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APPLIED CLIMATOLOGY IN THE FEDERAL REPUBLIC OF GERMANY
SINCE 1970

Wilhelm KUTTLER, Bochum

For the concluding list of works from the field of
applied climatology it has been taken into account
that there has been a rapid boom of works with cli-
matic-ecological problems together with the improve-
ment of methods. Beside the limited area (FRG), the
chosen works were limited with reference to topicality
to the year 1970 as the starting point. Main aspects
are the results of applied climatology from exami-
nations in the sphere of agglomerations, regional
and landscapeplanning as well as the potential uti-
lization of regenerative forms of energy. Priority
was given to works with an extensive bibliography
(of secondary literature) while the given choice
cannot be seen as an evaluation.

1. INTRODUCTION

The term 'climate' was defin=d by Alexander von HUM-
BOLDT (1845, vol. 1, p. 340) in an indeed oldfashioned
and for actual conditions no longer sufficient, but
partly also in an topical way, as ..."expression,
(which) in general (defines) all changes in the
atmosphere, which irritate the organs noticably ...
and are important (not only) for the organic deve-
lopment of plants the ripening of fruits, but also

for the feelings and psychic conditions of human
beings". The numerous climate definitions of the times
after HUMBOLDT in a geographical sense (see examples
in HEYER (1981) and BLUTHGEN & WEISCHET (1980)) set
up new priorities as i.e. emphasis on climatic mean
values for the characterization of areas by KOPPEN
(1931) and CONRAD (1936), mean value climatology)
respectively the resolution of mean values initially
demanded by KNOCH (1942) and realized by SCHNEIDER-
CARIUS (1961) with strong regard to the distribution
of measured values with a more or less regional refe-
rences (BLUTHGEN & WEISCHET 1980 borrowing from SEKI-
GUTI 1951). In contrast to the just quoted climate
definition HUMBOLDT's was more general and extensive,
the climatic influences on beings illustrate his
reference to application, which is today related to
the field of bio-climatology respectively bio-meteoro-
logy (BERG 1947, FAUST 1977, FLACH 1981, HENTSCHEL
1982).

Applied climatology is intended to comprise the
whole sphere of man and economy only lead by the refe-
rence to application, independent from its position
in different scenery, as are the basis for the classi-
fication of climatology (WEISCHET 1956, ERIKSEN 1975).

Applied climatology is indeed a functional research
dealing in broad sense with the climatic effects on
man and economy as well as with the intended anthro-
pogene influences on the climate itself. The last -
named influences, which can be found in several works
by FLOHN (i.e. 1973) are not dealt with in this sur-
vey. This way of observation produces a close contact
of applied climatology to the neighbouring sciences
meteorology and geophysics. Beside this interlacing
and dependence THORNTHWAITE's (1962) opinion is sup-
ported that it is especially the task of a physical
and not only descriptive geography to work as an
applied climatology, for only this basis can cover
whole areals scientifically. A short and partly ta-
bular presentation of applied climatology's fields of
work can be found in BLUTHGEN & WEISCHET (1980).

2. APPLIED-CLIMATOLOGICAL INVESTIGATIONS IN URBAN
AGGLOMERATIONS

Applied-climatological investigations in urban and
industrial agglomerations should consider the topics
radiation and heat balance ('heat-island' effect),
amounts of pollution and its deposition figures as
well as the weather-dependent, small-spaced and spa-
cious ventilation of urban structures with view to
their relevance to planning. General aspects, espe-
cially the modified radiation and energy balances in
urban areas, the atmospheric arrangement in air layers
as well as the urban wind circulation, can be found
in the work by STEIN (1979). In the discussion of the
‘heat-island' effects several authors, i.e. GEHRKE
et al. 1977 or WEISCHET 1979, have hinted at the fact
that the expectation of a single-centric heat island
in a given urban area must be replaced by a polycent-
ric one which is determined by the structure of
settlements, for it is more differentiated with res-
pect to the effect on temperatur structures. There
are already several works from different cities
available making explanations about the statics and
dynamics of urban 'heat islands'.

