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04.11 Climate Model Berlin - Planning
Advices Urban Climate (Edition 2016)

This text is essentially based on the contents of the supplementary publication "Planning advice map
for urban climate 2015 - Accompanying document for online version" (SenStadtUm 2015), which
can be downloaded from here [German only]. Only the core statements are given here as the contents,
in order to avoid redundancies. In the accompanying document, all important topics are dealt with in
adequate detail and all evaluation methods are also described in detail.

Overview

A central objective of the Berlin Urban Development is to maintain / create an urban climate healthy for
humans (SenStadtUm 2011). In the shape of the planning advice map (hereinafter: PHK) urban climate,
an instrument for supporting this objective becomes available to the Administration since 2004.

The task of the PHK is "to highlight the areas and planning tasks relevant for a possibly optimum space
classification under aspects of climate and air hygiene. It takes up the climatic and air-hygiene
phenomena relevant for planning, which as part or small-scale special features or characteristics deviate
significantly from the general climatic conditions and the large-scale air-hygiene situation and effect the
health and well-being of humans [...]' (Association of German Engineers 2015).

Since the air-hygiene effect complex has already adequately been covered by the Berlin air cleaning
plan 2011-2017 (SenStadtUm 2013), the PHK edition 2015 puts the focus on the thermal components
of the urban climate of Berlin, without however completely ruling out the air-hygiene area. The 2016
edition represents the second update of the technical map and with its publication in the environment
atlas / FIS Broker replaces the 2009 edition as the basis for technical planning and evaluation for
considering the city-climatic issues in the urban development of Berlin. The update was carried out in
the scope of the EFRE project "GIS-supported modelling of parameters relevant for urban climate
on the basis of high resolution building and vegetation data" between 2013 and 2015. This project
was financed by European Funds for Regional Development (EFRE) and the City State of Berlin (project
number: 027EFRE GDI) for measures for building up the geo-data infrastructure (GDI) (SenStadtUm
2015b).
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As compared to the 2009 version of the planning advice map, mainly the following enhancements
relevant for the planning process can be made out:

e The horizontal resolution of the models could be increased from 50 m to 10 m (factor of 25),
e individual green structures and buildings are now considered explicitly by the model,

¢ the increased spatial accuracy permits statements not only for the overall city planning (F-
plan, landscape plan, StEP), but also for the B-plan level,

e along with the settlement areas and the green/open spaces, the public roads, paths and
places are also viewed individually,

e along with the night situation, the situation during the day is also equally included in the
evaluation,

¢ the contents of the PHK are agreed upon intensively with representatives of the responsible
departments at the senate and district level,

¢ the viewed catalogue of measures is much more extensive, differentiated with respect to
content and aligned more individually to the viewed partial areas.

The relationship between human health and the urban climate, which is considered in the PHK at least
rudimentarily with the inclusion of demographic factors, is viewed in a separate excursus (Scherber
2016) under special consideration of results present for Berlin.



https://www.berlin.de/umweltatlas/_assets/literatur/planungshinweise_stadtklimaberlin_2015.pdf

Statistical base

The application of the climate model Berlin in its current version is based on the following components
building upon one another:

1. the evaluation of long-term operation of measurement stations in Berlin and Potsdam as the
basis for calibrating the model results (04.13, long-term development of selected climatic
parameters, SenStadtUm 2015a).

2. extensive analysis steps for working out a well-founded data basis (04.10, Climate Model
Berlin — Analysis Maps), as well as

3. the preparation of three planning advice maps that supplement one another.

Following data bases were used mainly for conducting the process steps 2 and 3:

e  GEO-NET Umweltconsulting GmbH, Hanover: GIS supported modelling of parameters
relevant for urban climate based on high-resolution building and vegetation data; EFRE
project 027 Urban climate Berlin (SenStadtUm 2015b),

o Data of the Urban and Environmental Information System (ISU) of SenStadtUm, 111 D 1,
version 31.12.2010:

= Block map 1: 5,000 (ISU5_UA),
= Area usage data (SenStadtUm 2010),

= Criteria for evaluating the soil functions, map of closeness to nature (SenStadtUm
2013a),

= Uncorrected degrees of sealing (grid data) - intermediate result of the rule-based
classification (SenStadtUm 2012),

= Building and vegetation heights (SenStadtUm 2014),
e  Ground level (DGM5) (SenStadtUm 2010a),
e Automated land register map Berlin (ALK), version 01.06.2014 (SenStadtUm 2015c¢),

e Locations of the social infrastructure (Planning area related information system for
monitoring and analysis (PRISMA) (SenStadtUm 2015e) as well as Regional Office for
Health and Social Affairs (LAGeSo) (LAGeSo 2014),

e Detailed map of the Berlin's network of roads, version 11/2014 (SenStadtUm 2014a),

e  State of Brandenburg:
= ALKIS database Building and actual use, version 10/2013 (LGB 2013),
=  Ground levels (DGM25) (LGB 2013a),

Methodology

Model-based urban climate analysis

Under the complete project, two model runs were conducted with the meso-scale climate model FITNAH
for a high-summer weather situation with a horizontal resolution of 10 m. The first model run is based
on an allochthonous west wind weather condition occurring relatively frequently in Berlin during the
summer months. The second model run is based on an autochthonous weather condition without higher-
level wind influence used regularly for an analysis of the urban climate. Additional data, differentiated in
space, were derived for the specific climatological parameters from the resulting meteorological fields.
On the whole, therefore, three supplementing extensive data sets are available.

It is state-of-the-art technology that only one meteorological situation can be consulted for deriving the
PHK. The autochthonous peak-summer high pressure weather condition without the higher-level wind
influence was selected to do this for PHK 2015. It represents the weather condition, in which the urban
climatic process sequence is most clearly pronounced, and accordingly on whose basis useful planning
instructions can be derived. Since for specific questions (e.g. B-plan process, effect analyses of
measures) the results of the analysis phase can also become relevant, its data can also be retrieved in

the geo-portal.


http://fbinter.stadt-berlin.de/fb/index.jsp?Szenario=fb_en

Structure of planning advice map

The 2004 and 2009 editions of the planning advice map for urban climate consisted respectively of a
map as well as brief, explanatory texts for the environment atlas. The PHK 2015 consists, for the first
time, of three supplementary maps as well as an explanatory accompanying document:

e amain map
e supplementary planning instructions, as well as
e  measures.

This method accommodates, on one hand, the high complexity of the topic, the enhanced significance
within the inclusion of urban-climatic aspects in the urban development policy as well as the enhanced
user requirements for accuracy of statements.

The "Main map" 04.11.1 is (enhanced in content and substantiated spatially) the equivalent to the PHK
2004 and 2009 editions. The map contains an extensive evaluation of the urban-climatic stress
situations during the day and in the night (as well as summarised for an overall evaluation) and relief
functions, and thus represents the technical basis for evaluation and decision-making for plans aligned
to entire city as well as to partial spaces. In the "supplementary planning instructions" 04.11.2,
selected partial topics of urban development were linked with the evaluation results shown in the main
map as well as with further spatially high-resolution technical and geo-data. They act as basis for
decision-making for specific technical plans or queries (e.g. urban redevelopment, sensitive uses,
demography).

The "measures level” 04.11.3 contains, depending upon area type and actual space, the assignment
of 30 individual measures to all ISU5 block (partial) areas as well as to all sections of "Detailed network"
of the road network of Berlin. The level primarily focuses on improving or maintaining the status quo in
the stock. However, those measures have also been expressed, which are relevant especially for the
intensive new construction projects in Berlin.

Spatial units observed

The PHK main map differentiates mainly between three spatial evaluation units:
e Settlement area
e Green and open spaces
e Public roads, paths, places.

Those areas are assigned to the settlement area, which primarily fulfil the functions of living, working
and public facilities. The human being stays mainly in the residential areas during the day as well as in
the night. Green and open spaces comprise of all areas, which are primarily meant either for human
relaxation (e.g. parks, gardens, forests) or provide other climate-ecological services (e.g. arable lands).
From the perspective of urban climate, the green and open spaces can provide a dual benefit. Firstly,
they are visited actively during the day and form an counter-weight to the possible thermal or air-hygienic
stress in the road and settlement areas. Secondly, they produce and/or transport cold and fresh air,
especially in the night and enable the adjacent population to have a relaxing sleep even during bio-
climatic stressful weather conditions. Public roads, paths and places, on the other hand, play a role
during the day as temporary staying places for the human being. They are visited either for longer stays
(e.g. town squares) or as means to an end, in order to reach a destination (e.g. going to work or
shopping).

The units of the ISU5 block map form the geometric space reference. In doing so, each area has been
assigned uniquely to one of the three usage categories. The assignment was done on the basis of the
so-called area types (see SenStadt 2010). The spatial unit "Public roads, paths and places" represents
a special case. Their partial areas are recruited partly from ISU5 area types with a traffic-related usage
allocation (incl. town square, promenade, parking place). The major part of the around 22,000 individual
areas were derived from the detailed map of Berlin road network and represents actual screen sections
so that in this way a spatial link could be made possible between the air-hygienic and thermal stress
levels on the roads.

