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Abstract: The city development of Germany follows three main directions, which are influenced by the
demographical development. Conversion of industrial, military and non used train track areas to housing
and service centres, the economical concentration and more densely built up inner cities are named as new
urbanity. Climatologically speaking this development leads to an increase of heat island, air pollution and a
reduced ventilation of the cities. At the example of Kassel it can be seen that this development has positive
and negative factors. Urban climate studies can be used to support ideas of architects and planners without
destroying thermal and air quality comfort. Especially the importance of open spaces and the thermal
conditions there are taken as example to create a climatologically approved urban design. From the definition
of an ideal urban climate the different planning levels and climatic scales are combined.
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Àííîòàöèÿ: Ïîä âëèÿíèåì äåìîãðàôè÷åñêîãî ðîñòà,  ðàçâèòèå ãîðîäîâ Ãåðìàíèè ïðîèñõîäèò â

òðåõ îñíîâíûõ íàïðàâëåíèÿõ: ïåðåïëàíèðîâêà ïðîìûøëåííûõ çîí, òåððèòîðèé âîåííûõ îáúåêòîâ è
íåèñïîëüçóåìûõ æåëåçíîäîðîæíûõ ïóòåé â ðàéîíû  æèëîé çàñòðîéêè è öåíòðû îáñëóæèâàíèÿ; ýêî-
íîìè÷åñêàÿ êîíöåíòðàöèÿ; óïëîòíåíèå  ãîðîäñêîé çàñòðîéêè. Ýòîò ïðîöåññ íàçâàí íîâîé óðáàíèçà-
öèåé. Êëèìàòîëîãè  óòâåðæäàþò, ÷òî îí ïðèâîäèò ê óâåëè÷åíèþ ãîðîäñêîãî îñòðîâà òåïëà, ðîñòó
çàãðÿçíåíèÿ âîçäóõà, óìåíüøåíèþ âåíòèëÿöèè ãîðîäñêèõ òåððèòîðèé. Íà ïðèìåðå Êàññåëà âèäíî,
÷òî òàêîå ðàçâèòèå èìååò êàê ïîëîæèòåëüíûå, òàê è îòðèöàòåëüíûå ñòîðîíû. Äëÿ  óëó÷øåíèÿ òåðìè-
÷åñêîãî ðåæèìà ãîðîäà è êà÷åñòâà âîçäóõà àðõèòåêòîðàì è ïëàíèðîâùèêàì íåîáõîäèìî ó÷èòûâàòü
ïðè ðàçðàáîòêå ïðîåêòîâ äàííûå  èññëåäîâàíèé  ãîðîäñêîãî êëèìàòà. Îñîáåííî âàæíî ó÷èòûâàòü
òåìïåðàòóðíûå ïàðàìåòðû îòêðûòûõ ïðîñòðàíñòâ, èñïîëüçóåìûõ äëÿ óëó÷øåíèÿ êëèìàòè÷åñêèõ
óñëîâèé ãîðîäñêîé ñðåäû. Äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ êëèìàòè÷åñêèõ óñëîâèé íà ðàçëè÷íûõ ñòà-
äèÿõ ïðîåêòèðîâêè íåîáõîäèìî èñïîëüçîâàòü äàííûå êëèìàòè÷åñêèõ èññëåäîâàíèé ñîîòâåòñòâóþ-
ùèõ óðîâíåé äåòàëèçàöèè.

Êëþ÷åâûå ñëîâà: ãîðîäñêîé êëèìàò, ãðàäîñòðîèòåëüñòâî, êëèìàòè÷åñêèå êàðòû.

Due to loss of people and industry there the popula-
tion decreases and many houses and factories were
destroyed. Here new areas become free and can be
climatologically used for ventilation and for an im-
provement of the open space climate.