These are i.e. for Kiel (ERIKSEN 1964), Bonn (EMONDS
1972, KESSLER 1971), Munich (BAUMGARTNER et al. 1983,
THIELE 1974), Stuttgart (HAMM 1969), Freiburg i.
Breisgau (WEISCHET 1974, NUBLER 1979, AHRENS 1983),
Giessen (HERRMANN et al. 1973), Berlin (SCHULZE

1969, ZACHARIAS 1972), Cologne (KALB 1962) , Hannover
(WILMERS 1981), Regensburg (DITTMANN 1982), Duis-
burg (GEHRKE 1982), Mannheim-Ludwigshafen (SEITZ 1975),
Nirnberg (GREUPNER et al. 1982) and for two towns in
the southern Munsterland beyond sphere of influence
of Rhenish-Westphalian industrial region, that are
Recklinghausen (SCHREIBER 1984) and Linen (KUTTLER
1984) .

The range of application mainly refers to planning
and thus requires definite values either gained during
measuring tours or from permanently running networks.
At times of certain, mostly autochthone, weather con-
ditions measuring tours have to be preferréd because
of the lack of time and a closer estimation of these
important dynamic process. Measuring tours, however,
have the disadvantage of a primarily exemplary eva-
luation of the conditions of urban climate.

It's a lucky chance to rely on long-term values and
really optimizes any analysis of urban climate.

Works relying on extensive values are climate mono-
graphs of 'representative cities in Germany' published
by the 'Deutscher Wetterdienst' and gradually further
developed. Investigations about Hamburg (CAPPEL &
KALB 1976), Hannover (KALB & SCHMIDT 1977) and Munich
(SCHAFER 1982) are already available.

However, it is a disadvantage of these monographs
that the evaluated data mostly derive from only one
station, so that no comparison between the city and
its surroundings is possible as is with the evalua-
tion of several stations.

Despite many promising methodical approaches
in different fields of applied urban climatology
research the size and course of urban exchange and
ventilation processes has not yet been explained into
detail referring to decisive improvements of air
guality during critical weather conditions. For these
processes proceed at times with low winds, not only
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the horizontal qualification is difficult, but espe-
cially the vertical one. In this connection we attach
importance to climatic-meliorating efficiency of i.e.
urban greens (See i.e. works by EICK (1979), HORBERT
& KIRCHGEORG (1982), MIESS & MIESS (1980), SUKOPP
(1979) , PRINZ (1973), WILMERS (1975), SPERBER (1974),
BRAHE (1974), BERNATZKY (1982), GODDE (1982), SUKOPP
& WERNER (1983), FINKE (1976), FEZER (1976), KUTTLER
(1982) ; biblography about greens in cities in POLL

& WELDER (1982).

The fact is considered as a problem and is not
yet solved that it is extraordinarily important for
the spheres of application to determine the size of
greens which can change the meso-climate, its effi-
ciency and most of all the extension of its influen-
ce increasing the quality of air and climate in the
urban surroundings. Works about this topic are en-
couraged by different institutions,however it will be
Verydifficult to come to general conclusions, for
the numerous factors which have single or synergisti-
cal effects can be typical only for the examined
city. Therefore examinations from one city cannot be
applied to all others.

Model investigations and calculations, as were
carried out (See i.e. BECKROGE 1980), illustrate the
limitations of single statements. Measurements and
calculations about the air dynamics of ground-layers
and the parameters determining ground-layer exchange
were carried out by WOLFSEHER & GERTIS (1978) and
PLATE (1974).

Investigations about the special effects of small
greens on their closer surroundings have been taken
up here and there. Measurements i.e. about the cli-
matic effect of roof greens not only show a reduc-
tion of surface temperatures, but also of the maxi-
mum outside temperatures. In the rooms the tempera-
ture decreased with closed windows by 1 to 2 K. Com-
pared with a gravel roof the content of dust was re-
duced by 10 - 20 % at the lee-side end of the roof
(HOSCHELE & SCHMIDT 1974) .

Although the creation of new urban greens is
basically positive, it is uncertain whether roof
greens and the caused lower air temperatures prevent
a desired convection for the bio-climatic surroun-
dings (BAUMGARTNER et al. 1983).

A further problem, which can frequently be observed
during measuring tours, is missing consideration of
measurements in backyards or free spaces between
lines of houses because of practical or technical
reasons. But just these areas show totally different
values than usual street climates (NYC 1978).