Out of the approx. 890 km? of Berlin city area, 373 km? (41.9 %) have been classified as settlement
area, and 351 km? (39.5 %) and 121 km? as road space (13.7 %). The remaining 5 % of the total area
of Berlin constitute flowing and stationary water bodies. Owing to their climatic compensation function,
the open water bodies occupy an essential position in the city-climatic process sequence of Berlin.



However, since the water bodies are normally not subject to any conversion or development pressure,
they are shown in the PHK only for the purpose of information.

Approach, data basis and method of the process used for updating the climate data take into
account a largest possible, simultaneously extensive detailing of the resulting statements.
However, owing to the dynamic development in the city, the initial prerequisites for the
evaluation on individual areas change faster than the possible update cycle of the maps in the
environment atlas. Therefore, itis recommended to use the overlay function with the respectively
latest air patterns in the geo-portal for an area check as well as for a comparison with the
technical data of the PHK. From this, one can drawn inferences for the usability of the evaluation
results.

Map description
Map 04.11.1 Main map

Settlement area

The thermal situation is classified as "unfavourable" or "less favourable" in around 60% of the settlement
area. Especially for the evaluation class "unfavourable", proactive measures for improving the situation
as well as a more responsible handling of the resources is advised urgently. With a view on extreme
events as well as the climate change, this can be extended to the areas of the class "less favourable".
In contrast, 40% of the settlement area is to be classified as favourable or as very favourable (see Figure
1). In case of construction measures, it is to be pointed out here that these do not lead to extensive
negative impacts on the area itself as well as on adjacent areas for the day or night situation.
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Figure 1: Percentage distribution of evaluation classes for the overall thermal situation in the settlement
areas (linking of day and night situation) of Berlin.

The thermal focus areas of the thermal stresses combined during day time lie in the districts of
Friedrichshain-Kreuzberg and Mitte (see Figure 2 and Figure 3). Here, 80 % of the settlement areas fall
in the classes "less favourable" or "unfavourable”, which results in a recommendation for improving the
situation. Closed perimeter developments (area types 2 and 7) as well as the extensive retail trade (type
30) use more than 40 % of the area in both the districts. Accordingly high are construction volume and
degree of sealing, and accordingly low is the volume of greenery. Both lead to high stresses in partial
areas mainly in the night, but in some areas also during the day.

Comparatively good is the thermal situation in the districts Steglitz-Zehlendorf, Marzahn-Hellersdorf and
Treptow-Koépenick, in which measures for improvement are necessary on less than 50 % of the area.
The areas can be beneficial firstly because of their high share of greenery and their connection with the
cold air origin areas in the city and in the surrounding regions (including Forst Grunewald in Steglitz-
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Zehlendorf, expanded forest areas between Mlggelsee and Dahme in Treptow-Képenick). Secondly,
the historically more open development structure also favours a comparatively lower thermal stress
level. Thus, "Single detached houses with garden" (type 23) are taking up the highest area portion in all
districts. In Marzahn-Hellersdorf, this percentage is almost 50 %.

However, these values may not hide the fact that attention must be paid to a maintenance/development
favouring the urban climate even in the bio-climatically favourable districts and in partial areas,
measures are even advised for improving the thermal situation. A good example for this are the localities
of Marzahn and Hellersdorf, whose "large settlement areas and high-rises" (type 23) show an
unfavourable thermal total evaluation to almost 80 %, the main reason for which is the day situation or
the situation on the public (road) space.
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Figure 2: Spatial distribution of evaluation classes for the overall thermal situation in the settlement areas
(linking of day and night situation ) of Berlin.
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Figure 3: Balancing of the overall thermal situation in the settlement area of 12 districts of Berlin

Public roads, paths, places

Around 55 % of the public roads, paths and places of Berlin can be assigned to both the highest
evaluation classes (see Figure 4) For the road sections and places of class 4, it is recommended to
implement the short-term measures for improving the thermal situation. These should unfold an effect
for the day situation (mainly shadowing measures). If a settlement area designated as thermally stressed
in the night situation adjoins directly, additional measures must be taken (mainly the ones, which reduce
the heat storage). While doing so, a special focus should be laid on those sections, for which an
unfavourable thermal situation as well as a high or very high traffic air stress was modelled.

In the medium-term, measures are also recommended on some areas, which were assigned to the class
"less favourable". During the heat periods, clearly higher stresses can be achieved here than the ones
mapped in the modelling. In addition, the climate change will gradually increase the stress level of an
average summer day on the public road space too.

On the remaining 45 % of the area of the spatial unit, the thermal situation can currently be identified as
favourable or as very favourable. Measures for further improvement are not absolutely necessary, but
should be taken into consideration, if possibly adjoining settlement areas show a stress and the
measures cannot either be implemented there or not to an adequate extent.
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Figure 4: Percentage distribution of the evaluation classes for overall thermal situation on public roads,
paths and places in Berlin.

The spatial focus areas of the thermal load on the public roads, paths and places show a close
relationship with the green volume or the portion of the area of road sections covered by road trees
(both the parameters are present as calculated values from the captured vegetation structure
(SenStadtUm 2014)). The base area coverage by the road trees is on an average only 8 % in the district
of Marzahn-Hellersdorf. Even in case of green volume on the public road space, the district shows the
lowest percentages; Steglitz-Zehlendorf, on the other hand, with the lowest percentages (24.5 %) of
"less favourable" or "unfavourable" thermal conditions on public roads, paths and places, has in this
spatial unit about 2.5 times the green volume as compared to Marzahn-Hellersdorf (see Figure 5 and
Figure 6).

In most of the remaining districts, the area percentage of the cumulated values for the load situation lies
between 55 % and 65 %. According to the current evaluation, the most pleasant bio-climate on the public
road space is present in the districts of Steglitz-Zehlendorf, Charlottenburg-Wilmersdorf and
Reinickendorf. The cumulative area percentages of the classes 3 and 4 here are between just 25 to
below 40%. The percentage of the area of road sections covered with trees shows that potential for
improvement is still present in these areas. For both the last two mentioned districts, they lie between
14 % and 16 %.
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Figure 5: Overall evaluation of the thermal situation on public roads, paths and places in Berlin.
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Figure 6: Balancing of the overall thermal situation on public roads, paths and places of the 12 districts
of Berlin.

Air exchange



The extensive air-exchange system of Berlin consists primarily of three components:
¢ Air conducting and ventilation pathways,
e orographically-thermally induced, extensive cold air outflows,
o thermally induced, line-like cold air pathways.

The air conducting and ventilation pathways, important for Berlin, follow the valleys of Havel, Dahme
and Spree. They are significant mainly in case of allochthonous weather conditions, in which regional
wind systems are formed because of more or less extensive air pressure differences. In Berlin, these
weather conditions occur in the long-term mean (2001-2010), depending upon the station observed,
between 61.9 % (Berlin-Grunewald) and 91.5 % (Berlin-Dahlem) (SenStadtUm 2015a). In doing so,
western wind directions are prevalent. In the valleys, the introduced cold air is channelised, accelerated
and transported in this way to the inner city having comparatively weaker winds ("jet effect"). To be able
to make an optimum use of this phenomenon, the shore areas should be kept free and the development
should be kept open in the transition areas to the water bodies.

Autochthonous weather conditions without (or with only weakly pronounced) higher-level wind systems
occur rather rarely in Berlin (8.5 % - 38.1 % of the yearly hours). However, they are normally connected
with stronger stresses for the health of the urban population, because the transportation of air pollutants
is inhibited because of inversions and there is a characterisation of the urban heat island. For these
weather situations, local, thermal and/or orographically induced cold air flows and floor wind systems
take up the supply of the city with cold/fresh air.

The thermally-orographically induced cold air outflow is to be traced back to relief differences, which
in the morning hours leads to an outflow of the cooling air parallel to the slope. The prerequisite for cold
air outflow volume relevant for planning is an extensive slope inclination of > 1 %, which should also be
assigned in the direction of a (thermally stressed) settlement area. Grunewald has the biggest, area-
wise cold air outflow potential. The cold air can outflow here to almost 3,500 ha. The adjoining residential
development benefits directly from this, in particular, in the northern and eastern part.

Purely thermally induced cold air pathways are, on the other hand, more frequent and also distributed
more homogeneously over the city area. The reason for these is the small-scale succession of local
high and low pressure area within Berlin during the night hours of autochthonous weather conditions
and they see to it that air rising over the warm, densely built settlement areas is replaced at ground level
by comparatively cooler air masses from their surroundings, especially larger green/open spaces. In
particular for the inner city area, they represent the most important relief effects.

Demarcating their effective areas against one another and against those of the other components of the
air-exchange system based on clearly defined areas is not possible without further model and technical
measurement analyses owing to spatial overlaps. However, the core areas of the individual pathways
can be demarcated spatially on the basis of modelling and approximately balanced and compared. The
greenways are suitable to a large extent as core area of the thermally induced pathway type. They not
only transport further the cold air generated in the outer area, but also enrich the air stream with
additional volume of cold air. Relevant quantities of cold air can also be transported to the city over
broad streets. The pathways with air-hygiene stress must be differentiated here from the unstressed
pathways (VDI 2015).

The identification of the pathways and their corridors was done manually as an advisory estimate and
is based on the characterisation of the autochthonous flow field of the FITNAH simulation carried out.
In doing so, the demarcation of the pathway corridors is not for clearly defined areas and in the actual
planning case (e.g. a construction project) requires at least one additional expert assessment.

