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1 ABSTRACT

Urban areas are particularly vulnerable to the ictgp@f climate change; they are also the chosengliv
environment of a significant majority of Europe‘spulation. Global warming increasingly influencée t
urban climate and affects the future health and-bathg of the urban population. The urban climiste
mainly influenced by the urban form and the opescspstructure, which significantly modify the regab
climatic conditions, and thereby directly affect fthermal) comfort of the citizens. At the sanmeeti urban
open spaces are generally becoming more imporsaatrasult of their role in helping to support airsible
urban development from an ecological, social ar@hemic point of view. Thus the future quality ofeli
within cities is highly dependant on the “smarg&dtment of its open space structure.

The objective of the present study within the ACRE call was to better understand the way in wiigh
small scale structure of the urban fabric contebudifferentially to heat island effects and othépan
climate phenomena, and to use this information e@wetbp specific strategies for counter-acting and
mitigating these effects on a local basis. A mdmus has been laid on the urban morphology and in
particular the urban landscape, and on understgiiginteraction with urban microclimate. The airas to
identify climate sensitive urban patterns — ustmgy éxample of Vienna - and to suggest concrete space
design measures to counteract the overheatingt effeing hot summer days. On the basis of a grédi usy
Statistik Austria (quadrants of 500 m x 500 m) aban fabric typology for the city of Vienna has bee
generated taking into account aspects of urbaratéirand urban structure with regard to terrainncgpace
and built structure, which influence the microcltinaonditions and parameters. The derived “urlzrit
types” have been analysed, characterised, and plesafithe most critical types formed the basisftwther
investigation of potential open space design meassaimed at counteracting the overheating. This was
undertaken using the microclimate simulation progree ENVI-met 4.0. The evaluation of the data
generated has focused on thermal comfort and anasg relevant climate factors and has taken tire faf
maps, mean values and diurnal variations. Basati@evaluation of the simulation results and wébard

to results of a previous project, a general catsogf open space design measures has been compiled.
Representative packages of measures have beerdi&dineach sample quadrant, highlighting theicBe
conditions based on their open space patterns landte sensitivity, and focused at obtaining théroal
influence on thermal comfort amelioration.

2 INTRODUCTION

Urban climate is generally embedded in regionahate conditions. But due to the built structurethod
urban area and other anthropogenic influencesuthan climate can differ significantly from that iv$
surroundings (OKE 1987, ELIASSON 2000). A typicdlepomena is the urban heat island effect caused
amongst other things, by changed wind conditiores tdubuilding structure, by the use of building enatls

with a high thermal capacity, a high proportiorsefled surfaces and by increased air pollutionezkating

the greenhouse effect (KUTTLER 2009, WILBY 2007heTincreased overheating has a direct influence on
the health, well-being and thus the quality of lifiethe citizens (KEUL 1995). Besides aspects aibildy

and attractiveness of urban open space, thereealsts a clear relationship between nocturnal beaess,
cardivascular deseases and the mortality rate (HRRI'Bt al. 2007). Against the background of global
climate change, there is an urgent need for urdannmg measures to ameliorate the local climate
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conditions and enhance thermal comfort, particulaithin the densely populated city districts (MEEH
2004, RAHMSTORF & SCHELLNHUBER 2007, HAGEN & STILE®10).

The urban climate in general is made up of mangllebmates resulting from the individual small arb
structures, which differ from each other with redp@ their size, the surrounding built structusarface
materials, and the configuration of open space GHR 1961, FEZER 1995). Thus the urban morphology —
indeed the urban landscape as a whole — playssantéd role in influencing the urban climate innts of
counteracting the increasing overheating, as veelh adapting to the changing climate conditionRCBVN

& GILLESPIE 1995, HAGEN 2011). The project lays toeus on this approach by classifying the whole
city area of Vienna in specially generated urbani€atypes, which influence the microclimatic cotatis

and parameters and integrate aspects of urbantelmmal urban morphology in terms of terrain, opgesce
and built structure,

3 IDENTIFICATION OF CLIMATE-SENSITIVE URBAN FABRIC TY PES IN VIENNA

3.1 Generation of urban fabric typology

The generation of the urban fabric typology is dase a grid used by Statistik Austria which dividhe
whole city area into 500m x 500m quadrants. Data s&re compiled for each quadrant describing the
above mentioned criteria urban climate, terrairerogpace and built structure. In total around 28icators
were extracted, 44 of which were selected to bd us¢éhe multivariate statistical analysis. Theesdbn of

the final indicators used was based on existingsifi@ation models, e.g. on the indicators used by
ADOLPHE (2001) for his characterisation of urbamusture for urban climate analysis and on the
Stadtstrukturtypenansatz of PAULEIT (1998) withpest to urban open space patterns (Table 1).

