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1 ABSTRACT

Urban climatic analyses and planning recommendatiaps are becoming increasingly important in the
climate-sensitive planning of cities. Urban clinsathaps typically include two main components (Reale
2012): an urban climatic analysis map and an umdenatic planning recommendation map. Given the
urgent need for action due to climatic changesrbam areas, planning recommendation maps are gdsent
for introducing and locating measures that effatfivncrease the adaptive capacity of cities, thaseasing
the resilience of urban areas and their inhabitéB&imuller 2015). The first urban climatic mapsreve
produced in Germany in the 1970s and currently #reyused worldwide.

The aim of this contribution is to develop a thé¢iced and methodological framework for the develepitn

of urban climatic planning recommendation maps. iffaén focus is on the review of existing theories a
methods that serves as a roadmap for developirsg theps. The examples show that these analysds/usua
consist of four steps or four areas of processii)gan urban climatic analysis, (ii) additional depth
analyses, (iii) the development and location of snees and (iv) the consolidation in a planning rinfation
map (Ren et al. 2011).

Within the urban climatic analysis two main appfuex are common: pure static GIS (Geographic
Information System) derived maps or mainly metemgiwlally focused maps including the calculation of
regional climate simulations (and hybrid forms #wfj. Supplementary in-depth analyses are oftenechar
out, such as the intersection with socio-demogaphta to identify areas that are particularly eu#tile
from a social point of view, or analyses based pecsic urban or spatial configurations (Reisingéral.
2020). In the third step of the process, measuresisually developed at different levels or forfatiént
sectors of urban development. As a final steprékalts are summarised in planning recommendatimmsm
and the measures are spatially located (Baumull#s2 Each of these individual steps has beensitely
researched in the last few years; the synopsisingibg together of these numerous research psojutl
approaches is a gap that this contribution seefif.to

The contribution demonstrates available approacimethods and tools necessary to translate scentifi
climatic knowledge into urban planning recommeraatnaps, considering that the analyses for a pdatic
city or municipality are strongly limited in reprodibility to other citys, even in the same counBgsed on
this, a theoretical and methodological framework foe development of urban climatic planning
recommendation maps is elaborated that enablegd¢héon of these.

Keywords: Urban climatic maps, Landscape planniddyan planning, Climate change adaption, urban
climatic planning recommendation maps

2 INTRODUCTION

2.1 Changes in climate signals and impacts on urban delopment

Urban areas are particularly affected by climatenge: the ever-progressing urban development in
combination with the increased occurrence of extreveather events has resulted in a growing number o
hot days and warm nights that result in increabiegt stress. In addition, more frequent and intéesey
rain events are expected (IPCC 2021).
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Urban climatic maps therefore represent an impbiiak for inter- and transdisciplinary communicati
and collaboration between urban climatologists, anrbplanners as well as decision makers and
administration employees. They are as well becoram@ncreasingly important platform to inform plamg
decisions in the realm of legally binding spati@Enming. There are many different approaches teicand
analyse hazards, exposure and vulnerability (geeeil).

2.2 Hazards, exposure and vulnerability

People, ecosystems and cities and their infrastrestare differently affected or vulnerable toithpacts of
climate change. Vulnerability is defined by susit#iitty or sensitivity as well as response and ddtpn
capacity. It is a sub-component and determinamis&ftogether with the exposure and hazard compgsnen
Risks in the context of climate change can "onlyedi@p through linkages with exposed and vulnerable
societies, cities, infrastructures or ecosysterB#kfnann et al. 2017, 270). Since adaptive capdsityften
difficult to determine and sensitivity is considérby many scientists to be the driving component of
vulnerability, in practice, instead of vulnerabyilnalyses, affectedness or climate impact anabsesften
carried out (Kemper 2016).

Before the planning recommendation maps are pratdcaether analyses are often carried out to idgnti
particularly affected areas or vulnerable poputatipoups. In the preparation of planning recommgada
maps, various climatic, land use or social dataustglly included and combined with local plannaonrg

expert knowledge.
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Figure 1: Incorporate hazards, exposure and vubilgyeto determine risk as a basis for urban climanalysis (IPCC 2014,
Estoque et al. 2023).

2.3 Urban climate analyses and their use in urban planing

Urban climatic maps are becoming increasingly irtgorin the everyday planning of cities. Urban éltio
maps are a climatic information and evaluationrumgent to inform planners and policymakers about
(changing) urban climatic-environmental conditicensd to assist them in urban climate adaptation and
mitigation planning (Ren et al. 2012). In order dssist planners and policymakers, the urban climati
knowledge must be translated into a planning lagguhat is actionable in regard to climate chargey
(Alcoforado 2006; Alcoforado et al. 2009).