For the city area of Berlin, a total of 21 pathways were identified (see Figure 7). Their core regions
include a total area of around 1,250 ha, which is the same as 1.4% of the complete city area. Each
pathway represents a central component of the air-exchange system of Berlin. For this reason, all
structural obstacles are to be avoided, which could cause a cold air jam. The basic objective should be
to maintain the portion of green and open areas. In case of a construction, the construction height should
be kept as low as possible and the new structure should be aligned longitudinally to the pathway.
Perimeter developments are to be avoided completely.
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Figure 7: Core zones of cold air pathways ("pathway corridors") in Berlin

For all the three main components of Berlin's air-exchange system, it is equally true that their individual
structures (air conducting and ventilation pathways), potential areas (cold air outflows) or core zones
(cold air pathways) can be derived from model results and other technical and geo-data. A demarcation
of their specific effective areas with respect to area or component - which as a rule go much beyond the
areas shown above - cannot be ensured with adequate surety without further in-depth studies owing to
mutual spatial overlapping and influencing.

However, it is possible to map and balance the complete cold air effective area of Berlin's exchange
system (see Figure 8). A part of this analysis is also the cold air flowing out of the many smaller and
bigger green areas as well as from the strongly green settlement areas. These local phenomena form
the smallest piece of mosaic of Berlin's air-exchange and offer a climate-ecological welfare impact
mainly to the partial areas of settlement areas with cold air pathways or away from cold air outflow (this
mainly concerns the districts of Mitte and Friedrichshain-Kreuzberg).
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Figure 8: Summary effective area of the components of Berlin's air-exchange system in case of
autochthonous weather conditions.

As shown by Figure 9, there are big differences among the Berlin's districts with respect to the absolute
and relative portion of the residents benefiting from cold air as well as the settlement area influenced.
In all the mentioned categories, the districts of Reinickendorf, Pankow and Spandau have the three most
favourable ranks. They benefit the most from the air exchange. The district of Reinickendorf is
highlighted especially in the statistics: approximately 80 % of the residents or of the settlement area are
connected to cold air flows. It can, therefore, be assumed in a justified way that the clear, below-average
nightly thermal stress and mainly the very low portion of block (partial) areas of the class "unfavourable
thermal situation" in the three areas is connected very closely with the good supply of cold air. This
context can also be assumed in the opposite way for the districts of Tempelhof-Schéneberg and mainly
Friedrichshain-Kreuzberg. In both the districts, only a few more than 20,000 residents (same as < 10 %)
benefit from the cold air flows. On the whole in Berlin, based on the model results, around 1 million
residents (same as approx. 30 % of the total population) benefit from the cold air transported to the city
via the versatile air-exchange system or else from the cold air directly produced in it.

These values illustrate the central importance of the cold air management for Berlin. They also
show an improvement potential, which can be exploited with the help of measures.
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Figure 9: Balancing of cold air effect on the settlement area in Berlin according to districts

Green and open spaces

The highest worthiness for protection has been assigned to a little more than half of the green and open
spaces of Berlin (Figure 10 and Figure 11). These areas include the climate-ecological compensation
areas important for the current settlement structures. Their climate functions are very important.
Structural interventions should be avoided or, if already prepared under the planning law (FNP
construction areas), should be done under consideration of the fundamental climate functions. For
optimising the ecosystem service, the objective should be a good flowing of the adjoining development,
a networking with the neighbouring green and open spaces as well as an increase of micro-climate
diversity. Along with all core-urban green/open spaces (incl. park at triangular junction, Tempelhof field,
Great Zoo), some agriculturally useful areas to the north of Berlin are also part of the highest evaluation
class.

A high worthiness of protection can be ascribed to around one-third of all green and open spaces of
Berlin. The expanded forest areas of Berlin make up a major part of this at around 85%. Under the
remaining portion of the areas, there is a dominance of parks, small gardens and fallow land with
vegetation.

For the current settlement structure, these areas represent important climate-ecological compensation
areas. Structural interventions should be done very moderately or, if already prepared under the
planning law (FNP construction areas), under consideration of the fundamental climate functions. For
optimising the ecosystem service, the objective should be a good flowing of the adjoining development,
a networking with the neighbouring green and open spaces as well as an increase of micro-climate
diversity.

Like this, around 95 % of all Berlin's green and open spaces show a high to very high climate-
ecological worthiness of protection. This illustrates the high relevance of most of the green and open
spaces for a healthy climate of Berlin. Areas with an average worthiness of protection represent the
supplementary space to the urban-climatic compensation system, but make up only a very low
percentage of the complete area of the spatial unit. The adjacent development benefits from the
provided climate function, but is normally not dependent on it. A low worthiness of protection was
assigned to all remaining areas. For the current settlement structure, they do not provide any service
relevant for climate-ecology. It is true for all areas with a low or average worthiness of protection that
their evaluation in case of their construction or a construction in their immediate environment must be
done again.
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Figure 10: Percentage distribution of evaluation classes for climate-ecological worthiness of protection
of open/green spaces in Berlin

s‘roun:z mn:z Hmﬂ; -IOW? -l1m1'lli 420009
N
A worthiness
8- B very high g
3 B high 3
average
low
water bodies
E §
-l &
3 3

5812000

Figure 11: Spatial distribution of evaluation classes for climate-ecological worthiness of protection of
open/green spaces in Berlin
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Map 04.11.2 Supplementary planning instructions

Areas with special urban-climatic drawbacks

For all block (partial) areas of the settlement area or all road sections with a less favourable and mainly
with an unfavourable thermal situation, it is recommended to implement the measures. Apart from this,
there exists for some open and green spaces a potential for improving their climatic ecosystem services
(e.g. in the context of micro-climate diversity). The areas with a special urban-climatic drawback are
those sections of the areas, for which there is a priority need for action because of high stress level,
which can be covered in the scope of an urban sanitation or an urban redevelopment.

To be able to give concrete instructions for the three spatial units (settlement area, green/open spaces,
road space) of the main map, a differentiation has been done below in the following six area categories
(see Table 1). Four of these refer to the settlement area. One differentiates here between the function
of living, trade/industry, public utility/special uses and core areas. A category of priority action space
was assigned each to public roads, paths and places as well as green and open spaces. The evaluation
is based on purely climatic aspects as defined in a planning instruction. A linking with further vulnerability
factors is done in a further step (see Section "Areas with a special vulnerability as compared to the urban
climate").

Settlement area Living WOZ* 10 or 21 as well as
unfavourable thermal situation
during the day and in the night

Trade/industry WOZ 40 as well as percentile P90
of the class of unfavourable
thermal situation during the day

Public utility/special uses WOZ 50 as well as percentile P90
of the class of unfavourable
thermal situation during the day

Core area WOZ 30 as well as unfavourable
thermal situation during the day
and in the night

Public roads, paths, Road sections Unfavourable thermal situation
places during the day as well as very
high air stress caused by traffic.

Green and open Park | Green area | Town square | Type 53 or 54 as well as

spaces Promenade percentile P95 of the block
(partial) area-space mean value
PET 02:00 p.m.

* WOZ= Abbreviation for the categories of the structural uses, stands for "Living number"; detailed description see
SenStadt 2010

Table 1: Categories and methods for identifying the areas having special urban-climatic
drawbacks

Over all the area categories, 751 priority action spaces have been identified. The highest share in this
is shown by the category "Road sections" at almost 60 %. To about one-third, the categories assigned
to the settlement space are subsumed. The settlement type "Living" represents here the biggest group
with 107 block (partial) areas. The remaining approx. 10 % falls on the category park | green area | town
square | promenade (Figure 12).
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Figure 12: Percentage distribution of the area categories with special urban-climatic drawbacks in Berlin.

It can basically be determined that areas with priority need for action have been identified in all districts.
The spatial focus lies in the districts Mitte (relevant for all area categories) and Charlottenburg-
Wilmersdorf (the road space is mainly significant here). In both these districts, almost 40 % of the areas
to be sanitised on priority are located. A subordinated focus point are the districts of Tempelhof-
Schdéneberg, Marzahn-Hellersdorf and Friedrichshain-Kreuzberg. In the districts Reinickendorf and
Steglitz-Zehlendorf, on the other hand, there are only a few hot spots (Figure 13 and Figure 14).

Settlementarea Road sections ®  park| greenarea | town square | promenade tatel

180 +
160
140

120

numberofareas

Figure 13: Balancing of areas with special urban-climatic drawbacks for the 12 districts of Berlin

15




aToooo 380000 390000 400000 410000 420000
L L ' 1 L 1

N o ¢ ¢ Areas with special urban-climatic drawbacks
A L y . ; settlement area (living)
§_ = ¢ '_Jr "- j settlement area (public good & special use) ,,§
) ! [+]
% = T /i S 77/, settlementarea coreares) g
| 4 7/,/[ settlement area [commerce an industry)
‘\ road sections
5 = m park | green area | town square | promenade
|
8 Y+ ]
/ F Y 37
| Spandaw e
] . -
L » .' A b
g g Wlimersdort. ’ b g
2 g 2
» K
| = i ‘. | < [
)
2 # g o . Fs! H
Py
LD \ f
4 N
T : i
1 2
2 3 2
2 E]
0 25 5 )
—— km |
T T T T T T
370000 380000 390000 400000 410000 420000

Figure 14: Areas with special urban-climatic drawbacks in Berlin

Areas with a special vulnerability as compared to the urban climate

The identification of areas with a special urban-climatic drawback is based on a purely planning, climatic
perspective. Their connection with further non-climatic criteria can disclose additional decision-making
helps in the context of implementation of measures especially for the spatial unit "settlement area" as
defined in a spatially differentiated vulnerability study.