Urban climate Built space Open space
Density Surface condition
air temperature porosity ratio of sealed surfaces
air humidity occlusivity capability and speed of infiltration
wind speed compacity soil moisture and water areas
wind direction volume, surface/volume heat absorption and retention capacity
precipitation length of inner and outer fassades surface temperature
global radiation solar admittance albedo
contiguity
Terrain Vegetation
Orientation height of vegetation
absolute ground level elevation sinuosity density of vegetation
slope gradient orientation of facades cover ratio
slope orientation orientation of streets
positioning of summits and hollows
Rugosity
absolute rugosity
relative rugosity
wind shadow

Table 1: Indicator groups and most important datepnsidered for the generation of the urban éatypes

The four thematic groups were analysed using faat@lysis in order to eliminate redundant informati
and to identify the most influential parameters.agesult, a certain number of factors for eachugnavas
selected to serve as “super variables”, contaittiegnformation of the entire indicator set. Theadsubset
“urban climate” was represented by one factor,dbta subset “terrain” by two factors and the lagh t
subsets “open space” and “built structure” wereasgented by three factors respectively.

A two-step” cluster analysis was carried out tasslify the quadrant and into urban fabric typesT)UF
which reflect the overally variation of Vienna’'sban landscape on the basis of the criteria destabeve.
The cluster analysis resulted in 9 urban fabricetypeach representing a combination of physical
morphology and climate sensitivity. The urban faltyipes which appeared to have the most potewtibét
explored further were those represented by cludtéos5 and 8 (see Fig. 1). These urban fabricstypere
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more vulnerable to certain impacts of climate cleafdye to the high proportion of sealed surfades)dw
proportion of green open space, the high numbdrobfsummer nights, etc.), and were therefore thet mo
promising targets for future mitigation measurethédugh the selected clusters characterising thgsci
urban fabric types generally presented a convineepgesentation of Vienna’s urban morphology, dhter
attempt was made to see, if it were possible tolvesthe urban structure in greater detail by farthub-
dividing some of the more heterogenous classespaiiticular urban fabric types 2 and 3, and typhé,
Danube river corridor. Further analysis of thesestadrs was therefore conducted, leading to thergtoe

of another three ‘sub-types’ for each one. Figlireghows their distribution across the city.

| 1 - Industrial and commercial zones

2 - Denselv built-up inner urban areas

- 2a - Late 19th century perimeter block development on sloping terrair
2b - Late 19th century inner urban perimeter block development

- 2c - Historic city centre

3 - Urban expansion areas on level terrain
3a - Post WWII urban expansion areas
3b - Compact development in urban expansion areas
3c - Single family houses

- 4 - Low density development on sloping terrain

5 - Urban fringe areas on level terrain (Vienna Basin)

6 - River corridor (Danube)

u 6a - Riverine woodland

i 6b - Waterside green spaces

6¢ - Waterside landscape parkland

7 - Un-built agricultural land
8 - Urban fringe on wooded slopes

| 9 - Wooded hills (Vienna Woods)

15
— — Kilometer

Fig. 1: Urban fabric types (UFT) for Vienna inclndithe subclusters of UFT 2, 3 and 6.

3.2 Selection of urban fabric types for further investgation

For further investigation, the focus was laid oasth urban fabric types and sub-types which wegdyiito
be the most climate-sensitive, namely those withéndense inner urban areas and the main urbamsrpa
areas northeast of the Danube:

UFT 1 - Industrial and commercial zones: markedeierogenous building structure and a high pergenta
of sealed surfaces; dominated by perimeter blogkldement and multi-storey linear housing; big isidial
zones with generous areas of green space, anohg stfluence of urban heat island phenomena.

UFT 2 - Densely built-up inner urban areas: with Highest percentage of sealed surfaces and theegre
building heights; historic building structure (esjadly perimeter block development) with a low poojon
of green space; the highest number of hot nighdslae warmest winters.

e 2a - Late 19th century perimeter block developnmmnsloping terrain: marked by perimeter block
structure and about 86% sealed surfaces; elevatiaie terrain structure; low proportion of green
space dominated by taller trees and grass areagitohighest amount of precipitation within the
sub-types.

e 2b - Late 19th century inner urban perimeter blagvelopment: marked by perimeter block
structure and high proportion of sealed surfacab; small differences in elevation; green structure
dominated by grass areas and small trees; hotcialipénigh number of hot summer nights.