In this connection I may hint at the fact that
infra-red photography is to be seen as an important
methodical aid for many years (HIRT & KELLERSMANN
1972, STOCK 1982, STOCK & PLUCKER 1978, FEZER 1977,
ROBEL et al. 1978, MAHLER & STOCK 1977, GOSSMANN et
al. 1981). The results are utilized for decisions and
advices for planning in urban and industrial areas.
The application of this aid, however, is not always
without problems, for the determined radiating tem-
peratures can neither be related to the corresponding
surface temperatures nor to the air temperatures above
the measured object. To get these values it is neces-
sary to carry out field measurements additionally. In
relative comparisons excluding absolute values applied
infra-red photography renders good services.

As a cause of manifold urban agglomeration process
investigations about the climatic control of trans-
mission and immission of gaseous and particle-sized
pollutants have gained in significance in the last
few years. These do not only consider maximum loads
(WEISCHET 1973, KUTTLER 1979a, b, FETT 1982, AHRENS

1983) but also the bio-climatic effects of high and
medium concentrations (NEUWIRTH 1976, KUTTLER 1979a).
To this subject other investigations with similar
topics appeared in the "Schriftenreihe der Landes-
anstalt flr Immissionsschutz (LIS), North Rhine-West-
phalia".

Models quantifying the spreading of pollutants
from different points of view were shown at times
(i.e.: FORTAK 1972, 1973; WILLNER 1977). Additional-
ly, statistical classifications of the pollution in
air-hygienically more or less polluted cities make
secure comparisons possible, as the works by FRANZLE
& KILLISCH 1979 show.

Cities mostly have influences to increasing pre-
cipitation

- by the increased concentration of air pollution

- by reinforced thermals caused by an increased
absorption of radiation

- and by various aerodynamic changes produced by
an increased roughness of the surface.

In general one can observe an increase of heavy
rains and a higher number of thunderstorms (REIDAT
1971, SCHLAAK 1972, 1976 ;HAVLIK 1981, STAWLMANN
1976, LINDENBEIN & MALBERG 1973, ERIKSEN 1972) with
values of, in some cases, up to 20 % above those of
the unaffected surroundings.

Beside investigations about the change of preci-
pitation quantities in urban areas special attention
has been directed to the quality of precipitation in
the last few years (See GEORGII & PANKRATH 1982,
KUTTLER 1983a, b).

The concentrations of pollutants change with the in-
tensities of rainfall (KINS 1982) and determine the
degree of pollution of urban sewage together with
the amount of rainwater running off (PECHER 1974).

It should be the first principle of applied works
to make findings available for utilization. Several
of the actual scientific findings, which have some-
times been gained with a high technical and financial
expense, unfortunately often are not utilized suffi-
ciently. It may be one reason that planners are not
sufficiently trained in the interpretation and appli-
cation of the results, and that the scientists do not
interpret with a special reference to planning. Some
approaches have fortunately been made (ERIKSEN 1971,
MIES 1972, 1974; LORENZ 1973, BAUMULLER 1975, WEI-
SCHET 1980, JURKSCH 1982, DEUTSCHER WETTERDIENST
1980, BARTELS et al. 1978,further examples can be
found in FRANKE 1977). However - I may finally hint
at the fact - a stronger consideration of the evalu-
ation of urban climate has to be realized in any plan-
ning decision (ROTH 1979).

Numerous works of applied urban climatology are
available in form of unpublished manuscripts at va-
rious weather-bureaus of the 'Deutscher Wetterdienst'
in Germany. A list of summaries from a colloguy about
problems of applied urban climatology can be found in
FETT (1978).

3. APPLIED CLIMATOLOGY IN REGIONAL AND LANDSCAPE
PLANNING

KLINK (1982, p. 93 following pages) rightly points out
that after the completion of the climate atlas for

the German Bundesldnder by the 'Deutscher Wetterdienst'
"the contribution of climatology to regional geography
is mainly seen in the enlargement of a further deve-
lopment of the states climate research"” - and at
another passage in the same book he writes that land-
scape-ecology, of which applied climatology is an in-
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tegrated part, " (must) be enlarged to a prognostic
science"”.

For the fulfilment of these aims for the sphere of
regional and landscape planning the gained values

and maps from the observation net of the Deutscher
Wetterdienst can only conditionally be utilized for
regional planning for the used scales of the maps

are too small. (A list of the maps published by the
'Deutscher Wetterdienst' with scales from 1 : 500,000
to 1 : 10 million can be found in KALB (1979)).

