also the Greater Müggelsee Lake and some part of town centers lie at 39 
to 40 °C. Other heavily built-up areas in the western and eastern part of the city as well as some 
bodies of water, likewise also the industrial area of Hennigsdorf show values exceeding 38 °C. It is 
particularly noticeable that the areas of dense development in the eastern part of Berlin like Mitte, 
Prenzlauer Berg, Friedrichshain, with 38 to 39 °C, show lower values than comparable areas in the 
western part. Probably the predominant easterly winds play a role here, i.e. from the broad, less 
humid open spaces of the outskirts. 

The southern outskirts and the southern outer areas, with an equivalence temperature of 36 to 37 °C, 
lie clearly under the values of the center of town. In the northern, western and eastern surrounding 
countryside, the values lie still lower. The lowest equivalence temperatures with under 31 °C can be 
found in the low-lying Saubucht in the Grunewald. 
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