UFT 3 - Urban expansion areas on level terrain:kethrby heterogeneous building structure and a high
proportion of grass areas and agricultural langhmount of sealed surfaces on level terrain; denate
amount of shrubs and small trees; highest numbleotofummer days, but with cooler nights.
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» 3a - Post WW Il urban expansion areas: marked byctded housing zones and an average building
height of 6m; low building density; about 50% seakurfaces; high proportion of grass areas
(particularly agricultural areas) and low tree staue; hot days and warm nights.

e 3b - Compact development in urban expansion arews @d village centres: marked by
heterogeneous building structure with an averaglelibg height of 11m; highest building density
within the sub-types; high proportion of sealedatgs; warm days and warm nights.

4 OPEN SPACE AND MICROCLIMATE CHARACTERISTICS

4.1 Selection of representative sample quadrants

A selection of sample quarter kilometre square cpraid within each of the selected urban fabric sypes
made in order to investigate their microclimaticaidcteristics as a function of their morphologyeTh
quadrants were selected according to their clirsatesitive open space patterns and as representafive
average indicator values for each of the respedtilban fabric types. The final selection of sangpladrants
took place in several steps (Fig. 2):

(a) statistical analysis was undertaken to obtaigaificant number of samples representative pdiricular
urban fabric type. The number of samples chosesrdbgal on the number and spread of quadrants veithin
urban fabric type;

(b) the selection of representative sample quasfanteach fabric type for further analysis andusations.
Here the main focus was on the identification opie¢gl urban open space patterns, making use of
information from the Grinraummonitoring (green spamonitoring) and the Flachenmehrzweckkarte
(digital map) databases, which were integrated qu#incGIS. The most representative quadrants were
identified by making use of the spatial charactessdata, focussing on those categories coveririgast

5% of the total quadrant area; and

(c) the comparison of aerial photos of the mostagsgntative quadrants for the final selection ideorto
assure the applicability of the simulation methedy( localisation of important open space pattevitisin
sample gquadrant and avoiding falsification of siatioh results due to boundary effects).

m
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Samples - Cluster 2c oo 2 b:oa
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a
Samples - Cluster 3b o
o oo e o
Samples - Cluster 3¢ a u]
a B a
E Samples - Cluster 4
a
Samples - Cluster 5 a
# a o o

Fig. 2: Statistical random sample and final setectif sample quadrants for further investigation.

4.2 Analysis of open space structure and microclimateanditions

Typical urban open space patterns were identifiedefich urban fabric type as represented by tleetsel
quadrant, by means of the analysis of rectifiedahgrhotos, which were compared with the databases
referred to above. This lead to a classificatiothwespect to potential open space design measuvdsich

the main categories were: road system (lineartsare@ or widenings), courtyards (fragmented withlotk

or entire block), green areas (fragmented, condeoteextensive), squares (fragmented, connected or
extensive), other areas (car parking, paved arghgwindustrial sites, rail tracks, waste landagricultural
land) and potential roof areas for greening. Thenoppace structures identified were digitized foitree
sample quadrants using ArcGIS, thereby making ptessi quantative analysis of the percentage digiab
characteristic of each urban fabric type. The keysorelating to the respective characterisation are
presented in Table 2.

H
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The microclimate conditions of the status-quo oftheaselected quadrant were simulated using the
programme ENVI-met 4.0 (BRUSE 1998). ENVI-met isthaiee-dimensional computational model for
analysing small scale interactions between urbauctsire and mircoclimate. The model combines the
calculation of fluid dynamics parameters such asdviiow or turbulence with the thermodynamic preess
taking place at the ground surface, on walls amdisror in vegetation. A big advantage of this siation
programme is the possibility to present the resultform of maps and vertical sections, facilitgtithe
understanding and explanation of climate issuestor-experts. The atmospheric input data usedhier t
simulations referred to current extreme climateditoons using a hot summer day, measured in therinn
city of Vienna, representing the 99th percentilehef daily maximum air temperature. Further simafet
were conducted for projected future climate condgifor the year 2050, based on results from tgemal
climate model COSMO-CLM (LOIBL 2010). These showvikdt the current climate sensitivity will increase
significantly, emphasising the urgency of takingitt®r-measures immediatly.