To what extent the block areas of the settlement area are vulnerable to the city-climatic situation
depends on primary criteria of time of stay/use as well as on further secondary factors. These include,
above all, the demographic composition of the quarters observed. Apart from this, the availability of
specific sensitive building/area uses as well as the degree of supply of residential areas with adequate
green areas are the factors that influence the level of vulnerability.

Special vulnerability based on demographic composition

Especially sensitive to the thermal (heat) stress are mainly the older people in the population (above 65
years [U65]) owing to the susceptibility to cardiovascular disorders increasing with age as well as small
children below 6 years (U6), and mainly infants because of their lacking or not fully developed ability for
thermal regulation (Jendritzky 2007). A relationship between an increased mortality and the occurrence
of heat periods can be shown empirically for the areas of Berlin-Brandenburg and can also be mapped
in a model (Scherber 2014, Scherer et al. 2013, Fenner et al. 2015).

In-depth information about the relationships between "Health and urban climate" is offered by the
related excursus (Scherber 2016).

About 850,000 people live in Berlin, for whom a special thermal sensitivity can be assumed owing to
their age (Statistics BBB 2014). The ratio of the sensitive older and the sensitive younger percentage of
the population is approx. 3.4:1. It applies equally to all districts that the risk group of older people is
much higher than that of small children and infants. This phenomenon is most strongly pronounced in
the district Steglitz-Zehlendorf (5.3:1), where just about 90,000 of the thermally most sensitive residents
of Berlin live. In Friedrichshain-Kreuzberg — the district with the lowest number of thermally sensitive
residents (approx. 45,000) - there are only 1.6 U65 year old for one person in the age of U6.
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To what extent can an actual vulnerability also be derived from this sensitivity, depends essentially on
the geographic distribution of the risk groups in the spatially differentiated stress field. In the resulit,
there is a high or very high demographic vulnerability in approx. one third of all block areas,
Approx. three quarters of all heat-sensitive Berliners live in these areas (around 650,000 residents).
Vice versa, it also means that measures need to be implemented only in a comparatively small area, in
order to give thermal relief to a high percentage of vulnerable population group.

A spatially differentiated analysis at the level of Berlin's districts shows that although there is a
fundamental agreement in the distribution of population groups sensitive to climate with the space
patterns of the actual demographic vulnerability, but there are still some essential differences (Figure
15 and Figure 16).

Thus, although the district Steglitz-Zehlendorf is the biggest group of thermally sensitive persons, the
district has only rank 7 in case of demographic vulnerability. The reason for this is firstly that the stress
level lies on the whole below the average. Secondly, the risk groups are currently living in thermally
favourable areas. The reverse case applies to Pankow. Seen absolutely, there is the highest
demographic vulnerability here, although the district has only the fourth largest sensitive population.

At the lower end of the scale, both the results match in contrast: Spandau, Marzahn-Hellersdorf and
Friedrichshain-Kreuzberg show the lowest number of sensitive persons as well as the demographic
vulnerability. However, it applies to Friedrichshain-Kreuzberg that the majority of the sensitive population
also lives in areas with thermal stress (approx. 80 %). A higher percentage is also seen in the district of
Lichtenberg (82 %). Even Mitte and Neuk®élln lie at the same level.
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Figure 15: Demographic vulnerability as compared to thermal stress - Spatial analysis at the level of
block areas in Berlin
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Figure 16: Demographic vulnerability as compared to thermal stress - Balancing at the level of Berlin's
districts

Special vulnerabilities based on building/areas uses sensitive to urban climate

Uses of areas/buildings sensitive from the perspective of urban climate are mainly the ones, which are
preferably used by the risk groups. For the present analysis, a total of eight different usage types were
differentiated: Hospitals, care homes, libraries, child day care centres, schools, after-school care
centres, play areas and sports complexes. In the partial areas of the three higher-level space units
of PHK 2015, there are currently a total of around 7,300 corresponding individual uses. The main share
is constituted by about 64 % of play areas and child day-care centres.

On the whole, at least one climate-sensitive usage type is found in around 25 % of the settlement areas,
approx, 12 % of all green and open spaces and 5 % of all partial areas of the space unit public roads,
paths and places. In over 90 % of the cases, not more than two different usage types occur
simultaneously for each partial area, but in the individual case up to six types occur as cluster.

The spatial distribution of the sensitive area/building uses within Berlin is relatively homogeneous and
shows a high correlation with the total population with respect to the districts. The following applies: The
more residents a district has, the more climate-sensitive uses also occur. Accordingly, the district of
Pankow with almost 700 affected block areas is present at the upper end of the scale, while the district
of Spandau is at the lower end with more than 350 block areas with at least one climate-sensitive use.
The evaluation shows that there is a relevance for this topic too in all districts of Berlin.

To what extent an actual vulnerability of the individual areas results from this spatial distribution,
depends essentially on the geographical position in the differentiated stress field. The absolutely viewed
largest number of areas with vulnerable uses lies in the district of Pankow, which also shows the highest
number of sensitive (also potentially vulnerable) uses of areas/buildings. Apart from this condition, the
result does not disclose any relationship between the frequency of occurrence of vulnerable and
sensitive uses / the population strength. The reason for this is the spatially divergent percentage share
of sensitive uses in a thermally sensitive environment. With respect to complete Berlin, the
corresponding value is 33 %. However, within the twelve districts of Berlin, this value fluctuates
considerably between approx. 15 % in Steglitz-Zehlendorf and almost 66 % in Marzahn-Hellersdorf
(Figure 17).
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Figure 17: Absolute number and relative percentage of aggregated sensitive uses in thermally stressed
environment in the 12 districts of Berlin.

In contrast, the sequence of the absolute number of vulnerable usage types matches exactly that of the
ranking for the sensitive types. Play areas and child day care centres also occur here very frequently as
the remaining usage types. They clearly make up more than 50 % of the total 2618 partial areas having
vulnerable area/building uses. Similar to the district-wise evaluation, there are here also higher
differences in the scope, in which the climate-sensitive uses also become actually vulnerable uses.
Especially relevant is the high rate in case of care homes and hospitals, which are located in a thermally
stressed environment to more than 50 % and for which a highlighted, prioritised need for action can be
derived.

19




® inthermally stressed environment (abs.) B  inthermally stressed environment (rel.)

900

800

700 - i 50
600 - !

L a
5. {
400
300 1 :
2. . . {
100 4 !

o 4 ; ; ; . g g g } o

Playreas child day care Sportgrounds schools carehomes after schoolcare hospitals Ifibraries

8

8
=]

Ratio [abs.]
8 8
=
Ratio [%]

8
8

8

8
=

Figure 18: Absolute number and relative percentage of sensitive use types in thermally stressed
environment in Berlin.

Special vulnerabilities based on a shortage of green areas

Apart from providing cold air, the open and green areas of Berlin also provide a second, central climate-
ecological service: They are cool islands during the day, which can be visited actively by the (thermally)
stressed residents of the city and provide for their relaxation. Unlike the production of cold air - which is
dependent on larger consistent areas (> 1-2 ha) for the supply of relevant volume - a regular mosaic
made of smaller green areas is especially suitable for a short-term relaxation. Only in this way it
can be ensured in the sense of a social-ecological fairness that the residents of the city of all parts can
fulfil their need for relaxation (Scherer 2007).

Viewed on a small-scale, the green and open spaces with a high percentage of shade are mainly
important in such areas, in which a relevant thermal stress level occurs during the day together with a
shortage of private green areas. A linking of both these parameters shows the partial block areas, on
which there is a special city-climatic vulnerability because of a shortage of green areas. These areas
require a special attention in the provision of thermal comfort islands (so-called "pocket parks") in the
private and public space.

On the whole, 807 partial block areas of the settlement area show a vulnerability against the urban
climate because of a shortage of green area (matches about 5 % of all partial block areas or 4 % with
reference to their area). The affected quarters have around 375,000 residents, of whom approx. 80,000
belong to a risk group. This implies that approximately each 10th Berliner or each 10th member of the
risk group based on age structure is affected by the studied drawback.

The areas are distributed over the complete urban area of Berlin, but the spatial focus areas can be
made out. The hot spots include the districts of Mitte and Pankow, which show the mostly affected partial
block areas as well as the mostly affected residents. Together, they make up for a percentage of each
approx. 30 % (130,000 residents, 250 blocks). During the day, both the districts are not among the most
strongly stressed areas of Berlin, which indicates that the supply of green area is distributed
unfavourably here with respect to thermal relaxation and/or there are too few relaxation areas on the
whole. The reverse case applies to the district of Spandau. In comparison, it shows a lot of areas
thermally stressed during the day, but only few vulnerable areas/residents owing to a shortage of green
areas. The best situation exists in Steglitz-Zehlendorf, where a thermally relevant short supply can be
ascertained for less than 10,000 residents (Figure 19 and Figure 20).
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Figure 19: Spatial representation of areas with a special vulnerability as compared to the urban climate
based on a shortage of green areas in Berlin
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Figure 20: Balancing of the vulnerability as compared to the urban climate based on a shortage of green
areas in the 12 districts of Berlin.




