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Executive summary

As a follow-up to the 2010 ETC/ACC scoping studyvoimerabilities to climate change hazards in
urban regions and the 2012 EEA report on urbantatiap to climate change, a collaborative project
between the ETC Climate Change Adaptation and EF&i& Information and Analysis was started
in 2012 to further develop and implement a systénrlman vulnerability indicators. This Technical
Paper reports on this collaboration. The aim ofpiiger is to propose a system of urban vulnerabilit
indicators, which allows assessing where Europésss ctand in terms of vulnerability and
adaptation, and where certain problems cluster.proposed indicator set can serve different
stakeholders that are relevant in a multi-levelragph towards urban adaptation. This includes the
European and national level (getting an overviewhefsituation and the trends regarding urban
vulnerability and adaptation in Europe, identifyimgtspots and problem clusters to develop
programmes of targeted support, identifying pesitievelopments, which can be analysed for
success factors and lessons to be learnt, as @amogitool to provide input to policy effectiverses
evaluations) as well as at the local and regianadll(getting an indication on how the situatiorhe
own city is within the broader national and Eurapp&ture, identifying cities with similar
characteristics that can serve as role models agxggghand cooperation partners; encouraging further
investigation of the situation with more detailegdional and local data and knowledge).

A structure is proposed for organizing urban vuaibdity indicators according to exposure, sendiivi
and response capacity, an elaboration of the vaihil@y definitions used by the IPCC and the EEA in
an urban context. Indicators are elaborated faot, fleads, water scarcity and droughts, and forest
fires. Proposals for outdoor thermal comfort indiemd for calculating appropriate urban delineation
are elaborated in more detail. For a comprehertsiverage of exposure, next to climatic drivers also
hydrological and morphological factors can plapla (for floods) as well as human factors (e.dl, so
sealing). For sensitivity, the paper proposes stirdjuish between population, economic assetsein th
urban area, and dependency of the cities on exteenaces (critical infrastructure). Response
indicators are proposed to include both anticipatactors as well as indicators for coping capacity
distinguishing between awareness, ability and adtidicators. While many of the proposed
indicators have already been implemented or campkmented at short notice, for other indicators
additional work would be needed, such as for indisadescribing the dependency of cities on
external services. While for some indicators thk between the value of the indicator and the &ctua
vulnerability is rather direct and unambiguous eotimdicators are just proxies for which the actual
evidence that they determine vulnerability in adp@an context is yet missing, such as indicatas th
would capture the sensitivity and response capatispecific groups for floods and forest fireseTh
paper also addresses crosscutting issues, whideaamo confusion, such as areas/cities with high
sensitivity to more than one hazard, recurrentciatdirs (appearing in more than one hazard), and
indicators with different messages in a differemtext. The paper ends with a number of
recommendations for further work. Fact sheetsHergroposed priority indicators are included in the
annexes.



1 Introduction

1.1 Background

Climate change is already happening in Europe. Beatpres and sea levels are rising, precipitation
patterns are changing, and some extreme weathetseate happening more frequently, resulting in
hazards such as heat waves, floods and drougtgs.iEstrong climate mitigation policies were
implemented, climate would continue to change sutiglly in the future. These serious challenges
require adaptation now. In 2013 the European Cosiomiswill publish a European adaptation
strategy. Furthermore, the current proposal foBbeMulti-annual Financial Framework for the
period 2014-2020 foresees a much higher share —20%he budget for climate change action.

Urban adaptation will be a key element of the immatation of the new EU adaptation strategy.
Europe is a ‘Union of cities’. Around three quastef its population live in cities. They are thaqés
where most people will experience climate changaius in everyday life. Urban adaptation is not
only important to sustain quality of life in citiesit also to keep them functioning as key drivédrihe
European economy and wealth generation. Cities@tresolated places but are strongly linked to
other cities and rural areas and dependent oncesrprovided by these external regions like water,
energy, food, areas for biodiversity and ecosystemiices. Furthermore, cities are embedded in a
system of national and European legislation, plagiaind finance.

Cities matter for Europe and Europe matters feesitAdaptation is place-based and most adaptation
measures need to be planned and implemented lactieor regional level. The strong interlinkages
of cities make a supportive national and Europeaméwork key to successful and effective urban
adaptation. National and European support cargiitiqolar, increase cities’ general capacity toecop
with and adapt to climate change hazards. Oneeopittars for a multi-level governance approach to
urban adaptation is an appropriate knowledge #afiest European-wide assessment and analysis of
the situation is provided in the recent EEA repdrban adaptation to climate change’ (EEA, 2012a).

1.2 Objective

Building on the EEA report on urban adaptationltmate change (EEA, 2012a), the aim of this
technical paper is to propose a system of urbamevability indicators, which allows assessing where
European cities stand in terms of vulnerability addptation, and where certain problems cluster. It
shall, from a European perspective, provide a ffirdication of what action is needed where. It khal
thus serve as a starting point for further in deptbloration by European, national and local
stakeholders. The focus of this paper is on thegan scale, but the aim is that the indicators
provided are useful at regional or local level &l wOn the European level this paper proposes a
limited set of indicators that can be used for@alroverview of the vulnerability of cities. For rao
in-depth insight in the vulnerability of cities atalidentify trends in vulnerability, additional
indicators are identified. This report will des@ithe indicators as well as the effort neededHer t
development of the indicators.

1.3 Approach

This paper builds on the results of the EEA repartirban adaptation to climate change (EEA, 2012a)
which provided an assessment of urban vulneralidiglimate change in Europe based on a couple of
indicators. This paper develops the framework &edndicators further towards a set which can serve
for regular reporting, given that data is providedtinuously. It focuses on specific climate change
challenges with a specific urban component — Hieaigling, water scarcity and forest fires. Indictor

for climate change hazards not specifically reldatedrban issues are presented in detail in thallphr



EEA report ‘Climate change, impacts and vulnergbiti Europe - An indicator-based report’ (EEA,
2012b).

Not all aspects of climate change vulnerability addptation can be described by quantitative
indicators, and limited data availability furthemstrains the development of urban vulnerabilitgt an
adaptation indicators. While the number of indicaifaresented in this paper is limited, the paper
highlights the gaps and limitations. For exampleemthe indicators are to be used for development
of regional urban adaptation strategies, the indisaneed to be complemented by additional local
and/or qualitative information.

1.4 Using the proposed indicators set
The proposed indicator set can serve differenestalkiers that are relevant in a multi-level apphoac
towards urban adaptation:

European and national level:

* getting an overview of the situation and the tremdmrding urban vulnerability and
adaptation in Europe, important to implement theoRaan and national adaptation strategies
and to ensure the objectives of the EU 2020 styatmagards a smart, green and inclusive
Europe;

* identifying hotspots and problem clusters to dewglibogrammes of targeted support, e.g.
through Structural Funds, LIFE or INTERREG proje&tsowledge provision, via Climate-
ADAPT, national systems and programmes of capaciiging;

* identifying positive developments, which can belgsed for success factors and lessons to be
learnt;

* as a monitoring tool, providing input to policy &ftiveness evaluations.

Local and regional level:

e getting an indication on how the situation of thenccity is within the broader national and
European picture;

» identifying cities with similar characteristics thaan serve as role models, exchange and
cooperation partners;

» encouraging further investigation of the situatidth more detailed regional and local data
and knowledge

1.5 Outlook

This report is not a final end product on urbameudability indicators. It can be carried forward in
different ways. The indicators proposed in thisgyapill be integrated into the European Climate
Adaptation Platform, Climate-Adaphtfp://climate-adapt.eea.europa)e@limate-Adapt is not only a
key knowledge base for the European adaptatiotegiyanational and local action; it can also se&ve
a communication platform for interaction betweeaksholders at different level. Eye on Earth
provides another interactive open source platfoith taroad participation options and the potential t
create unique information with the combination itizen sciencel{ttp://www.eyeonearth.org/ EEA
will further explore the potential of Eye on Earfthe indicators proposed in this paper and the
underlying framework are developed in such a way tifie indicators and the framework can be
updated, extended and further tailored to usersxaed new sources of information over time.




1.6 Guide to this report

Noting that many adaptation and vulnerability cquiseand frameworks exist in parallel, this paper
chooses for practical reasons a very simple framewaansisting of exposure, sensitivity and response
capacity. The focus of this report is on descrilimgframework in which the indicators are embedded
and their interlinkages.

Many frameworks have been developed to define atlaptand vulnerability as well as the links
between these concepts. Chapter 2 describes thevirark in which the indicators are embedded and
its the theoretical background and how it is usethis report. Chapter 3 focuses on generic respon
indicators. Chapters 4-7 explore relevant indicat®he final chapters will discuss the interaction
between climatic hazards and formulate recommemagbn further work. In the Annex factsheets of
the indicators are given, methodological backgromfmmation and a comprehensive indicator table.



2 Concepts, definitions and relationships

2.1 Different ways of framing vulnerability

The objective of the EEA is to develop a systerarbfin vulnerability indicators. There is a large an
still growing literature on the concept of vulneitipto climate change and the many ways of
defining and quantifying it. This paper follows theactice of most climate change- related
publications of the EEA by applying the definitiohvulnerability from the IPCC Fourth Assessment
Report (IPCC, 2007)(1). According to this definitjovulnerability is dependent on exposure to
climate change, the sensitivity and the adaptiyaciy of the affected system(see Figure 2.1).Other
vulnerability definitions put a different emphaseis the three composing elements, but can all be
captured under the more generic umbrella of “a omeasf possible future harm”, where the meaning
of harm needs to be defined for the specific cassidered (Hinkel, 2011).
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Figure 2.1. IPCC Vulnerability framework. Adaptatio n action can reduce vulnerability in three
ways: decreasing exposure (e.g. by changing humariwrs like soil sealing), decreasing
sensitivity (e.g. by avoiding high value economicsaets in flood-prone areas) and increasing
response capacity (e.g. by developing an adaptatistrategy). Source: EEA, 2012b

! In many other areas, the EEA applies the ‘DPSpipraach which distinguishes driving forces, pressur
states, impacts and responses to indicators f@rakenvironmental issues. However this approacbnsidered
to be less suitable to structure a vulnerabiligi¢ator system, because vulnerability is not cietimked to the
DPSIR components.



The terms in the Figure 2.1 can be framed in diffeways, which is a frequent source of confusimon i
interdisciplinary climate change risk assessmentg,(see IPCC, 2012). Figure 2.2 captures the
definition of vulnerability and risk in the disastisk community, while Figure 2.3 attempts to
reconcile these two perspectives.

T vasard . (Qualified by intensity)
Hazard \_ and probability /

’

Hazard potential —

Vulnerability — | Risk

Exposed elements

Susceptibility

Coping capacity

Figure 2.2 The concepts of risk and vulnerabilitym the risk-hazard framework (EEA, 2012b)

As Kuhlicke et al. (2012) note, different methods suitable for the assessment of the various
components of the Figure 2.1 scheme. An indicassiel approach is most suitable for the assessment
of exposure, scenario approaches or agent-baseelling are more relevant for the assessment of
sensitivity (or “susceptibility”), and interviewself-assessment or focus groups are most effefctive
assessment of adaptive capacity. In practice tesnsithat indicators for sensitivity and adaptive
capacity have to be developed, communicated ardpirted with particular caution, since they could
give an indirect, partial, or even misleading mgssé&linkel (2012) suggests that of 6 possible
applications of vulnerability indicators (identiditton of mitigation targets, identification of velrable
people, regions or sectors, awareness raisingadibom of adaptation funds, monitoring of adaptatio
policy performance, and conducting scientific resiep they may only be meaningful for the
identification of vulnerable people, regions ortseg at local scales. While one might argue thiatiot
applications might be meaningful in specific sejtirje.g. participatory process in which the
background and qualification of the indicators barpresented and debated), it is clear that the
development and communication of urban vulneratiticators in the context of Europe-wide EEA
reports and other communication requires the utiwens with respect to explaining what the
visualized indicators mean and for which purpobkey tan or cannot be used. At best, urban
vulnerability indicators presented at a Europe-w&el give some indication about potential
vulnerability in cities. For example, a high shafeoil sealing may not be a serious problem if the
capacity of the urban drainage system is generalesigned, and equally a high share of elderly
people may not necessarily imply high vulnerabiigyheat waves in cities with well-managed health
and senior citizen’s care institutions, well-cooldidings and ample green infrastructure (provisio
of green spaces). For a further discussion of dtaareworks, see EEA (2012b, Section 1.7).
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Figure 2.3 Links between climate change and disastask (source: IPCC, 1012)

In the context of EEA indicators, it is relevantiote that vulnerability is often considered from a
spatial perspective. According to Fussel (2008jfuation is vulnerable when it is possible to iifgn

1) the system at issue with spatial referenceh@}specific attribute or property at threat; 3) the
specific hazard with respect to temporal referembes, analyses of vulnerability often relate to
place-specific natural or socio-economic systemsh |s cities. Hinkel (2011) argues that
vulnerability analyses are most useful at the Iteatl, where they take into account the spatial
specificity. The spatial specificity is taken fuegthn analyses of response: specific spatial systam
their attributes at threat are characterised byextwspecific response capacity and are subject to
specific responses. However, as we step back fiogolsr local response measures towards
understanding the contextual factors enabling thesgonses at the city-scale, we can see that some
capacities are not specific to single climate cleanguced hazards, but they enable multiple respons
measures. This is further elaborated in the nexpie.

2.2 Proposed structure and definitions for a system of urban vulnerability

indicators
In this paper, we propose to follow the EEA prazti@sed on the IPCC definitions but amend it
slightly in two ways. Figure 2.4 amends an ealiEA Figure in two ways. First, coping capacity is
distinguished from adaptive capacity. In this fraraek, coping capacity refers to the current abildy
respond to the short-term effects of an extrenmaatk-related event, while adaptive capacity refers
the longer-term capacity to plan for preventing/anchanaging the impacts of climate change
(Omann et al., 2010). Both concepts are subsumeeruhe term response capacity, which is further
categorized into awareness, ability and action,disclissed in more detail in chapter 3.
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Figure 2.4 shows that concepts like vulnerabibnsitivity and adaptive capacity have various
determining factors. In principle, indicators candmmbined by defining an index or a composite
indicator. For example, ESPON (2011) developed sutilces for climate change vulnerability by
combining different indicators and applying weiglgtifactors determined by an expert panel. EEA
decided not to develop composite indicators fosytstem of urban vulnerability indicators, because
the combination of indicators hides the informatiomthe factors that eventually determine the
vulnerability and depends on subjective weightifithe determinants. Furthermore, the quantitative
information required to calculate the compositadatbr is limited and of diverse quality. Therefoite
would not be possible to draw robust policy messagethe basis of a composite indicator.

Second, while sensitivity relates to the levelropacts for a given exposure, in the recent EEAntepo
on urban vulnerability (EEA, 2012a) it is acknowded that exposure is not only influenced by
climatic factors, but also by morphological fact¢esy. topography influencing wind speed and
direction, for heat), hydrological factors (riveadin characteristics, for floods) or human facterg.
soil sealing for both heat and floods). In Figuré, 2ve amended Figure 2.1 and the definitions
accordingly (Box 2.1).

. . Greenhouse
2

Hydrological, Climate Human drivers Popu- Eco- External Awareness, Willing-
morphological change (urbanization, lation nomic services ability, ness to
drivers etc.) assets action adapt

| | | | | | | /—
Exposure Sensitivity Coping Adaptive
capacity capacity

A | A #Al A

1 1 1

1 1 1

i i i

! Potential impacts ! Response capacity !

i i i

1 1 1

1 1 1

: i | :

1 1 1

| | ! |

I I Vulnerability 1

i i i

1 1 1

1 1 1

L e e ———————————————————— e T i

Figure 2.4. Adaptation action can reduce vulnerabity in three ways: by decreasing exposure
(e.g. by changing human drivers like soil sealingly decreasing sensitivity (e.g. by avoiding high
value economic assets in flood-prone areas) and imcreasing adaptive capacity (e.g. by
developing an adaptation strategy). Note: the dirdons of the arrows do not reflect the sign of
the relationship.
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Box 2.1. Definitions of relevant terms as used in this report

Adaptive capacity describes the ability of a system to adjust to climate change (including climate
variability and extremes) to moderate damages, to take advantage of opportunities, or to cope
with the consequences.

Coping capacity refers to the manner in which people and organisations use existingresources to
achieve various beneficial ends during unusual, abnormal, and adverse conditions of a disaster
event or process. The strengthening of coping capacities usually builds resilience to withstand the
effects of natural and other hazards.

Exposure is the degree, duration, and/or extent in which the system is in contact with, or subject
to, a perturbation, such as climate change. Exposure can be influenced by climatic, hydrological,
morphological and human factors.

Resilience describes the ability of a social or ecological system to absorb disturbances while
retaining the same basic structure and ways of functioning, the capacity for self-organisation, and
the capacity to adapt to stress and change.

Response capacity combines short term coping and longer term adaptive capacity, covering both
capacitieswhich are specific to particular climatic threats as well as generic.

Risk is the combination of the probability of an event and its negative consequences. The word
has two distinctive connotations: in popular usage the emphasis is usually placed on the concept
of chance or possibility, such as in "the risk of an accident"; whereas in technical settings the
emphasis is usually placed on the consequences, in terms of "potential losses" for some particular
cause, place and period.

Sensitivity is the degree to which a system is affected, either adversely or beneficially, by climate-
related stimuli. It depends on biophysical factors, social factors or a combination of both.

Vulnerability in this report is defined as the degree to which a system is susceptible to, and
unable to cope with, adverse effects of climate change, including climate variability and extremes.
Vulnerability is then a function of the character, magnitude, and rate of climate change and
variation to which a system is exposed, its sensitivity, and its response capacity.

2.3 Applying the proposed structure for a limited set of urban
vulnerability indicators

In order to facilitate the communication of the gexities of vulnerability information, we propoae
simple structure with a limited number of relevelnnate-related risks, types of factors that deteem
sensitivity for each risk, and types of respon¥esle 2.1 provides a quick overview of the struetur

and the main indicators which are elaborated ipteheB-7, and the fact sheets in Annex 4.
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2.3.1 Exposure

Exposure indicators cover four climatic hazardsithveaves (including the urban heat island effect),
floods (including flooding by high river run-offytsea level rise and from drainage systems
overwhelmed by local high intensity precipitatiowater scarcity and droughts, and forest
fires(threatening peri-urban areas). We do not @sepleveloping storm-related indicators (other than
flooding from sea level rise combined with stormgas) because it is very uncertain how the
frequency and intensity of storms may change aloite level. Indicators cover climatic drivers,
hydrological and morphological drivers (for floodiand heat-related risks, respectively) as well as
human drivers.

2.3.2 Sensitivity

Sensitivity indicators cover three categories (&q@ors of exposure”): sensitivity of the population
sensitivity of the economic assets within the ¢yg. built environment) and sensitivity of theytst
functioning to disturbances in crucial externalvigas (provision of energy, water and transport).
While in some cases, sensitivity may be captured ggneric indicator (e.g. older and less wealthy
people are in average more sensitive to both haatsvand flood risks than younger and more
affluent people), most sensitivity indicators apedfic to a specific climatic hazard.

2.3.3 Response capacity
There are many ways to develop and structure af sesponse indicators:

» by the system responding to climate change: humsponse capacity (e.g. represented by
education level), institutional capacity (the lesécommitment of the city government),
financial capacity (average income per capita o resources available);

e anticipatory versus reactive response capacityaappto respond to extreme events (short-
term coping capacity) and ability to adapt and prepotential negative consequences of
climate change (long-term adaptive capacity);

» specific vs. generic response capacity (e.g., inveists made only for specific hazards versus
an integrated institutionalized emergency plan);

* response capacity vs. actual response indicat@s {@estments in planning and education
versus past investments in flood risk prevention).

The development of a comprehensive set of resgadsmtors that captures all these possible types
of response capacity is neither desirable norlidadturope-wide data are lacking for many of these
aspects, and the relationship between some awailadlicators and the message they can provide is
weak (e.g. education levels in general) or confugimgh income levels and economic assets in a city
imply high absolute risks but also high respongecay). In chapter 3, a framework for generic
response indicators is further developed. Thoseatats are important for several climate hazasds,
they are valid across at least two of the climatiects (heat, flooding, droughts or forest filesthis
paper). Hazard specific response indicators arereovin chapters 4-7.

2.3.4 Urban delineations

A basic decision to be taken at the beginning efftoduction of urban indicators is to identify the
appropriate reference units that define on thehamal “urban area” and the “urban surrounding”, and
on the other hand “green” (e.qg., parks) and “réuliil{-up) spaces within the “urban area” and the
“urban surrounding”. In general one can differeietidetween 3 types of urban delineations:
physical/morphological delineation; functional delation and administrative. For heat-related
indicators, the “urban area” is proposed to bergefiby the Urban Morphological Zone (UMZ) inside
the Urban Atlas/Audit core city (CC), cut-off aktkore city boundaries, a combination of
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morphological and administrative delineation. Andeescribes this proposal for the urban
delineation for the purpose of EEA urban vulneiigbihdicators in detail. For forest fires, a diféat
delineation is used (see chapter 8).

2.4 Discussion

Table 2.1 shows the proposed indicators and inekidhie feasibility of implementing them in the
short, medium and long term. The following chaptisguss the indicators for the various types of
climatic hazards in detail. Dozens if not hundrefimdicators are conceivable that do have some
bearing on the vulnerability of European citieslimmate change by drawing on the vast amount of
data from meteorological observation systems ainghtdé modelling as well as from socio-economic
statistics data (e.g. Schauser et al., 2010). &tdiis for regular reporting require a careful siabec

that balances the effort required to produce andtaia the set of indicators with the objective to
serve the target audience as effectively as pesdblimited number of indicators would be suffitie
for high-level EEA reports on a general Europeamli¢ée.g., SOER and Europe Environment reports).
Their main purpose would be to get an overviewhefdituation (first objective for European and
national level, see Chapter 1).