German researchers first developed the concepbahuwclimatic mapping in the 1970s Stuttgart (Medkes
2005) to mitigate air pollution during reduced lawi conditions and to apply climatic knowledge te t
planning realm (Ren 2015). In the context of aitlyiimn mitigation programs, urban areas have been
identified for planning purposes according to tldfferent climatic functions and characteristiBased on
land use information and its climatic charactersstithe different urban climatic conditions werdirter as
climatopes - the spatial units of the urban climatiaps (Ren 2015, see chapter 4.1.1.). In the 189 al
cities in Germany (e.g. Stuttgart, Berlin) contidu® conduct climatic analyses, resulting in aeseif
climatic atlases that informed urban planning denis aiming at improving the exchange of air insthe
urban areas (ibid). In 1993 the “VDI 3787: Part s published to guide the urban climatic analysis
practice in Germany (ibid). This national guidelidefines symbols and representations used in UC-Map
studies and recommended a rather vague metho@vefaping urban climatic maps with the aim to ceemt
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standard for their application (VDI 1997). Since [ublication, this guideline has been used adeserce
for UC-Mapping and has been adopted and developedany countries worldwide, with Asian research
teams from Japan and China in particular drivirggtocess (Ren 2015; Jégou et al. 2022).

In Austria and Germany, many urban climatic analysaps are based on this VDI directive, but mdbity
maps are tailored to the special needs of a citythos also differ a lot. Internationally, there @ome
projects which try to methodically standardise #pproach such as the ,Urban Climatic Map System” fo
Dutch spatial planning (Ren et al. 2012) which atsinly follows the German VDI directive or the “ate
Environment Map” from the Tokyo Metropolitan Goverent (Japan) which indicates 10 types of heat
environments (Tokyo Metropolitan Government, 2005).

More and more European cities are commissionin@mrtlimatic analyses or participating in research
projects on climate change adaptation in orderetzegate relevant information to be able to infleetieeir
urban development towards more climate resilientcttires. However, there is a lack of a strict and
applicable methodology for conducting urban climatiaps both for the VDI based and the simulaticseda
climatic analyses as well as for the developmenirb&n climatic planning recommendation maps.

The aim of this contribution is, therefore, to deypea theoretical and methodological framework the
development of urban climatic planning recommertethaps, in order to better guide the conductiothef
different steps of urban climate mapping. The niagus is on the review of existing theories andhods
that serve as a roadmap for developing these nfamisusually consist of four steps or four areas of
processing: (i) an urban climatic analysis, (iifigidnal in-depth analyses, (iii) the developmemnd éocation

of measures and (iv) the consolidation in a plapgmécommendation map (Ren et al. 2011).

3 MATERIAL AND METHOD

Since the development of urban climatic analsysiplires a thematic intersection of landscape ahdrur
planning disciplines, meteorology and urban climatadelling and, last but not least, the involvemeit
planning practice and local decision-makers, agrirgnd transdisciplinary approach was chosen.

The contribution is embedded in a “climate proofingmework” (Schindelegger et al. 2022). Climate
proofing examines the question of adequate planmé@gponses to climate change-related impacts on
planning projects. In addition to the developmendl amplementation of adaptation measures, effective
climate change adaptation also requires an anaysiscontinuous improvement of the (political) demn-
making basis, the capacities and competences ofiplg authorities, and the analysis and planning
processes themselves. Following this understandatigpate proofing” for the (Austrian) spatial plang
context comprises three fields of action: (A) tiverarching framework conditions and policy objeesiy(B)

the analysis and strengthening of capacities amtpetences of planning authorities, and (C) the ac
implementation of climate change adaptation throtigé integration of relevant steps into planning
instruments and planning processes at regionatramicipal level (see figure 2).

The contribution focuses on the analysis or impneeet of the analysis and planning processes (Bary C
developing a theoretical and methodological condeptthe development and implementation of urban
climatic analysis aiming at planning recommendatitaps as a basis for the adaptation of spatiahpign
and developments to the challenges of climate aang

The paper is based on an extensive literaturewearel analysis of the different methods and appresito
urban climatic analysis as well as the necessapsstiescribed in the literature and the instrumants
methods used. In addition, numerous practical el@snfmainly from Austria, Germany and Switzerland)
were analysed and compared to complement theypaigking) scientific and theoretical approaches.
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GENERAL FRAMEWORK CONDITIONS
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Figure 2: Climate proofing framework © Reinwald, Echindelegger, A. & Weichselbaumer, R.; published®ithindelegger et al.
2021, 2022.