The simulation results were compared to the mapspeh space structure and reviewed with regarteo t
typical and critical climate situations. Comparabjpen space patterns within the different quadrashish
had been selected, demonstrated different clineatsitsvity due, for example, to their particulapportions.
Open spaces with sealed surfaces heat up stromlie green open spaces with ground-cover vegetatio
and trees result in the lowest temperatures andhigfigest comfort values. However, even within green
courtyards, sealed areas form hotspots, which tréauklearly identifiable thermal discomfort zones
especially during the afternoon. Critical areashimitthe dense urban structure could also be locdbed
example, in areas where the streets are wider &edenthere are junctions. Figure 3 is an exampievisty

the open structure map (left) and the simulatiorp f@a the PMV (predicted mean vote) as a value
representing thermal comfort (right) for sample draat 723, which lies on the border of the 16th 8tid
districts of the city, and is representative fdoam fabric type 2a. The areas of highest heatss{reagenta)
are clearly located along the street areas anetstridenings, particularly within west-east-oridathstreets
as well as on crossings and squares. The smaftagiented courtyards show lower heat stress (ycken

to shading by the surrounding buildings. The lovthetmal load is to be found in entirely green ¢tgands
and within the planted street areas with tall tedesg the Gurtel (Fig.3).

- Road system - linear street area

Road system - widenings

unter 0.50

0.50 bis 1.00
1.00 bis 1.50
1.50 bis 2.00
2.00 bis 2.50
2.50 bis 3.00
3.00 bis 3.50
3.50 bis 4.00
uber 4.00

Road system - specific crossroads

Courtyard - fragmented within block - isolated
[ courtyard - fragmented within block - enclosed
- Courtyard - entire block - enclosed
[ Green area - extensive (“solitaire”)

Square - extensive (‘solitaire")

QOther open areas - rail tracks

R

! Roof area - potential for roof greening

Fig. 3: Maps for open space structure and statosetionate conditions for sample quadrant 723 (UBJ. 2

5 POTENTIAL OPEN SPACE DESIGN MEASURES

The characterisation of the sample quadrants leabjosted design measures which were used in furthe
simulations aimed at the amelioration of therme¢sst, including tree planting, de-sealing of impeaibie
surfaces and roof planting where appropriate (basethe Grundachpotentialkataster). According ® th
specific conditions of each sample quadrant, trsigdevariants were focused on different aspecth sisc
street orientation and width, the influence of dgnand of adjacent areas, etc. The evaluationhef t
generated data has focused on thermal comfort artdleomost relevant climate factors that influeitcen
form of maps, mean values and diurnal variations.

5.1 Design measures

Based on the input files and results of the stgtussimulations, different design variants werdradsf and
modelled using ENVI-met 4.0 to investigate the egsjye microclimatic effects.
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The modelled design variants were:

- different forms of tree planting with respect topegpriate measures for the identified critical
climatic aspects within each open space type. fitpéeimentation of tree planting with regard to the
type (deciduous), size (crown diameter 12m) andtlg distance (canopy closure) was based on
the results of a previous project (FREIRAUM UND MROKLIMA 2011).

« the de-sealing of paved surfaces within the afteof@en space types. This involves a simple change
of surface material as well as potential structatenges e.g. the transformation of certain traffic

lanes to public space.

» the implementation of extensive roof planting basadhe data of the “Grindachpotentialkataster”

(green roof potential map).

The design measures were simulated individually iareppropriate combinations, allowing conclusioms
be drawn regarding specific open space situatiockjding an “optimal variant” over the entire arafathe
sample quadrant. According to the characteristiaaoh sample quadrant, the focus of the desigrsunes

was adapted correspondingly (Table 2).

SQ | UFT Open space structure Focus of design variants Variants
. . de-sealing of ground surfaces in extensive paved areas as far as
characterised by extensive paved - -
A ; reasonable, de-sealing of ground surfaces together with tree
555 1 surfaces and parking areas, high : - . - ) 4
) - planting along building sites and on parking areas, area-wide
potential for roof planting : -
extensive roof planting
characterised by orthogonal road . . . .
723 | 2a system (N, W) and fragmented, tree planting along the_ streets WI'[.h focus on street orientation as 5
; well as on the respective street sides (facades)
partially connected courtyards
characterised by orthogonal road tree planting along the streets with focus on the south fagade along
system with widenings (NW, NE), rail the Gurtel-road, de-sealing of ground cover within street widenings
919 | 2b tracks and adjacent in-plant areas as and possible abandoning of street section along the Grtel-road, de- 10
well as all types of courtyards and sealing of parking and in-plant areas as far as reasonable, de-
extensive green area. sealing and tree planting within larger-scaled courtyards
characterlseq by_lmear street area with tree planting along the streets with focus on crossroad widenings,
crossroad widenings, opened ] el h .
983 3a de-sealing and tree planting in possible abandoned street sections, 9
courtyards, connected green areas . . L .
. de-sealing and tree planting within parking areas
and parking area.
characterised by linear street area, tree planting along the streets with focus on street orientation as
1264 ( 3b fragmented green area and agricultural| well as on the respective street sides (facades), de-sealing and tree 6
land planting within parking area