If planning with reference to the climate is
according to HADER (1980, p. 42), considered as
"any activity for the conservation of optimal clima-
tic favours ... by well-considered interferences in
given scenic conditions by a timely realization of
a climate-related risk" , the fulfillment of the plan-
ners' wishes (i.e. for the supervisional planning of
buildings respectively the mapping of local air-flow
currents) depend on the investigation of values on a
small-spaced scale in consideration of (seasonal) tem-
porary parameters referring to the differing weather
conditions (BAUMULLER 1975).

The size scale for applied climatological work in
regional and landscape planning is determined by
SCHIRMER (1981) on a distance of 100 m to 50 km.
Statements about the landscape climate should - accor-
ding to WILMERS (1979, p. 114) - be gained "without
requiring a great deal of energy”. Beside field esti-
mates with the utilization of topographical and oro-
graphical conditions it is necessary to register
precise values in a vast range of different climatic
elements in their small-spaced and temporal distribu-
tion. At places where direct measuring methods cannot
be made, he proposes that important climatic elements
like air temperature and the effects of radiation
should be evaluated indirectly for example by support
of phenological methods. In this connection I may re-
mark that phenology became more and more important in
the last few years not only for applied climatology.
FREITAG (1983) quotes four ranges of application
which give way to the following conclusions by the
determination of differing phase-beginning dates of
plants (Phaseneintrittszeiten) without any detailed
measurements:

- the preference of slope expositions by radi-
ation

- the different heating of a large city

- disadvantages of certain valley locations by
the downslope flow of cold air masses

- or yield differences caused by deviations in
soil climate.

K.-F. SCHREIBER (1983a, b) reports about the "phe-
nological development of vegetation as a biological
indicator for natural and anthropogene heat conditions
in cities and in the country". He could differentiate
between seven relative heat stages (from rather cool
to very mild) with the aid of phenological investiga-
tions in exemplary areas in the southern Munsterland
and the Ruhr District and its surroundings. The map-
ping of these heat stages gives way to an immediate
application of temperature conditions for regional and
landscape planning.

Fundamental works about this very important and in-
teresting field of applied climatology were carried out
by SCHNELLE (for example 1981). WITTERSTEIN (1978) in-
forms about "the importance and tasks of the Phenolo-
gical Service".

The production and flow of cold air in a certain
area is determined by the plant cover and nature of
surface (concave, convex, plain) as well as its catch-
ment area, altitude, slope and exposition.

The amount of 'albedo' (reflection) is influen-

ced by the duration and intensity of radiation. The
reflection of different surfaces gains in signifi-
cance especially during weather conditions with high

.rates of radiation because of the induced circulation

by the different heating of the surfaces. Therefore,
a registration of the differing amounts of 'albedo'
on the smallest possible space are to be seen as an
important factor for the development of cold air
flows in the ground layers of atmosphere.

MAYER (1980) has determined the amounts of albedo
for small areas in the Upper Rhine Valley analysing
topographic maps with regard to the surface struc-
tures. Thus, open spaces, and in most cases greens,
play an important part in frame of regional "pro-
cesses of air mass exchange. They can.act as a cli-
matic-ecological regeneration performance" if they
are suitable in an optimal way for the climate of a
certain site. This is the distinctive feature of
open spaces covered with vegetation of reducing pol-
lution transported in the atmosphere (WERNER 1979) .
However, it has to be emphasized that relevant rege-
neration performances of greens are closely bound to
topographical regeneration performance at places
where this is not the case (WERNER 1980) .

Beside the area of cold air production in frame
of regional exchange processes the flow to places
with expected meliorating effects on the climate
must be guaranteed. The mass flows for different
catchment areas are illustrated in figure 1.

These mass flows are called according to their
dimensions downslope winds or mountain breezes. A
typical dimension of a downslope wind is i.e. a catch-
ment area of cold air of some square kilometers, a
wind speed of 2 meters per second as well as a verti-
cal distance of about 50 m and a width of some hund-
red meters.

According to WERNER (1979) the smallest catchment
area of a downslope wind is 3 square km and a mass
flow of 10%m per second. Mountain winds are classi-
fied with the additional factor 10.

According to measurements and calculations by KING
(1973) in a small valley in east-west direction with
a length of 250 m a temperature reduction of 1.8 K
and a 10 to 12 % share of energy from infrared radi-
ation which is related to cold air production one
has §o expect a cold, air production per unit area of
12 m~ cold air per m" and hour.