Map 04.11.3 Measures

In the third main level of PHK 2015, 413 individual combinations of 30 different measures and planning
instructions have been assigned to around 45,000 partial block areas and road sections. With 312
different measures combinations, a major part of this falls on the settlement areas, which also becomes
clear in the area background of the individual measures. Moreover, 88 different measures combinations
are assigned to green/open spaces, 12 to the spatial unit of public roads, paths and places as well as 1
to water bodies.

The assignment of measures depends upon the area type, the individual evaluations in the main map
as well as in the supplementary planning instructions and some additional technical and geo-information.
Based on the scale for the entire city, not all area specifications could be included comprehensively in
the analysis so that the results summarised in Table 2 are to be understood as suggestions, which need
to be checked and substantiated again when viewing an actual area or a specific measure (= search
areas). In this context, there should also be an in-depth discussion on the supporting instruments and
tools for implementing the measures.

Detailed statements for the 30 individual measures can be taken from the accompanying document of
PHK (SenStadtUm 2015). More information can also be taken from the Urban Development Plan of
Berlin for Climate and its substantiation (SenStadtUm 2011), the Climate Booklet for Urban
Development (MVI 2012) as well as the Manual of Urban climate (MUNLV 2010).
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 Recommendedorthosptalunt
Settlement  Public Green and Water
area roads, open bodies
paths, spaces
. places
_ Shading of roads and footpaths no yes yes no
_ Greening and shadowing of parking spaces yes yes yes no
_ Reduction of anthropogenic heat emissions yes yes no no
_ Greening of rail tracks no yes no no
_ Demolition (de-densification) yes no no no
_ Unsealing yes yes no no
_ Creation of pocket parks yes yes yes no
- Improvement of accessibility of public parks yes no no no
and green areas
_ Greening of inner courtyard / backyard yes no no no
_ Shadowing of buildings yes no no no
_ Increase of albedo of surfaces yes yes no no
_ Water in the public space yes yes yes no
_ Energetic building development yes no no no
_ Roof greening yes no no no
_ Greening of fagcade yes no no no
_ Summer heat protection in buildings yes no no no
_ Adjustment of space usage concept yes no no no
_ Technical building cooling yes no no no
- Pay attention to building position in new yes no yes no
structures
- Urban climate-related uncoupling of new yes no yes no
construction and re-densification areas
- Expansion of social infrastructure and yes no no no
networks
_ Increase in the micro-climate diversity no no yes no
- Protection of the areas relevant for cold air yes yes yes no
management
- Networking of the areas relevant for cold air yes yes yes no
management
_ Avoidance of exchange barriers yes yes yes yes
_ Improvement of air quality in cold air pathways no yes no no
- Protection of existing large-area parks / green no no yes no
areas
_ Creation of new large-area parks / green areas no no yes no
_ Protection of forest areas no no yes no
_ Protection of open water areas no no yes yes
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Excursus: “Urban climate and health”

Urban climate and health — a challenge for the design of urban living
spaces

Human health is the basis of our life. The urban living and environmental conditions significantly
influence the well-being, the health and the life expectation for urban populations. The environmental
impacts on human health in the context of the urban climate can be derived from the bioclimatic
properties of the city, especially as determined by urban heat islands and air pollutants.

Already today, but especially in the future, the specific features of the urban climate in conjunction with
the impacts of climate change, the ageing of society, urban lifestyles and an unequal social distribution
of environmental loads pose great challenges for the design of urban living spaces.

Since metropolises such as Berlin exhibit an inner-city mosaic of different urban, population and social
structures as well as environmental conditions, health impacts are likewise spatially differentiated. Thus,
not only the environmental conditions in an urban area are crucial, but also the proportion of the groups
of persons who exhibit a particular vulnerability towards these loads. Especially elderly, chronically ill or
socially deprived people and those living on their own are often affected by environmental loads to a
greater extent (Béhme et al. 2013).

In order to preserve or create an urban environment healthy for humans, it is on the one hand crucial to
understand the impacts of the urban climate on health. On the other hand, spatially differentiated
considerations concerning human-environment relations in urban areas form an important basis. Urban
planning has a significant task in this regard, particularly with respect to the impact of climate change.
The Berlin Senate Department for Urban Development and the Environment published the Urban
Development Plan Climate (SenStadtUm 2011) in 2011 and developed the partial climate protection
concept “Adaptation to the Impacts of Climate Change” (“Anpassung an die Folgen des Klimawandels”,
SenStadtUm 2016) in the framework of the climate adaptation strategy of the State of Berlin.

Planning advices maps support the aim of preserving or creating a healthy urban climate. In assessing
situations of urban climate load and relief functions and in designating areas with particular urban climate
deficits and vulnerability towards the urban climate, demographic structures are taken into account in
addition to land use and the supply with green spaces. The identification of increased health risks
through thermal load and air pollution on the basis of health-related data in spatial resolution can be
understood as an important supplement for the planning and implementation of mitigation and
adaptation measures for health protection.

What is the connection between urban climate and human health?

Urban structures modify the bioclimatically relevant parameters air temperature, humidity and airflows,
and the exchange of radiation and energy. The urban climate can impact on humans directly and
indirectly, since urban heat islands and air pollutants in the urban atmosphere not only have a direct
influence on humans, but also on water, soil, flora and fauna in the city. And through these partial
spheres (hydrosphere, pedosphere, biosphere), indirect effect pathways to humans can also be traced.
In the following, the focus of the considerations will be on the direct impacts of the urban thermal load
on human health.

Urban heat islands

The urban heat island has both a beneficial and a detrimental bioclimatic impact on human health. A
shortening of the winter frost season and a reduction of the number of heating days, through which air
pollutant immissions decrease (Kuttler 1998) and the risk of cold-related illnesses and deaths is reduced,
is to be assessed positively. However, shortened frost seasons and milder winters also entail an
extension of the vegetation period and thus the pollen season, which can increase and exacerbate
allergies and change the allergen spectrum (Eis et al. 2010). Increased risks of infection are also to be
expected, as the conditions for alternate animal hosts and carriers (vectors) of pathogenic organisms to
live and proliferate are more favourable (Eis et al. 2010). The urban overheating has negative effects
especially in the summer months, when the intensity is greatest at night. As these particularly heavy
loads coincide with the nocturnal recovery phase of humans, they constitute an additional strain for the
human organism on continuously hot days (Koppe et al. 2004). However, high air temperatures, low
wind intensities and spatially diverse radiation conditions can lead to heat stress also during daytime in
the summer. The degree of thermal load is mainly determined by the insolation.
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Heat waves, i.e. several consecutive days with thermal load, are a special problem in cities, as buildings
and impervious areas heat up over days, store this heat and release it with a delay. If there is no
adequate night-time ventilation in these cases, residents in these urban areas experience a continuous
thermal stress across the day and night hours, whereas residents in favourable urban areas experience
heat relief overnight through the cooling influence of adjacent open spaces. Berlin distinguishes itself
with its outstanding mixture of developed and green areas through a mosaic of different micro-scale
climates and thus large differences in the thermal conditions in a small space. Assessing their climatic
impact is a priority task of the three-part Planning Advices Urban Climate Map.

Thermal load

Thermal load is understood as a health-relevant assessment of the thermal environment. The thermal
load is determined either by means of simple methods, e.g. threshold values of the air temperature
(climatological threshold days), or by means of complex methods, e.g. via the Predicted Mean Vote
(PMV), the perceived temperature, the Physiological Equivalent Temperature (PET) or the Universal
Thermal Climate Index (UTCI), an update of the Klima-Michel model applied by the German
Meteorological Service and of the perceived temperature (Koppe 2005, Jendritzky et al. 2009). The
thermal load is divided into heat load and cold stimulus. A severe thermal load is also referred to as a
heat load or heat stress, but the terms are often used synonymously and there are no standardised
definitions.

If the mortality (mortality or mortality rate related to the total population) and e.g. the air temperatures
are considered across the calendar year, one usually finds a U-shaped curve (cf. Figure 21).

cold stimulus heat load

Mortality
high

low

extremely cold extremely warm
temperature

Figure 21: Schematic representation of the air-temperature-mortality relationship according to Eis et al.
(2010), Koppe et al. (2004), Laschewski (2008), Schneider et al. (2009) and Breitner et al. (2013).
Continuous line: Temperature-mortality relationship across the calendar year.