In all these developments it is important that ur-
ban climate studies help to bring the thermal and air
pollution aspects into discussion and not to see an open
pace as a potential area for buildings. For this urban
climate investigations have to meet the urgent ques-
tions of planners. Which areas may be free for devel-
opment, is there a limit in density of buildings, which
gaps have to be maintained. To answer these ques-
tions links between climatological and planning scales
together with evaluation criteria are needed. The link-
age between scales and levels of urban climate and
planning aims shows on figure 1. Moreover it is shown
that urban climate only can work with an areal infor-

© Katzschner L., 2008

1. INTRODUCTION
In Germany one can observe different develop-

ments. One is that inner cities gets more densely built
up areas with spare vegetation and less open spaces;
the second one is the conversation non used open are-
as like military fields, large old factories and railway
tracks into building sites. This new urban develop-
ment leads to an increasing roughness with reduced
ventilation and higher air pollution and also to an in-
creased heat island situation with thermal stress con-
ditions. Urban climate studies have to meet these sub-
jects in order to give help for urban planners and ar-
chitects. The basic knowledge about urban climate has
to be evaluated and transferred to planning practice
and to answer their urgent questions.

But there is also a third aspect, which tend to be
the opposite and occurs mainly in eastern Germany.
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mation set, which combines planning trends, thermal
comfort and air pollution.

Finally coming to very concrete proposals, main-
ly what is of concern for the behaviour of people, in-
terviews showed the important role of microclimate
in the neighbourhoods. The more densely built up cit-
ies in the mid latitude climates create an optimum of
thermal comfort conditions in short walking distanc-
es, which is judged as positive, while ventilation is
rather seen as negative (Katzschner 2004). The ob-
jective here is to discuss in which circumstances this
situation can be accepted and when the situation turns
to negative in warmer climates. Warm climates there-
fore need generally wider gaps, while in moderate cli-
mate density can be even increased in some situations.

In principle any urban climatic research end in
proposals for urban development. This is done by a
simple comparison between the analysis of an actual
situation with the proposed plans and end in a recom-
mendation.  Analyses can be done with models or
measurements.

2. URBAN DEVELOPMENT CONCEPTS
RELEVANT TO URBAN CLIMATE

Urban development plans and concepts like a
master plan have some more principle aims, which
later on get a spatial implementation like:

1) development of inner cities with living, work-
ing and shopping together with a reorganisation of the
city and the suburban structure;

2) development of an improvement of the living
situation ( the social city);

3) regaining of open spaces through pull down of
buildings and a convert of land use (the renewal of
cities);

4) service centres in the inner city like hospitals,
administrations or service companies;

5) development of the infrastructure including traf-
fic;

6) near by recreation (development of green spac-
es);

7) development of cultural consciousness;
8) health problems.

For further planning discussions concepts have to
be brought into connection to the urban climate as-
pects. To which extent do dense building sites effect
heat island and thermal conditions of the open spaces
and what potentials does the concept have to improve
thermal conditions and air mass exchange for exam-
ple along roads and parks.

The punctual developments, which are conversion
areas from military places to service centres and from
not longer used industrial places to residential build-
ings, are dealt and urban climatically evaluated in
chapter 4.2 on a microclimatic level.

Before discussing some conflicts between plan-
ning and urban climate it is important to see the inter-
actions between climate and use of spaces. Investiga-
tions with interviews from previous studies [1] showed
very clearly the need of certain microclimates in neigh-
bourhoods. At the example of Kassel the ideal ther-
mal conditions could be derived as follows:

1) the use open spaces is more frequent in the cen-
tre of the heat island and increases with high values
of the thermal indices;

2) street are seen as comfortable for pedestrians if
thy have the choice between sun and shadow;

3) ventilation areas have to be judged in the frame
of the city as such and should be classifies as impor-
tant yes or no.