The well-known mountain wind called "HOllentdler"
(HARLFINGER 1976) - having often been investigated
and having bioclimatical as well as climatic-hygienic
effect - which supplies the city of Freiburg i. Br.
with cool, fresh air during autochthone weather con-
ditions causes a reduction of gaseous and particle
pollutants.

The quantities of cold air flows into valleys of
the Palatinate Forest and in the Haard are given
in the work by GEIGER (1983) as well as for an exemp-—
lary valley at the Moselle in the work by KLOPPEL
(1970) . Local compensative air flows in the southern
Upper-Rhine Plain (Staufen-Basin) were investigated
by PARLOW (1983).

A mapping of the landscape climate considering
several factors, as was done for the Palatine by LE-
SER (1982) in a scale of 1 : 300,000, gives indica-
tions about cold air production and flow, radiation
intensities, dangers of frost, distinct effects of
urban climate, tendencies for hail and sultriness as
well as about the occurence of foehn. Such synthetic
maps about functional climate have already been made
for small areas as was shown by VENT-SCHMIDT (1981)
in the Pforzheim region.

Closely related to cold air production and flow
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Fig. 1 The dependence of cold air production on the size of the regeneration area

(after WERNER 1979, altered)
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is the problem of fog occurence, especially in
spring and fall. As soon as the dew-point of a cer~
tain air mass is reached, the hugeness of the cold
air becomes visible by the formation of fog in the
valley filled with cool air. Maps - showing the
distribution of the average upper levels of these
valley-fogs as well as the lower levels of high or
cloud-fogs as well as the average number of foggy
days per year, which has for example been carried
out for the Deutscher Planungsatlas for North Rhine-
Westphalia by SCHNIRMER (1976) - must be seen as im-
portant instruments for planning, especially for
road building and the classification of recreation
areas and because of the impacts of fog on human
health.

Very differentiated investigations, as those done

by SCHIRMER (1977) for Bad Kissingen, even deter-
mine the periods of foggy weather which is a very
important information for road traffic (SCHNEIDER
(1972) . A precise knowledge about the spatial occur-
ence of fog, however, can also be important for wa-
ter economy.

SCHIRMER (1970) hints at the fact that the water
balance of medium altitudes (450 - 500 m), where
cloud-fog is a frequently observed phenomenon, is
increased by 20 to 30 % if fog-preferring trees, like
i.e. the Sitka spruce, are cultivated. Precise facts
about the occurence and duration of foggy periods
are often wanted in connection with the dying forests
( Waldsterben). Analyses of the precipitation of rain
and fog are carried out to determine the content of
pollutants show clearly higher concentrations in the
water from fog than in the rainwater. Vegetation in
mountains with a higher frequency of fog (Peplopause)
is affected to a higher degree by anthropogene depo-
sitions of pollutants than vegetation at locations

where fog seldom occurs.

The planning of nature parks, healths-resorts
and recreation areas closely depends on the deter-
mination of the local-climatic particulafities (NEU-
WIRTH 1968). For this purpose BECKER (1972) illus-
trated the bio-climatic spheres (and their degrees)
of polluted, preserving and stimulating climates for
for the whole country in his well known map called
"The Bioclimate in the Federal Republic of Germany".
Various threshold values - which are determined by
correlation of bioclimatic effects - make possible
the mapping of the bioclimate as a sum of the effects
affecting man.
Man-affecting climates, especially determined by sul-
triness are found in lowlands, troughs and basins
up to altitudes of 250 m beyond sea or coastal clima-
tes.
BECKER's map, however, only contains average values
which do not show the conditions of the different
seasons, not those of single months. Supporting
SCHIRMER (1982) it is desirable to create these maps
on a monthly basis and make it available for medi-
cal meteorology and bioclimatology. New ways are
shown in this respect by JENDRITZKY (in print) who
created a monthly-based evaluation system for health
resorts. In my opinion it is additionally necessary
to consider the changes in clean air areas by pol-
lution for any revised mapping. In this respect a
seasonal distribution of the given conditions is of
special advantage. Newly drafted maps informing
about pollution with the most important pollutants
(soz, 0., NO ) should take into consideration that
the conaitions of clean air areas have deteriorated
since the increase of long-range transport of pollu-
tion some years ago. This is revealed by the latest



investigations about the transport of ozone as well
as for the years measured values of SO, concentra-
tions in clean air areas (UMWELTBUNDES&MT 1982) .