The indicators in Table 2.1 (which are elaboratethée following chapters) are candidates for
inclusion in EEA’s indicator system for applicationurban-focused publications and web pages.
Some indicators require more careful presentatian bthers, because the message they provide may
differ according to the context in which they ased. E.g., income levels in urban areas deterrhime t
sensitive capital as well as the response capaiityilarly, green infrastructure is sensitive tonate
change (heat and droughts), but enhances respapaeity (lowering temperatures and providing
water storage capacity or overflow and infiltratemeas).See also chapter 8 for a discussion oa thes
crosscutting issues. The most readily availablpaese indicators provide only proximate indication
of response capacity, since with the possible giamepf heat and related water scarcity issues,
plausible conclusions from research demonstratiich inks in Europe are as yet missing. At the
same time, hazard-specific indicators of respongigators may have a stronger link with actual
response capacity, but data at a sufficiently wgicke are as yet missing. The table also sugdests t
meaningful and feasible indicators which wouldsthate urban vulnerability to disruption of extdrna
services c.q. critical infrastructure, are stilssing, but would be very relevant for further work.
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Table 2.1: System of urban vulnerability indicators indication of development time:m short term/done,

medium term, mlong term

Exposure Sensitivity Response capacity
Climatic Hydro- Human Social Economic External Biophysical | Generic Hazard
drivers /morpholo- drivers services and — - specific )
gical drivers infrastructure Awareness | Ability Action
Heat Combined hot| Share of urbar] Population % Low priority | Education Dwellings GDP/cap
days/tropical | green spaces | density (proxy| population > 65 compared to] level without basic
nights incl. fringes) | UHI) yrs UHI (% amenities
Effective % low income Awareness | Hospital beds | Effec-
Temp households of climate tiveness
(Thermal change gover-nance
comfort)
Demographic Equity/risk | Health (life Insurance
dependency perception | expectancy) | penetration
ratio 6)
Floods Area prone to flooding (fluvial | % soil sealing| Flood-prone Industrial/ Transport
and coastal floods) (pluvial population commercial infrastructure
floods) flood-prone flood-prone
See heat’]
Water Standard Water Water use/cap. Share green
scarcity/ Precipitatio exploitation space?)
droughts | n Index index See heaf]
Sensitive
groups see
heat above
Forest Fire probability index % residential in | % buildings in | % transport Share green
fires high risk zone | high risk zone | infras. in high | spacef) See heaf]
risk zone

% population >
65 in high risk
zone

% industrial/
commercial
high risk zone

green space decreasing the UHI is considered as important than sensitivity of vegetation itséiggests low priority - weak link with demonstrabignerability or
confusing messag@this column is not exhaustive: in principle, itaavere available on policies reducing exposuresamsitivity, these would all qualify.
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3 Indicators of generic response capacity

3.1 Introduction

This chapter introduces the concept of responsacigpwhich is the ability of the urban areas to
respond to climate change hazards. The responseigapan be classified into anticipatory
(encompassing preparation before the climate ewagntyeactive (relating to the ability to cope dyri
the climate event and its aftermath). Further résponse capacity can be either generic, reflettiag
ability of the city to cope with different types dfmate hazards, or specific - related to indix
climate hazards (such as flooding or heat wavdss dhapter discusses the different dimensions of
response capacity and proposes a set of genepion®s capacity indicators, which can tell us the
potential of the city to deal well with the climatazards (Table 3.2). The specific response capacit
indicators, relating to the individual climate hedsaare discussed in chapter 4-7.

3.2 Specific and generic response capacity

The Intergovernmental Panel on Climate Change tceresented a simplified definition of
vulnerability as "the propensity or predisposittorbe adversely affected” (IPCC, 2012). The three
critical elements of vulnerability are:

* exposure to perturbations - climate change andbiity,

» the sensitivity of systems (either human and n§tura

» system’s adaptive capacity (see chapter 2; Box 2d jliscussed in chapter 2, in this report, we
use the notion of response capacity instead oftagagapacity, capturing both the anticipatory
adaptation and capacity to cope during extremehee&vents and in their aftermath.

This report adopts the IPPC’s distinction betwdengeneric and specific response (cf adaptive)aitgpa
(IPCC 2007). Generic adaptive capacity refers éogbneral ability of a system to respond to climate
change; in the context of urban areas, it is predantly related to the levels of development imgiof
economic, technological and social spheres of egod-or example, high levels of poverty and secio
economic inequality can reduce the capacity to tiep range of different hazards (Adger et alQ40
The generic perspective has been used in the ESit@ate report (ESPON, 2011) and the EEA urban
report (EEA, 2012a). Specific capacity relatesapacity of the urban area (with its inhabitants and
institutions) to respond to a specific climate dhazard, for example, drought or a flood (segtensa
4-7).

The response capacity can be divided into theipatmry adaptation (planning and preparation in
advance of climate hazards) as well as the alvditgspond to, cope with or recover from the clinat
hazards as they happen, termed reactive adap(#®GQC 2001). For instance, the number of hospeal b
available in a city relates to reactive adaptasioice they are needed immediately in a an extreme-
weather event, such as heat waves or floodingevgt@nning to increase the capacity of hospitatofme
with the increased admissions during heat wavesntaease the anticipatory response capacity. Also,
research efforts improving the understanding ahate and related hazards and helping to foreceist th
occurrence can increase the anticipatory respaysscay.

The dimensions of response capacity are summariseable 3.1.The indicators discussed in the
remaining part of this chapter relate to the seamidmn of table 3.1 (the generic response capacity
indicators). The indicators of specific anticipgtoapacity are covered in chapters 4-7.

Table 3.1: Dimensions of response capacity (adaptédm ESPON, 2011)
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Generic Specific
(all climate hazards) (one climate hazard)
Chapter 3, Table 3.2 Chapters 4-7
Anticipatory Generic anticipatory capacity Specific anticipatory capacity
* longterm General ability for long-term Long-term anticipatory strategies
« in advance of| anticipatory adaptation (e.qg. addressing specific climate stimuli (e.g.
climate availability of financial resources for | long term flood risk management
hazards adaptive actions) strategies)
Reactive Generic coping capacity Specific coping capacity
(coping) . . : : : "
Generic capacities addressing Short-term coping strategies to specific
» shortterm immediate effects of climate hazards| hazardous events (e.g. flood emergency
+ responsive to (e.g. presence of early warning systenmeparedness, dispatching temporary flopd
climate and appropriate provision of medical| resilience measures for individual
hazards facilities to cope with a variety of properties
events)

In addition, we propose to adopt the three-dimeradianderstanding of response capacity, includieg t
following aspects:

» Awarenesswhich is needed to recognise the problem of tlaengimg climate and the need of
adaptation;

» Ability, reflecting the enabling factors of adaptatiog.(presence of infrastructure or
technological know-how, or the physical abilityinflividuals to cope with the climate hazard);

» Action, which refers to factors crucial for the adaptatioeasures to take place.

These dimensions were originally adopted in the AVEproject (Schroter et al., 2004). They were also
used in ESPON (Greiving et al., 2011) and in tleemé EEA report on urban vulnerability (EEA, 2012a)

3.3 Measuring response capacity

Direct measures of ‘adaptation success’ are difftoufind, due to the relative novelty of the atipn
agenda and hence few examples of adaptation medasypkementation. Therefore, the response capacity
rather than the actual response may be easierasure It needs to be emphasised that responseitgapa
represents the potential for adaptation rather #taumal successful adaptation (Adger et al., 2004).
Nonetheless, whilst high response capacity maginettly translate into efficient disaster managetne
measuring the response capacity helps to approxihmt places are likely to deal with climate hagard

It can also be useful in comparing how differemiglitons, for example different cities in Europeyma

fare in the face of the changing climate. Respaagacity is assessed with the use of indicators and
proxies.

The use of indicators in relation to climate chaadaptation has been criticised due to the amlyigdit
the concepts such as ‘vulnerability’ or ‘responapacity’ (Juhola et al.,2012). In this report we &0
avoid this criticism by clearly defining the termsed (see chapter 2). We also aim to avoid thigisrit
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of an inappropriate, or biased choice of indicafdthola et al., 2012) by providing information abo
their relevance, feasibility and credibility (sable 3.2, tables in chapters 4-7 and the exteffisoisheets
in Annex 4). We also acknowledge that responseatigaa highly context-specific and varies between
different countries and even between cities insdr®@e country. It is virtually impossible to discern
between the relative importance of economic, teldgical or institutional capacity in terms of
enhancing response capacity. For example, lesadtagically advanced cities may still have high
response capacity due to the high levels of trukidal communities resulting in their self-helgpaaity.
This is why we treat the indicators separatelyeathan try to combine them into one index. Desjhige
criticism, indicator-based studies still allow fimtvances in the state of knowledge of the compeios
ecological phenomena such as adaptation of cagiebrhate change (Malone and Engle 2011). The
indicators simplify complex realities and are véligatools for communication. They can be seen as
starting point for discussion and further analygisesponse capacity.

3.4 Indicators of response capacity

As highlighted in chapter 2 (table 2.1), the regmooapacity indicators can relate to human, initital,
financial and infrastructure aspects of the urhetesn. For example, Adger et al. (2004) suggested
human health status, governance and level of eduncas important factors of human vulnerabilitydan
GDP, income equality, regulatory quality, and rofiéaw as potentially useful proxies of response
capacity. Christopherson et al. (2010) discusaetbfs that have been important for the economic
viability of regions in the face of economic antiet perturbations (thus also those related to the
changing climate), including 1) strength of theioegl innovation system, 2) factors supporting a
'learning region’, 3) a modern productive infrastuve (e.g. transport, broadband provision), Kilkesl
workforce, 5) a supportive financial system withtipnt capital' and 6) a diversified economy natrtyw
reliant on a single industry. Whilst the institutaéd and governance aspects are difficult to measuze
aspects of resilient urban governance has beeml fimuimclude (1) decentralisation and autonomy, (2)
accountability and transparency, (3) responsivearddlexibility, (4) participation and inclusioma (5)
experience and support(Tanner et al, 2009).

The response capacity indicators, including thesaing to the factors described above, can beifilec
under the three dimensions of response capacigremess, ability and action (see Table 3.2). Iidisa
of awareness relate to the knowledge base, edndatiels of the local population, but also valueshs
as equality and perceptions of climate changepslalem. These attributes link with the question of
social limits to adaptation (Adger et al., 2009hilay refers to physical infrastructure and teclogical
development as enabling factors for adaptation. &uhealth is also included there as a generic but
crucial determinant of the capacity to respond. dineznsion of action depends on factors such as
availability of financial resources and presencestévant institutions and appropriate governance
structures. This last dimension has been divided im0 capacity for action and actual response. Th
emphasis is on the former, since documentatiorctrabadaptation measures taking place in European
cities is still limited. Nonetheless, we proposedoord the emergence of the adaptation strategigs
adaptation measures as an important proxy of §rese capacity.

Table 3.2 reflects mainly the anticipatory dimensid the response capacity (see Table 3.1); the
anticipatory response measures are necessaryefdetielopment and occurrence of the reactive
measures. The indicators represent the humantyititial, financial and infrastructure aspects of
response capacity. Whilst in the summary tablednly, the indicators with relatively high relevance
feasibility and credibility have been included, tis¢ presented in table 3.2 is more comprehengike.
proposed list of indicators also considers the tla@t the scales of response capacity are eithier no
independent or separate from each other (Smit asaddél, 2006); different capacities are important at
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different scales of governance (Juholo and Westigr2@11). In particular, the national level cajpigs,
such as central government effectiveness, affectabponse capacity at the city level (Kern andeAlb
2008; Kern and Bulkeley, 2009; Keskitalo, 2010; Rebn and Berkes, 2011). Consequently, the
proposed list of indicators includes the indexhaf hational level government effectiveness and an
indicator reflecting the national data on insuraperetration (Table 3.2). For more information dlibe
individual indicators see factsheets in Annex 4.

Aspect of

response Indicator Relevance Feasibility Credibility
. / Source
capacity
Awareness
. The level of education may
Proportion of d Urban T : .
. . reflect awareness of the climate - Medium: indirect link with
Human: population aged 15- Audit .
. e change problem and suggest climate change
Education 64 qualified at C o
) that the population is open to 4
tertiary level . . .
variety of adaptation solutions.
The representation of women in
Percentage of L ) . . .
i ) > cities may reflect a more equal Low: weak link with climate
Institutional: elected city . ) Urban
. . society, which could be more ; changé
Equity representatives who Audit
aware of the need to protect
are women
vulnerable people.
Perception of the
Human: city popula_\t_lon that | The awareness of the city _ High: a direct link with
the authorities are | authorities and the population | Urban .
Awareness of . ) A ; : climate change
) committed to fight | indicate higher response Audit
climate change . . X
against climate capacity.
change
Human: Risk Risk perceptions of Relates to food and food chain Eurobaro- | Low: weak link with climate
. European citizens | risks, but could be used as a
perception : meter changé
proxy for other risks.
Ability
The worse the housing situatiop,
Infr_astructure: Propc_>rt|on of _ the lower thg response capacny.urban Medium: indirect link with
Built dwellings lacking Poorer housing is likely to be : .
. . ! Audit climate change
environment | basic amenities more affected by extreme
weather events.
The R&D expenditure indicates tﬁ;vn Véeak link with climate
R&D expenditure, | how technologically advanced 9
. . T S ESPON.
Financial/lhum | personnel and patentthe city is; this may indicate ESPON
an: innovation | applications greater ab_|I|ty to develop Not used in EEA report due
technological response
. to lack of coverage — check
solutions.
data & updates.
Internet access may increase the
Percentage of . .
] . access to information about ) . L
Human: households with : Urban Low: weak link withclimate
climate change hazards and :
Technology Internet access at Audit change
h enable users to exchange
ome. . . .
information with others.
Life expectancy at Medium: poor physical
Human: . P y The healthier the population, theUrban health is linked to lower
birth for males and . : : o :
Health higher the response capacity. | Audit ability to cope with extreme
females
weather events.
. The more hospital beds, the High: direct link to
. | Number of hospital | | . o : emergency response. Not
Infrastructure: higher city’s response capacity] Urban -
. beds / 1000 . : used in EEA report due to
Hospital beds | . : in the case of an extreme Audit :
inhabitants data quality / coverage

weather event

(check for updates needed)

Action: Generic capacity to act
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Relationship of non-

The higher the proportion of

11%)

Human: working age > Medium: indirect link with
. d potentially state-dependent, or| Urban .
Demographic | population to ; : climate change
. family-dependent people, the | Audit
dependency | working age .
. lower the response capacity.
population
. . . High: financial capacity is
Financial: GDP per capita in The richer the society, the Urban strongly linked to climate
GDP per European Cities . . i
. higher the response capacity | Audit changé
capita
Financial: Insurance Insurance penetrat!on refleqts . National Medium: whilst in some
. the overall level of insured lives . . :
Insurance penetration as oo level countries flood insurance is
. . and properties in a country, ) , )
penetration proportion of reflecting some dearee of figures, available, in others (e.g. Th
national GDP 9 g CEA data | Netherlands) it is not.
preparedness.
: : Urban
. .| Most people can be | Higher levels of trust increase :
Human: Social : . X Audit i . . .
capital trusted (synthetic the probability that city erception Low: weak link with climate
P index 0-100) residents will work together in 2 surv?a changé
the case of emergency. d y
ata
_ ) National rankings on . World Medium: indirect link with
Institutional: The more effective government, .
government . Bank climate change
Government . the higher the response capacity
. effectiveness
effectiveness
The more voters, the higher the
Human: Percentage of trust of the citizens in the . . . .
. ) S . Low: weak link with climate
Political registered electoratg institutions and the higher the | Urban chanaé
participation voting in local effectiveness of the institutions| Audit 9
elections and citizens working together in
response to climate change.
Action: Actual response
COST
action on
. urban
Actual . Urban adaptatlon The presence of urban adaptation;| Relatively high: direct link
adaptation at | strategies & ; . ) !
) adaptation strategies and results not | with climate change.
the city level measures
measures yet
published;
EU Cities
Adapt
Presence of a national strategy
. . . suggests a presence of Medium: indirect link to city
National National adaptation | supportive governance e
. : . UNFCCC | policies.
measures strategy framework in which the city can

develop its own adaptations
measures.

Table 3.2. Generic response capacity indicators. iBatific evidence is provided in factsheets in Anne4.
! Indicator previously used in the 2012 Report ‘Urba adaptation to climate change in Europe’ (EEA 2012)

3.5 Further directions for research
Future research should focus on development ota&talis in relation to actual response action.

Developing European data on progress in local atiaptmeasures and their effectiveness is clearly a
field where more work needs to be done. Studieadaptation strategy development at national (Setart

al., 2009) and regional (Ribeiro et al., 2009) IsVeve been conducted, but similar local level

21



assessments have not been concluded. The ongoikgmaer the COST framework is looking at Urban
Audit Cities' adaptation strategies, yet the resaite not available yet. Juxtaposing the actisalaese
indicators with the existing indicators of responagacity would help to explore the relationshipaeen
the potential response capacity and the actuabnsgp and thus validate the indicators present@&dlite
3.2.
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4 Heatwaves

This chapter provides a discussion on the indisdtmrexposure, sensitivity (economic assets,
population, dependency on external services), esplonse capacity/resilience (institutional, finahci
green infrastructure) related to heat waves inrudsavironments. Table 4.1 provides a summary of the
indicators in terms of relevance (message), fdagiiEurope-wide availability of data) and credityi
(reliability of data source). The discussion beklaborates the indicators and identifies some gaps
knowledge and possible future work. In the Annexmore detailed fact sheet for each selected itatica
elaborating the information in the table and prowjddata sources, has been included. We note that
WHO in collaboration with DG Sanco in the CEHAPI®jpct developed a set ofhealth indicators
(categorized into exposure, effect, action), comgletary to the vulnerability indicators discussethis
paper (WHO, 2011).

4.1 Exposure
Hot days and tropical nights

Climate projections indicate that the frequency imensity of heat waves will increase in Europ¢hia
coming decades. These projections are in line twighirends observed during the last decades.
Particularly the Iberian peninsula and Mediterramesgion are affected (Fischer and Schéar, 2010&rSch
et al. 2004). The consequences of trends in wagalisspr heat waves are more severe in cities beaafus
the urban heat island (UHI) effect.

The consecutive occurrence of hot days (maximunpésature, T.«> 35°C) and tropical nights
(minimum temperature,J, >20°C) has been found to explain spatial and temp@aamce in excess
mortality during recent heat waves. Under thesdlitioms, there is no relief of cool nights and
subsequent exhaustion leads to a larger impacté@tial., 2005; Kovats and Hajat, 2008; Doussak et
2011). Therefore, the number of combined tropidgthts and hot days has been used as an exposure
indicator for heat stress by the European EnvirantrAgency (EEA, 2012a). This is a proxy indicator
and specific local thresholds can be different, mgrtality rates decrease after different thredsiah
different cities. Also, this indicator has beenided from standard climatological data, that ig th
climatological quantities apply to rural areas. &ese of the UHI effect, in particular;I may become
higher in cities. Thus, J» in this indicator underestimates the hazard ieitand should be corrected or
complemented with an indicator for the strengtthefurban heat island. Such an indicator can bedbas
on the characteristics of the urban fabric, sucbogmilation density and share of green space per ci
Because the quantitative relationship between tHedud population density is better established tha
between the UHI and green space, we propose tpagseéation density relation to adjust urban
temperature (see Annex 4 for more details). SimcgHl indicator such as green space can also be
regarded as a structural sensitivity indicatoriit &so be discussed in that context below.

Outdoor thermal comfort indicator

Most of the impacts of temperature extremes on Imunealth not only relate to individual hot days but
are strongly affected by other factors. Whethanaircitizens feel comfortable with the urban micro-
climate they encounter depends on a complex irtterabetween physical, physiological, behavioural
and psychological factors.

For the assessment of the thermal exposure ofuimah body the integral effects of all thermal
parameters have to be taken into account. Likeaggd in Annex 2, there are two main classes of
thermal comfort indices. The first class containghssticated bio-meteorological indices, like the
predicted mean vote (PMV), the physiologically eqlént temperature (PET), and the recently
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developed Universal Thermal Climate Index (UTChe$e are based upon models for the human heat
balance and are called indirect indices. They damnsill relevant meteorological parameters, as agll
important physiological factors (Fanger, 1970, H&dP99; Blazejczyk et al., 2012). However, since
bio-meteorological indices rely on many variabksne of which may be difficult to obtain, and since
these indices may be quite complex, they are diffto apply as a European-wide indicator for tharm
comfort. By contrast, the second class containsafled direct indices that are easily computed from
standard meteorological parameters, including dutpm climate models like from the ENSEMBLES
multi-model scenario experiment (see, e.g., FisahdrSchar, 2010). Many of these empirically defive
indices, like the discomfort index (Thom, 1959) tawalb-globe-temperature (WBGT), apparent
temperature (Steadman, 1979), and wind-chill ind#gadman 1971) are being used to describe thermal
comfort. Though often used, these indices considr some of the relevant meteorological parameters
Moreover, they do not take into account thermalsiblggy. See Annex 2 for more details on outdoor
thermal comfort indices.

The study by Blazejczk et al. (2012) and our owalyses (Annex 2) suggests that the simple, direct
indices Effective Temperature (ET) and Apparent perature (AT), which are both based on air
temperature, water vapour pressure and wind spaadje regarded as a reasonable proxy for the much
more sophisticated UTCI. ET and AT are therefoitable exposure indices for outdoor thermal comfort
in cities, with a somewhat better behaviour of ET.

Both ET and AT can be computed from meteorologitelervations or weather and climate model
output. A post-processing step may be requiredrieeaat a single and simple index that describes a
longer period of time, for example, a climatolodigsariod of 30 years. This could be a simple diatis
like the number of days a given threshold has loeevill be exceeded. This threshold could be chdsen
represent, for example, “severe night time heasstl The actual indicator will then become “the
(annual) number of days with severe night time seass.”

The Urban Heat Island effect (UHI)

However, it should be stressed that both indicatoderestimate the exposure to heat within cifidsey
are derived from standard meteorological datadbatot include the effect of the UHI. Rather large
underestimations during night-time may be madedjqaarly during clear and calm summer periods
when the UHI is strongest. For this, a correctionld be made by relating the (potential) noctuksil
to urban features of a city, for example to theepetage urban green (Steeneveld et al. 2011). @dayg
time, differences in air temperature between udnahrural areas are rather smAllT€ 1 — 2°C). The
same is true for differences in water vapour pnesetithe air. This implies that during day timel Ar
ET values calculated from standard meteorologiatd dre probably slightly underestimating those
values for cities. The dynamics of the UHI may riegjit to be estimated on an hourly to 6-hourlyibas
depending on the temporal resolution of the in@iadin order to generate a correction that caumsked
along with in the post-processing of AT or ET data.