Quadrant

Varianten K1 K2 s1

983

STATUS QUO

KS F1 F2 P1 P2

Table 2: Open space characteristics and measures ém the microclimate simulations for the sangpladrants

P3

Mean Rad.

Temp

Temperature

Wind Speed

he

Fig. 4: Maps for open space structure and statosetionate conditions for sample quadrant 983 (UBJ. 3
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5.2 Simulation results

The simulations of the design variants were coretlasing ENVI-met 4.0 under conditions identicatte
status-quo simulations, involving 36 hour run ticheations and focussing on hot cloud-free summgs da
with a high temperature amplitude. The resultinthd@as analysed using simulation maps, extracteashme
values and diurnal variations. The focus was plawethe PMV value, which also takes into accoufeaat$

of wind speed, mean radiant temperature, poteatratemperature and humidity. Figure 4 provides an
exemplary overview of the simulation maps generdtedhe different variants of sample quadrant 883
the 2%' Vienna district, and representing urban fabricet@. The focus of the design variants was laid on
the tree planting along the main streets with sgpefdcus on road-junction widenings, de-sealing
impermeable surfaces and tree planting in poterglzndoned street sections, as well as de-sealing
impermeable surfaces and tree planting within parlareas.

Simulation results for the design variants withine tinvestigated sample quadrants can be summed up
broadly as follows.

* Generally, tree planting shows the greatest etfacill design measures analysed, especially within
the immediate area covered directly by the treavord@he PMV value is reduced from “extreme hot
conditions” to “slight warm conditions”. A clear igelation can be observed with the specific pattern
of tree distribution in relation to the adjacenengspace structures and to the width and orientatio
of the respective open spaces. The simulationsdople quadrant 723, for example, highlight the
importance of considering the street orientationd ahow a much greater effect in reducing
temperature values due to tree planting along #st-west oriented streets as compared to streets
oriented north-south. For the same quadrant, thendi variations with regard to different
microclimatic factors of the status-quo situatiancampared to the design variant of street planting
in the east-west orientated streets show a signmifidecrease in the mean radiant temperature, and a
similarly significant increase in the specific hulity. Although the wind speed is slightly reduced,
the air temperature can be reduced up to 1.5°(hgluhie hottest period of the day and by 3°C at
night.

e Just de-sealing the ground surface generally mesolta slight reduction of the PMV value
particularly during the hottest time of the daypward 3 p.m. This could be clearly observed in all
sample quadrants especially in the case of thedkng of impermeable parking areas and industrial
zones, for example within sample quadrant 919, lwiéclocated in the 4th Vienna district and
marked by perimeter block buildings adjoining at\verga of sealed surfaces to the north, including
the Gurtel, rail-tracks, parking and industrial axelLooking at the respective differential maps of
diurnal variation, further microclimatic effects dmne apparent. A significant cooling of the air
temperature within the adjacent resident area ¢ontbrth-west can be observed as a result of the
south-easterly wind conditions.

* The roof planting generally has less direct infceerat ground level. Looking at the vertical
distribution of microclimatic data, the amelioratieffect is highlighted. The vertical section oé th
potential air temperature for the design variambiving roof planting for quadrant 555 in the 23rd
Vienna district, which is characterised by low,t#laofed, industrial and commercial buildings
illustrates a significant cooling effect at highar levels and in the leeward direction from the
buildings.

6 PLANNING RECOMMENDATIONS

The results of the simulations were evaluated wéttpect to the overall open space patterns, leading
general recommendations and to specific packagesnedisures for each sample quadrant and the
corresponding urban fabric type.