4 RESULTS - METHODS AND STEPS TO DEVELOP URBAN CLIMAT IC PLANNING
RECOMMENDATION MAPS

Urban climatic maps usually contain two main congygn (Ren et al. 2012): an urban climatic analysip
and an urban climatic planning recommendation n@igen the urgent need for action due to climatic
changes in urban areas, planning recommendatios ar@pessential for introducing and locating messsur
that effectively increase the adaptive capacitgités and thus increase the resilience of urbaasaand
their inhabitants (Baumduller, 2015). However, stifendisciplines usually develop approaches foeith
sectors. For urban climatic mapping, this meanstti@urban climate analysis maps were mostly predu
by climatologists and climate impact researchet®e Tomplementary analyses are mostly carried out by
planning experts, while the development of measisr@®minated by a collaboration between practgren
and researchers, and the planning recommendatips ownbine these findings and also incorporatd loca
knowledge (Ren et al., 2011). Thus, not only aertfisciplinary but also a transdisciplinary appfo#
needed to combine climate and planning science lith knowledge of practitioners and local
administrations.
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Figure 3: Climate hazard analysis using either Sats or GIS analyses

4.1 Climate hazard analysis — urban climatic analysis

The urban climatic analysis maps provide a platfe@nclimatic information and evaluation of citieehere
are two main climatic aspects examined in urbamatiic analysis maps: i) the thermal environment [(UH

ETIT G

Rkl 2.
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and heat stress, urban bioclimatic variations) @nthe wind environment (ventilation zones, locaf
circulation patterns, existing and potential aithgaand the barrier effects by buildings or planés}hird
aspect, iii) air pollution, is often additionallydluded in the analysis (Ren et al. 2011).

Within urban climatic analyses two main approaca@scommon: pure static GIS (Geographic Information
System) derived maps or mainly meteorologicallyutsd maps including the calculation of urban clanmat
simulations (and hybrid forms thereof) (see figByeThis fundamental difference in the approackdff all
further steps of the analysis.

4.1.1 GIS-based analysis and Climatopes

Urban climate analysis based on GIS mapping cansfsteveral input layers typically based on infation

on land use, topography, vegetation and wind (REbR Especially in the early days of urban climatp
studies the types of climatopes were mainly clagsiby land use (VDI 1997). Climatopes are the main
features of GIS-based analysis maps. Climatopesi@neparcel-specific spatial units that represeatis
with similar climatic characteristics which are migidistinguished by daily thermal variations, thaface
structure and vertical roughness, the topographiat®on or exposure as well as the type of lanel assd
vegetation cover (Baumdller 2015). Their spatialass commonly range from several tens to hundréds o
metres (Ren et al. 2011). According to the VDI 3Fgift 1 there are nine climatope classes that areed
after the dominant land-use type (Water body Clopat Forest Climatope, Open land Climatope, Urban
green space Climatope, Garden city Climatope, SavuClimatope, City Climatope, Inner City Climatope
Commercial/Industry Climatope, etc.) (VDI 1997). wkver, climatopes are based on expert knowledge of
local topography and climatology and specialize@adicular urban areas. Consequently, each citjbéx

a unique set of Climatopes meaning that interaiygarisons or generalizations are of limited usewart

& Oke 2015). In the first step, Climatopes are =i from the respective georeferenced and landiate
and are classified and allocated. The data basiddlbe latest digital, geo-referenced data:

* land use data

« topography (e.g. digital elevation model and infation on slopes),

« data of building layer (including building heighiignsityand degree of sealing)
« data of vegetation type and structure

e aereal images with high spatial resolution (VDI 7p9

These data feed various GIS layers — e.g. buildimigme, ventilation paths, green areas, slopes, etc
where climatopes can be delineated. This clastificaf climatopes should then be further improvéth
information on the distribution of basic climatiarameters (e.g. air temperature, humidity, windedpand
direction, radiation), cold air drainage and thdiynenduced wind systems, as well as information on
human-biometeorological conditions (VDI 1997).