The UHI intensity is a dynamical feature that degsean the weather conditions. It may be required to
estimate the behaviour of the UHI for the corretiid the exposure indicators for the urban envirenin
for example when a statistical index needs to bebéshed. A relatively simple methodology has been
proposed by Oke (1998). Here, the maximum UHI isitgris obtained from a characterization of the
urban fabric and the thermal inertia of the surdbngs. This maximum UHI is then adjusted to obtain
actual UHI strength on an hourly basis using wipelesl and cloud cover to account for the weather as
well as a day-night rhythm. The details and fedigitif such a method in the present context nedukt
further examined.
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The UHI intensity in a particular city results frahe interaction of many factors, on different sgdand
temporal scales. Latitude or climate zone, thegogguhy and the distance to large water bodies mater
the ‘background’ urban climate on the meso-scaldevdity size, urban design and structure related
factors as well as population related factors (ambgenic heat production, pollution) affect UHI
intensity on the meso to micro scales. A distinctan be made between controllable and unconttellab
or natural factors. In addition, a categorizatian be made between temporary effects, such as wind
speed and cloud cover, (quasi-)permanent effects &8 green spaces, building material, and geometry
(sky view factor, aspect ratio), and cyclic effestigh as solar radiation and anthropogenic heatesu
Population density provides a reasonable inititivegte for UHI at the city level (Steeneveld et2011).

It can be used as a proxy for the density of thit avironment. Anthropogenic heat productionlsoa
related to population density. Therefore, poputatiensity may serve as a biophysical sensitivity
indicator for the potential UHI of a city. Populati density values are available for the Urban Aaiti¢s
from the Urban Audit database. In case other raterainits are to be used the population densitypean
calculated using the population disaggregation aviilable from the JRC (1km2)divided by the
surface area of the reference unit.

Share of urban green spaces and edge length betwgrern space and red space

While we propose adjust the temperature indicdtorthe UHI using population density as a proxy, we
do know that also green spaces have a coolingteéfeen if we cannot quantify this generically for
European cities. We therefore propose to also decan indicator for green space to highlight its
importance. It is a well-known and documented faat the land surface temperature and the share of
vegetation are related to each other (Chen é2@086; Jusuf et al., 2007; Gabor and Jombach, 2008;
et al., 2012). The ameliorating thermal effect icelli by green spaces inside the warm urban
microclimate of densely populated cities can imprthe thermal comfort, as well as the overall lmealt
and living conditions of their inhabitants. Theeeff of green infrastructure on UHI is primarily piged
by shading and evapotranspiration. The procesdandthis function are:

* Vegetation provides cooling through evapotransiginaiat least when there is no water stress
(drought).

» Vegetation provides shade, especially trees. Ewvgjestrees can be effective in providing shade.
Parks and urban forests are more effective. Shaatimgded by the vegetation also affects the
human energy balance directly (see Exposure Irmigpt

In cities, most notably, the cooling effect of veged surfaces is replaced by storage of heat in
impervious engineered surfaces. Consequently, tre nrban green spaces a city still contains aad th
better distributed these green spaces are, ther ldssimpact of the UHI effect. Indeed, for citinghe
Netherlands, Steeneveld et al. (2011) found thaterease in the percentage of surface area covered
with green vegetation reduces the maximum UHI isitgrsignificantly. The cooling effect of vegetatio
can be identified at different scales, from buitgir{green and blue roofs, green walls), streategfrtree
rows), to regions and complete cities (parks, gfaees, etc). Cooling effects of parks have been
observed at distances up to 500 m or more (Bowlak.,€2010). Also green spaces at the fringeb®f t

’http://www.eea.europa.eu/data-and-maps/data/population-density-disaggregated-with-corine-land-cover-2000-

2/
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cities provide beneficial effects in terms of redienal and cooling functions. The urban fringbesice
also accounted for in this study.

These aspects will be analysed by two indicatdrghé share of urban green spaces, and (ii) tige ed
lengths between green and built up (i.e. “red”)cepdVater (“blue”) areas are not included sincg the
have a less clear effect on the UHI. The land ase source is the GMES Urban Atlas data Bgse(

which provides reliable, inter-comparable, highataion land use maps for 305 Large Urban Zones and
their surroundings for the reference year 2006. Sétection of classes contained in the urban green
spaces is based on their relevance for the Urban Island effect, i.e. agricultural areas and ftsrase
included as well. The share of urban green spacesculated for on the one hand the Urban
Morphological Zone (UMZ)) of the city and on the other hand a buffer thareated around the UMZ.
The buffer has a width of 5km and should accountte fringe of the urban areas.

The edge lengths between the green spaces anehteing “red” space of the cities provides an
indication about the distribution of urban greeacgs such that one can interpret that a largeledgth
in a city indicates a relatively high number of@mepatches with borders to the sealed parts afrthen
fabric made up of residential and commercial/indaképublic buildings. The edge lengths are calada
for the red-green edges within the UMZ and betwdbl?Z and the associated buffer.

Effects of open water on the UHI remain unclearshgiudies assume a cooling effect of water bodies,
which is intuitively right. However once water ismned due to heat waves or high temperatures it ma
become a source of warmer air during lower tempegat Some recent measurements of ambient air
temperature at street level showed no effect of epster on air temperature or even an increased
temperature close to water (Steeneveld et al. 20%E) high thermal inertia of water bodies is asgue
explanation for this. Though water temperature aadp slowly to forcing during the day, it also cool
down slowly, which means that large water bodieg support the UHI effect at night.

Wind provides urban ventilation. Information abputvailing winds and wind flows carrying cooler air
from surrounding forests or sea, together withrimi@tion about the geometry of the city (high bunigh,
infrastructure, trees, etc)(s also relevant in urban sensitivity. Howevée tlimatic and geometric
information required to assess effects of so-callattilation paths is extremely city-specific arging
this information requires detailed high-level postessing (Ren et al., 2010). Although this hasbee
done for individual cities with some success (Real.e2010; Ren et al., 2012), a general, Europeide
biophysical indicator referring to urban ventilatiseems as yet unfeasible. Here, we suggest amjusti
the existing indicator for the share of green spesas by the EEA in the recent report on urban
adaptation (‘Share of green and blue urban arbgsxcluding the area of water bodies and includig
edge density red/green as a proxy for the disiohut

? http://www.eea.europa.eu/data-and-maps/data/uabas-

* http://www.eea.europa.eu/data-and-maps/data/ummaphological-zones-2000-umz2000-f1v0

® The geometry of the city is determined by the Btk distribution of high rise buildings, parksfrastructure,
etc, the orientation of street patterns and bujdiatterns related to the surroundings and the ggamlogy/relief
of the city. Urban geometry is relevant for thessevity for the impact of heat waves, as it inflees the wind as
well as the provision of shade. Wind in the urberagrovides cooling from urban heat. Building stuves and
street patterns influence wind speed and direcfdso high rise buildings and narrow streets mapcklout direct
sunlight; and thus provide a cool environment oeettlevel. Urban geometry can stimulate ventitatib street
level or on the other hand block winds. Exampletuide cooling wind from hills around or in citiescathe
position of parks and trees..
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We note that a different interpretation of greeacgpwould be that the share and the distributiamitoén
green in a city affects the biophysical sensitifitythe potential UHI of a city as a whole. Howgwse
discuss it as an exposure indicator here, bechisetmore consistent with the structure of Figire
and it distinguishes it from the sensitivity of thegetation itself.

4.2 Sensitivity

To assess the sensitivity of a city to heat waveghysical and social sensitivity indicators can be
distinguished. Many of the social and biophysieasstivity indicators are available from the Urban
Audit database maintained by Euroseéind the Urban Atlas. For several selected indisafe.g. green
space, total population, population density) dedenf2008 and even 2011 are available, but not aayer
all European countries. Since the Urban Audit daidergo a quality control procedure before being
published these data are supposed to be relialdefgons exist). Their easy availability from thaine
database also makes them feasible to produce. flap@indicator for biophysical sensitivity in the
context of the UHI for the city as a whole,wouldthe area of green space (a city with more grearbea
considered as less sensitive). We note that frenaliernative perspective of local vulnerabilitythin a
city, green space with its cooling effect coulddi® considered as an indicator of exposure. &s#dme
time, also vegetation is sensitive to heat. Gr@aces in cities exposed to heat (and droughts, &sien
southern Europe, can loose some of their greenwbésh) would decrease its effectiveness in reducing
the UHI. The size of this effect is unknown and doequire more research. In the context of thizepa
we subjectively value the decreasing effect of giggace on the UHI as more important than the
sensitivity of vegetation itself to heat and propts use green space as a positive indicator (tfeh

the better). See chapter 8 for a more in-depthudson of such crosscutting issues.

Social sensitivity indicators
Demographic/age dependency

Life expectancy and the ageing of population indperare increasing. Possible indicators for agéhare
share of the population older than 65 or the ageidgx, defined as the ratio of the population pttian

60 years to that 0-14 years old. Senior citizeasraaverage more sensitive to heat because ofsir
changes in the thermo-regulatory system and beadube use of drugs that interfere with normal
homeostasis. Heat mortality risk varies by both @ sex. Epidemiological studies of heat-related
mortality show a larger effect in the elderly; tigk increases with increasing age above abouea@sy
Children and babies also have in average a linaib#lity to thermo-regulate and are also more &tofs
dehydration than are adults. Child deaths from kgake occurred in France during the heat waves in
2003 and 2006 (Kovats and Hajat, 2008). Howevetpugate, time-series and episode analyses indicate
no significant excess in mortality of children doéheat waves. Although there are exceptions, dvera
mortality in this group is generally low in indusiized countries. In the United States, less #fanof

all persons dying from heat caused by weather tiondiare aged 4 years or younger (Centers for
Disease Control and Prevention, 2002). Followirggghactice of earlier EEA reports, we recommend to
take the share of the population as indicator grdian the ageing index.

(°)http://www.urbanaudit.org/DataAccessed.aspx and
http://epp.eurostat.ec.europa.eu/portal/page/portal/region cities/city urban/data cities/tables sub1l
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Whether women or men are more at risk of dying lreat wave, remains unclear. A European study by
WHO states that: “Epidemiological studies indidduat risk in men and women does not differ
significantly”(WHO, 2004). However, in contrast, ¥ats and Hajat (2008) state that the majority of
European studies have shown that women are moiskatf dying in a heat wave (Kovats and Hajat,
2008). Social factors have also been found to Ipoitant. There may be some physiological reasans fo
an increased risk in elderly women, but socialdexcare also important. In Paris, the heat riskeiased

for unmarried men, but not unmarried women (Caetaal. , 2006). In the United States, elderly men a
more at risk in heat waves than women, and thispaascularly apparent in the Chicago heat wave
events (Semenza et al. 1996, Whitman et al. ,19%i#3.vulnerability may be related to the level of
social isolation among elderly men (Naughton et28l02; Semenza et al., 1996,1999). Men are also
more at risk of heatstroke mortality because theyneore likely to be active in hot weather (CDCO@D

In addition to the ageing index, the demographjmetdelency can also be used as a secondary indicator,
which is defined as the ratio of the number of peap working age (20-64 years old) to younger @< 2
years old) and older (over 65 years) people. Theodeaphic dependency index is available from the
Urban Audit database, which, however is not gesgecific. For gender specificity, the proportion of
male or female lone-pensioner households of tharudaudit may be used as a proxy for sensitive lglder
males or females, but since the literature is iol@ive about gender-specific sensitivity to hest,do

not recommend to use these indicators for thisqgeepThe physical and social isolation of eldedgme
further increases their vulnerability to dying cgia heat-wave (Klinenberg, 2003).

Other possible age thresholds

Many studies mention an age of 65 years and oldeh€ increase in sensitivity for high temperasue
heat. However, this age threshold is often a pezdehed age and therefore, it remains unclear ahwh
age above 65 years the sensitivity really increddpdo date, only a few studies have analysedirthis
more detail. For instance, an analysis of the impathe 2003 heat wave for Greater London shows a
clear increase in daily mortality among elderlyedan age of 75 years whereas no notable effetéor
group elderly with an age between 65 and 74 yeassobserved (Kovats and Hajat, 2008). More or less
similar results were obtained in a study of thedl@hicago heat wave (Centers for Disease Contabl an
Prevention, 2002). Nevertheless, we propose tovolhe usage of a 65 year threshold that WHO (2004)
uses as an indicator for excess mortality due &b Wwaves.

Share of people with lower socio-economic status

People with lower socio-economic status, or miggamtay be more sensitive to heat-related mortality
because of poorer-quality housing and a lack e€airditioning. Also people with lower educational
levels seem to be more vulnerable (Reid et al.9P@®opulations in more deprived areas within yaaie
also more likely to be exposed to other risk facfor heat-related death. Several studies thastigasted
heat-related mortality rates in different neighlimads reveal the importance of socio-economic facto
(Semenza et al., 1996, 1999; Smoyer, 1998a, b, ®eid, 2009). It should be noted that some i
such as the ones related to poverty or social siaiware also relevant for climate-related problether
than heat. The Urban Audit includes various indicathat relate to the economic circumstanceseof th
population (e.g., levels of per capita income, upleyment, ratio of first to fourth quintile earnisig
percentage of households with less than half thema average income, dependency on social sgcurit
etc.). There are no studies available that proaideantitativelink between particular indicatorsotio-
economic status and climate change response capHoérefore, we — to some extent arbitrarily -
propose to select the percentage of householddesisithan half the national average to capture
vulnerability related to social inequity. Here, feeus on sensitivity. We note that the share oppeo
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with low socio-economic status can also be seemasdicator of response capacity, as discussttein
previous chapter. In chapter 8, the implicationtheke crosscutting issues are further explored.

Economic sensitivity indicators

As an indicator for the sensitivity of the extersatvices for urban areas we propose to, in thedut
explore the feasibility of using the cooling watlemand of power plants serving cities, which
information is not readily available. Similarly, wiéd not identify a meaningful indicator for dedng
sensitivity of a city in economic terms, since feeonomic activities are directly affected by hehto
than maybe through a decreased productivity otk force.

External services and infrastructure sensitivityirdicators

Whilst it is recognised that elements of infrastuue, in particular transport (roads and railwaysy be
sensitive to high temperatures, no relevant indisabave been identified.

Biophysical sensitivity indicators

While we acknowledge that vegetation itself is garmesto heat, we consider this to be less impdrthan
the cooling effect of green infrastructure, anddeedo not recommend to use it as a sensitivitycatdr,
to avoid confusion (see also chapter 8).

4.3 Response capacity

Responses can target three elements of vulneyalekposure, sensitivity and response capacityp@na
3 discussegeneric indicators for response capacityhich would be equally relevant for different
climatic hazards, noting that we do not have qtatnte evidence how important the links with actual
climate change vulnerability are. Many of the ganegsponse capacity indicators are discusseckin th
previous chapter and available from the Urban Addtabase maintained by Eurosiattor several
selected indicators (e.g. education, hospital bestsal trust and commitment to climate change; the
latter two coming from the last perception survégda from 2008 and even 2011 are available, but not
covering all countries. Since the Urban Audit datdergo a quality control procedure before being
published these data are supposed to be reliatteffgons exist). Their easy availability from thine
database also makes them feasible to produce.

For exposure or sensitivity indicatgngolicies to change the associated aspect of expas sensitivity
would represent responses. E.g. policies to deetb@sdependency level of in particular the oldl(an
maybe also young) people by stimulating the attraness of living in the city by the working age wia
be a response indicator, while the dependency Isadf represents a sensitivity indicator. Pokicie
increase the share of green space would be a respaticator, while the share of green space woeld
an exposure indicator. In the context of heatatild also be relevant to include the existenceeaft h
action plans (like in Paris), but this informatismot available at a European level. In general,
information on policies or investments is not aaklé from the urban audit, neither for specifienelie
hazards, such as heat, nor for generic policies.@ight use thehanges irthe sensitivity or some

"http://www.urbanaudit.org/DataAccessed.aspx and
http://epp.eurostat.ec.europa.eu/portal/page/portal/region cities/city urban/data cities/tables sub1l
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exposure indicators as response indicators, asguimin these changes relate to policy interventions
Examples include observed changes in the shanbahwgreen space (using the same data sources as fo
determining the share of green space as a fadtmtiaig the UHI), observed changes in soil seating
dependency ratio. This may be an issue for futumkw

Table 4.1 summarises the recommended exposurétidgnand response capacity indicators in relatio
to the hazard of heat waves.
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Table 4.1. Summary of indicators proposed for urbarheat vulnerability

Theme: Proposed urban climate | Relevance Feasibility Credibility Remarks
Heat vulnerability indicator for | (what is the message, (data availability, when and from (reliability of data source,
EEA indicator system implication of indicator where) how sure are we of
values) relationship with hazards)
Exposure CHT: combined number off The higher the value, the | CHT can be calculated from data Most of the databases to be
hot days (Tax>35°C) and | higher the effects on obtained by: used are the result of peer
tropical nights (T» >20 health, thermal comfort, | « Climate model simulations : reviewed projects
°C) and economic productivity present-day and future projectiondvieteorological data are
from ENSEMBLES project: subject to quality control
http://ensemblesrt3.dmi.dk
* Observations:
E-OBS :http://eca.knmi.nl
e Reanalysis data:
ERA-40:
http://www.ecmfw.int/research/era/do/
get/era-40
Effective Temperature for | The higher the value, the | ET can be calculated from data Most of the databases to be
thermal comfort (ET): higher the effects on obtained by: used are the result of peer
frequency distribution health, thermal comfort, | « Climate model simulations : reviewed projects
number of days exceeding| and economic productivity present-day and future projectiondMeteorological data are
threshold values for ET from ENSEMBLES project: subject to quality control
http://ensemblesrt3.dmi.dk .
* Observations:
E-OBS :http://eca.knmi.nl
e Reanalysis data:
ERA-40:
http://www.ecmfw.int/research/e
a/do/get/era-40
Population density The higher the populationUrban audit database (Eurostat) Data undergo quality control
density, the higher the http://www.eea.europa.eu/data-and-| procedure before being
density of the built maps/data/population-density- published and are supposed to

environment and the
higher the (potential) UHI

disaggregated-with-corine-land-cove
2000-2/

rbe reliable

Share of urban green
spaces including the urban

fringe

The higher the share of
green, and the higher the

green edge lengths, the

Urban Atlas
http://www.eea.europa.eu/data-and-

GMES Urban Atlas data base
provides reliable, inter-

maps/data/urban-atlas

comparable, high-resolution

The high heat capacit
of water makes it
difficult to establish a
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lower the (potential) UHI
and hence health impact

http://www.eea.europa.eu/data-and-
maps/data/urban-morphological-
zones-2000-umz2000-f1v0

land use maps for 305 Large
Urban Zones and their
surroundings for the referenc

year 2006. The share of urbahexisting indicator useg

green spaces is calculated fo
the Urban Morphological

Zone (UMZ) of the city on the|

one hand and a buffer that is
created around the UMZ on

the other hand. The buffer hals

a width of 5 km and should
account for the effect of the
fringe of the urban areas.

relationship with open
water. Therefore, we
e propose to adjust the

r by the EEA by
excluding the area of
water bodies

The edge density between
green and non-green (i.e.
“red”) space

The larger the value
representing the length of
green edges, the lower thg
(potential) UHI and hence
health impact

+

Urban Atlas
http://www.eea.europa.eu/data-and-
maps/data/urban-atlas

Sensitivity: | 1. Share of senior citizens The higher the share of | Urban audit database (Eurostat) The literature is
Social with age >65 years senior or poor citizens, or inconclusive as to the
2. Demographic the higher the dependency age where the
dependency (ratio >65 ratio, the higher the sensitivity starts to
and <20) impacts increase rapidly
3. Share of poor people, Various indicators are
e.g. percentage of available from the
households with less urban audit to capture
than half the national poverty
average income
Sensitivity: | Cooling water demand The higher the cooling | Data not available at the city level
Economic water demand in the urban
area, the higher the
sensitivity of the urban
power supply
Response For generic response indicators: see chapter 2

For specific response indicators: no informatioavailable about heat plans. As a prostyanges irthe sensitivity and some exposure indicators alcowd
be considered, assuming that these changes woule besult of policies. This is for future work.
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5 Floods

5.1 Introduction

Recent research indicates that losses causeddgiritphave mainly socio-economic character
(Barredo, 2009). In particular, high concentratidpopulation and economic wealth in cities and the
ongoing processes of urbanisation may lead toduititreases in economic losses (Bouwer, 2011),
most likely further exacerbated by the consequeatebmate change (EEA 2010). Different
scenarios indicate that by 2080 between 250.00G180dM00 additional people will be exposed to the
risk of river flooding in Europe; when coastal fthog is consider, the number of people at risk doul
increase to 775.000 - 5,5 million people, majoritithem located in citie<scar et al., 2011
European Environment Agency, 2@)2

The interrelation of urbanisation and floods iteafst twofold. First, increasing urbanisation often
results in an expansion of impermeable areas, lighe higher proportion of sealed soils result in
an increased runoff volume and a decreased respiomsef a catchment, causing higher peak flows.
Second, urbanisation can also have other impdicatior vulnerability as quite often urban areas
expand into flood risk areaEropean Environment Agency, 2@t Hildén et al., 201p

This chapter provides a discussion on the urbardflndicators that have been determined as the most
relevant to the aspects of exposure, sensitivitgl,rasponse capacity. They have been selected out o
a long list of indicators (see Table 5.1) that swaripes all identified flood vulnerability indicatm

terms of relevance (message), feasibility (Europevavailability of data) and credibility (relialbyt

of data source). The following discussion elabar#te selected indicators and identifies some gaps
knowledge and possible future work. Annex 4 includanore detailed fact sheet for each selected
indicator, elaborating the information in table.5.1

5.2 Exposure
Area potentially affected by flooding/inundation

One of most relevant indicators for urban vulndigitio flooding is exposure. Exposure indicates th
urban areas potentially at the risk of floodingalmore general sense, exposure is “describing the
relationship of elements at risk to the hazardianderefore somehow a bridging elemeritti¢hs et

al., 2011, 61k It represents the interface of processes retatéite flood hazard as well as processes
and structures related to the layout and extentlmdn areas itself. Information on exposure seages
basic information for all subsequent indicators.

To assess the exposure, there is a need for infleman the flood hazard and the different soufes
flooding as well as on the urban area itself.

1. Flood hazard A flood means “the temporary covering by watelaofd not normally
covered by water” (Flood Directive, Article 2/1)Ithough any further classification of
floods is somewhat arbitrary, the following distina between the different kinds of
floods is considered as quite useful (quoted fkitdén et al., 2012,)6
* Fluvial flooding occurs when water levels in a channel, lake orvesgerise so that

water covers nearby areas, which normally areafng.| Such an event may result
from heavy or persistent rain, snowmelt or ice jaometimes also by debris jam,
landslide or other blockage of the channel. Flogdian be a regular feature of the
yearly hydrological cycle, but rivers have differ@atterns of flow and the severity of
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flooding varies. Antecedent conditions (soil maisflgroundwater stage) may also
considerably affect the severity of the flood. Fearsting fluvial floods is generally
easier than for other flood types.