Dotted line: Temperature-mortality relationship during phases of great thermal load or during summer months (Scherber 2014)

The curve progression can vary depending on the regional climate, the season under consideration and
the cause of death (Koppe et al. 2004, Michelozzi et al. 2009, Schneider et al. 2009). In the middle
latitudes, the total mortality (all causes of death) exhibits a maximum in winter and a minimum in
summer. However, in particularly hot summers, as was the case in Berlin in 1994, 2006 and 2010, the
total mortality can exceed the winter maximum (cf. Figure 22).
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Figure 22: Daily deaths (all causes) and daily maxima of the Universal Thermal Climate Index (UTCI) in
Berlin in 2010 compared to mean values based on 2000-2010 (Scherber 2014)

Heat-related diseases

The human organism tolerates deviations of the body's core temperature only to a small extent. By
contrast, the body shell (arms, legs and skin) can tolerate varying temperatures to a much greater extent.
If the body’s core temperature increases, if the upper limit of the so-called thermal comfort is exceeded
or the human thermal regulation is disturbed, the organism increasingly suffers from heat stress. Even
healthy persons can experience significant increases of the pump performance of the heart, even under
conditions of physical rest, and may therefore suffer from reduced physiological functional reserves and
limited intellectual cognitive performance (BMU 2011). The body reacts with discomfort, reduced
physical performance and lack of concentration. Symptoms of heat stress are a feeling of impairment
and strain. Increased medication may be necessary for people who are already ill. A continuous
exposure to high temperatures can result in heat-related emergency situations (e.g. heat cramps, heat
stroke), diseases and even death. Heat-related diseases mainly affect the cardiac, vascular and
respiratory system, which is strained due to additional effects of air pollutants and pollen (BMU 2011,
Michelozzi et al. 2009, Schneider et al. 2011). In addition, high temperatures and low humidity can
dehydrate the mucous membranes, which is relevant both in summer and indoors in winter. Pathogenic
organisms which cause diseases of the respiratory system or worsen existing symptoms can easily
settle on dry mucous membranes.

Persons at risk and risk factors with respect to thermal load

The water loss via the skin when sweat evaporates significantly increases when the surrounding
temperature is higher and is further reinforced under conditions of physical work or an existing disease
which is itself water-consuming (e.g. diabetes mellitus, diarrhoea). High water loss is particularly
problematic for elderly and sick people, infants and toddlers, as their thermal regulation system is
restricted, their perception of thirst is reduced, and the hormonal regulation of the water and electrolyte
balance is modified. If the water and electrolyte regulation is not balanced accordingly, the water loss
leads to a lack of volume in the circulatory system, and the circulatory function and renal activity are
impaired, which may result in the collapse of the organism. In the short term, young adults can
compensate even severe water loss solely by drinking. Elderly people often need several days for this
(Wichert, von 2004).

People at heat risk further include persons with existing severe health impairments e.g. by diseases of
the cardiovascular and respiratory systems and persons who are bedridden or have neurological or
psychiatric diseases. They may not be able to provide for themselves independently and usually take
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medication which impacts on the electrolyte and thermal regulation, e.g. diuretics (flushing out water),
neuroleptics (antipsychotic), beta blockers (reducing blood pressure) and barbiturates (enhancing
sleep). In addition to age and pre-existing diseases, further risk factors for heat-related diseases are
alcohol and drug abuse, exhausting physical activities during extreme weather conditions, lack of
acclimatisation, low levels of fitness, overweight, physical fatigue, physical and social isolation, low
socio-economic status, living in conurbations and lack of or insufficient air conditioning (Eis et al. 2010,
Koppe et al. 2004).

Acclimatisation

Acclimatisation is an essential aspect regarding the impacts of thermal load. Acclimatisation is to be
understood as the physiological adaptation of the human organism to changed climatic conditions. The
thermal load impacting on the body is reduced through increased efficiency in the thermal regulation
system and hormonal changes. A short-term heat acclimatisation is usually reached after 3-12 days,
whereas a long-term heat acclimatisation can take several years. The effects of short-term heat
acclimatisation include increased sweat production, even at a lower body temperature, and a reduced
concentration of salt in sweat and urine. However, this form of acclimatisation is only reached if the heat
exposure occurs for several hours daily, and it reverts within several weeks after the heat exposure
(Koppe et al. 2004). The speed and extent of the acclimatisation depend on different individual factors
such as age, gender, genetic predisposition, state of health, physical performance and fitness. External
factors, e.g. the use of air conditioning, and national, geographical and seasonal differences are also
crucial for the acclimatisation and individual heat tolerance (Koppe 2005).

Due to the relevance of the physiological adaptation in assessing the thermal environment, the HeRATE
method (Heat Related Assessment of the Thermal Environment) was introduced (Koppe 2005). This
method is taken into account in calculating the threshold values of the thermal index “perceived
temperature” for heat alerts of the German Meteorological Service. For this reason, the threshold values
of the perceived temperature for heat alerts are slightly lower for early summer heat waves and at higher
latitudes, and slightly higher in midsummer and at lower latitudes.

How can impacts of urban climate on health be studied?

On the one hand, connections between urban climate and human health can be studied on the basis of
the impacts of thermal load and air pollution on mortality, morbidity (frequency of diseases), or e.g. on
individual physical and psychological parameters. These health indicators often come from data from
death statistics, hospital diagnosis statistics (e.g. patient admissions in hospitals), statutory health
insurance funds (e.g. billing data) or emergency rescue services. In order to capture thermal load and
air pollution, data are obtained from stationary monitoring networks, mobile measurements or based on
spatial interpolation.

In investigating the connections between environmental exposures and health impacts, a distinction is
made between short-term and long-term effects. Short-term effects occur in immediate temporal
proximity to the exposure (i.e. within a few days). However, in the long run chronic diseases may result
(Breitner et al. 2013).

On the other hand, the risk for health effects of thermal load and air pollution can also be derived from
urban, population and social structures. Taking further health and meteorological indicators into account,
this approach results in vulnerability, environmental risk or heat stress maps that spatially represent the
potential risk for heat stress or further environmental loads (cf. Chapter “Special vulnerability based on
demographic composition”, Dugord et al. 2014, Kim et al. 2014, SenStadtUm 2015d).

The connection between thermal or heat load, air pollutants and health impacts is most frequently
investigated on the basis of epidemiological studies. Epidemiology is a scientific discipline that deals
with the causes and effects and the diffusion of health-related conditions and events in populations
(Micke et al. 2013). In time series analyses, data from environmental exposures and so-called health
endpoints (e.g. disease, death) on the level of aggregated populations (instead of individuals) are taken
as a basis, and changes in the strength of environmental influences and certain health effects are
investigated using regression analyses in different temporal resolutions (mostly day or month). Possible
perturbations, such as seasonal influences, temporal trends, meteorology and socio-economic status of
the investigated population can also be taken into account. Since health impacts do not always manifest
immediately after changes in the environmental influences, the observed temporal delay of the health
impacts is also called a time lag or lag (Breitner et al. 2013). Time series analyses allow for including
large numbers of cases and long time periods, and for high resolutions on the spatial level, which is
especially relevant for intra-urban differentiations of environmental impacts on the urban population.
However, connections between environmental exposures and health impacts can also be captured on
the basis of persons or groups of persons, e.g. by means of case-control studies, cohort studies or by
surveying exposed persons regarding their health condition, performance and well-being. These study
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designs consider fewer case numbers but allow for a better control of confounding factors and for
representing connections at the individual level.
Table 3 shows an overview of studies that investigate the impacts of thermal load and air pollution on
health in Berlin and specifies the data and the temporal and spatial resolutions used.

Tab. 3: Overview of studies investigating the impacts of thermal load and air pollution on health in Berlin

(as of 2015, selection)

Authors and Title

Data

Short description

Prospective Study Cohort.

temperature, humidity

Investigation . Temporal Spatial
period VELEE resolution resolution
Deaths; all causes State of Berlin
Burkart et al. 2013: Universal Thermal
Interactive short-term Climate Index (UTCI), ; P
effects of equivalent calculated on the basis of DWD station | Investigation of effects
temperature and air 1998-2010 t logical Da Tempelhof of heat, cold and air
ollution on human i eorot Cgres] Y pollutants; calculation of
poflution ¢ . RAQMESICIS mortality risks
mortality in Berlin and
Uz staions
PMio, ozone Neukslin
Wedding, Buch
Deaths; all causes; age
groups (in total, 0-64, State of Berlin
Fenner et al. 2015: Inner- 65+)
city air temperature as Investigation of thermal
indicator of health-related DWD stations | €ffects dependent on
loads in cities, using the Tegel climatic conditions
example of Berlin Temp’elhof' differing within the city;
(“Innerstadtische 2001-2010 Day Urban Clirr;ate quantification of excess
Lufttemperatur als Observation mortalities on the basis
Indikator gesyndheitlicher Air temperature Network qf the heat-event-based
Belastungen in stations (TU risk model by Scherer
GroR3stadten am Beispiel Berlin) et al. 2013
Berlins”). Dahlemer Feld,
Dessauer
Strale
Deaths; all causes; age .
’ | State of Berlin;
groups (< 50, > 50); boroughs
Gabriel and Endlicher B D Epidemiological study;
ay . A
2011: Urban and rural ) ) investigation of thermal
mortality rates during heat | 1990-2006 Meteorologl.cal ) DWD stations [ gtfects: calculation of
waves in Berlin and parameters; perceived Tempelhof, heat-related excess
Brandenburg. temperature Dahlem mortalities
!_and e (degree of Year State of Berlin
imperviousness)
. Lung function, clinical
S ALUC U e status (CAT), 6-min State of Berlin | Clinical study with 62
Telemonitoring reduces . ; .
" . |June 1- walking test COPD patients;
exacerbation of COPD in . e
. August 31, Day investigation of thermal
1112 GO A AR 2012 effects; telemedical
change--a randomized Days of thermal load DWD station C
i based on the air study
controlled trial. Tempelhof
temperature
Jehn et al. 2014: Heat Steps’ Symptom score State of Berlin Prospective cohort
Stress is Associated with Aoril 1- study with 15 PAH
Reduced Health Status in SZ tember Da patients; investigation of
Pulmonary Arterial 30 p2011 Days of thermal load Y DWD station thermal effects by
Hypertension: A ’ based on the air Tempelholf means of activity and