4.1.2 Urban climate simulations

Numerical urban climate models have been develtpethalyse physical atmospheric processes withdn th
urban boundary layer (e.g. Sievers et al. 2016;,0kga et al. 2020). They simulate radiation balaanergy
exchange and wind flow by taking into account lars® and land cover information, urban structures,
surface characteristics and vegetation. Differeatemrological parameters are calculated to analyisen
climatic conditions and urban heat island (UHIeeff Combining the results with regional climatedeais,

the models can be further used to provide long-tdimate projections on urban scale, considerifiigmint
greenhouse gas emission scenarios (Frih et all; P&lwald et al., 2020).

In recent years, urban climate models have beesnsixely used to support urban planning decisians a
climate adaptation strategies by providing cityesfie climatic information. Covering a broad rangé
spatial and temporal scales, different types of ef®odre applied to address different problems and t
respond to local challenges. While urban climatele®are usually applied on city scale and thus tmvel

of strategic urban planning, micro-scale modelsehbeen designed to simulate the effects of (single)
buildings and vegetation on their environment anieroscale, thus considering detailed building getoyn
and type, surface materials and vegetation pragsefd.g. Bruse & Fleer 1998; Lindberg et al. 2008)e to
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their higher resolution and enhanced computatisaglirements, their application is usually limittd
district or block level and they are often usechimithe framework of individual construction prdjgc

Within the scope of urban climatic analyses, urblmate simulations help to identify regions potalty
affected by heat hazards by analysing the spas#iilsition of surface or near-surface air tempaetor
climate indices like the mean annual number of semaays or hot days. As such, they can serve asia b
for generating urban climate analysis maps, cogetfie thermal component of the analysis. Modelltesu
can be further used to derive biometeorologicahpeters that characterise human thermal comfatthie
Perceived Temperature (PT) (Jendritzky 1979), Rihygical Equivalent Temperature (PET) (Hoppe 1999)
or the Universal Thermal Climate Index (UTCI) (Jetaky 2012). In addition to the thermal component,
cold air drainage models are applied to complertfmtanalysis by providing information about impatta
ventilation and cold air pathways (e.g. Siever§30

4.2 Exposure and vulnerability — in depth social and satial analysis

People, ecosystems as well as cities and theiastrfrctures are affected or vulnerable to the itspat
climate change in different ways. For the analydfisexposure and vulnerability, in-depth analyses ar
carried out according to both social and spatipkets (see figure 4).
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Figure 4: Exposure and vulnerability — in depthiaband spatial analysis.

4.2.1 Social vulnerability

The changing temperatures and other climate sigma® a strong influence on the human bioclimate.
Factors like heat, cold and air humidity strongifluence people’s well-being and health. It is #fiere
important to identify social vulnerability by analpg for example population density or the diffgrin
distribution of the most vulnerable groups. The tmosmmon demographic indicator groups are elderly
residents over 65 years of age and infants andgyohiidren. Other socio-economic aspects — sugires
existing health conditions, ethnicity, gender amcbime — are rarely considered, even though théyeinte
ones vulnerability to heat and other climate sigra well (APCC 2018; BMSGPK 2021).

4.2.2 Spatial vulnerabillity

For a spatial vulnerability analysis, sensitiveilfaes such as hospitals or childcare centreshmpresented
in combination with climatic indicators such asg; é&xample, the average number of hot days. Thatsens
infrastructure facilities include facilities thateaparticularly relevant for the previously mengdnage
groups that are especially affected (children, rifdpeople) as well as other vulnerable groups sash
people with care needs (e.g. due to pre-existiadtineonditions).

4.3 Vulnerability and adaptive capacity — measures anéffects

There are numerous measures that support urbanaéidapo climate change. Climate resilient measure

can be implemented in existing structures, drivegnféctors such as heat hotspots or the need for
renovations. They can also be incorporated intodiseelopment of new climate-adapted buildings and
infrastructure. These measures can be categorizethie following groups (Jiricka-Purrer et al. 2p2

e Strategic measures, such as preserving ventilpitihways and increasing albedo.
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» Green infrastructure, including initiatives like¢r plantations.
* Blue infrastructure, encompassing approacheslikesponge city principle for roadside trees.
e Technical measures, such as the use of permegibialaand water-bound surfaces.