* Pluvial flooding is caused by intense localised rainfall. PluMiabéls often cause
damages in urban environments in combination widrftowing sewers and high
runoff in small catchments. Urban pluvial floodseof arise due to a combination of
land sealing and insufficient capacities of seveerd drainage systems. They are
difficult to predict due to the difficulty in precling local rainfall patterns, lack of data
on the actual hydrological status, and the shad-lemes.

» Coastal floodingoccurs when sea level exceeds normal levels dsitm surges,
exceptional tides or tsunamis. Flooding in deltad @ver mouths may be caused by a
combination of fluvial flooding with storm surgesaherwise exceptionally high sea
level. Forecasting is difficult but risk analysesde performed using models.
Coastal flooding due to sea level rise, storm sugggsunamis is covered in the
(forthcoming) EEA report on coasts.

» Groundwater floodingarises when underground water emerges in excessive
guantities from either point or diffuse locatiof$is can be a consequence of e.g.
persistent rains, high sea levels or land subseldhadequate data exist on
groundwater flow, forecasting is feasible.

* Flash floodingis characterised by very rapid inundation. Sonwipl floods can be
classified as flash floods, particularly if heaayrrin the upper part of the catchment
creates flood wave surges downstream, where itrmoiliave rained at all. In addition
to pluvial origin, there are many other causedadfif floods: river or lake outbursts
(linked e.g. to landslides or ice jams), overflogviof karstic formations, dam-breaks
and snow-slush flows. The forecasting of flashdleds often extremely difficult, due
to the same factors as mentioned under pluviatiftap

While the first three flood types are characterisgdheir source (rivers, rainfall, sea) and thst fiwo
may occur almost everywhere in Europe, the riskash floods is highest in Europe in Mediterranean
and mountain areas, while coastal flooding hasezhttse largest damages in low-lying areas around
the North SeaHildén et al., 201p

2. Urban area. The extent of urban areas exposee tasthof flooding within a city can be
expressed in relative terms (i.e. proportion ofamrbreas exposed to the risk of flooding
in relation to the overall urban area) and is prilma function of the topography and
different land uses and land cover of an urban iarealation to the source of the hazard
(e.g. a flat topography usually results in a highencentage of areas at the risk of flooding
compared to a more contoured topography; sealéalcasrincrease the hazard compared
to permeable surfaces).

Reliable information and data on pluvial, groundsvatnd flash floods are difficult to obtain (see
above), whereas rainfall precipitation events amd they change as a consequence of climate change
might be used as a proxy (admittedly a vague anbgtter understand whether pluvial and/or flash
floods might increase in urban areas. The mostaeteand feasible exposure information at a large
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scale such as for a European assessment can he@dodith regards to fluvial flooding and coastal
flooding(®).

Fluvial flooding indicators

In practice, there are two ways of assessing thesxe of an urban area to the risk of fluvial
flooding, i.e. obtaining spatial information abdlie extent of inundation. Firstly, the data abbet t
morphological form of the city can be combined vifie information about the statistical return
periods of flooding (e.g. with a probability onoeeey hundred years) in order to understand how
certain water levels translate into the spatiatesion of flood events. Secondly, the morphological
form information can be combined with absolute watpths (e.g. one meter water depth) .

Pluvial flooding indicators

For pluvial flooding, it is proposed to use the megof soil sealing as a proxy indicator, as smlisg
increases the runoff by decreasing the soil reiardind infiltration of rain water; for fluvial flabng,
soil sealing within the city is likely to play a ngnal role. The information on rainfall intensiy the
local level, especially in terms of the future paijons of precipitation, is insufficiently reliabto be
used as an indicator of exposure for pluvial flogdior a set of European cities, also due to the
resolution of the regional climate models being¢oarse for a meaningful analysis for individual
cities. Whilst the larger scales of rainfall intéygrojections could be considered, more resesrch
required as to how these could be used. The adggfigice local information on sewerage or
drainage systems is currently unknown.

Coastal flooding indicator

Assessing the exposure of urban areas to theaistdstal flooding depends again on information
about statistical return rates or absolute watptiteas consequence of incremental change (e.g.
climate change) or as result of sudden water lesfgsges (e.g. tsunamis or storm surges). As a
consequence of climate change, the return ratestitiiginge resulting in more frequent flood events
and/or in higher water levelEEA, 20121). However, exposure might change due to socineruic

or demographic changes resulting in urban spraadirbanisation processes or even in shrinkage.

5.3 Sensitivity

By adding information about the sensitivity of aban area to the risk of flooding, the picture of
flood risk becomes more nuanced and diversifiedineawith the approach to sensitivity outlined in
Chapter 2, we propose to distinguish between ttiféerent categories of sensitivity indicators:
sensitivity of the population to the risk of floodj, sensitivity of the economic assets within tiye ¢
and sensitivity of the city’s functioning to disbhances in external services that are the city&ditiés
(provision of energy, water, transport).

® For individual cities or neighbourhoods detailed analyses can be made for pluvial floods which take into
account the local sewerage c.qg. rainwater disposal system capacity.
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Social sensitivity indicators
Population potentially affected by the risk of fiiong

The loss of human life is surely one of the mosese negative impacts caused by flood events, but
also the physical and mental health consequensegelhas wider social impacts contribute
significantly to the overall vulnerability of anhan population. At the same time, there is no clear
picture of the underlying social causes that infiteeand define social sensitivity to the risk of
flooding. While it is usually assumed that spedaifi@racteristics, such as age, income, gender,
educational background and other variables wowe laasignificant impact on the sensitivity of
people to the risk of flooding, recent researchiltesrom a European cross-cultural analysis iréica
that such assumptions are not easily verifiable gthdy concludes “there was not a common set of
previously assumed social vulnerability indicatorg that proved to be valid in a cross-country
perspective across all phases of the disaster’di€ignlicke et al., 2011, 799This view is backed-up
by other studies (e.g. Tapsell et al. 2011).

Taking these research findings into consideratios proposed indicator of social sensitivity is
restricted to providing information on the quanatyd spatial distribution of population within an
urban area. The most feasible way of implementingihdicator is considering residential areas
affected by the risk of flooding and include oféilly registered citizens within the areas exposed t
the hazard of flooding. This indicator serves asaxy for the expected number of residents prone to
the risk of flooding; however, it is virtually imgeible to assess what proportion of these people
would be actually at their location of residencehia event of flooding.

However, ideally this indicator would need to batliar specified in two ways. Firstly, the diversity

of residential areas could be taken into accotimiakes a considerable difference whether a
residential area includes by one-storey or by nsiitirey houses. In the latter case population densi
might appear considerably higher in the assessméptits compared to those vulnerable in the case
of an actual flood, as only ground floors and pagdirst floors would be directly affected. Yet,
although not directly affected by the immediatesauences of the flood, higher floors are still
affected by the consequences of the flood: theytrbg confronted with restricted access to their
apartments, shortage of drinking water, inundateskements, etc. Thus, whilst not perfect, the
indicator provides information about the sheer nendj residents that need to be dealt with in odise
emergency response, and helps to identify urbaasarearacterized by a particularly dense population
concentration (hot spots of vulnerability). Furtimere, the indicator can be used in longitudinal
studies to assess whether over time residentiatagread into flood exposed areas (e.g. as d ofsul
urban sprawl), or whether they retreat from sueasuwdue to planning restrictions or demographic
change (shrinkage of urban areas). Secondly, thedtor could be further qualified by also incluglin
non-residential persons (e.g. tourists, temporamkers) who stay for a certain time within an urban
area (e.g., if information on number of hotel bestspther proxies would be available).

Economic sensitivity indicators
Industrial/commercial area affected by the risklobding

Floods affect not only the urban residents; thajequiten also have severe impacts on businesskes an
entire industries. The impact usually takes platéhoee different levels. The first level is the
immediate physical impact on the factory or officejuding building structure, interiors and
equipment. The business cannot operate until tioelfivaters have receded and the premises are
restored to a functioning level. This results in@®ary impacts, such as loss of production. A car
company, for instance, will no longer be able todurce cars (outputs) and will face monetary losses.
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This might result on a third level in the reductifproductivity of the entire supply chain, as the
suppliers might no longer be able to produce ostpatwhich other industries depend.

As a result, assessing the sensitivity of industaied companies to the impact of flooding is amghi
but trivial. The assessment procedures dependyangehe scale of assessme@téen et al., 2031
Lequeux and Ciavola, 20).Zor a Europe-wide approach is seems feasildetelop an indicator
that only includes information about the spatiakex of commercial/industrial areas in cities amd t
what extent they are exposed to the risk of flogdihus relating to the first level of impacts. ller
proportion of such areas in a city would indicasarncreased vulnerability.

However, the indicator would neither provide infation on the economic sensitivity of an urban area
nor on the relevance that individual companies/tiges or the entire city might have within regibna
national or global supply and interdependency nekei(Gassen, 1991 Therefore, this basic indicator
could be further developed in two directions:

* Aggregated indicators for socio-economic sensytivit socio-economic sensitivity indicator
would provide an overview on the aggregated ecoo@emsitivity represented by different
land use types such as industrial and commeraalsaresidential buildings, transport,
administration and services as well as sport, egicre and garden allotments that are exposed
to flooding Adger, 1999%. Land use could be a criterion serving as a ptoxgvaluate the
overall financial losses expectable in a city (el et al., 2009 quoted in Kubal et al. 2009,
1886).

* Role and function of city on the regional, natiqrialiropean as well as on the global scale.
This indicator would be interesting but is yet todeveloped.

External services and infrastructure sensitivitydicators
Sensitivity of (critical) infrastructure

Infrastructures are an important basis of urbaMihich is densely networked and defined by a kighl
differentiated society. Graham and Marvin (200Bréiore propose the “splintering urbanism” thesis,
arguing that the current “organizational, instibatil, economic and technical unbundling of
infrastructure systems is reshaping social andapatations in cities and the relationship betwee
cities and their infrastructure” (Graham and Mayda01 cited in in Moss 2008, 437). Infrastructures
in urban areas provide services that ensure adtégtdard of living and economic productivity. The
different types of infrastructure include both teehnical structures and the social and emergency
systems in cities (cf. also Fekete 2011, Lenz 2009)

» transport and traffic related infrastructure (%otigye in LUZ);

* water related infrastructure (e.g. drinking watgpy, sewage);

» electricity related infrastructure (e.g. grids, mowlants etc.);

» social infrastructure (e.g. schools, kindergartemsery homes, hospitals,);

» emergency related infrastructure (e.g. fire depantisy police stations, other relevant public
institutions etc.);

The critical character of urban infrastructuresdmes most evident in case of their failure, when
services and resources are suddenly not availagla@e (Fekete 2011, 15). The failure of critical
infrastructure means a substantial disturbanceibliplife and undermines the security of service
supply (Lenz 2009, 19). The sensitivity of critidafrastructure depends on two overarching elements
(based on Fekete 2011):
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» The quantity of elements or nodes of infrastrucagevell as critical number of services
provided by that infrastructure. If a flood reachesertain water level or a certain spatial
extent, this will seriously affect an infrastruaisystem upon which other infrastructures,
business, industries and urban populations depend;

» The duration of outage of an infrastructure whiepehds, among others, on the speed of
onset, and the average time to restore its funalityn

Assessing the sensitivity of infrastructure to sk of flooding is a challenging task as dataugey

often not publically available since many infrastures are operated privately. Furthermore, the
sensitivity of infrastructure depends critically the physical condition of the very structures, ahhi
should ideally be assessed on a case-by-case Dasiefore, on a European scale, it is proposed to
assess the sensitivity of infrastructure by recaydihe presence of infrastructures in areas priteet
risk of flooding. A high proportion of such kind wifrastructure in flood prone areas means an
increased vulnerability of an urban area; this $dké account the fact that if infrastructure fieeted

by flooding, the consequences could also be fahiénwider urban area, depending on given elements
of infrastructure.

Biophysical sensitivity indicators

For floods, we do not propose any indicators fophisical sensitivity indicators

5.4 Response capacity

Chapter 3 discusses generic response indicatoesmBlasures and strategies increasing the specific
response capacity of cities to flooding can besifiggl into structural and non-structural measures
(Schanze 2009) or into grey, green and soft meagdugopean Environment Agency, 2@)2The
response capacity measures include as follelildén et al., 201p

» spatial planning: restricting development in flptadns as much as possible;

» constructional measures: ensuring appropriatelptedaconstruction methods in areas prone
to flooding;

» risk acceptance: making financial provisions (backg insurance);

» behavioural adaptation: communicating risk, pramathe residents and businesses for
flooding, and practicing how to cope with floodatdd emergencies;

» information systems: alarming, warning and inforgnabout impending events;

» increasing natural water retention in catchmerasiend reducing land sealing;

» technical flood protection: constructional facdgifor water retention (dams, storage,
reservoirs, dykes, flood polders).

It is proposed here to differentiate response agpimdicators into those contributing to awareness
ability and action, in line with the typology inapter 3. While it is challenging to identify spféci
indicators of awareness and action that could keningful and easy to collect at the European level,
it is feasible to identify some indicators with aed to “ability”, which includes physical infrastiwre
and technological development that enable urbaasareprevent the impact of flooding or adaptdo it
consequences.
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Technical flood protection measures

Dikes, dams, walls, storm water storage systentssawage systems play a major role in responding
with different capacities to flood hazard takingpiccount that absolute flood protection is
impossible and buildings already located in floodne areas need to be protected. Usually these
measures are constructed following a certain deseymdard providing protection for events with a
given statistical return period. In Germany, fastance, many dikes are designed to prevent flooding
with a statistical return rate 1 in 100 years.Ha Netherlands, design standards are considerably
higher (e.g. 1 in 1000 years). In the Europeanedanthese measures ensure a durable protection
against many flood events and allow settlementoiodf plains as well as economic development and
prosperity. At the same time, the development lzbthie dikes in “flood secured” areas may increase
the overall exposure of a city. In case of a migmd exceeding the designed protection standard, o
in case of a failure of the existing measure @ug. to bad maintenance of a dike), the damage might
even higher than in the case of unprotected ade&sto a higher numbers of people living in the
presumably “secure” area). This is known as theeteeffect”.

In this sense, the indicator on the existencedaifrtical flood protection measures is ambivalent: it
indicates the reduction of exposure of protecteaswvith regard to the events that it is desigoed f
assuming the appropriate maintenance of the flefelntte; at the same time, it may contribute to an
increasing exposure in protected areas, exactlguseccitizens, organisations and business have a
(false) sense of security. However, the indicagwes as a proxy of how well a city is protected
against the impacts of certain evens with a givatissical return period. For a specific run-offum
period, the larger the proportion of the residdratral commercial areas that are protected with
technical measures, the less vulnerable the city ithis sense, the existence of technical flood
protection measures in urban areas prone senageaseral proxy for how many residents and
businesses as well as industries are not expogsbd tesk of flooding because of the existence of
technical measures.

Early warning related activities (monitoring systear emergency plans)

In the case of flooding resulting from intensivenfall, the existence of (web-based) early warning
systems or emergency plans can involve the predici expected water levels, based on detailed data
and models regarding precipitation and water leaid thereby serve as a general proxy for copying
with the occurrence of flood. Of outmost importantéhis context is the continuous update of the
input data in order to guarantee an effective fasewith adequate warning times, a stable, user-
friendly operation of models and a reliable forétasallow for adequately communicating the
occurrence of the hazard to the relevant population

The European Floods Portal brings together infaionatn river floods and flood risk in Europe,
resulting from ongoing research within the “Floo@<tion at the Joint Research Centre (JRC) of the
European Commission, as well as using publiclylak#g information from EU countries
(http://floods.jrc.ec.europa.guilhe European Floods Awareness System (EFAS) eady flood
warning system complementary to national and regisystems. It provides the national hydrological
and/or meteorological institutes and the Europeami@ission with information on possible river
flooding to occur within the next 3 or more days.

Change of the proportion of urban green spaces il sealing

The capacity of soils and vegetation to retain wigtan important factor in flood prevention as it
reduces peak discharges across river baBimopean Environment Agency, 2@)2The manner in

which the agricultural and forestry land is usetherefore relevant to flood risk management at the
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watershed scale. Furthermore, green spaces rduisetface water runoff after intense rainfall by
increased infiltration. Thus, a low availability wégetated areas (also referred to as green
infrastructure) and the increasing proportion dfthup areas are expected to increase the occlerenc
of flooding (Lundy & Wade, 2011; Kazmierczak & Gamt2010). The increase of the overall amount
of green spaces at the watershed level can théeedgtermined as an important adaptive response to
fluvial floods. For pluvial floods, decreasing ttiegree of soil sealing within the actual urbaraane
favour of green areas or permeable soil surfacesldibe an important response indicator.

However, this overall indicator can only serve agaeral proxy for the capacity for flood protentio
as the specific benefits of different types of grepaces (considering different soil and vegetation
types) need further specification. Also, it is imamt to investigate the connectivity of the green
spaces to rivers and water bodies as buffers entien zones reducing peak-flows. If they are not
connected within cities, these effects are ratlegtigible in the context of the river flooding &y
cannot be used in a controlled manner to contrak fflews. Nonetheless, they may still be effective
in reducing the risk of pluvial flooding and it see legitimate to state that the more urban green
spaces a city contains, the higher its capacigdapt to the increased risk of flooding.

Table 5.1 summarises the recommended exposurdti\dgnand response capacity indicators in
relation to the hazard of flooding.
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Table 5.1. Summary of indicators proposed for floonhg

Theme: Heat

Proposed urban
climate vulnerability
indicator for EEA
indicator system

Relevance
(what is the message, implication of
indicator values)

Feasibility
(data availability, when and from where)

Credibility

(reliability of data source, how
sure are we of relationship with
hazards)

Exposure Area potentially Indicates the surface areas prone to theRisk of flooding can be calculated from data Data sources are state-of-the-art;
affected by flooding risk of flooding in urban areas obtained by: LISFLOOD results involve
(fluvial and costal) (statistically 1/100 years), indicates the - Climate model simulations: present day andpotential fluvial floods (neither
amount of risk prone areas, high future projections from LISFLOOD model: | local flood defences nor pluvial or
proportion of areas prone to flooding coastal floods are included)
means increased vulnerability. http://floods.jrc.ec.europa.eu/lisflood-
model.html
Exposed area can be calculated by a “volume
model” (see EEA 2012) indicating the
difference between modelled water level and
the digital elevation model.
Degree of soil sealing | The more impervious surface, the morendicator maintained by the EEA Soil sealing may say something
(pluvial flooding) storm water to be disposed off. http://www.eea.europa.eu/data-and- about the amount of water to be
maps/data/eea-fast-track-service-precursoriotisposed of, it doesn’t say much
land-monitoring-degree-of-soil-sealing-100m-about flooding because the local
1 drainage system may be well
developed.
Sensitivity: Share of population Indicates the geographical expansion|oBensitivity can be calculated based on Data is available on a European
social potentially affected by | residential areas prone to the risk of | Corine Land Cover information and the Urbarscale, but not very detailed

the risk of flooding

flooding; serves as a general proxy fo
expected number of residents prone t

r Atlas — in the implementation phase the beg
b sources should be chosen

the risk of flooding, higher share meansttp://sia.eionet.europa.eu/CLC2006

increased vulnerability

http://www.eea.europa.eu/data-and-
maps/data/urban-atlas

Of relevance is information on the category
“settlement”.

t regarding its spatial resolution ang
its differentiation; however, still the
only data set that might be used (¢
alsohttp://www.floodsite.net/html/
partner_area/project_docs/

T9 06 01 Flood damage guidel
es

D9 1 vl 0 pOl.pdf
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Sensitivity: Industrial/commercial | Indicates the geographical expansion|oSensitivity can be calculated based on the | Data is available on a European
economic area affected by the risk commercial/ industrial areas prone to | urban atlas or the Corine Land Cover scale, but not very detailed
of flooding the risk of flooding; serves as a generalinformation regarding its spatial resolution and
proxy for expected losses in http://www.eea.europa.eu/data-and- its differentiation; however, still the
productivity, higher share within the | maps/data/urban-atlas only data set that might be used (¢
city means increased vulnerability http://sia.eionet.europa.eu/CLC2006 alsohttp://www.floodsite.net/html/
Of relevance is information on the category| partner_area/project docs/
“industries”. T9 06_01 Flood damage guidel
es_
D9_1 vl 0 pO0l.pdf
Sensitivity: (Critical) infrastructure | Indicates the existence of in urban areaSensitivity can be calculated based on Corindata is available on a European
external affected by the risk of | prone to the risk of flooding; high Land Cover information scale, but not very detailed
services and | flooding proportion of such kind of infrastructutehttp://sia.eionet.europa.eu/CLC2006 regarding its spatial resolution and
infrastructure in flood prone areas means increased However, information is only available with | its differentiation; however, still the
vulnerability and this not only for the | regard to traffic related infrastructure. Not | only data set that might be used (¢
very region but also for the larger urbarsure about other infrastructure related aspectalsohttp://www.floodsite.net/html/
area, as it might depended on the Additional information can be gathered in thepartner _area/project_docs/
services provided by the at risk Urban Atlas: T9 06_01 Flood damage_guidel
infrastructure. http://www.eea.europa.eu/data-and- es_
maps/data/urban-atlas D9 1 vl 0 pOl.pdf
Additionally, there seems to be information
available on flooded treatment plans as well as
on power plants exposed on ECRINS
(however, not quite sure about information)
http://projects.eionet.europa.eu/ecrins
Response Technical flood Indicates the existence of technical Needs to be specified. If information about |dt@bd

protection measures

flood protection measures in urban
areas prone to the risk of flooding;
serves as a general proxy for indicate
the proportion or residential/
commercial/ industrial areas that are

protection measures (public as we
as private) would be collected
locally for a sufficiently large
number of cities, it would enhance
the relevance of the indicator, and
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protected for certain events (dependirn
on the design standard), the higher th
proportion the lower the vulnerability g
a city

g
f

could also be used to improve
LISFLOOD

Early warning related
activities (monitoring
system or emergency
plans)

In the case of flooding Early warning
system can predict expected water an
serve as a general proxy for copying
with the occurrence of flood;
Emergency plans can help in order to
help evacuation activities and thereby
enhance the overall coping capacities
cities.

Information on early warning systems are
davailable at:

http://floods.jrc.ec.europa.elihe European
Floods Awareness System (EFAS) is an eal
flood warning system complimentary to
ofational and regional systems

It is difficult to agree on
responsibilities of maintenance an
updating data but if existing
European portals will be used and

rlyurther developed with lower highe
resolution the problem could be
solved.