The contained information of bioclimatic maps
should be increased by the fact, that the population
can choose between clean air and recreation areas
according to the given weather condition. This is
especially the case for anticyclonal inversion con-
ditions with different weather conditions in two
marked air layers with a foggy and polluted cold
air layer separated at a certain altitude by the
above lying, relatively warm clean air. Detailed pro-
posals of planning have already been made. Recrea-
tion areas for the population have been mapped exemp-
larily for times of extreme smog periods in a clean
air area near to an industrial region (KUTTLER in
print) .

FAUST (1979) created two maps about the biocli-
mate in North Rhine-Westphalia, one of them illus-
trating the thermal efficiency, the other one the
actinic efficiency. Even FAUST himself is sorry to
say the air-hvgienic conditions could not be consi-
dered properly in his maps for there is still a
lack of data, which is absolutely necessary for an
illustration of the 'aeorsol climate'. These maps
are not only extraordinarily helpful for the plan-
ning of health resorts and recreation areas, but
also for short-distance recreation and tourism.

A further field of work of applied climatology
are investigations of wind and frost protection.
Wind screens are built to cause a yield increase in
agriculture and serve to

- an avoidance of late frostdamages to crops
- a decrease of evapotranspiration

- an increase of dew deposition, soil humidity
and air temperature

- a prevention of mechanic winddamages and soil
erosion as well as

- a protection against particle and gaseous
pollutants (OLSCHOWY 1978) .

An aimed wind protection can also have economic
advantages in human settlements. Thus, measurements
at very high hedges with a width of 1.2 m (Fagus
sylvatica) in the Monschau Land (Eifel) showed that
high windspeeds were reduced up to 50 %, the air
temperatures in the lee of the hedges were - accor-
ding to the weather conditions - some Kelvin higher
than on the other side and the effects of heavy rains
at the lee-side house-walls were reduced by up to
80 % (BECKMANN 1982).

Frost protection is of primary importance in
fruit- and wine-growing (See work by AICHELE (1965)
and WEGER (1955). Thus extensive linear and areal
climatological measurements after the consolidation
of vineyards in the Kaiserstuhl (Black Forest)
showed that the transformation of small terraces
into wide terraces ("plains at the slope") caused
that on some of them the produced cold air cannot
flow down. The reason is that the terraces with areas
of about 5 ha are relatively large, so that a lot
of cold air can be produced at a given time and
cannot flow down because of the "hill-side gradient"
of 2 to 4 %. ENDLICHER (1980), who carried out these
very differentiated investigations with measuring ve-
hicles, fixed stations and the evaluation of ther-
malphotographs, furthermore analysed a bibliographi-
cal list of no less than 320 different works.

Applied climatological investigations from the
field "plant and climate" have been matter of re-
search for several decades. These are meteorology
and climatology for forestry and agriculture, but
their results cannot be discussed in this survey.
An extremely extensive survey about the works in
this field can be found in the annually published
"Agrarmeteorologische Bibliographie" of the 'Deut-
scher Wetterdienst' containing hundreds of works
are listed and discussed to the topics: "atmos-
pheric conditions and soil, plant, agriculture, plant
diseases respectively pests and animals". Biblio-
graphies are already available for the period 1950
to 1982 by different editors (JUNG 1983).

FRANKENBERG (1983) has previously carried out
investigations in the field of climatology about
the correlation between weather and its effects on
agricultural yields in Germany. The exemplary cal-
culations for the yield of winter wheat and sugar-
beet were carried out on district level and show
spatial differences in yield as they occurred after
a dry summer (1976).

The problem of the determination of the water
balance in Germany is dealt with in the works by
KELLER (1978), as well as FRANKENBERG & LAUER (1981).
D. SCHREIBER (1973) additionally examined the de-
pendence of agricultural cultivation on the water
supply and the photo-actinic conditions of the en-
vironment. As .an utilization for stable-building in
Germany's agriculture D. SCHREIBER (1982) developed
a "Map of temperature zones for summer and winter"
from a previously introduced map for the DIN-Norm
18910. A criterion of classification was the number of
winterly ice-days which allow a spatially very dif-
ferentiated presentation of winterstrength in Germany.
With this map it is possible to get instructions for
the heat insulation in building construction and
guidance for the intensity of domestic heating.

In another work D. SCHREIBER developed a map of the
"zones of winter-strength for coppice" for Germanv
and Europe (HEINZE & D. SCHREIBER, in print). This
map is based on the evaluation of the mean annual
minimum temperatures. Eleven different temperature
zones are related to tree species which can cultiva-
ted differently refering to winter strength (impor-
tant for expensive trees and grafted plants).