symptom monitorings
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Scherber 2014: Impacts Patient admissions and
of thermal load and air deaths in hospitals; all
pollution on fully inpatient causes, RS, CVS; age State of Berlin
admissions and deaths in groups (in total, 0-14, 15-
hospitals during summer 44, 45-64, 65-74, 75+)
months in Berlin and Investigation of thermal
Brandenbur: and air pollutant effects;
(“Auswirkungen von Universal Thermal 3 spatial e?nalyseS'
Warme- und 1994-2010 Climate Index (UTCI), Day ?gynD 2,?2?”5 projections for heat-
Luftschadstoffbelastungen calculated on the basis of TegeFI) ' related morbidity and
auf vollstationare meteorological Schanefeld mortality
Patientenaufnahmen und parameters
Sterbefalle im
Krankenhaus wahrend BLUME
Sommermonaten in Berlin stations Buch,
und Brandenburg”). Cteinz, [P (192 Wedding,
Neukdlin

Patient admissions in
Scherber et al. 2014: hospitals; RS; age group Month
Spatial analysis of 65+ Spatial analysis of the
hospital admissions for risk for RS hospital
respiratory diseases 2000-2009 o Postcode admissions taking
during summer months in Social index Year areas socio-economic factors
Berlin taking bioclimatic and thermal load into
and socio-economic account
aspects into account. Annual mean days of

thermal load

Deaths; all causes; age
Scherer et al. 2013: groups (in total, 0 — 64, State of Berlin | Investigation of thermal
Quantification of heat- 65+) effects; quantification of
stress related mortality 2001-2010 Day, month excess mortalities on
hazard, vulnerability and Air temperature DWD station the basis of a heat-
risk in Berlin. : peratu Tempelhof event-based risk model

Deaths; all causes Planning areas
Schuster et al. 2014: Inner-city spatial
Heat mortality in Berlin — :
Spatial variability at the 2006-2010 Month DWD stations | @nalysis ofr?(elgit-rglakted
neighbourhood scale. Air temperature; DWD Tempelhof, €XCess MOonalty nsks

heat alerts Tegel,

Schonefeld

Turowski and Haase
1987: Meteoro- Deaths; differentiated
pathological study of the according to causes, age o
(“Meteoropathologische el D, REL | iz Ee Guier calculation of excéss
Untersuchung uber die DRI mortalities
Klima- und Meteorological
Wetterabhangigkeit der parameters
Sterblichkeit”).
Abbreviations
RS: diseases of the respiratory system
BLUME: Berlin Air Quality Monitoring Network
CAT: COPD Assessment Test
COPD: chronic obstructive pulmonary disease
DWD: German Meteorological Service
CVS: diseases of the cardiovascular system
PAH: pulmonary arterial hypertension

Table 3: Overview table of studies investigating the impacts of thermal load and air pollution
on health in Berlin (as of 2015, sample)
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Urban climate and health in Berlin — an overview of research findings

As early as in the 1980s, Turowski and Haase explored the question which bioclimatic impact factors
influence the daily mortality, and they statistically analysed death certificates, including from East Berlin,
for the period of 1958-1967 with respect to the influence of climate and weather. The study showed that
a higher mortality in the summer half-year was accompanied by higher values of air temperature,
humidity and global radiation. The mortality due to diseases of the cardiovascular system was
significantly higher in the case of above-average air temperatures in summer in East Berlin (up to 10%
deviation from the expected value). For the mortality due to diseases of the respiratory system, the
deviation from the expected value was up to 45 %. Using the example of the common cold affecting
children in Berlin, a heat island effect could be detected. Children living in the inner city were significantly
more frequently affected by the common cold in summer in case of above-average air temperatures,
whereas these effects did not show for the outer boroughs (Turowski 1998, Turowski and Haase 1987).
By using data on the total mortality (all causes) and meteorological parameters in day resolution, Gabriel
was able to illustrate for the investigation period of 1990-2006 that in Berlin and Brandenburg mainly the
elderly (> 50-year-olds) and especially women exhibit a higher heat vulnerability. In the investigation
period, the mortality rates were higher during the heat waves (up to 67 % in the summer of 1994 in the
Berlin city centre), and a connection between mortality rates and the density of urban structures within
Berlin could be detected. The mortality rates increased with the density of urban structures (Gabriel
2009, Gabriel and Endlicher 2011).

For the investigation period of 1998-2010, Burkart et al. showed in a statistical assessment of total
mortality, weather and air quality data in day resolution that in Berlin the mortality risk increases with
increasing thermal load, and high ozone and fine particulate matter (PM10) concentrations are linked
with a higher heat-related mortality (Burkart et al. 2013). As air temperature and air pollution are often
closely linked, the study also investigated possible interactions between the thermal load (determined
via the Universal Thermal Climate Index) and the ozone and PM10 concentrations, on the one hand,
and their influence on mortality, on the other hand. The result shows that the mortality greatly increases
under conditions of high thermal and ozone load (cf. Figure 23). These interaction effects are less
pronounced for PM10 (cf. Figure 24).
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Fig. 23: Connection between thermal load (Universal Thermal Climate Index (UTCI), 2-day mean) and
ozone (2-day mean) as well as the total mortality (logarithmised relative risk) in Berlin. The bivariate
response surface model has been adapted for trend, year and day of the week. A logarithmised relative
risk of 0.2 corresponds to 22% more deaths (Burkart et al. 2013)
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Fig. 24: Connection between thermal load (Universal Thermal Climate Index (UTCI), 2-day mean) and
ozone (2-day mean) as well as the total mortality (logarithmised relative risk) in Berlin. The bivariate
response surface model has been adapted for trend, year and day of the week. A logarithmised relative
risk of 0.2 corresponds to 22% more deaths (Burkart et al., 2013)

Scherer et al. also used data regarding the total mortality (all causes) in order to quantify the mortality
in Berlin connected to the thermal load using a heat-event-based risk model. The model identifies heat
events based on air temperature data in day resolution. A heat event is defined as a series of at least
three consecutive days on which the air temperature exceeds a certain threshold value. The study
shows that approx. 5% of all deaths in Berlin between 2001 and 2010 are statistically correlated with
increased air temperatures. The persons affected are usually 65 years or older, whereas the connection
between increased air temperatures and mortality is statistically not very pronounced in the case of
younger persons. The best results were achieved based on daily mean values of the air temperature
and when the threshold value of 21 °C was exceeded (cf. Figure 25). On the basis of spatially distributed
data, the risk analysis would also be able to take spatial variations of the urban climate and demographic
characteristics into account (Scherer et al. 2013).
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Fig. 25: Total mortality (all causes), represented as deaths per 1 million inhabitants per day, and daily
mean temperatures in the period of 2001-2010. The blue/red line represents the best fit line for the
days with low/high air temperatures. The intersection of these lines marks the mean minimum of the
mortality rate (21.5 deaths per 1 million inhabitants per day) under conditions of a daily mean
temperature of 21 °C (Scherer et al. 2015)

The highest so-called excess mortalities, which are understood as heat-related additional mortality (in
addition to the base rate of the total mortality) and represent a statistically calculated value, were
determined for the years 2006 and 2010 using the heat-event-based risk model by Scherer et al. (2013)
(cf. Tab. 4). The studies by Gabriel and Endlicher (2011), Scherber (2014) and Schuster et al. (2014)
also show an increased mortality in the particularly hot summers of 2006 and 2010 in Berlin.

Year N (1/a) Days (d/a) | Rate (10°/d) Deaths (P/a)
2001 4 21 6,2 844
2002 4 27 6,1 962
2003 3 30 6,1 901
2004 2 13 5,6 389
2005 5 21 4,9 754
2006 6 39 7,0 1301
2007 3 18 55 604
2008 3 18 54 544
2009 5 22 2,7 412
2010 5 27 7.4 1154

Tab. 4: Annual overview regarding the heat-related excess mortality based on the heat-event-
based risk model by Scherer et al. (2013). The number of heat waves (heat events) per year (N),
the sum of heat wave days per year (days), the mean daily rate of the excess mortality (rate)
and the number of excess deaths per year are listed (Scherer et al. 2015)
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Fenner at al. investigated for the period of 2001-2010 in Berlin to what extent the climatic conditions
within densely developed areas differ from conditions in open spaces and outside of the developed
urban areas and what effect these conditions have on the mortality risk. The mortality risk (total mortality)
was determined with the heat-event-based risk model by Scherer et al. (2013), and the climatological
threshold days “hot day” (daily maximum temperature = 30 °C) and “tropical night” (daily minimum
temperature = 20 °C) were calculated for the purpose of identifying heat.