Change in the
proportion of soil
sealing

Change in the
proportion of urban
green spaces

Indicates thehange inthe level of soll
sealing and the amount of green spac
in urban areas that can serve as
important area for protecting other use
from flooding (due to infiltration and
retention function)

Up-to-date information on green spaces. Cg
ebe derived from (CORINE land cover maps
http://www.eea.europa.eu/publications/COR
rdandcoveror from the GMES Urban Atlas
http://www.eea.europa.eu/data-and-
maps/data/urban-atlaShape files are
available for download. Spatial resolution
varies.
Soil sealing: EEA FTSP on Land Monitoring
— Degree of soil sealing 100m
http://www.eea.europa.eu/data-and-
maps/data/eea-fast-track-service-precursor
land-monitoring-degree-of-soil-sealing-100n
1

nDepends largely on the quality an
feasibility of data, more difficult is
Othe distinction between different
type of green spaces and the
estimation of the positive effects

on-

—
T
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6 Droughts and water scarcity

6.1 Introduction

Projected changes in climate indicate a shift etjpitation patterns in Europe. Precipitation défic
and precipitation surplus are likely to increassfrencies of floods in northern and northeastern
Europe, while southern and southeastern Eurojileeiy ko be affected by significantly increased
frequency of droughts (e.g. Lehner et al. 2006;geam Environment Agency, 2008).

This chapter provides a discussion on the indisdtmrexposure, sensitivity (under the headings of
human population, economic assets and externatesjand response capacity related to water
scarcity and droughts in urban environments. T@dlgrovides a summary of the suggested
indicators in terms of their relevance (messagaysibility (Europe-wide availability of data) and
credibility (reliability of data source). The digsion below elaborates the indicators and identifie
some gaps in knowledge and possible future worthénAnnex 4 a more detailed fact sheet for each
selected indicator, elaborating the informatiothi& table and providing data sources, has been
included.

6.2 Exposure

Exposure to droughts and water scarcity is theadety which an urban system is exposed to long-
term water unavailability. This affects the religiiof long-term water supply to the city. The rmos
common categorisation of droughts distinguishewéeh meteorological, agricultural, hydrological
and socio-economic drought (Dracup et al., 1980@favhich originate from lack of precipitation.
Meteorological drought is usually initialised byl&-average precipitation. Should this pattern last
longer, moisture levels in the soil will start taod and a meteorological drought will initiate an
agricultural drought. Agricultural drought can cawsgvere impacts on crops and ecosystems, which
subsequently lead to complex impact patterns od $opply and socio-economic systems through
various pathways. Prolonged precipitation defictyrtead to a hydrological drought. Hydrological
drought is defined as a drop of water levels bdlmiong-term average in surface and ground water
aquifers. Hydrological drought impacts include restiliwater supply to cities and problems for inland
water transport. The final type of drought is secanomic drought. This type is defined as the failu
of a water supply system to deliver sufficient watethe population, due to various reasons (e.g.
water poverty, technical limitations). Guha-Sapiale (2012) estimated damage from climate-induced
droughts worldwide to reach 14.2 billion USD in 2(), but almost all of this damage occurred
outside of Europe. Whilst precipitation deficittiee predominant driver for agricultural, hydrologi

? It should be noted that reported damages fromatbitngical disasters are often underestimated alagack of
standardized methods for quantifying and repottisges. Also, there is no standardized method bow t
disentangle impact pathway that propagate throegh@mic system due to changes in supply chaingammg,
security etc.
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and socioeconomic droughts, these drought typeslsarbe caused or exacerbated by unsustainable
land use, excessive water withdrawals or socioenémoonditions in the city.

Likelihood of occurrence of the meteorological dybt

While meteorological drought (precipitation defjaies not threaten urban systems directly, it
usually precedes the other types of drought thdtad@ direct impact on urban systems. Therefore, we
argue that the precipitation deficit is a good grexposure indicator for water scarcity and drosaght
and that regional drought indicators are usefukigofor the urban areas in the associated regions.
There is a number of ways how precipitation defiait be measured (see, e.g. Heim 2002). One of the
commonly used metrics to monitor precipitationgukarities is the SPI (Standardized Precipitation
Index). The Standardized Precipitation Index ($8n indicator for lack or surplus of precipitatio

in given cumulative period according to the baseperiod. It measures the difference of precigtati
from the mean divided by the standard deviatioth Wie mean and standard deviation being
determined from the climate record (McKee et aB3)9SPI is commonly monitored by
meteorological services in EU member states, asasdly the European Drought Observatory at
JRC. The SPI-n is a statistical indicator compatireytotal precipitation received at a particular
location during a period of n months with the ldegn rainfall distribution for the same period of

time at that location. SPI is calculated on a migritasis for a moving window of n months, where n
indicates the rainfall accumulation period, whishyipically 1, 3, 6, 9, 12, 24 or 48 months. The
corresponding SPIs are denoted as SPI-1, SPI-3,SR¢. In our case SPI-12 reflects 12 months SPI,
which according to literature (McKee et al., 1983 proxy for hydrological drought. SPI-12
compares accumulated precipitation in the precetiihgionths to the average precipitation over the
same preceding months in baseline period (usu@by 1990 or 1971 - 2000) and the results are
presented in the form of standard deviation. SRjea between +2 and -2. SPI lower than -1.5
indicates severe to extreme dryness (McKee €1293).

While SPI is a useful indicator for assessmenhefilmmediate exposure to droughts, there is a need
for a long term, forward-looking indicator of expos. To provide better metrics to the cities,
allowing them to monitor their changing exposure,smggest to use a SPI derivate that captures the
likelihood of drought events in a selected perf®dppose we are studying dryness in last 30 year
(1982-2012) and we would like to see if there ghhor low likelihood for extreme dry event across
Europe. We calculate SPI-12 at specific locatiograd point for each month between 1982 and 2012
(based on the ECA&D (E-OBS) precipitation datasatg) count how many times SPI-12 was lower
than -1.5. This will range between 0 and 360 (3ryé& 12 months) and the likelihood (the number of
dry events divided by the total number of possédents [360]) will be between 0 and 100 %. Figure
6.1 presents the likelihood of meteorological ditugrross Europe at the NUTS3 level.
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Figure 6.1: Likelihood of occurrence of the meteorwmgical drought for the period 1989-2008
(Blaz Kurnik, EEA, personal communication)

Water availability and Water Exploitation Index

Most of the time, urban water supply systems ateadinectly dependent on precipitation. The majority
of European cities draw their water supply eitlent surface or from ground water reservoirs.
Therefore, one of the exposure indicators in thigigular theme should deal with the problem of
water availability. Water availability in physicrms can be simply described as the amount ofrwate
in a given time and given place. For individuakratchments, this can be estimated by based on
information about runoff and evapotranspiration. simplification purposes, total runoff from
catchments is sometimes used as a metric for waglability. Additional metrics can involve water
availability in a river basin, divided by the poatibn in that river basin. However, for the urban
localities this indicator may be misleading as dargjties often draw water from distant aquifers or
they withdraw water simultaneously from differeiver basins.

The Water Exploitation Index (WEI) is a metric tltah be used to describe the exposure of cities to
droughts and water scarcity. Water scarcity igwation where there is insufficient water to satisf
normal requirements and is often induced by draIgMEI is a standard EEA indicator (CS018),
defined as the mean annual total abstraction ehfreater, divided by the long-term average of
freshwater resources. It describes the pressur¢hghabstraction puts on water resources. Indlse c
of urban areas, it would identify those cities thia located in areas of high water abstraction in
relation to their freshwater resources, which nierefore be prone to problems of water scarcity and
droughts. In the standard WEI, the long-term avefagshwater resource is derived from the long-
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term average precipitation minus the long-term agierevapotranspiration plus the long-term average
inflow from neighbouring countries (EEA, 2012c).

Usability of WEI as an exposure indicator for tlities is associated with some problems. Firstlg, th
spatial resolution of the current indicator (cowyrdr river basin) is too coarse to be used in a
meaningful way for cities. The second problem lateal to the “water abstraction” for energy use,
which captures water that is used for cooling iergg production. In reality this water is largely
returned to the natural environment: some throwgiperation but majority to water bodies. Whilst
this water has a higher temperature, it is suitédiléurther usage. The third problem is that WEI
includes only surface freshwater but cities arerofit least partly dependent on underground
resources. Therefore, the WEI only provides sorsggits into water scarcity and droughts exposure.
However, it is a well-established and readily aafalié indicator.

Total abstraction per year/long-term renewable resource
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Figure 6.2: Water exploitation index, Europe, (EEA CS 018, 201Y)

6.3 Sensitivity
A system sensitive to water scarcity generallydagyh water demand and the proposed indicators
aim to capture this association. Urban systemsatteatnore sensitive to droughts and water scarcity

10 assessment from 31 Aug 2010.For particular coestthe values are from the following years(WElelsat
year, WEI-90): Cyprus (2007); Belgium (2005, 1998pain (2006, 1991); Italy (1998); Malta (200990Q);
Turkey (2001, 1990); Germany (2004, 1991); Polg@ad5, 1990); France (2006, 1991); Portugal (1998
1990); Estonia (2007, 1990); Greece (2007, 199K}, (England/Wales) (2006, 1990); Czech RepublOq7,
1990); The Netherlands (2006, 1990); Lithuani@0@ 1990); FYR, of Macedonia (1990, 2007); Bulgar
(2007, 1990); Hungary (2002, 1992); Switzerlandd)@Q0L990); Austria (1999, 1990); Denmark (2004,Q)99
Luxembourg (1999); Slovenia (2007, 1990); Romag@0y, 1990); Finland (1999, 1990); Ireland (20(8Q4);
Sweden (2007, 1990); Slovakia (2007, 1990), La@@07, 1991); Iceland (2005, 1992); Norway (1985)
Source : http://www.eea.europa.eu/data-and-mapsétads/use-of-freshwater-resources/use-of-freshmwat
resources-assessment-2
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are those with a large provision of green spaces (d the need for watering); a high proportion of
children and the elderly in the population; andiéanumber of water-sensitive industries (such ad fo
and beverages production). In addition, the sesityitio droughts and water scarcity is also affdcte

by the city’s reliance on only one source of watgoply. The indicators proposed in this section
reflect the total amount of water consumption, pneg of sensitive demographic groups and diversity

of supply.
Social sensitivity indicators
Per capita water use

The more water a city uses, the more sensitivéstoigtion or incremental decrease of its suppiy. it
Large urban areas in Europe are entirely deperatecéntralised water supply that can ensure
appropriate water quantity and quality for the @opulation; however, smaller cities, towns and
villages, often still have a certain share of seipply (private wells and boreholes). Supply ofewvat
per capita seems to be an appropriate indicatowdter use. Even if high per capita water use may
imply more water use for non-essential purposesefivey of lawns, washing cars) and would allow
for maintaining water supply for a more limited sétmore essential purposes (drinking, food
preparation), for practical reasons we proposdmdistinguish between essential and non-essential
uses. Water use per capita in a country is a stdrddicator that can be derived from Eurostat
statistics. In the Urban Audit, indicator “EN3003dtal consumption of water” divided by indicator
“DE1001V Total resident population” should giveadatively accurate picture of “per capita”
consumption of water in the city.

Share of sensitive population groups

Water scarcity and droughts can be particularlysstiul for sensitive groups in the city populatias.
a period of water scarcity can be accompanied tryeased temperatures, there is a synergy effect
with scarcity of drinking water and thermal discomtf(see also Chapters 4 and 8). Sensitive groups
might be older people, those with increased watenahd (infirm people) and people with physical
disabilities. Water scarcity can be induced byilafa of the supply system. As it is heavy to carry
(e.g. from cisterns temporarily supplying the @tyits parts with water), those less physicallyeabl
(older people, children and those in poor healthy tme more sensitive. When water availability to
people is associated with its affordability of waenother sensitive group may be low-income
households who spend considerable amount of thedinie on water (situation described as “water
poverty”). Although, like in the case of floodsetk is no evidence clearly indicating such specific
sensitivity for droughts, the link with heat seamgustify to use the same indicators for sensitive
groups as presented in chapter 4 in relation to diezss.

Economic sensitivity indicators

In the context of economic sensitivity of waterrstg and droughts, the share of highly water-
intensive industries would be a possible indicdtdiormation on this is however not available & th
European scale for cities.
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External services and infrastructure sensitivitydicators
Efficiency of water supply systems

The efficiency of a water supply system decreaseseinsitivity to water scarcity. A water loss in

water supply systems (WSS) is associated with abeuwf factors: leakage in the network from

poorly sealed pipes; losses in user installatiaiere the water is metered; sometimes the
consumption differences between quantities useaguored) and those not measured are also counted
as losses. In Europe, losses in water distribigymtems range from 15% in well-managed networks
up to 75% in ill-managed networks (EEA, 2001). Tidicator for measuring losses in the water
supply system is not well developed, but severpt@gches are proposed (EEA, 2001, which we
consider more specific about these issues thangat#ications, such as EEA, 2012c:

» Efficiency ratio: this ratio uses only measurediesl and compares the measured delivery
volumes to end users with the volume releasedti@metwork by the supplier, but it does not
take into account the total volumes involved (ih@ used to compare different networks).

* Net efficiency ratio: this ratio takes into accoaiittypes of water uses (measured,
unmeasured and maintenance). It can be erronddhere is an inappropriate use of
maintenance volumes, which increase the net efifigioalue.

» Linear leakage index: the physical state of netwadn be compared by relating the lost
volumes to the length of the network.

Whilst all WSS operators gather the informationassary to calculate these indicators for their
internal purposes, this data is currently not matbly available. Therefore, we suggest not tothsse
indicators for reporting until the data is avaikabk other indicators are developed.

Diversity of water supply

Urban areas that are supplied from different wabeirces are less sensitive to water scarcity and
droughts than those relying on one source of watpply. Most of the big European cities have a
diverse water supply. There is no unified apprdamlv to measure diversity in water supply.
Measuring the richness of water resources thatlgtipp city is one possibility; the indicator would
simply quantify how many different water sources ased. Another option is to use diversity indices
such as the Shannon-Wiener Index (SW Index). Thigator is used in ecology for measuring
biodiversity, where it reflects a number of diffetspecies and how evenly the numbers of indiviglual
are distributed among the different types of speditowever, it also has been applied to measure the
diversity of energy supplies; thus, it could beoapplicable to the urban water supply diversity.

In this context, the SW index is the sum of thepprtion of water from a given source multiplied by
the logarithm of the proportion of water from aeivsource:

H'= _ZS: pInp
=

, Where Pi is the proportion of water supply coming from tthesource.

The minus sign at the beginning of the equatiomessthat the value of the index is always positive
The index increases as the number of differentlgugmurces increases. Complete dependence of one
water source yields an indicator of O (since Ind)whereas for cities with more than seven various
sources (and their equal proportion in the totakwaupply) the indicator can be higher than 2.
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Whilst this indicator corresponds well to the sawigy of cities to water scarcity and droughtsisit
still underdeveloped in terms of data and methattil further research is conducted, we suggest not
using it as a priority indicator.

Biophysical sensitivity indicators

Green spaces and green infrastructure, if managgevatered, increase consumption of water and
therefore make cities more vulnerable in case eémscarcity and drought events. This vulnerability
can be lessened by the selection of drought-rasiigecies and by the design of green spacedge.g.
including rainwater reservoirs in them). We hale® aiscussed this indicator in the context of heat
but in that context we considered the role of grggarces in reducing the Urban Heat Island effect to
be more important (more green is positive) thair gensitivity. Therefore, also for the problem of
drought, we propose not to use green space aslaator for sensitivity, because it would suggest
that the more green, the more vulnerable a citylavba, while we consider the effect of green space
on reducing the UHI as more important. At the séime, when including green space as an indicator
of vulnerability in the sense of “the more gredm kess vulnerable a city is for heat”, this messag
should be complemented by a remark that this rédetfse cooling effect of green space, and not to
the sensitivity of vegetation itself to heat (oowght). City managers can decrease this sensibyity
selecting more drought-resistant species. SeeCilapter 8 for a discussion on such crosscutting
themes.

6.4 Response capacity

Whilst meteorological droughts are not an imminanablem for the cities, agricultural droughts -
although most of the time they have an impact datsf the city boundaries — can have a direct
impact on urban green spaces and green infrasteu¢tydrological droughts in areas around the city
often lead to socioeconomic drought, which hagectiimpact on the urban system. The capacity of
urban areas to prepare for, tackle, and cope wathous types of drought differs significantly beewn
cities, but in general the possibilities of resgagdo droughts are limited.

A meteorological drought in cities is accompanigalbcreased moisture in the air and increased air
pollution from dust and particulate matter. This && tackled by a temporary decrease of sources of
particulate matter in the city (e.g. transport tagian) or by increasing moisture in the city (eby.
water spraying or increased water cleaning of &tjebcreased water consumption during
meteorological drought can however aggravate thatgn and trigger other types of drought.

Agricultural drought that damages city parks artteogreen spaces can be tackled by a smart
selection of species when designing parks, or byesed watering of these areas during the drought
period. Increased watering can mitigate impactpiseason on the green infrastructure, but it
increases the pressure on city water reservoirgandrigger hydrological drought.

Hydrological drought directly threatens city res®rs, and cities are usually in a position to ragygil
the rate of water abstraction through soft and haedsures. To decrease the probability of
hydrological drought, cities can build artificiabter reservoirs or diversify their supply. Failtwe
regulate water abstraction during hydrological dfuican lead to socioeconomic drought, which is
sometimes the last link in the causality chairrtistg with unusually long periods of dry weathedan
ending with insufficient supply of drinking water the public supply system.
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Water rationing and water cuts

One of the immediate responses to the pressureedxan the urban water supply systems by water
scarcity is to moderate water use. Moderation ake the form of “soft” suggestions from the city
hall to cut excessive water use. An example ispipseban in the UK - an official restriction on the
use of hosepipes in gardens during a water shotagaching of which results in a fine.

Hard regulation — so called water rationing — m@e strict approach that allows the water suppdier
directly control how much water is used and disirdldl. Whilst water rationing may lead to
socioeconomic drought, it could prevent a totdufai of the water supply system.

A potential response indicator could be the nunabevater rationing cases obtained from the Urban
Audit (EN3008V). This indicator presents the numbkdays per year when water was rationed - it
should include the scheduled water cuts due taah@re.g. hosepipe bans, but exclude the rationing
due to maintenance or repair, which are highlyeigfrent and seldom impact on quality of life.
Complementary to this, the Urban Audit indicatorté/acuts (EN3009V) can be used to cover
scheduled and unscheduled cuts in the centralgioovof water. This indicator covers water cuts
lasting more than 12 hours, or affecting more th@% of the population of the city.

These two indicators could provide a certain inskgiw the water supply in city is regulated and how
often it is restricted. However, data for thosddatbrs that are part of urban audit indices are
incomplete and their quality varies. Also, watetsadepend very much on political decisions and
might also be result of a very poor water infragtiiee and management already in non-drought times.
Cities which have a good water management and tdoesal to cut under droughts do not necessarily
have a lower responsive capacity. Therefore, oggestion is to further improve the data quality
before these indicators can be presented in anyrépért. However, the currently existing data can
still be used to identify case studies illustratimater rationing.

Existing water scarcity or drought plans would ligpad response indicator, but such information is
unavailable. Table 6.1 summarises the recommendambare, sensitivity and response capacity
indicators in relation to the hazard of droughtd asater scarcity.
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Table 6.1. Summary of indicators proposed for watescarcity and drought

Theme: Proposed urban climate | Relevance Feasibility Credibility Remarks
Water vulnerability indicator for | (what is the message, (data availability, when and from (reliability of data source,
scarcity/ EEA indicator system implication of indicator where) how sure are we of
Droughts values) relationship with hazards)
Exposure Likelihood of occurrence of The higher the likelihood, | Data are based on JRC — EDO and | High For application in
the meteorological drought the higher the exposure | mathematically converted to the urban areas fine
WS/D event likelihood by EEA. Data are available resolution should be
for whole Europe as well as other used
parts of the world if needed.
Water exploitation index | Higher WEI means higher| Core EEA indicator@SI 018 - Use Medium Currently WEI is
(WEI) exposure to WS/D event | of freshwater resources available on country
level and on river
basin level.
Application for local
level needs further
development.
Sensitivity: | Water use per capita The higher the water useEurostatUrbanAuditstandardindicator Medium Data have gaps and
social per capita, the higher EN3003V possibility of
sensitivity to WS/D “background noise”
events. (e.g. industrial
consumption, tourism
influence).
Share of sensitive See chapter 4
population groups
Response Water rationing and water | Dubious — it needs more | Data are available in Urban Audit Low Data need additional

cuts

detailed interpretation -
presence of rationing
shows response but it dog
not necessary indicate
additional response

capacity.

EN3008V and EN3009V however
data set is incomplete.
S

Rationing and cuts are often
politically motivated and this
indicator may be a response
rather than describing
capacity.

verification or and
possible further
development from
data provider.
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7 Forest fires

7.1 Introduction

The impact of climate change on forest fires indperhas been widely described (Lindner et al.,
2008; EEA, 2012a). However, the present and futaopacts of forest fires on urban areas, at a
European scale, are rarely considered, despitath¢hat in Southern Europe wildfires involving
settlements are becoming more and more frequecdise of the increasing number of houses and
infrastructure located within, and adjacent toaangrone to wildfires (Marzano et al., 2008). This
problem has mainly been addressed from the fikenmn@nagement perspective, at the regional level,
as exemplified by the projects Wildland-Urban Ifgee Fire Risk Management (WARRM), FP5
Programme) and Fire ParadBx(FP6). Finally, the MOVE®) project (FP7) delivered a web-based
indicator database where forest fires are inclugiéld special reference to human health and
dwellings.

This chapter provides a discussion on the indisdtmrexposure, sensitivity (under the headings of
human population, economic assets and externdktesjand response capacity related to forest
firest. Table 7.1 provides a summary of the suggkstdicators in terms of their relevance (message)
feasibility (Europe-wide availability of data) ancedibility (reliability of data source). The disgion
below elaborates the indicators and identifies sgapes in knowledge and possible future work. In the
Annex 4, a more detailed fact sheet for each salaatlicator, elaborating the information in thieléa
and providing data sources, has been included.

7.2 Exposure

Fire probability index

Although it is generally recognized that the ocenoe of forest fires in Europe is mainly caused by
anthropogenic factors, the total burned area vaitggsficantly from year to year largely due to
weather conditions. Climate factors that deternfiirgerisk are well known and relate to the
occurrence and length of dry and hot summers (Basdi, 2008). These climate conditions decrease
the water content in plants, leading to the inadasflammability of vegetation. Climate change
projections in the Mediterranean areas indicatmenease in air temperature, heat waves and dry
spells, and a decrease in summer rainfall, sugggatfuture increment in water deficit. This inrtur
may lead to an increase in ignition probability &inel propagation during the summer period. Fire
danger is also expected to increase in the bonebtantral European regions (Lindner et al., 2008).