Otherwise there will be no influence on planning.
The definition of urban climate by the World Me-

teorological Organisation is the change of meteoro-
logical conditions which is caused through the built
up areas combined with the antropogeneous air parti-
cles. But this means that the urban climate is connect-
ed to all weather situations and does not occur during
special conditions. Urban climate is defined also as a
mesoclimate with at least 5 km wideness. Through
the densly built up ares in principle a disturbance of
air flow is seen, which has a vertical dimension of ca.
1000m. The disturbance can be listed as follows:

1) the city is a barrier against the regional winds;
2) the city has an inhomogeneous higher surface

roughnes;

Figure 1. Linkage between scales and levels of urban climate and planning aims
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3) the city creates compared to the surrounding
areas, a heat island, which is depending from surface
conditions and the amount of buildings;

4) cites have a high discomfort through a change
in the radation balance;

5) the city has to be considered as air polluting
system.

Therefore a city has its own meteorological
system on a mesoscale level, which can be clearly sep-
arated from the surroundings. Within these systems
different microclimates exists. Especially the Urban
Canopy Layer (UCL), this is the atmosphere between
surface and mean roof height. Here the described
changes in climate have their maximum.

3. URBAN CLIMATE AND PLANNING
In urban climate studies different aspects have

to be considered, as they directly influence urban plan-
ning and effect the health conditions. The definition
of these complexes are derived from the interaction
processes between climate and man. To study risks.

1) Air pollution complex.Under this aspect
mainly the ventilation and the local circulation sys-
tems have to be judged. This is to avoid high concen-
tration of air particles in different areas. The meteor-
ological parameters used are wind and turbulences.

2) Thermal complex (thermal comfort
conditions).Here the thermal comfort conditions in
form of heat stress is described. This is a complex
function out of the meteorological parameters of wind,
radiation, air temperature and humidity. Different in-
dices can be calculated.

3) Architecture and building design.Heat bal-
ance of buildings are depending on wind speed, this
changes the k-factor (heat transfer) of houses.

4) Energy saving aspects.Natural ventilation and
air exchange in the buildings is considered in the con-
text of urban climate situation.

5) Global climate change.The global warming
effect will create a even higher heat load in cities,
therefore heatwaves will have different effect depend-
ing on city densities.

As described above it is important to develop a
working scheme in order to have a actual description
of the urban climate circumstances, an evaluation of
that an a derived urban climate advisory map.

This can be done on different levels, which are
dependent from architectural or planning aims. For
all theses levels criteria for planning has to be found
in order to be able for implementations. Criteria can
be the improvement the ventilation situation (airpaths,
local circulation systems) or the reduction of the heat
island by the heat storage capacities and more green
in open spaces.

The definition of the ideal urban climate consid-
ers the areas and time concept as important evalua-
tion criterion: The «ideal urban climate» is an atmos-
pheric situation within the UCL  with a high variation
in time and space to develop inhomogeneous thermal
conditions for man within a distance of 150 m. It
should be free from air pollution and thermal stress
by means of more shadow and ventilation (tropical
areas) or wind protection (moderate and cold climates)
[4].

Evans and others have already developed some
proposals for architects and planners on how to achieve
this situation on a micro scale level. These general
proposals have to be devoted to concrete urban places
as seen before:

Table 1
Proposals for architects and planners

Planning possibilities thermal effect 
Width of streets using shadow and sun in a daily and annual variation 
Pergolas and arcades sun protection in summer, using winter radiation 
Vegetation sun and wind protection, long wave radiation 
Colours reflection and daylight 
Materials heat storage, dust 

4. METHOD
The principle underlying methodology is an areal

evaluation of urban climate conditions. This is based
on land use from digital grid data sets together with
topographical data in 200 m grids. The meteorologi-
cal input parameters were mean air temperatures and
humidity, wind speed and wind directions from near

by meteorological stations or from recorded data in
existing analysis like in the Environmental Atlas Hes-
sen and measured data.