Based on the previous analyses, measures are getdedmd discussed with local stakeholders. Sinauati
can then be used to test the impact of the vanoeessures. In this way, their efficiency is assessetithe
different locations and their effects are captussa figure 5).
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Figure 5: Vulnerability and adaptive capacity — sweas and effects

4.3.1 Development of measures

The overarching goal of these measures is to cohdmtislands by promoting shaded and green sgtface
reduce the impact of drought through improved lagater management and the sponge city principle for
roadside trees, and mitigate the consequencesawl lrainfall events through retention spaces ljenge
city structures. Changes of the urban structureatsm help, for example, to improve ventilationt@make
better use of the shading provided by the buildiiha 22, 2015).

It is crucial for public administrations and busiees to possess climate competence. This incledesiag

the necessary knowledge and skills to implemennati-responsive measures and to prioritise their
implementation based on climate fact-based infanat a crucial step for which urban climate magsan

aid.

4.3.2 Sensitivity analyses

Not all adaptation measures can be implementednebere in a city. Depending on the location or urba
typology, only certain measures are suitable dr #féectiveness varies.

Urban climate models have been used to evaluatedhiing efficiency of climate adaptation measusgs
carrying out sensitivity simulations. The potentdldifferent adaptation measures (e.g. implementabf
green and blue infrastructure, unsealing or a ochamglbedo) to reduce thermal heat load can besaed
by the model and the results can be used to supploah planning and climate adaptation strategieas (
Oswald et. al., 2020, Zuvela-Aloise et al., 2017).

Depending on the urban context, type of applicatiod considering the model’s resolution and plagnin
level, adaptation measures are evaluated on aadte, as well as on a district or block scale. fleasure’s
efficiency can be expressed in terms of a reduétidacal air temperature or heat-related climattides in
comparison to the current situation. Sensitivitglgees have shown that adaptation measures on schién
are most effective when applied extensively and aheombination of different measures can leadrtung
cooling effects (Zuvela-Aloise et al., 2016).

Moreover, sensitivity analyses using urban climat@ulations are performed to evaluate impacts of
densification and urban sprawl on urban heat Ibaded on future urbanization scenarios. Dependinp®
type of model and planning level, the effects oigk buildings or entire new development areas riaru
temperature can be assessed (e.g. Reinwald 2021).
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4.4 Planning recommendations and planning recommendatiomaps — guidance to reduce the risk

Deriving planning recommendations from the urbamate analysis map is a crucial step to assistngla
policy-makers and decision-makers towards a stroogesideration of climatic criteria. As such, apweth
recommendations for planning should contain angnatied assessment of the materials representdgbin t
urban climatic planning recommendations map (Balen2015).

In the final step of creating the planning recomdation maps, the results of the previous analyses a
combined and the measures are explicitly spatialtated. These maps are an important basis for both
strategic planning and zoning and development jtgnet municipal and regional level.

Planning recommendation maps summarise the anabis@sned and usually combine them with local
knowledge on the current situation and possiblgtdi@n options for different urban structures teaaying
degree (see figure 6).
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Figure 6: Planning recommendations and planningmesendation maps — guidance to reduce the risk

4.4.1 Combining analysis and local knowledge

Based on the urban climatic analysis maps, an rated assessment of current climatic spatial
characteristics needs to be carried out in ordédentify climate-sensitive urban areas that regsirategic
attention and development. Therefore, at this stadgan climatologists, planners and policy makessd to
work closely together to combine their differentrgpectives on local knowledge. Different cities dav
different urban planning systems and climatic arakes, which means that different aspects neeato b
emphasised when it comes to deriving planning resentdations (Ren et al 2010).

Furthermore, a decision tree can play a crucia ol assisting administrations by providing impatta
guidance for the selection and evaluation of tliectfreness of measures.

4.4.2 Planning recommendation maps

The urban climatic planning recommendation mamigmeegrated, planning-action-oriented assessesd b
that can be applied at the regional, city or neaghbod level (Ren et al. 2011). Planning recommgoda
maps provide general planning advices for sub-aoédbke city in order to improve the urban climate
those areas through urban and landscape planning.

Planning recommendation maps usually contain inddion on two central topics: adaptation measures
depending on the thermal load and the urban stietsi well as on securing the production of colcaad
cold air conduction. A distinction is usually mdagtween "green" areas or areas that have an ulinzatic
function (cold air production and conduction) ahdge in which urban overheating occurs — to varying
degrees. Recent urban climatic planning recommendatap examples from Germany usually distinguish
between three main spatial assessment units:

*« Settlement area
e Green and open spaces

e Public roads, paths and squares (e.g. the urbamatidi planning recommendation map from Berlin
2015, or Leipzig 2019).