1 http://www.fria.gr/WARM/warmProceedings.htm

12http://www.ﬁrepa radox.org/technical_guide_wildland_urban_interfaces.php?PHPSESSID=3c3fd5f3937a8d45
025870daf24335bb

B http://www.giddrr.org/move/move_query/index_hi.html
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Several indices have been developed in order torguise the climatic conditions that determine the
fire danger. The Fire Weather Index (FWI, Van Wargt987) is the fire danger assessment method
most widely applied all over the world (San Migdslanz et al. 2003). It is also used by the European
Forest Fire Information System (EFFIS) in ordeptovide a harmonized European-wide assessment
of daily fire danger.

One application of the FWI is the Seasonal Sev&itiing which aggregates the daily rating over a
period of time. This indicator has been developedRC and used in the latest update of the EEA
report Climate change, impacts and vulnerabilitiEurope (2012b). This index, aggregated on a
seasonal basis, summarises the overall fire patefta given year due to meteorological conditions

7.3 Sensitivity

The land development in the last decades, in péaticrban sprawl, mean that the built-up areas are
encroaching into semi-natural and natural areatyding those prone to wildfires. Whilst part ofsth
process is related to the trend of having secomaelsan the countryside, the number of permanent
residents in these peri-urban areas has beenlgtemleasing. In some cases, these peri-urbarsarea
offer cheap housing for lower income families.

As discussed in Chapter 2, three different categasf sensitivity indicators can be distinguished:
sensitivity of the population to the risk of firegnsitivity of the economic assets in the peraarb
areas and sensitivity of the city’s functioningdieturbances in external services that are théscity
lifelines (mainly provision of energy and transport

Given the character of the forest fires, it is keylefine the object of the analysis: urban arpes;
urban areas, or both. It is clear that the diradtmain impacts of forest fires will be at the aiigture
interface. However, large cities (e.g. Athens) aklso be exposed to indirect effects of forest fibgs
disruption of services, or by smoke, which can hesaveral kilometres. However, as these indirect
effects are difficult to measure and evaluate utiiegexisting information (although indicators on
proximity to areas of high risk could be developedcities), the main focus is recommended to be on
peri-urban areas. Peri-urban areas are identiiddlws:

e peri-urban areas are characterised by their lowssity (of population and built-up areas),
and discontinuity compared to the core city. Howeperi-urban areas maintain links and are
located in the proximity of the core city.

« the UMZ will be the reference of the city sincestlelineation characterises the larger
continuous built-up area (with its limitations).es&lso Annex 2 for a discussion on the
delineation of urban areas.

* peri-urban areas will be delineated as follows:

o a buffer of 20 km outside the border of the UMZ.

0 a buffer inward the UMZ, proportional to the degoéaoil sealing. It is generally
accepted that vulnerability to fires is higherowldensity settlements due to a higher
proportion of flammable vegetation in the area.

Social sensitivity indicators
Percentage of residents in high risk area

People living in the peri-urban areas are thosd exosed to direct impacts of forest fire.
Frequently, a distinction is made between permaaedtfloating population, i.e. temporary residents
staying in second homes and tourist establishmelaisever, as the summer season is the season
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with the higher fire risk and higher occupancy satethe peri-urban areas, both types of peri-urban
residents should be considered in order to estithateesource needed in the case of evacuation
(transport and temporary shelter) and the numbpeaple affected by e.g. psychological trauma.

The existing data on population (Eurostat) doepnotide sufficient information to estimate the
floating population, consequently the indicator oaly identify the percentage of permanent resglent
that are in a high risk area. Since the informatinrpopulation is available at 1 km grid, it is pibte

to identify at which distance of the core city %efil proportion of the population is at high ristr(f
example 50%). Given the resolution (1 km), thislgsia would only be meaningful for larger cities
(and metropolitan areas).

It is recommended to explore, at least for casdiessythe availability of information on floating
population, since its inclusion multiplies the tqiapulation in these high risk areas by a facfat or

5 in relation to the permanent population (ownmaations of Province of Barcelona). National
statistics in Spain could probably provide enougbrimation to develop a test case study. In addlitio
experts on tourism in the ETC/SIA can provide adddl references and check the scientific
soundness of the proposed approach.

Percentage of population over 65 years

Inhalation of forest fire smoke is estimated tossaapproximately 5000 deaths per year in Western
and Central Europe (Johnston et al., 2012); pesydfering from cardiovascular diseases are the most
vulnerable. Since the information about cardiovisduealth is usually not available at large sgales
the population above 65 years is taken as a pmxgy following the MOVE project). However, it

needs to be checked with WHO, if it would be justfto use this indicator in this context.

A critical issue is the spatial disaggregationhaf population above 65 years since this informason
usually provided at administrative level. The Url#dlas provides detailed demographic statistics
both for the core city and the Larger Urban ZongZ4). This information can provide an indication of
the age distribution inside the city and the pegighlt is suggested to have a close link with DG
Regio (RegioGIS) and the ESPON database projecDjiviInce they are developing methodologies
in the same direction. Moreover, the increasedabiity of socio-economic statistics at grid level
(see European Forum for Geostatistics) needs takes into consideration. Even if the data is
available only for a few countries it would be ugeb incorporate test areas with a greater lefel o
detail into the assessment as a demonstratioreafghbility of this type of information.

Economic sensitivity indicators
Percentage of buildings in high risk zones

Since the indicators focus on the urban dimensiohall areas at high risk of forest fire are
considered. Consequently, economic losses relatagriculture and forests are not included.

Residential areas in high risk zones are most exptusfire damage, which have serious
consequences. For example, forest fires in Gree2607 caused thousands of people to lose their
homes (Bassi et al., 2008). The sensitivity ofleetents is usually related to its structure (lower
density increases the sensitivity). In that setise=use of the peri-urban area as a relevant unit,
following the approach described above, relatahisolower density of the built-up area and the
higher degree of isolation of buildings. Other éastincreasing sensitivity of the settlements hee t
characteristics of the surrounding vegetation, el ag topographic aspects (Marzano et al, 2008).
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This indicator could be further developed consiatgtivo different data sources which provide
different time scales:

* JRC has developed scenarios for future fire risk@nrresponding development of built-up
area based on the Community Land Modeler. The neajostraint is the grid cell size, 25 km,
and the classification of land uses (currently ififeckntiation between residential and
industrial). Currently JRC is also exploring thesgibility to run the model at higher
resolution, but the results are unlikely to be Edé in the short term. The advantage of this
approach is that it will provide future projectionfschanges in both land cover and climate
(not just future impacts under current conditiohtaad use). Therefore, it is recommended to
strengthen the cooperation with JRC in that areader to identify the feasibility of running
the model at higher resolutions.

* The Urban Atlas can be used as a source of infaamabout land use under current fire risk,
and also future projections (see exposure indigattiis approach allows to differentiate land
uses at higher resolution. However, it is basedatnal land use and does not take into
account the interactions between topographic aspect vegetation. This is a pragmatic
approach, but not without some limitations.

Percentage of industrial/commercial in high riskhee

In terms of economic damage, forest fires haveanger impact on residential areas than on
industrial and commercial areas (Marzano et al320Dhe reason is that the development of
industrial and commercial areas has more striatlagigns (especially in terms of fire protectiomyda
is characterised by better planning than housimgditicular second homes). In addition, industrial
and commercial facilities tend to aggregate in sweith easy access to infrastructure and are less
isolated, therefore are more accessible by thegemey services.

The issues on data availability discussed for tegipus indicator also apply here. Therefore, the u
of the Urban Atlas is a short-term and feasiblé,rfmt optimal option. The comparison of both land
use-related indicators (residential vs. industt@imercial use) would provide some indication an th
differential vulnerability related to past regudais and planning.

External services and infrastructure sensitivitydicators
Percentage of transport infrastructure in high riztnes
The impact on transport infrastructure has sevenasequences:

« increased difficulty to access the exposed areag@sed risk);

« disruption of transport networks causing possixdation of other areas not directly affected
by the fire (indirect effect);

e economic loss (damage to the infrastructure).

This indicator presents the amount of infrastrueinrthe area and thus reflects the economic losses
rather than issues of accessibility. It is baseéxsting data on roads and rail (GISCO, the Eatost
service which promotes and stimulates the use 8f@thin the European Statistical System and the
Commission).
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Biophysical sensitivity indicators

We do not propose any biophysical sensitivity iathes for water scarcity and droughts.

7.4 Response capacity

Most of the responses to increased risk of foress felate to forest management and there isat gre
range of the adaptation measures and scales cérngpitation (Keskitalo, 2011). In most cases, a
reactive approach is taken, and a consistent/cuvmtetl framework of measures is often lacking
(European Forestry Commission, 2010). In additibere is no database with information about the
investments on forest fire protection at the Euaosplevel. However, it is estimated that the
Mediterranean countries which belong to the EUgstvmore than 2.5 billion euro per year in
prevention and suppression, of which 60% is indksteequipment, personnel and forest fire
suppression operations, and the rest is used ueptige work.

Accessibility in peri-urban areas

Accessibility is a key factor reducing the vulneligh for example, evacuation plans include an
assessment of accessibility.

The indicator will calculate the percentage of bup) areas where more than 75% of infrastructure
connecting them to other areas is located in a hgharea. This indicator does not take into aatou
either the topographic components that would mddutee fire risk, or vegetation types, since these
would require a more complex modelling.

Expenditure on forest fire prevention

Currently there is no comprehensive European daipasting this indicator. However, there are
national statistics in Spain, France and Italy twatld provide some information. It is important to
identify the expenditure on improved risk commutimmaand protection of urban areas — at least
based on the data available for the countries imead above. It would also be relevant to establish
contact with the MOVE project).

Information about existing early warning systeméirer evaluation plans would be useful response
indicator, but is unavailable at the European level

Table 7.1 summarises the recommended exposurétidgnand response capacity indicators in
relation to the hazard of forest fires.

Y1 http://www.giddrr.org/move/move_query/index_hi.html
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Table 7.1. Summary of indicators proposed for forddire

Theme:
Forest fires

Proposed urban
climate
vulnerability
indicator for EEA
indicator system

Relevance

(what is the message,
implication of indicator
values)

Feasibility
(data availability, when and
from where)

Credibility

(reliability of data source, how
sure are we of relationship with
hazards)

Remarks

Exposure Fire probability index| The higher the value, the http://forest.jrc.ec.europa.eu/for The methodology is the result of | Resolution is too coarse for
higher the probability of | est-fires/fire-danger-rating peer reviewed international projectrevise assessments (25 km
occurrence of a forest fire| http://www.eea.europa.eu/datal and widely used for fire risk grid), although large forest

and-maps/figures/projected- | management (at national and fires occur at this scale.

meteorological-forest-fire- international levels). Possibility to use current risk

danger Source data is subject to quality | and projected risk as well.
control

Sensivity: % of residents in high The higher the share of | http://epp.eurostat.ec.europa.euEurostat. Population data (2006) atThis indicator only relates to

social risk area resident in high risk area, | portal/page/portal/gisc 1 km grid. Data has been derived bpermanent residents, not to
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the higher the (potential)
impact of a fire. It also
shows to what extent ther
is a need for a better
planning or investment.

0_Geographical_information_n
aps/popups/references/populat
2 n_distribution_demography

http://www.eea.europa.eu/data
and-maps/data/urban-atlas

n two different procedures dependin

imn the country: bottom-up
(aggregation from census statistic
which is highly reliable; and top-
down (disaggregation from nation
statistics), which has more errors
(see Barredo, 2005).

GMES Urban Atlas data base

high-resolution land use maps for
305 Large Urban Zones and their
surroundings for the reference yea
2006.

- provides reliable, inter-comparable

gfloating population which is

highly relevant. However,
sthere is not enough idata to
disaggregate the information
alon floating population
(tourists, second homes) at
the spatial resolution of the
analysis.

1

=

% of population > 65
years

It is assumed that people
over 65 years old area
more sensitive to smoke.

http://www.urbanaudit.org/Datg
Accessed.aspxhttp://epp.euros
t.ec.europa.eu/portal/page/port
[region_cities/city _urban/data_|
ities/tables subl

http://www.eea.europa.eu/data
and-maps/data/population-

Urban audit database (Eurostat)Data needs to undergo quality

control procedure before being
tgpublished in order to be reliable
al
C

density-disaggregated-with-

The literature is inconclusive
as to the age where the
sensitivity starts to increase
rapidly.




corine-land-cover-2000-2/

GMES Urban Atlas

http://www.eea.europa.eu/datal

and-maps/data/urban-atlas

- GMES Urban Atlas data base

high-resolution land use maps for
305 Large Urban Zones and their
surroundings for the reference yea
2006.

provides reliable, inter-comparable

1

=

Sensitivity:
economic

Percentage of built-
up areain high risk
zones

The higher the share of
buildings in high risk area,
the higher the (potential)
of economic losses (and
potential impact on the
number of homeless

people)

GMES Urban Atlas

http://www.eea.europa.eu/data

and-maps/data/urban-atlas

GMES Urban Atlas database
- provides reliable, inter-comparablé
high-resolution land use maps for
305 Large Urban Zones and their
surroundings for the reference yea
2006.

There is an alternative data
2, source based on modeling,
which provides future
scenarios (JRC). However,
irthe resolution and
differentiation of land uses
remain issues which require
further work/cooperation with
JRC.

Current proposal excludes
interaction with vegetation
and topographic features.

Percentage of
industrial/commercial
land use in high risk
zones

The higher the share of
industrial/commercial land
use in high risk areas, the
higher the (potential)
economic losses (due to
direct and indirect impact,
i.e. inaccessibility for a
period of time)

GMES Urban Atlas

http://www.eea.europa.eu/data

and-maps/data/urban-atlas

GMES Urban Atlas database
- provides reliable, inter-comparablé
high-resolution land use maps for
305 Large Urban Zones and their
surroundings for the reference yea
2006.

There is an alternative data
2, source based on modeling,
which provides future
scenarios (JRC). However,
irthe resolution and
differentiation of land uses
remain issues which require
further work/cooperation with
JRC.

Current proposal excludes
interaction with vegetation
and topographic features.

Percentage of
transport
infrastructure in high
risk zones

The higher the percentage
the higher the direct and
indirect impacts (increase
difficulty to access the
exposed area, isolation of

,GISCO

ata/reference)

other areas, damage to

(http://epp.eurostat.ec.europa.euransport infrastructure in Europe
] /portal/page/portal/gisco_Geogr provided by Eurostat.
aphical_information_maps/geo

This is the reference data for

d
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infrastructure)

Response
capacity

Accessibility of peri-
urban areas

Peri-urban areas are the
most vulnerable to fires.
Accessibility shows the
ability of certain area to
respond in case of a fire
(e.g. access to services,

possibility of evacuation).

GISCO
(http://epp.eurostat.ec.europa.
/portal/page/portal/gisco_Geog
aphical_information_maps/geo
ata/reference)

This is the reference data for
edransport infrastructure in Europe
r provided by Eurostat.

d
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8 Interaction of climatic hazards

8.1 Introduction

In chapters 4-7 indicators related to differentnéltic hazards have been presented independently. In
chapter 3 generic indicators for response capa@te discussed, with a focus on the socio-economic
domain. Those generic indicators are relevantifterént climatic hazards simultaneously. In this
chapter we will further discuss the consequencastefaction between climatic hazards. One of the
issues is the fact that also certain exposure ansitévity indicators are linked to more than one
climate hazard (e.g. soil sealing affects both hedtfloods exposure, the share of low-income
population relates to sensitivity to most hazard®)e compounded effects can lead to new domains.
A new domain is entered when the system has noveeed from the first disturbance before a second
perturbation occurs, leading the system to a newliton. Under climate change, these compounded
effects may be unprecedented and unpredictabsaldition, some hazards are strongly linked, like
heat waves and forest fires, resulting in a muliifg effect.

As with the generic indicators for response capawie saw in the former chapters sensitivity
indicators that appear in more than one hazarcerGtidicators had different messages in a different
context. The complexity arising from these multigations between indicators and hazards is
discussed in this chapter.

In order to approach this complexity we focus ae¢haspects:

* Areas/cities with high sensitivity to more than dvazard
* Recurrent indicators (appearing in more than orzat)
< Indicators with different messages in a differamttext

8.2 C(ities and areas in cities with high sensitivity to more than one hazard

In previous chapters, different hazards have bealysed independently. However, at least three of
these hazards are strongly linked: heat, drougidd@est fires. In general, they all have relagion
with less precipitation and higher temperaturesuimmer. However, the resulting vulnerability
assessment would require a more complex analysieafxposure factors in order to identify under
which circumstances each hazard would occur aadefated probability can be established for the
future. A likely situation is that a city may bepmsed to different hazards successively. Then, the
impacts may accumulate over time resulting in angased vulnerability. An analysis of the synergy,
trade-offs and other interactions between the impgdifferent hazards is needed to understand the
combined effects.

The current framework provides a starting poindéal with the combined effects of different hazards
At this stage, where priority indicators need tacbasolidated, it is too premature to implementisuc
analysis. However, it needs to be developed ircargbstage, since it adds another dimension that
probably will require the reinforcement of the respes — or even the need of a different kind of
response. Therefore, a simple and pragmatic appiegesented in this document. Since the
proposal is very simple, it could be tested onechtbadline indicators are developed, in order @ ha
a first glimpse on the soundness of the resulesally, the results should then also be checkedhagai
local experts (e.g., via EIONET) in order to hawneeapert judgement, in addition to the theoretical
scientific soundness.
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The indicators provided in previous sections witha to identify which cities and areas are more
vulnerable than others to each particular hazandrdfore it is relevant to identify cities that are
highly vulnerable to more than one hazard. Theysigmtan be developed for each dimension:
exposure, sensitivity and response.

Since the current approach is based on individuditators, and there is more than one indicatar pe
dimension and hazard, the following scoring sysieproposed:

» Rank cities according to the degree of vulnerabibt each individual indicator. Classes can
be defined by quatrtiles.

« For each hazard and dimension extract the averfagmkings from individual indicators.

e Group cities according to the number of hazardsviich the ranking results in high
vulnerability.

As can be seen, the result will be highly dependanwhich indicators are used (and to a lessenéexte
the number of indicators). However, this is unaabié when combining several indicators or deriving
composite indexes (OECD, 2009). Therefore the @soid headline indicators presented in the
previous chapters are very important.

As mentioned before, interaction between indicateiteer multiplying the effects or weakening the
effects, is not yet in this quick scan of multipldnerabilities. Nevertheless, it gives a first n@gsion
and an indication of cities that may adaptationsuness most urgently.

8.3 Indicators that appear in more than one hazard

Looking at the different hazards, it is clear thane indicators appear recurrently. Chapter 3 @dyrea
addresses the issue of general response indi¢adorghe socio-economic domain, which are relevant
for all hazards and provide the generic capaditieppe with the vulnerability of the city. In this
section we will focus on the other dimensions: exe, sensitivity and other specific response
indicators.

Not surprisingly exposure indicators are the mpstsic ones: each indicator only appears in one
single hazard. It is logical since these indicatdraracterise each climatic hazard, which haswts o
specific components. Consequently, most of thecatdrs that appear in more than one climatic
hazard correspond to sensitivity and, to a lesdeng specific response (table 8.1).

The analysis of recurrent indicators can providieeper insight on those components of the system
that have a greater influence in the complete cgtbxposure, sensitivity, responses and feedbacks.
reflects that there are some elements that inted¢pad certain extent critical components of the
system. In particular, from table 8.1, itis agwa that the share of urban green spaces istisé m
repeated one. This is because the green compofhtegt city delineates areas with a functioning
closer to natural ecosystems. Consequently itosition, size and distribution pattern within (and
around) the city has influence on the water cyfiteds, droughts), flux of gases, biodiversity axid
circulation, among others. Many of those functiars linked to the ecosystem services and
multifunctionality approach which provides usefusiruments for city planning. Indeed, looking at
city planning from the multifunctional perspectiessures appropriate identification of synergies
between different components. In practical ternmsatins that urban green spaces could be planned
taking into account air quality, noise attenuatieisure, but also vulnerability to climate change.
Therefore it is advised to relate this indicator exclusively with climate change adaptation, lout t
create synergy with other sectors in developmemis Green Infrastructure strategy. Finally, the
indicator has its specificities depending on thmate hazard, which is described in next section.
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Table 8.1. Examples of indicators that are relevarfior more than one hazard

Indicator Heat Floods | Water Forest
waves scarcity fires

Soil sealing . .

Share of urban green space . . . .

Percentage of residential area in high risk . .

zone

Percentage of commercial are in high risk . .

zone

Percentage of sensitive population . .

Percentage of infrastructure in high risk zone . .

Population in high risk area . .

Expenditure devoted to risk prevention . .

Another indicator related to several hazards issaling. Soil sealing could be considered as the
reverse of green infrastructure in terms of lamngecd@simplified view built-up/non built-up) and
associated properties. Moreover, soil sealinggea indicator of urban sprawl, which is an impotta
driver of some hazards (e.qg. floods).For heat, [ajmn density is used for correction of the UHI
rather than soil sealing.

Another group of indicators that appear in morentbae hazard relate to floods and forest firess&he
indicators have in common the physical disruptibthe city. Consequently the sensitivity of
economic assets will be similar in concept althosigétially segregated in most cases.

This crosscheck of recurrent indicators also makeslifferent nature of water scarcity and droughts
apparent, compared to other climatic hazards dssclis this paper. Indeed, water scarcity, and to a
lesser extent drought, are less dependent on diphysical structure of the city and more related to
the regional context (climate, water availabiliy)d technology (water infrastructure).

8.4 Indicators with different messages in a different context

From chapter 2, it is clear that it is difficult derive a coherent and pragmatic framework of urban
vulnerability indicators given the inherent comptgxinteraction of multiple factors and feedbacks.
Therefore, when developing such framework, frometimtime one faces the question of the right
position of a certain indicator, either in exposs@nsitivity or response. Moreover, it also hagpen
that an indicator that appears in more than onarddazan be allocated to a different dimension of
vulnerability. This reflects that the dividing lisdetween exposure, sensitivity and response @re no
always strict.

The sometimes fuzzy line between sensitivity aspoase, the identification of recurrent indicators
and the role of indicators representing key comptsef a system, all make it logical that under
different threats/contexts the same indicator tesidifferent (complementary) messages.