In order to use planning aims and combine them
with possible changes in urban climate the maps have
to be linked to each other so that conflict immediately
can be recognized. For example where future build-

Urban climatology and applications
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ings will effect ventilation and how air pollutions is
distributed. The climatic functions then were trans-
lated to an evaluation with means for planning.

Through the Geographical Information System
(GIS ArcInfo) geographical data and land use data
were classified and transformed to urban climate func-
tions like, thermal aspects (i.e. heat and cooling rates),
a wind classification with ventilation paths and topo-
graphically influenced downhill movements. The
building fabric was classified through roughness
length and thermal radiation processes.

The following factors were used:
1) land use classifications for thermal and radia-

tion with categories of city structures, industrial are-
as, gardens and parks, forests, greenland and agricul-
tural areas;

2) topographical and geographical data which in-
fluence the local circulation;

3) pattern; ventilation through an analysis of the
roughness length.

Evaluation was carried out through a GIS based
calculation method, which calculated weighting fac-
tors for every grid with a result for thermal and dy-
namic map. This then was combined to the urban cli-
mate function map with an evaluation to the urban
climate map for planning use.

Due to this methodology the climate map has two
levels: one is dealing with the thermal and the second
one with the dynamical aspect. Therefore it is possi-
ble to have a classification in the final map, which
can differ between the advices for heat island effects
and the well ventilated areas or weak ventilated areas
for improvement. The method of a GIS based urban
climate calculation can be used at all different scales
with various grids in order to get answers on different
planning levels.

Table 2
Urban climate and planning scales

Administration level Planning level Urban climate issue Climatic scale 
city                   1:25.000 urban development; 

master plan 
heat island effects; 
ventilation paths 

meso scale 

neighbourhood 1: 5.000 urban fabric system air pollution  meso scale 
block                1: 2.000 open space design thermal comfort micro scale 
single building 1:500 building design radiation and 

ventilation effects 
micro scale 

5. RESULTS

Urban climate and planning on a city level
For the city level urban climate analysis of the

region are needed. Urban climate investigations fol-
lowed up by planning proposals. From the urban cli-
mate analysis the evaluation takes the climatic char-
acteristic and transfers it to a climatically based eval-
uation with planning advises. This is done in 8 steps
with important ventilation areas, cold air production
areas with downwind streams as the most important
spaces for air mass exchange up till the red areas which
mark the heat island with reduced ventilation. While
in the blue and green areas the planning advice is not
to extend buildings here, in the yellow areas a more
dense building structure is allowed and in the red are-
as planners should look to the microclimatic condi-
tions of the open spaces.

It is important to mention, that different urban plan-
ning levels need different climatic scales. Urban de-
velopment is devoted to the meso scale f.e. 1.25.000;
open space planning with thermal comfort analysis
have to be done in a mirco scale level of 1:2.000 or
larger, which can be seen in the next chapters.

Urban planning needs qualitative and quantitative
spatial results on which they can rely on. GIS calcu-
lates grids which later can be transferred to vector data.
The results from the investigation areas are shown in
a spatial evaluation and a directly devoted planning
advice, where the urban climate function is explained
with the outcome for planning. The main classifica-
tions are: ventilation areas, improvement areas against
thermal stress, fresh air production zones and rules
for density and heights of buildings.

Urban climate and planning on a city quarter
level

In the frame of the urban climate situation of
Kassel as result in the meso scale one comes to a more
micro scale analysis as seen in figure 2 in a scale of
1:5.000 as background information for a master plan.
Reason here was the conversion of non used old train
tracks and industry into building sites for residential
buildings. The area is situated near the city centre and
so it would fit to the inner development plan from the
overall concept. The old train station is not longer in-
tensively used and areas become free for further build-
ing development. The intention was to reorganise an

L.  Katzschner
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old train station with new constructions of residential
buildings and create open space for recreation. The
master plan should also include a detailed urban cli-
mate study to evaluate the meso- and microclimate in
terms of ventilation and thermal conditions. Within
these city structures a climatological inhomogeneous
situation occurs with high heat islands effects, air paths
and vegetation sites.