The catalogue of general recommendations (MaRnatateng) was formulated according to the type of
design measures concerned: tree planting, de-geafimground surfaces and roof planting. Additional
information and recommendations are given based bterature review and on the results of a previou
project, dealing with aspects of tree size, spedissribution, distance of planting and differémtms of de-
sealing the ground surface (FREIRAUM UND MIKROKLIM2011).
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According to the characteristic open space strastuwithin the respective sample quadrants, specific
packages of measures (Malihahmenpakete) were défised on their effectiveness, thereby establishing
hierarchy of priorities. Each urban fabric type vaiefly characterised in terms of its topograpimg urban
structure and climatic conditions. The respectiengle quadrants were discussed in terms of their
percentage area, of their existing open spacerpattand their representative status for the ufhlaric type

as a whole. Based on the general recommendatiotieicatalogue, specific packages of measures have
been defined for the respective open space stagtlihese have been set out in the form of prsritnat
take account of, the climatic effect of the recomderl measures (locally as well as on the nearby
surroundings), their potential for implementatiomit respect to limitation of adaptable surfaceg do
logistic aspects, and to the degree of additioraklfit to be expected, depending on the statussijuation)

and to the potential user intensity within the ogpace structures concerned. A second hierarchyalgsas
developed with the additional consideration of gfexrcentage distribution of the respective open espac
structures within each of the quadrants. This sldowp interesting variations that enable alternative
approaches to concrete implementation to be ewaludigure 5 provides an example of the percentage
distribution of open space structures within sanqadrant 555 as representative of urban fabrie typ
(Industrial and commercial zones) leading to thekpge of recommendation in Table 3.

F 5 7 I ? e

mGreenarea- extensive ("solitaire)
Greenarea - fragmented ("mosaic”)
Greenarea- connected ("flow")

W Other openareas - paved areas within
industrial sites
Other openareas - rail tracks

M Other open areas - Roof area-pot.froof
greening

Other open areas - parking areas

M Road system - linear street area

M Buildings without pot.for roof greening

Fig. 5: Percentage distribution of open space petor sample quadrant 555.

Priority Open space structure Design measurement Area Priority*

Parking areas

1 (grey)

De-sealing and Tree planting (area-wide) 13% 2

Roof planting (area-wide)

Roof area with potential for Where statically and technically feasible preferably intensive roof

2 roof planting planting as to its greater microclimatic effect and offering of 0% 1
(green) o, -
aditional green space for workers and residents
2 Linear street area Tree planting 9% 3
(red) Focus on wide streets and on east-west orientated streets
De-sealing and Tree planting (as far as posible)
Paved areas within industrial De-sealing area-wide except areas of stacking, heavy load and
3 sites hazardous contaminant 30% 4
(brown) Tree planting particularly along the property lines and in front of
buildings

Table 3: Package of measurements for sample quseBaras representative for UFT 1 in order of fityazonsidering climatic
effect, potential for implementation and potentisér intensity (left column) resp. additionally gamtage area (right column).

7 CONCLUSION

The urban space typology shows close agreementsaithiar city typologies addressing other criteda,
well as reflecting the relationships between urstancture and urban climate pattern. The charaetion of
different urban space types, on the basis of tmepka quadrants investigated also illustrates thsecl
interrelationship between open space structure tAedlocal climate conditions. The analysis of the
microclimate simulations demonstrates the effeftvasious design measures. Planting trees helps - i
addition to the increase in transpiration - by ggiteg the shaded area and thus reducing the eatexreas
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exposed to high mean radiant temperature. Takitydncount the effects of all times of day, treppiay
causes a significant reduction in mean radiant &atpre, but also in air temperature. The minimum,
maximum and mean air temperature is reduced. Thémam air temperature occurs earlier than without
tree plantings. De-sealing of large areas of impaiste surfaces can cool down the air temperatui@nwi
neighouring dense city quarters downwind of thevaitang wind direction. Roof planting equally has a
cooling effect downwind of the wind direction, pedlarly when implemented on lower buildings.
Furthermore, in quadrants with similar open spd@gacteristics, differences could be identified tucal
variations in the urban fabric (orientation, heigldth ratio, adjacent land or buildings, etc),deg to the
recommendation of different priorities with regacddesign measures. The results can serve as airgan
guideline and to provide decision support for urbdasign and should create greater awareness oietu:
for climate sensitive open space design, given@piate presentation of measures and impacts. dhdts
have to be confirmed with regard to their repliigbin other studies. But one can be optimistiattthe
study can serve as a basis and a model for furthestigations in cities throughout Europe, witk tam of
improving local thermal comfort. Additional work Mvbe necessary to investigate the detailed casts a
benefits of the proposed measures.
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