To face this challenge, we have further analysedrtiicators that presented potential conflicts
considering:

* Review of the definitions in light of the sensitiresponse dilemma
« Better identification and description of the corttex
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Solving the Sensitivity — Response dilemma

One of the first conflicts identified is relateda@roup of indicators which are labelled as both
sensitivity and response capacity (e.g., greenesor people, water efficiency/diversity).
According to the definition adopted in this projeensitivity is the degree to which a system is
affected, either adversely or beneficially, by @imrelated stimuli. Response capacity is conduoive
actual adaptive responses. Response indicatodifementiated between awareness, ability and
action. The previously mentioned indicators whereflicts arise when labelling them as sensitivity o
response indicators, could fit either under abwityaction (not awareness). However, when
considering the ‘action’ perspective, if we onlyasare the current status of the indicator, it duss
necessarily reflect the real action taken or pldnk@r example, urban green spaces could be the
result of good planning, or just the areas letraftincontrolled) urban development. It is cleat the
idea of planned or intended action is not necdggafiected by the indicator when we only observe
the status at a certain point on the time line.<@guently, the last dimension for confusion woidd b
the ‘ability’ perspective. According to the definih provided in chapter 3, ability refers mainly to
physical infrastructure and technological develophas enabling factors for adaptation. Here the
differences are more subtle. Again the currentistdoes not necessarily provide an indicatiorhen t
ability. Taking the example of urban green spaadsetter indicator of ability would be the potehtia
to extend or increase the accessibility of existifgan green spaces. In that sense, the idea of
intended, planned or potential action is always@ne As a conclusion, the following rules are
proposed:

« Thestatic dimensiorof the indicator could represent thensitivity When the indicator
reflects the situation at one point in time, ifeefs the current status, and, accordingly, the
sensitivity to a particular climatic hazard.

« Changesn these indicators over time, or city plans tord®this (if known), can be regarded
asresponsdndicators.

Indicators in context: Green infrastructure

Green infrastructure in urban areas is relevanb@n mitigation and adaptation. And it is also
relevant for the vulnerability of cities for difiemt climate impacts. The message of green
infrastructure differs with the context. A largeash of urban green spaces decreases the sensfivity
cities, both for heat waves and for flooding (cleapd and 5). When taking measures to increase the
response capacity of cities to climate changenarease of the green spaces can serve two targets:
making the city less vulnerable to flooding as veallless vulnerable to heat, making it very much a
no-regret measure. The effectiveness of the memsarebe increased when taking spatial variation of
the climate hazards into account (e.g. floodingtesl to depressions and lower lying areas).

Green infrastructure is relevant for climate chamiggation, because of its function for carbon
sequestration. The cooling effect of green infradtre (including green roofs, green walls, tress.)
indirectly also decreases the demand for artifictaling by air conditioners and thus decreases the
dependency on external (fossil) energy and theymtomh of heat. The magnitude of this mitigating
effect is not very well known.

At the same time the green spaces, and the biaitiyd¢inat depends on it, can be sensitive themselve
An urban environment is generally warmer, watempufor vegetation is less robust, and sometimes
dependent on human provision of water. Trees, daiara other organisms are vulnerable, especially
for water scarcity and forest fires. The extenvtoch they are vulnerable depends on the plant and
animal species and the management of the greerssfag. build-up of fuel wood).
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Many of these context-related issues are relatsgatal variation within the cities. The relevanale
is not necessarily identical to the whole city.
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9 Recommendations and future work

In 2012, the EEA report ‘Urban adaptation to cliemelhange in Europe’ was published which

included a number of urban vulnerability indicatfmsEurope as they happened to be available &t tha
time. These indicators provided an interestingibedmplete picture of the vulnerability of European
cities to climate change. The current paper explomions for a more comprehensive set of
indicators, which would capture the exposure oésito climate change, their sensitivity and their
level of preparedness c.q. adaptive capacity,dor €limatic hazards: heat; floods; water scaraity
droughts; and forest fires. The indicators discdigsehis paper vary in terms of the relevance for
climate change adaptation and the feasibility @frqifiying them for a sufficient number of European
cities. We recommend four activities for furthernko

1. Implement the recommendations of this paper and the indicators The paper recommends to
further develop a number of urban vulnerabilityidadors, based on the current understanding of
the feasibility to implement them at a Europearesdauture work should focus on actually
implementing these indicators, visualize them, uisdhem with staff of the EEA and the
European Commission and other users of this infoom#do the indicators provide a message
relevant for European and national climate adapigtblicy?), and finally, prioritize them for
inclusion in future EEA products. Prioritizationdensidered necessary, since for some climate
risks and for some elements of the exposure-seitygiidaptive capacity chain more than one
indicator has been proposed, while for regular teai@nce in the EEA system the number of
indicators can only be limited. Testing does ndy amvolve the selection of indicators, but also
their definition and the way they are calculated, an terms or urban delineation, which may be
different for different hazards (e.g. involving tperi-urban areas for forest fire risk).

2. Fill priority gaps. From the discussions in this paper we deriveralyar of gaps that should be
addressed:

* Further analyse the relevance and feasibility afiseeconomic indicatorswvhich often have
relevance for more than one climatic hazard, bigdhave only a partial and often context
specific relationship with vulnerability to climathange. Some indicators may give multiple
messages, e.g. related to both adaptive capaditgemsitivity. Actual cases demonstrating
(differences in) response capacity would be helpfd could be identified in the context of
Climate-ADAPT.

« Develop indicators for the dependency of citiegxternal serviceor critical infrastructure,
like energy, water, communication and transpontatio

« Evaluate the possibilities for including forwardking information The current paper
focuses on urban indicators describing the cuwelmierability, while for EEA assessments
like the SOER and periodic impact assessment reptsd forward information (scenarios) is
relevant and possibly available for some of thécitrs.

* Hydrological, morphological and human drivers opesgure.For floods and heat, in addition
to climatic factors, also hydrological and morptgital factors play a role, respectively. It is
as yet unclear if these drivers can be quantifiddeaEuropean level.

3. Compare the urban vulnerability indicators with o#h indicator setsnotably the JRC work. The
indicators proposed in this paper have not explititken into account the development of urban
indicators by other organizations. This include€ 3REuropean Database of Vulnerabilities
(EVDAB), which is expected to also include compesitdices. This paper also did not include
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indicators with only national, regional or locaMenage, like the ones included in the 2010
ETC/ACC Technical Paper “Urban Regions: Vulnerdiefi, Vulnerability Assessments by
Indicators and Adaptation Options for Climate Chatgpacts” (Schauser et al., 2010).
Comparing the proposed indicators with these atbts may lead to improvement of the system,
and would in fact serve a quality control purpose.

Integrate the indicator information into the EEA idicator system and Climate-ADAR RAfter

the implementation and testing of the proposeccatdrs, a selection can be recommended for
further development and inclusion in the EEA systéranvironmental indicators, possibly
including the Core Set of Indicators. The indicatoan then also be included and highlighted on
the urban pages of Climate-ADAPT. Collaboratiorhwitain data providers like EUROSTAT
(Urban Audit), GMES/EEA (Urban Atlas, soil sealiraj)d EEA work on spatial data, such as
ECRONS, Eye-on-Earth and work on land use andlptpn, should be consolidated.
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Annex 1: Urban delineations

As described in more detail in the fact sheetsnnéx 4 the two indicators “Share of urban green
spaces” and “Distribution of urban green spacegp(@ximated by the edge lengths and density
between “green” and non-green (i.e. “red”) aream)at supporting the assessment of heat-related
impacts on urban areas, their direct surroundingstlae respective populations.

Heat waves have been the most prominent hazarthgausman fatalities over the past decades
(EEA, 2010a). The impact of heat waves is partitylstrong in cities and towns. The so-called
‘Urban Heat Island’ (UHI) describes the increasamperature of the urban air compared to its rural
surroundings. It is a well-known and documented fiaat the land surface temperature and the share
of vegetation are related to each other (Chen g2@06; Jusuf et al., 2007; Gabor and Jombaci;200
Klok et al., 2011). The ameliorating thermal effextuced by green spaces inside the warm urban
microclimate of densely populated cities can imprthe thermal comfort, as well as the overall fealt
and living conditions of their inhabitants. Theesff of green infrastructure on UHI is primarily
provided by shading and evapotranspiration.

The basic decision to be taken at the beginnirtgefndicator production is to identify the
appropriate reference units that define on thehamel “urban area” and the “urban surrounding”, and
on the other hand “green” and “red” spaces within“urban area” and the “urban surrounding”.

In general one can differentiate between 3 typeslmin delineations:

» Physical/morphological delineation It is assumed that land use/land cover reflédws t
human activity in a particular area of the tergitofrhen, urban areas are delineated
considering the continuity/proximity of certain thase/cover classes. One objection to this
type of delineation is that they are not relevamtnaore to study urban sprawl, since the
recent urban extensions are located far from theelg and continuously urbanized core.
However, this methodology provides a consistenisiiasextend the analysis beyond its
boundaries by the use of buffers. Moreover, theltieg boundaries of the urban area are
strongly linked to the evolution of the city: ragdowth is reflected in measurable changes in
the city border.

* Functional. Urban areas can be characterised by their deofsggpulation. In fact, the
higher density of population is encountered wittitres. Following this basic principle urban
areas are delineated according to population depsifiles. In addition other properties or
“functions” of the city can be measured and integgtanto the definition of the urban area.
For example trips patterns related to the daily dif citizens (working, shopping, recreation)
are used to define sub-urban areas, residentia asinesses-city, ...

e Administrative . The administrative delineation of urban aredsaised on historical process
related to the evolution of the administration amdsting tools for planning. The most
detailed information usually is provided by admirdtive boundaries of a city.
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Two ways of delineating a city boundary are consddor the current work, (i) the administrative
“core city” used as an approximation of the citythie Urban Auditl5, and (ii) the morphological
“Urban Morphological Zones” produced for the EEAY8hile the Urban Audit core city is the
administrative reference unit for many socio-ecoitdndicators considered relevant for the report
(with all the known weaknesses that administrabieendaries have when it comes to European
comparisons, e.g. different scales), the urban haogical zones better reflect the physical outbhe
the cities.

To take advantage of both reference units (acceptdadoded reference for European socio-economic
indicators on the one and the better representafitime real city boundary on the other hand), both
data sets have been combined by applying GIS gamepsing techniques.

The most important is the city level. To ensuré the level is directly relevant to policy makensd
politicians, political boundaries were used to defihe city level. In many countries these bourdari
are clearly established and well-known. As a re$oittmost cities the boundary used in the Urban
Audit corresponds to the general perception of ¢higt In most countries the core city correspotuds
LAU2 level.17

An Urban Morphological Zone (UMZ) can be defined‘aset of urban areas laying less than 200m
apart”. Those urban areas are defined from landrodasses contributing to the urban tissue and
function. UMZ are derived from CORINE Land Covel (@) by using urban core classes (residential,
industrial and commercial, urban green spacespddihg enlarged core classes in case they fulfil
certain neighbourhood conditions to the core ckadse

Bhttp://www.urbanaudit.org/help.aspx
http://www.eea.europa.eu/data-and-maps/data/urban-morphological-zones-2000-umz2000-f1v0
Yhttp://epp.eurostat.ec.europa.eu/cache/ITY OFFPUB/KS-BD-04-002/EN/KS-BD-04-002-EN.PDF
Bhttp://www.eea.europa.eu/data-and-maps/data/urban-morphological-zones-2000-umz2000-f1v0/,
methodology description
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Figure A2.1: Urban Atlas map of the core city of Lixembourg, UMZ objects on top in cyan-
coloured hatching

Both data sets are available as shape files. TH@ftuarea” is defined by the Urban Morphological
Zone (UMZ) inside the Urban Atlas/Audit core ci9Q) (cut-off at the core city boundaries). First
both data sets are overlaid, subsequently the UMiZwmcontain much more objects than the core city
layer are clipped by the outlines of the core sitiEhe result is an UMZ layer that only containsstn
UMZ objects that are located within the core citidsZ objects that cross the core city boundaries
are cut off along the borders. The last processteg is the creation of one UMZ per core city, st t

all UMZ objects located within the core city becoome object (they are not physically connected, but
logically, i.e. they possess only one object ID).

Those “UMZ within the core city” objects build thasic spatial reference unit for the computation of
further indicators for the spatial unit “urban dréa particular for the extraction of the Urbanlag
information.
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Figure A2.2: Workflow illustration; core city of Lu xembourg in red on the left, containing the
UMZ which are located inside the core city in greythe resulting Urban Atlas map inside the
“UMZ within core city” on the right

The “urban surrounding”, that should account f@ tinban fringe, is represented by a buffer of 5km
around the “urban area”, i.e. the UMZ that is diitad the CC boundaries, whereby the buffer is not
clipped to the core city boundaries; where citiesaajacent or located in vicinity to each other
overlaps of buffer areas can occur which are mabkeed (cf. FigureA2.3).

e
¥

FigureA2.3: lllustrations of (i) UMZ within the cor e city (red areas within the coloured areas on
the left), and (ii) buffers of the core city UMZ onthe right

Thematically, the classes “green spaces” and ‘pades” are defined based on the Urban Atlas
nomenclature, as outlined in Figure A2.4 below.adiditional “blue spaces” class is defined since
blue areas do not belong to artificial, often s@aldban classes, but do according to recent rdsearc
also not provide significant cooling effects foban areas. The land use data source is the GMES

Urban Atlas data basel9, which provides reliablesricomparable, high-resolution land use maps for

¥ http://www.eea.europa.eu/data-and-maps/data/urban-atlas
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305 Large Urban Zones and their surroundings ferdfierence year 2006. The selection of classes
contained in the urban green spaces is based mmalevance for the Urban Heat Island effect, i.e.
agricultural areas and forests are included as well

CODE Urban Atlas classes

Figure A2.4: Nomenclature defining the “green”, “red” and “blue” spaces

The extracted polygons are grouped to create &fgredass. Afterwards, the total area of all “green
patches is summed up and its share calculated
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1. inrelation to the total area of the UMZ (withirethore city); and
2. inrelation to the buffer of 5km around the UMZ.

For the map production the values are classifienl4rclasses and presented as coloured dots on the
map: green dots represent cities with a high atiraly higher share of green and blue urban areas,
red and orange dots correspond to cities with adloave.

Intra-urban edges are computed within the UMZ betwthe red and the green spaces and summed up
to result in a total edge length value per cityeAlards, the relation of the total edge lengttheo
reference area (UMZ or buffer) is computed to getdge density value.
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Annex 2 Outdoor thermal comfort indices

Whether or not citizens feel comfortable with tliban micro climate (outdoor) they encounter,
depends on a complex interaction between phygibgkiological, behavioral, and psychological
factors. For the assessment of the thermal infle@hthe environment on the human body, the
integral effects of all thermal parameters havieedaken into account. A large number of indices
have been proposed to define thermal comfort. Tbasde grouped into direct and indirect
approaches. The direct (or “empirical”) approaciresbased on direct measurements of
environmental variables: e.g. apparent temperdAirg (Steadman 1984), the operative temperature
(Blazejczyk et al. 1998), and the wet-bulb globegerature (WBGT) (Yaglou and Minard 1957). The
indirect indices are based on calculations invgtime heat balance equation for the human body (so
called “rationale indices”). In this note, firsshort overview of relevant thermal comfort indiead

be presented, followed by an advice about thaertabcomfort index. Emphasis will be on the impact
of heat stress on human health.

A3.1. Direct indices

Direct indices are simple methods based on thrdstaflair temperature (mean, maximum or
minimum) or a combination of air temperature amdessure of humidity, sometimes with
consideration of exceedance time.

A3.1.1 Apparent temperature

An apparent temperature (AT) is an adjustmentecathbient temperature, to assess “how hot it
actually feels”, taking into account effect of aspberic humidity. AT was developed by Steadman
(19794, b) and is based on physiological studiessaporative skin cooling for various combinations
of ambient temperature and humidity. The AT eqtlasactual air temperature when the dew-point
temperature is 14 °C. At higher dew-points, theeXteeds the actual temperature and measures the
increased physiological heat stress and discoragzciated with humidity that is higher than
comfortable. When the dew-point is less than 14tR€ apparent temperature is less than the adtual a
temperature and measures the reduced stress @aedsaed comfort associated with lower humidity
and greater evaporative skin cooling. AT is valeoa wide range of temperatures. A simple hot
weather version of the AT is known as the heatxr(td, see section 1.2).

There are many different versions of apparent teatpee. Here we use an approximated version that
is commonly used by The Australian Bureau of Mettmgy and that is an approximation of a
mathematical model of heat balance of the humawy beadw.bom.gov.au/info/thermal_stres$b

March 2011). It takes the air humidity and windegphénto account:

AT =T, + 0.33v, — 0.70w; — 4.00 (1)
Where

Ta = dry bulb temperaturéQ)

vp = water vapour pressure (hPa)

ws = wind speed (m s-1)

81



The vapour pressure can be calculated from thedmthype and relative humidity using the equation:

H
x 6.105 xexp(17.27 xT,/(237.7 + T,)) 2

» = 100

Where RH is % relative humidity

(Source: Norms of apparent temperature in Australist. Met. Mag., 1994, Vol 43, 1-16)

A.3.1.2. Heat index and mean heat index

Just like the AT the heat index (HI) combines aimperature and relative humidity to determine an
apparent temperature. The Hl is widely used inthied States. The United States National Oceanic
and Atmospheric Administration (NOAA) issues heatrmings for the entire United States based on
the mean heat index. It is calculated accordirg polynomial function:

HI = —8.784695 + 1.61139411 T, + 2.338549 RH — 0.14611605 T, RH — 1.2308094 10~2T?
—1.6424828 1072RH?2 + 2.2117321073T2RH + 7.254610~*T,RH?
— 3.582 107°T2RH? (3)

Where: Ta is air temperature(irC, and RH is relative humidity rounded to its irdegalue in %.

Ideally the apparent temperature is calculated fiteerdaily maximum temperature and the
simultaneous relative humidity. If the latter ig available, the daily minimum relative humiditynca
be used, which at first approximation coincideswiite maximum temperature in the diurnal cycle.

The mean heat index is an average of the heat ifindiexthe hottest and coldest times of each day and
is therefore more representative of the entire @4rperiod than a single daily maximum value.
Forecasts are provided routinely for conditions 3 tlays in advance on the web site of NOAA.

When severe conditions are forecast within 2 da{¥AA issues an alert (more severe than a
warning) to the public and relevant agenciggpf//www.hpc.ncep.noaa.gov/heat_index.sht@®
October 2003).

Table A3.1. Heat Index thresholds

Heat Index {C) | Category Possible heat disorders for people in hfgghgroups

27-32 Caution Fatigue possible with prolonged expmsind/or physical
activity

32-41 Extreme caution| Sunstroke, muscle crampgpahdat exhaustion possible
with prolonged exposure and/or physical activity

41-54 Danger Sunstroke, muscle cramps, and/orex&atustion likely.
Heatstroke possible with prolonged exposure artigsical
activity

>54 Extreme danger Heat stroke or sunstroke likely
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A.3.1.3Effective temperature

The effective temperature index was originally bstied to provide a method of determining the
relative effects of temperature and humidity on fai(Houghton and Yaglou, 1923). The index was
further mathematically developed by Missenard (}98Bing the organism’s thermoregulatory
capacity (warm and cold perception) into accodrte ET is still in use in Germany. Li and Chan
(2000) have adapted the Missenard formula and nétnNatmal Effective Temperature (NET). The
Net is routinely monitored by Hong Kong Observgidrhe original Missenard equation is:

37-T

ET =37 - I —0.29 T(1 - 0.01 RH) 4)
0.68 —0.0014 RH +

1.76+1.4w275

Where ws is wind speed (in m s-1) at 1.2 m abogegtbund.

Several assessment scales have been developed. foalile A3.2 shows the thresholds for ET that
are in use in Central Europe the following thredbkol

Table A3.2. Thresholds for Effective Temperature

ET ranges?C) | Thermal stress
>27 Hot

23-27 Warm

21-23 Comfortable
17-21 Fresh

9-17 Cool

1-9 Cold

<1 Very cold

A3.1.4 Wet-bulb globe temperature

The wet-bulb globe temperature (WBGT) is the thémoanfort index most widely used throughout
the world. It was developed by the US Navy as phat study on heat-related injuries during military
training (Yaglou and Minard, 1957). It is determiri®y weighting of the measured dry-bulb
temperature, natural (un-aspirated) wet-bulb teatpee and the measured black- globe temperature.
However, in practice the globe temperature is yaredasured. Instead, a simplified version can be
used based on air temperature and water vapowsypsee@ww.bom.gov.au/info/thermal_stres$b
March 2011):

WBGT = 0.567 T, + 0.393 v, + 3.94 (5)

Where Ta is air temperature i@, and vp the water vapour pressure (hPa)

We used this approximation to assess outdoor tHewnafort for Dutch cities using data provided by
hobby meteorologists (Steeneveld et al., 2011)leTalgives the ranges of WBGT with
recommendations for outdoor activity.
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Table A3.3. WBGT thresholds (source: www.bom.gov.dunfo/thermal_stress/, 16 March 2011)

WBGT (°C) | Recommended sporting activity

<18 Unlimited

18-23 Keep alert for possible increases in thexradal for symptoms of heat stress
23-28 Active exercise for unacclimatized persormuhbe curtailed

28-30 Active exercise for all but the well-acclimdtshould be curtailed

>30 All training should be stopped

A.3.2. Indirect indices

Indirect indices include all important meteoroladiand physiological parameters that needed to
better describe the physiological heat load: ainperature, water vapour pressure, wind velocity and
short- and long-wave radiant fluxes. They are @etifrom heat budget (energy balance) models that
take all mechanisms of heat exchange into accouhtiee therefore thermo-physiologically relevant
to individual exposures and experiences. Moshefapproaches refer to a reference environment in
which the perception of cold and/or heat wouldHeedame as under the actual conditions.

A3.2.1 Standard effective temperature (SEN)

The standard effective temperature (SET) is defagethe equivalent air temperature of an isothermal
environment at 50% RH at which a person wearinthelg standardized for the activity concerned,
experience the same heat stress and thermoregusatain as in the actual environment. SET uses
skin temperature and skin wetness as the limitorgltions which are derived from a model of human
physiology (Gagge et al. 1971,1986).

A3.2.2 Predicted mean vote and perceived tempegatur

The predicted mean vote (PMV) index predicts thammesponse of a larger group of people
according to the ASHRAE thermal sensation scal@alt developed by Fanger (1970) and is based on
a complete heat budget model of the human bodysiitiple approaches considering skin
temperature and sweat rate. The output parameteB-4soint scale of thermal sensation (see Table 4)
The predicted mean vote is still very popular fesessing indoor climate.