Therefore more detailed investigation was carried
out with measurement and calculations of thermal in-
dex PET in order to make recommendations for the
construction of buildings and open spaces, as for any
open space planning discussion where the different
thermal conditions in an area play an important role.
This is can not be done by average values. More im-
portant for any planning evaluation is the variation of
the thermal conditions in time and space. Here the
physiological equivalent temperature PET with a spa-
tial variation was used. Each value then was directed
to an urban classification (figure 2).

One can see that highest values PET occurs in the
industrial outdoor places without any vegetation. The
spatial variety is low. Residential areas can be warm,
but it is always possible to choose cooler places there
(i.e. backyards and tree shadow).

From these investigations for ventilation a ther-
mal comfort following proposals were derived:

1) the blue areas should be kept free for ventila-
tion;

2) the yellow areas can be built under respect of
the air flow as drawn in the map;

3) for the residential areas with a good ventilation
and a high variety of thermal comfort zones, no rec-
ommendation is given;

4) wide streets with high wind speed need more
vegetation against cold stress during autumn to  spring;

5) the very small vegetation site has very differ-
ent thermal comfort conditions, this should be kept.

Urban climate and planning of open spaces
Coming into more details of the open space plan-

ning the microclimatic scale should be investigated
and evaluated. This can be shown at an open space
Hauptbahnhof in Kassel. First step were measurements
with parallel interviews. The local spots were thermal
comfort never could be reached, while others have a
high percentage of thermal comfort throughout a year.
The thermal calculation  that the non comfort places
correspond to cool places while the comfort ones are
not the hottest points but fairly warm places.  The
evaluation criteria climate variability shows in a yearly
average the frequency of occurrence of a certain ther-
mal comfort situation.

Application of urban climatology with the
cultural concept Kassel

The union of architects and urban planners [5] had
developed a concept for an application to become cul-
tural capital. Within this concept they advised differ-
ent cultural activities in the open spaces of the inner
city and towards a park area. As said before the use of
open space is also depending from climate, therefore
the concept in its spatial pattern has to be considered
in the microclimatic varieties. The main concept of a
walking line between the important cultural events is
situated in the maximum heat island with reduced
ventilation. This warm areas are adopted well for cul-
tural activities, while a t the slope situation towards
the park high winds occur with cold stress most of the

Figure 2. Urban climate map of the investigation area in a scale of 1:5.000

 Legend: 
colours   classification        PET (oC)    ∆PET(spatial oC) 
                                           (typical summer day 12 o’clock) 
 
1 dark red (industry)             warm                    42             5 
 
2 red (residential 5 fl)           very warm             39            10 
 
3 brown (residential 3 fl)       warm                    35            15 
 
4 yellow (open structured)   moderate               30              6 
 
5 grey (train tracks)              warm, ventilated   34              2 
 
6 blue (vegetation,  tracks)   moderate              33               5 
 
7 dark blue (vegetation)        cool                      25              2 

Urban climatology and applications
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time therefore this areas are only suitable for walking
and not for sitting outside to have coffee etc. These
planned activities were background for the PET val-
ues, which should be achieved in that typical situa-
tion during summer, when open space activities have
their highest frequency.

6. CONCLUSIONS
For any urban plan, concept or master plan urban

climate maps are important to evaluate thermal com-
fort for the use of open spaces and ventilation for air
pollution problems. One can see that these aspects
were separated in different planning levels to which
climatic investigations has to be devoted to.

Following the aim of planners to revitalise cities
the use of open spaces are in the centre of discussion
and here the thermal comfort play an important role.
Heat island in this sense can also be seen as positive
for mid European cities.  Higher varieties of microcli-
matic situations having the air pollution problem in
mind can be good criteria for urban climate. In gener-

al it is important to compare the climate pattern with
city structures and the use of open spaces at the same
levels.
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