Often, particularly "sensitive" areas are desigthatdere there is a special need for action duehéo t
presence of vulnerable infrastructure or vulneraloleulations.
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Planning recommendation maps introduce and loca&®sores that enable urban areas to strengthen their
adaptive capacity, respond to a changing climatketlns increase the resilience of cities to adveliggate
impacts (VDI 1997).

5 CONCLUSION — THEORETICAL AND METHODOLOGICAL FRAMEWO RK FOR THE
DEVELOPMENT OF URBAN CLIMATIC PLANNING RECOMMENDATI  ON MAPS

The analysis and descriptions showed that foursstegour areas of processing to develop a sophtstil
urban climatic recommendation map are used andssane(see figure 7):

Step 1: An urban climate hazard analysis is thet fitep. Two main approaches are visible: GIS-based
analysis which result in climatopes which sepagmtety into different affected areas and urban aten
simulations which deliver different climatic indicas to show the different affectedness of urb@asr

Step 2: Additional exposure and vulnerability asalyare carried out to analyse in depth the effents
different population groups and their distributiom a city as well as the analysis of exposure and
vulnerability regarding infrastructure.

Step 3: Based on the exposure and vulnerabilitpsmes are developed and in many cases their et
analysed using simulations to verify the adaptapacities.

Step 4: As a last step, planning recommendation explicitly spatially located and planning
recommendation maps are developed which build daguiee to reduce the risk.
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Figure 7: Theoretical and methodological framewiorkthe development of urban climatic planning moeendation maps

The total spectrum of urban climatic analysis magrgyes from purely static GIS (Geographic Inforomati
System) derived maps to mainly meteorological miaetuding urban climate simulations. A thorough
analysis that supports subsequent climate-responslyan planning processes requires the combinafion
static data and urban climate simulation resulttemtially complemented by microclimate simulation
results. Therefore, a synopsis of GIS-based andilatimn-based analyses is necessary. Alternative
approaches to urban climatic maps include evalnationdividual parameters from various data sosiaed

the derivation of conclusions:

* Surface temperature from earth observation datp, (eandsat-8) may provide information about
overheated areas in a city.

* Vegetation data offers information about cold aoduction areas.

* In-situ measurements can provide point data of ra¢éymrameters of interest for a required time
range or selected days. For further verificatioudfan climate analysis maps, these measurements
are often used in a complementary way.
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e Calculation of sun hours in a 3D city model allagiraw conclusions about thermal comfort.

While each of the above-mentioned alternatives @thdrs) provide information on individual aspectt®
holistic synopsis of urban climatic maps providesnare complete picture and allows to explain the
interrelationship and impacts of various parameters

An in-depth analysis of exposure and vulnerabil#yonly carried out in a few projects. However,sihe
analyses help to identify particularly affected igve and areas. This can also be used to bettast targ
prioritise measures for adaptation and/or mitigattioboth critically needed in urban planning toctei@
urban climatic changes as well as demographic @sang

The preparation of catalogues of measures is a constep in the preparation of planning recomendatio
maps. Whereas few examples and projects expli@ty the impact of these measures to demonstrate th
adaptive capacity. However, this is a particulantyportant step, as the measures can have diffeféadts
depending on the urban fabric and the mesoclinsaticlitions.

In the area of urban climatic planning recommermtetnaps, the research gap is even larger and dlotqer
is far less extensive than in the area of urbamatic analysis maps. Only a few Austrian citieshe t
situation is comparable internationally — havertlogin climatic analysis map. The urban climaticnpliag
recommendation maps currently available in Augtdanot differentiate according to urban structuise or
function. For example, an industrial area can ifélb the same category of climatic stress as aarinity
area — with the same recommendations for adaptdtiotine planning reality, however, there are défe
administrative responsibilities for different ared#ferent policy and control instruments are riegd, and
the possible measures for climate change adaptatidrtheir effects vary depending on the urbanrhen
situation.

Further research is needed to standardise thenattenally diverging procedures for generating arba
climatic maps, including urban climatic recommeimiainaps. Most analyses consider only urban warming
and the wind field, changes in other climate signal consequences (increase in heavy rainfall syent
increase in drought, etc.) are mostly not consiiesghich is especially important for urban climate
adaptation planning. Further research is also nkeedestandardisation for the inclusion of other ant@nt
climate signals. But the biggest gap is in monitgrand evaluation. There are few cases to support a
assessment of objective achievement.
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