A rather new field of applied climatology was
created in North Rhine-Westfalia where "pollenflight
forecasts" were executed. These measurements are an
extremely important instrument of prophylaxis for
allergie people by informing them about the actual
occurence of the most important kinds of pollen. A
guidance from the pollen-calendar, on the other
hand, only is a vague help because of its mean be-
ginnings of blooming phases which can deviate from
year to year by about 6 weeks because of the depen-
dence on the weather conditions. The prognostical
test for grass pollen showed in the average total
the quite good value of 71 % (PULS 1983).

For the planning of location of new power plants
applied climatological investigations are urgently
necessary for the rating and limitation of waste
heat. Two spacious investigations of that kind were
carried out, one in the region High Rhine/Upper Rhine
(CLIMOD project = climate modification, started in
1975; WINIGER 1982), another one in the Upper Rhine
Region (BARTELS et al. 1982, SUSSENGUTH et al. 1983).
These projects included the measurements and calcu-
lations of the parameters necessary for the discus-
sion of the problem, as there are the balance of ra-
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diation and latent and sensitive heat flows with
which areas could be limited sensitive to additio-
nal heat sources.

SCHMIDT (1980) deals in his work "The climatic
aspects of the building of power plant" with gene-
ral problems arousing of thebuilding of power sta-
tions. These are the regional change of energy balan-
ce, ventilation conditions and a possible change of
the regional climate (radiation balance and forma-
tion of convection-clouds). He prognosticated the
climatic change with help of model calculations.

Investigations related to the utilization of
"regenerative sources of energy" (i.e. wind and so-
lar energy) are described by BENESCH et al. (1978)
and JURKSCH (1980). These authors created 'applica-
bility maps' with reference to the utilization of
wind energy in Germany. One of them is shown in fi-
gure 2. Germany is subdivided into three zones accor-
ding to the potential utilization of wind energy.

Zone I is mainly restricted to the coastal areas.
There we have relatively high wind velocities,
even the mean monthly and annual number of hours
with wind velocities vy 12m/s, a value which is
high enough for an utiliization of wind energy by
bigger wind power stations.

Zone II on the whole covers the area of the North-
German Lowland where lower threshold values of
mean monthly and annual number of hours with
wind velocities between v = 5 m/s and v = 8 m/s
are reached. These areas allow a certain utili-
zation of wind power.

Zone III represents the major part of Germany. An
utilization of wind power by power stations is
not recommendable because of the high number of
lulls and the low number of hours per year with
prevailing higher wind velocities.

That is the reason why the share of the utiliza-
tion of wind energy among the total utilization of
energy must be estimated as low even for the future.
The prospects for the utilization of solar energy
will not either be profitable at present (KLECKER
1979). At most places in Germany the sun only shines
1300 to 1800 hours per year (correspondingly 30 to
41 % of the possible sunshine duration). In addition
to this the highest radiation intensity is in summer,
the lowest in winter when most of the energy is used
for heating. Thus, June is the month with the highest
amount of radiation in Hamburg with a daily mean of
global radiation of 5437 Wh/m“, in December on the
other hand, one 401 Wh/m“ are measured, which is'a
ratio of 13 to 1 (GOLCHERT 1981). The energy economy
proceeds on very optimistic assumptions (DELHI 1981)
solar energy could cover the total energy demand in
the future by a maximum of 20 % in middle Europe. An
optimal utilization of wind power as well as solar
energy substantially depends on improvements and
further developments of technology.

The quoted examples from the wide-spread field
of applied climatology in Germany illustrate the
importance of this science for man and economy
nowadays and in the future. Therefore an intensi-
fication of applied climatological works is impe-
ratively desirable.

SUMMARY

It is the intention of this paper to give a survey
about applied climatology in the Federal Republic
of Germany. Applied climatology is understood as
functional research dealing with the effects of

climate on man and economy as well as with the in-
tended and not intended anthropogene influences on
the climate.

As the result of the abundance of works and the res-
tricted space I have mainly considered works which
appeared since 1970.

The different fields of applied climatology in the
Federal Republic of Germany are described from the
sphere of industrial and urban agglomerations, re-
gional and landscape planning as well as the utili-
zation of regenerative forms of energy with seve-
ral examples.
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