While the number of hot days is similar at the four different measurement stations, tropical nights are
significantly more frequent within the dense development structure than in open spaces (cf. Figure 26).
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Fig. 26: Representation of the number of (a) hot days (Tmax = 30 °C) and (b) tropical nights (Tmin =
20 °C) per year for selected measurement stations in Berlin in the period of 2001-2010. The dashed
coloured lines show the arithmetic mean value of the years 2001-2010 of the respective station. The
black hatching shows the number of days on which hot days and tropical nights occurred in
combination.

Stations: DAHF - Dahlemer Feld, DESS - Dessauer Stral8e, TGL - Berlin-Tegel, THF - Berlin-
Tempelhof. In August 2004, there were measurement failures at the DAHF station. The DAHF and
DESS stations are part of the Urban Climate Observation Network of the Chair of Climatology,
Ecology Department, Technical University Berlin. The TGL and THF stations are operated by the
German Meteorological Service (Fenner et al. 2015)

It becomes clear at all four stations that the majority of the tropical nights occur in combination with hot
days (hatching in Fig. 26). From a bioclimatic point of view, these are extremely problematic situations
in which people are not only exposed to great heat outdoors during daytime but in which the body can
also be subjected to high air temperature in the night hours. For the measurement stations Dessauer
StralBe (dense development) and Tempelhof (open space), the heat-related additional deaths show that
approx. 4-5 % of deaths in the investigation period can be statistically linked with heat events (Fenner
et al. 2015).

Deaths are the most serious consequence of environmental impacts. It can be assumed that under
extreme environmental conditions even otherwise healthy people are impaired regarding performance
and well-being, and that people with a disease-related lack of adaptation capacity react with a
deterioration in their condition even to small external perturbations (Laschewski, 2008). In order to
establish adequate preventive measures and avoid heat-related deaths, it is important to conduct
studies regarding the impacts of thermal load already at the level of health indicators, e.g. cases of
disease or treatment or physiological parameters (e.g. physical activity, lung function).

In the summers of 2011 and 2012 in Berlin, clinical studies at the Charité Berlin (Department of
Pneumatological Oncology) investigated to what extent thermal load impacts on patients with chronic
obstructive pulmonary disease (COPD) or with pulmonary arterial hypertension (PAH) (Jehn et al. 2013,
2014). For this purpose, the lung function, clinical status and physical activity of the patients were
determined and assessed depending on the air temperature and the thermal load. The results show that
thermal load worsens the patients' symptoms, yet there are possibilities of reacting to the deteriorations
at an early stage, e.g. through telemedical care for the patients (Jehn et al. 2013).

An epidemiological study for the period of 1994-2010 in Berlin investigating the connections between
thermal load and air pollution and patient admissions as well as deaths in hospitals has shown that the
relative risk for both mortality (deaths) and morbidity (patient admissions) increases from a heavy
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thermal load onwards (UTCImax = 32 °C) and that particularly elderly people and the chronically ill suffer
from heat stress (Scherber 2014). This risk increase is more pronounced for the mortality than for the
morbidity. However, it must be taken into account that the case counts for patient admissions are several
times higher than for deaths. Besides the cardio-vascular diseases and the totality of all diseases, the
diseases of the respiratory system showed the strongest effects of thermal load. Thermal load impacts
on both the cardio-vascular system and the respiratory system. The respiratory system is further strained
by additional air pollution effects and concomitant diseases (Michelozzi et al. 2009, Schneider et al.
2011). In the investigation of the air pollution effects, fine particulate matter (PM10) has shown the
strongest associations, especially for patient admissions and deaths in hospitals with the diagnosis of
diseases of the respiratory system (Scherber 2014).

With respect to an increase of the thermal load in Berlin related to climate change (SenStadtUm 2015a),
the question arises how thermal load effects could impact on patient admissions and deaths in the close
future.

Assuming mean population prognoses (SenStadtUm/AfS 2012) and air temperature scenarios for the
daily maximum (STAR2 projections, 2 K scenario, realisation 50) until 2030, an increase in patient
admissions and deaths in hospitals could be determined for the summer months for Berlin (Scherber
2014). The increase is most pronounced for = 65-year-olds and diseases of the cardio-vascular system
(cf. Tab. 5).

Diagnosis 2001-2010 2021-2030 Difference
CVS PA 242 265 +23 (+9 %)
CVS PA 65+ 197 265 +68 (+34 %)
CvS D 14 15 +1 (+7 %)

RS PA 98 108 +10 (+10 %)
RS PA 65+ 41 55 +14 (+34 %)
RS D 6 7 +1 (+16 %)

Tab. 5: Expected cases on day basis for fully inpatient admissions (PA) of the total of all age
groups and for 2 65-year-olds as well as deaths (D) in hospitals for diseases of the
cardiovascular (CVS) and respiratory system (RS) in Berlin in the mean of the summer periods
(June-September) of 2001-2010 and 2021-2030, taking the influence factors population
prognosis, air temperature projections and air temperature effects into account (Scherber
2014)

As big cities such as Berlin have an inner-city mosaic with respect to urban, population and social
structures, health impacts of the thermal load can also exhibit spatial differences.

Spatial epidemiological analyses are thus an important approach for identifying urban areas with
increased health risks towards thermal load, especially with respect to the development of specific
intervention and prevention strategies in the health system and also, in the long run, for taking them into
account in urban planning. For Berlin, deaths and patient admissions in association with thermal load
were therefore also investigated with spatial differentiation (Gabriel and Endlicher 2011, Scherber et al.
2014, Schuster et al. 2014).

Schuster et al. considered the total mortality (all causes) for a spatial analysis of heat-related excess
mortality at the level of the planning areas (SenStadt 2009) in the investigation period of 2006-2010 for
Berlin. The heat-related excess mortality was calculated using the ratio of the total mortality in the hot
months of July 2006 and 2010 to the total mortality in the rather cool months of July 2007-2009, which
exhibited the lowest monthly means of the daily air temperature maximum in the investigation period (cf.
Fig. 27).
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Fig. 27: Ratio of the monthly mean of the daily maximum of the air temperature (meteorological
stations Tegel, Tempelhof, Schénefeld) to the monthly sum of the deaths (all causes) in Berlin for the
month of July in the period of 2001-2010 (Schuster et al. 2014)

The excess mortality calculation was age-standardised, in order to exclude influences of different age
characteristics of the population in individual planning areas (PLAs). The result shows an intra-urban
variability of the heat-related excess mortality, expressed via the relative risk (RR) (cf. Figure 28).
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Fig. 28: Spatial pattern of the age-standardised heat-related excess mortality, calculated as relative
risk (hot Julys of 2006 and 2010 compared to the cooler Julys of 2007-2009). Values greater than 1
indicate an increased risk. A value of 1.5 means that the risk in the respective planning area (PLA) is
1.5 times higher in proportion to the average of the relative risk of all PLAs (Schuster et al. 2014)

Planning areas with a higher or lower relative risk were relatively evenly distributed across the city area.
An increased relative risk (RR > 1) was determined for more than two thirds of the planning areas, in
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which a total of 2.26 million out of 3.35 million inhabitants live (as of December 31, 2007). A general
mortality gradient from the centre to the outskirts, corresponding to the urban heat island effect, could
not be observed. Planning areas with a high relative risk were located both inside and outside of the
inner city ring. Planning areas with the highest relative risks (RR > 4) were identified in the borough of
Neukolin (PLA Rollberg) but also in outlying areas (PLA Ddberitzer Weg, PLA Bucher Forst, PLA
Schlangenbader Str.) (Schuster et al. 2014).

If all diagnoses and age groups are included, spatial manifestations of heat-related mortality risks for
Berlin show no clear links between densely built-up urban areas and increased health risks. A
differentiated look at groups of persons vulnerable to heat yields a different picture.

On the basis of postcode areas, relative risks for patient admissions and deaths in hospitals during the
summer months in the period of 2000 - 2009 were correlated with spatially resolved data on thermal
load (SenStadtUm 2010b) (Scherber 2014). A significant weakly positive connection could be identified
between the mean thermal load and the relative risks for patient admissions with diseases of the
respiratory system for = 65-year-olds at the postcode level (patients' places of residence) (Scherber et
al. 2014). The different population shares of the = 65-year-olds in the postcode areas were not taken
into consideration. Since diseases of the respiratory system and an age above 65 are among the risk
factors towards thermal load, these groups are particularly relevant. In a search for spatial clusters with
increased relative risks (as a risk rate) for patient admissions with diseases of the respiratory system
affecting = 65-year-olds, five significant clusters could be identified (cf. Fig. 29). Within these clusters,
the following places of residence of the patients exhibit the highest relative risks (RR > 1.5): the districts
Gesundbrunnen, Mitte, Moabit, Tiergarten and Wedding in the borough Mitte and the district Neukélin
in the borough Neukdlin. These urban areas exhibit both high densities of development and high thermal
loads in summer, and at the same time they have socio-economic conditions detrimental to health
(SenGUV 2011, SenStadtUm 2015d).
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Fig. 29: Relative risks for patient admissions in hospitals for = 65-year-olds with diseases of the
respiratory system during the summer months of 2000-2009 in Berlin for the patients' places of
residence (postcode areas). The red dots indicate the significant clusters with increased risk. Values
greater than 1 indicate an increased risk. A value of 1.5 means that the risk in the corresponding
cluster is 1.5 times higher than outside of the cluster. In addition, the risks of the postcode areas within
the clusters are shown in quartiles (Scherber et al. 2014)
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