Fanger's PMV equation is the basis for the Klimashil-model (Jendritzky 1990; Jendritzy et al.
1979), an operational thermal assessment procethatds used by the German Meteorological
service (Deutscher Wetterdienst, DWD). The outuameter is perceived temperature (RJ), that
is a more comprehensible measure by the publicPhaV. To date, DWD is the only national
weather service to run a complete heat budget nwdalroutine basis specifically for applications i
human biometeorology.

A3.2.3 Physiological equivalent temperature

The physiological equivalent temperature (PETGhis a variation on the PMV (H6ppe 1984,1999).
PET provides the equivalent temperature of an &athl reference environment with a water vapor
pressure of 12 hPa (50% at 20) and light air (0.1 m s-1 ), at which the hedtabae of a reference
person is maintained with core and skin temperaquel to those under the conditions being
assessed. ‘Standard calculations’ are based amaf85 years old, with a length of 1.75 m and
weight of 75 kg, standing in the sun, with a clothfactor 0.9 and with a heat production of 80 W.
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Table A3.4. Ranges of Predicted Mean Vote (PMV) anBhysiological Equivalent Temperature
(PET) for different grades of thermal perception byhuman beings and physiological stress on
human beings: internal heat production: 80 W, heatransfer resistance of clothing: 0.9 clo
(HOppe 1984,1999; Matzarakis et al. 1999)

PET* | Thermal perception | Grade of physiological stress
* (OC)
-3.5

Very cold Extreme cold stress

2.5 ¢ Cold Strong cold stress
-1.5 g Cool Moderate cold stress
0.5 12 Slightly cool Slight cold stress
0.5 8 Comfortable No thermal stress
1.5 23 Slightly warm Slight heat stress
2.5 . Warm Moderate heat stress
35 e Hot Strong heat stress
=Sih = Very hot Extreme heat stress

A3.2.4 Universal thermal climate index

Recently a new thermal comfort was proposed, theddsal Thermal Climate Index (UTCI). It is the
outcome of the European COST Action 730 (Coopamatidscience and Technical Development)
project which brought together scientists from 1@dpean countries plus experts from Australia,
Canada, Israel and New Zealand. The UCTI is expdeas an equivalent ambient temperature of a
reference environment providing the same physiotdgesponse of a reference person as the actual
environment. UTCI was developed conceptually aBauivalent Temperature (ET). Thus, for any
combination of air temperature, wind, radiationg &umidity, UTCI is defined as the air temperature
in the reference condition which would elicit trerse dynamic response of the physiological model.

A 10 points stress assessment scale from “extreaedtress” to “extreme cold stress” was defined
(Table A3.5).

Table A3.5. UTCI equivalent temperature ranges angberceived thermal stress (source: Brode et
al. 2012)

UTCI range {C) Stress category

Above +46 Extreme heat stress
+38 to +46 Very strong heat stress
+32 to +38 Strong heat stress
+26 to +32 Moderate heat stress
+9 to +26 Not thermal stress
+9to 0 Slight cold stress
0to-13 Moderate cold stress
-13to -27 Strong cold stress

-27 t0 -40 Very strong cold stress
Below -40 Extreme cold stress
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A3.3 Comparison of thermal comfort indices

Obviously, the indirect indices represent thernmathfort in specific climates, weather, and locations
much better because they take thermal physiologynfan beings into account. However, because
they depend on many variables, indirect indicesraree complex and therefore, more difficult to
implement for daily use. The direct approachespintrast, are more user-friendly and applicable.
They consider only some of the standard meteorcébgiarameters (air temperature, RH or vapour
pressure, wind speed) and are, therefore, easgldolate from weather and climate data. For inganc
Fischer and Scin (2010) used datasets provided by high-resoluggional climate models (RCMs)

to calculate the Heat Index.

Blazejczyk et al. (2012) compared UTCI with mosttad other indices listed here. The analysis is
based on three groups of data; global data-sé€t;yee@r weather database from Freiburg (Germany),
and datasets obtained from measurement campaigims e frame work of COST-730 at different
locations (Svalbard archipelago, Negev Desert, idaslear, Warsaw). Strong correlations (r2 > 0.96)
were found with other indices derived from humaatbalance models (Table A3.6). Correlations
with the direct indices such as WBGT and HI appe#nebe very weak. However, in contrast, rather
strong correlations were found for AT and ET.

Table A3.6. Relationships between Universal ThermaClimate Index and other indices
(source: Blazejczyk et al. (2012).

Index Slope R-squared (%)
AT 0.716 95.35

Hla 0.444 39.72
ET(NEC) 0.947 96.97
WBGTa 0.381 42.46

SET 1.021 97.54

PMV - 98.12

PET - 96.42

a - calculated for air temperature >ZD

We did a preliminary analysis for the correlatitvetween UTCI and ET or AT, partly similar to that
of Blazejczyk et al. (2012), in order to get an regsion about their suitability as an universal
indicator. Also we made a comparison between UT@IWBGT. For this analysis we used datasets
(year 2011) from the urban monitoring stations @=ahd South in Rotterdam and from a reference
rural monitoring station, north of Rotterdam. Rlkes a variable for air temperature and humidity,
both the ET and AT equation contain a variableafiord velocity. It is a standard variable in dataset
provided by WMO sites that are usually locateduiral areas. However, observational data of wind
speed in the urban environment are scarce. Thiabladatasets indicate that the wind speed
provided by the WMO sites poorly represent windegfsein the urban environment. The latter are
strongly variable and particularly at days withthigmperatures, significantly reduced relativeht® t
ones of the surrounding rural area. Similarly,dvipeed data from climate models do not represent
urban areas. For these reasons, calculationsocaeied out (1) taking the measured wind speeds
into account, and (2) for a fixed low wind speed.oh s-1. Figure 1 shows the obtained relationships
between UTCI and ET or AT for the rural referenite. A strong correlation (r2 = 0.94) for ET is
found when the wind speeds are taken into accedmth is in accordance with the results of
Blazejczyk et al. (2012). A weaker correlation £oF was found (r2 = 0.79). The correlations become
obviously weaker when a fixed wind speed is usatiéncalculations of ET and AT (ET2 and AT2
respectively). In general, better correlationsthar urban datasets are obtained as is shown e.g. in
Figures A3.2. The correlations between UTCI and BTAT?2 assessed for the urban data are even
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better than those found for the reference ET andl&& (i.e. taking the wind velocity into account).
In particular ET and ET2 are nearly linearly retite UTCI. This implies that the assessment saale f
UTCI could be applied to ET or ET2 as well, withatevely simple adjustments. Like in Blazejczyk et
al. (2012) we find that the relationship between@AT2 and UTCI comes with a lower slope of the
linear regression line. Furthermore, the dataidigtion seems and is slightly more none-linear timan
the case of ET and ET2. In particular the latterahbteristics makes appliation of the UTCI
classification to AT or AT2 slightly less attracaiv

Figure A3.3 shows the results for the comparisawéen UTCIl and WBGT. In contrast to the results
of Blazejczyk et al. (2012), better correlationgeviound. Nevertheless, we also conclude that —
taking UTCI as the reference — the ET indices atibpe WBGT.

Table A3.7. Relationships between UTCI and ET, AT ad WBGT. Calculations were carried out
for datasets obtained from urban monitoring statiors in Rotterdam (Centre, South) and for a
monitoring station in the rural reference site, noth of Rotterdam (51°58'55.17"N,

4°25'45.31"0). ET2 and AT2 constant wind speed of 1 re-1 used in the calculations. The urban
stations, labelled as Rotterdam-Centre and —Southepresent the densely built commercial area
and the densely built up living neighbourhood, resectively (coordinates: 51°55'24.18"N,
4°28'10.35"0; 51°55'31.41"N, respectively).

Direct index Reference Centre South
slope R-squared| Slope R-squaregd  slope R-squdred
ET 0.76 0.94 0.86 0.96 0.87 0.96
ET2 0.59 0.69 0.87 0.91 0.96 0.95
AT 0.69 0.79 0.86 0.96 1.06 0.95
AT2 0.65 0.71 0.96 0.90 1.06 0.95
WBGT 0.43 0.71 0.62 0.87 0.69 0.92

A3.4 Conclusion

It can be concluded from the results of Blazejoz/kl. (2012) and our own results that the simple
indices ET and AT give a reasonable indicationdisidoor thermal comfort. In particular ET seems to
perform rather well in comparison with UTCI. Ouradysis suggests that this is also true when a
constant, low wind velocity of 1 m s-1 is usedtloe calculation of ET or AT. This implies that
datasets containing at least air temperature amdity (water vapour pressure or RH) are suited to
estimate ET or AT with suffucient accuracy, althbugclusion of wind speed will increase the
performance. The fact that ET is nearly linearkated to UTCI implies that the assessment scale for
UTCI can be applied to ET as well, with relativelynple adjustments to the class boundaries.
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Annex 3 Fact sheets

Generic response indicators

Indicator

Education

Key question

What is the likely awareness of clengitange issues among the city’s population?
What is the level of education of the city’s pojida?

Climatic hazard

All

Dimensions

Response capacity: awareness

Definition

Proportion (%) of population aged 15-@4alified at tertiary level (ISCED 5-6)
living in Urban Audit cities (cities in EU27, exdepG, BE, CZ, FR, IE, MT, RO).

Rationale and
context

In general, locations with higher levels of stosésiuman knowledge are

considered to have greater adaptive capacity thasetwith lesser levels of
knowledge and education, e.g. developing natiodstlaose in transition (Smit and
Pilosova, 2001).

The level of scepticism about climate change mayirke with the increasing level
of education (Whitmarsh, 2011). However, it wa® albserved by this author that
political views also strongly affect the scepticiand uncertainty about climate
change. Weber (2010) believes that at least fmesgeople, better (environmenta
science and statistics education can create thiéidety with the scientific
presentation of climate change information and thasease their understanding of
the issue.

Data
requirements
and sources

Source: Urban Atlas

Processing

Extraction from the Urban Audit database

Example

Education — percentage
of population aged 15-64
having a level of education
following secondary
schooling (gualified at
tertiary level), 2004

500 L 1000 L5000 ko

MNote: Data for Finland, Italy, Poland, Portugal, Slovenia, Slovakia and Spain are from 2001,

Source: Eurostat Urban Audit database, 2004.

Source: EEA (2012)
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Feasibility

Easy

Scientific
evidence

(Scientific) justification provided in the fielddtionale and context”.
References:

Smit, B. and Pilifosova, O. (2001) Adaptation tan@ite Change in the Context of
Sustainable Development and Equity in McCarthy, Cdnziani, O., Leary, A.,
Dokken, D.J. and White, K.S. (Eds.), Climate Chakg@l: Impacts, Adaptation
and Vulnerability. IPCC Working Group I, Cambridgaiversity Press,
Cambridge: pp. 877-912

Whitmarsh, L. (2011) Scepticism and uncertaintyudtmtimate change:
dimensions, determinants and change over time.abBivironmental Change
21(2) 690-700.

Weber, E.U. (2010) Wiley interdisciplinary Reviev@imate Change 1(3): 332-
342.
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Indicator

Equity

Key question

To what extent voices of all membérthe society are represented at the city
level? To what extent are the more vulnerable ggdncluded in decision making?

Climatic hazard

All

Dimensions

Response capacity: awareness

Definition

Percentage of women among elected epyesentatives

Rationale and
context

Building adaptive capacity in cities requires ininb all members of society. The
percentage of women among elected city represeasathay be used as an
indication, to what extent the decision makers im@dhe more vulnerable
members of the society and are aware of their prosl

One of the central aspects of any participatorpmlag is including both men and
women. Gender differences, being a key componethtsopolitical, social,
economic and cultural characteristics of a societgd to be considered as a
strategic entry point for identifying roles andpessibilities within a community
(Lambrou and Piana, 2006).

Adaptive capacity of a system may be regardedfasaion not only of the
availability of resources but of accessto thoseusses by decision makers and
vulnerable subsectors of a population (Kelly andjég 1999). According to IPCQ
(Smit and Pilosova, 2001), adaptive capacity isigmif social institutions and
arrangements governing the allocation of poweraugss to resources within a
given location assure that access to resourceplitably distributed; the
entitlement to use resources by different sectidribe society influences their
response capacity.

Data
requirements
and sources

Sources: Urban Audit

Processing

Extraction from the Urban Audit database

Example

Equity — percentage of
. women among elected
\ ol city representatives,

N N 2004

s 5, © 0-10

11-20
21-30
31-40
41-60

® @& @ 0

| Mo data
Outside data
T COVerage

MNote: Data for Czech Republic, Greece, Hungary, Lithuania, the Netherlands, Slovenia and partially Belgium are from 2001.

Source: Eurostat, Urban Audit database, 2004,
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Source: EEA (2012)

Feasibility Easy
Scientific (Scientific) justification provided in the field dtionale and context”.
evidence

References:

Lambrou, Y. And Piana, G. (2006) Gender: the mgsimmponent of the respons
to climate change. Food and Agriculture organisatibthe United Nations,
available athttp://www.eldis.org/Vfile/upload/1/document/0708)321057.pdf

Kelly, P. and W.N. Adger, 199%ssessing Vulnerability to Climate Change and
Facilitating Adaptation Working Paper GEC 99-07, Centre for Social and
Economic Research on the Global Environment, Usityepf East Anglia,
Norwich, United Kingdom.

Smit, B. and Pilifosova, O. (2001) Adaptation tan@ite Change in the Context of
Sustainable Development and Equity in McCarthy, Cdnziani, O., Leary, A.,
Dokken, D.J. and White, K.S. (Eds.), Climate Cha?@@1: Impacts, Adaptation
and Vulnerability. IPCC Working Group Il, Cambridbmiversity Press,
Cambridge: pp. 877-912
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Indicator

Perception of the city population that the authorities are committed to fight
against climate change

Key question

To what extent are the local autresitiware of and interested in climate chang
issues?

Climatic hazard

All

Dimensions

Response capacity: awareness

Definition

The Perception Survey on the qualityifef in European cities aimed at measurir
local perceptions in 75 cities in the EU, Croatid durkey. The data are based o
surveys/interviews of randomly selected citizens.

Rationale and
context

The indicator is based on the assumption thatscityareness of the issues of
climate change leads not only to greater chaneet@dn on climate mitigation but
also on adaptation. This seems to be justifiedjtees committed to other
sustainability issues tend to acknowledge the mereadaptation. Carmin et al
(2012) carried out a global survey among citieenICLEI — Local Governments

for Sustainability association. They found that 78Rthe cities observed changes

in weather or occurrence of natural hazards tleyt #ttribute to climate change;
68% reported that they are pursuing adaptatiomjghan

Data
requirements
and sources

Source: Urban Audit Perceptions Survey 2009

Processing

The Perception Survey on the qualitifjeoin European cities aimed at measurir]
local perceptions in 75 cities in the EU, Croatid &urkey. The data are based o
surveys/interviews of randomly selected citizer®e information is provided as
« synthetic index ». From the perception survendan index was calculated by
subtracting the negative answers from the posdnes and dividing the result by
the total number of answers ("very much agree"'ande agree" are counted as
positive answers, whereas "very much disagree"auite disagree" are negative
answers).This initial index has a minimum of -1 anghaximum of +1. To make it
easier to use, the index was then multiplied byi@ 50 then added to the result,
The resulting index covers values between 0 and A®@lue above 50 means
positive answers predominate; below 50, there ane megative answers.

(4%

D
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Example
Perceptions on 'city
committed to fight
against climate change'
{synthetic index 0-100),
2009
More
negative
@ 19-20
@ 21-40 I
® 41-60 Index 50
@ 61-80 1
® 81-100
More
positive
[T No data
[ outside data
coverage
] 59*! D;J 1060 i‘_"rlﬂ(.llk.m @ -‘.I|[- A Ik? f?“‘-_*!{:_,
Source: DG REGIO/Eurostat: Urban Perceplion survey 2010; data 2009.
Source: EEA (2012)
Feasibility Easy
Scientific (Scientific) justification provided in the field dtionale and context”.
evidence
Reference:
Carmin, J., Nadkami, N. And Rhie, C. (2012) prograsd challenges in urban
climate adaptation planning: results of a globavey. MIT, Cambridge, MA.
Available at:
http://web.mit.edu/jcarmin/www/carmin/Urban%20Adaidn%20Report%20FIN
AL.pdf
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Indicator

Risk perceptions of European citizens

Key question

To what extent are the European asizavare of the environmental risks? To
what extent are the European citizens aware afithe associated with climate
change?

Climatic hazard

All

Dimensions

Response capacity: awareness

Definition

In the absence of Europe-wide surveyshmnperception of risks associated with
climate change, the presented indicator referka@erceived risks associated wi
food.

The survey (Special Eurobarometer 354, wave 73a8)carried out on a
representative sample of 26.691 individuals, agerldver in all 27 Member State
in 2010. The responses of those surveyed représemtews of over 500 million
European consumers. It follows that a 1% valueasgmts the views of 5 million
consumers, thus even small percentage values egpithe views of a large
number of people.

For more detail see:
http://www.efsa.europa.eu/en/riskcommunicationfraiception.htm

th

S

Rationale and
context

An assumption is being made here that awarendse oisks associated with food
reflects the awareness of risks associated withat# change. This may be corre
in some cases; however, the food-related risksnaih more immediate to peopls
than those associated with climate change. Noretheho indicators associated
with the perception of climate change risks arelalbke at the European scale.

In the context of climate change adaptation, threqution that there is a risk is a
prerequisite for taking adaptive actions. Grothmanad PattZ005 203) developed
a theoretical “model of private proactive adaptatio climate change”. The mode
starts from risk appraisal, or assessment of thbghility and severity of impact.
Only when the perceived hazard exceeds a certasltbld does the individual
carry out the adaptation appraisal, which inclualesissessment of their belief in
the effectiveness of the actions, the perceivelityatm carry out the adaptive

responses, and the perceived cost of the actigreri2iing on the outcomes of this

appraisal, adaptation actions are implemented br no
Similarly, Lamond and Proverb&{09 identified the mental steps that need to b
completed by a flood plain resident who wants tpleament flood-protection
measures. These include awareness of the riskgetiception that the risk is
sufficient to warrant action, and owning the praoblether than expecting an
outside agency to solve it. Once this is achietlegl person needs knowledge of {
solution, resources to implement it, and a behaf the solution is effective and
beneficial.

These models are illustrated by some empiricalissud\ study of elderly people’s
perceptions of heat wave risks suggests thatehasively vulnerable group does
little to adapt, because it does not perceivedtserability (Wolf et al2009.
Research in Norway, for example, shows that irasitas where no risk is
perceived, little if any action to adapt is undkeeta (O'Brien et al2008.

Data
requirements
and sources

http://www.efsa.europa.eu/en/riskcommunicationfyakeption.htm

Processing

Example

Ct

D

he
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Feasibility

Easy

Scientific
evidence

(Scientific) justification provided in the fielddtionale and context”.

References:

Grothmann T, Patt A (2005) Adaptive capacity anch&n cognition: the process pf
individual adaptation to climate change. Glob EoniChang Part A 15:199-213

Lamond JE, Proverbs DG (2009) Resilience to flogdiessons from internationa|
comparison. Urban Des Plan 162:63—-70

O’Brien KL, Eriksen S, Sygna L, Naess LO (2006) §iiming complacency:
climate change impacts, vulnerability, and adaptaith Norway. Ambio 35(2):50—
56

Wolf, J., Adger, W.N., Lorenzoni, I., Abrahamson, Raine, R. (2010) “Social
capital, individual responses to heat waves amdaté change adaptation: An

empirical study of two UK cities'Global Environmental Chang@€(1): 44-52.
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Indicator

Proportion of dwellings lacking basic amanities

Key question

To what extent the housing in citeesfigood quality/ To what extent can it
withstand extreme weather events and provide apiptegiving environment for
vulnerable populations>

Climatic hazard

All

Dimensions

Response capacity: ability

Definition

Proportion of dwellings lacking basic anities

Rationale and
context

Absence of basic amenities may have serious inmitafor example during
recovering from flood events. Diarrhoea and upsehachs can be passed from
person to person in cramped conditions with insigfit access to sanitary
installations and fresh water and (Tapsell e28l02).

The lack of amenities can be used as a proxy #ogémneral state of the building,
which may affect how it copes with extreme weathants. Solid masonry
buildings can withstand flooding without sufferingjor structural damage, while
lightweight constructions may be more easily dardg@anders and Phillipson,
2003). Housing without basic amenities may alsenbppropriately insulated, and
thus prone to overheating; it has been found tladitinsulation in particular
reduces the temperatures inside houses (Porsitt, 2010). In the European
context, flats in tower blocks or old townhouseg/ina among the dwellings
without the basic amenities and of poor qualitat&lcan be poorly ventilated and
the top floor may be overheating due to the poof isulation; extremely high
temperatures in top-floor apartments were the re&moa significant number of
deaths in Paris during the 2003 heatwave (Poumadele 2005).

The high proportion of housing without basic amiesitand of low quality has been
previously used as one of the indicators of thealleity’s vulnerability in the
assessment of global cities’ vulnerability to climahange (De Sherbinin et al.,
2007).

Data
requirements
and sources

Source: Urban Audit SA1018V or SA1001V

Processing Extraction from the Urban Audit database

Example

Feasibility Easy

Scientific (Scientific) justification provided in the field dtionale and context”.
evidence

References:

De Sherbinin, A., Schiller, A and Pulsipher, A. Z0The vulnerability of global
cities to climate hazards. Environment and Urbadiueal9(1): 39-64.

Porritt, S.M., Shao, L., Cropper, P.C. and Goodigl, (2010) Building orientation
and occupancy patterns and their effect on intéiwes to reduce overheating in
dwellings during heatwaves. Proceedings of Conterd&SD PhD Conference:
Energy and Sustainable Developmerstitute of Energy and Sustainable
Development, De Montfort University, Leicester, UKL,st May 2010.

Tapsell, S.M., Penning-Rowsell, E.C., Tunstall, Savd Wilson, T.L. (2002)
Vulnerability to flooding: health and social dimé&nssPhil. Trans. R. Soc. Lond. A
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36(, 1511-1525

Sanders, C.H., Phillipson, M.C., 2003. UK adaptastrategy and technical

measures: the impacts of climate change on busdiBiglding Research &
Information 31, 210-221.
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Indicator

Research & Development (R&D) expenditure personnel and patent
applications

Key question

What is the technological know-howha city? What is the potential for finding
innovative adaptation solutions in the city?

Climatic hazard

All

Dimensions

Response capacity: ability

Definition

The indicator is a composite of 3 indima:

- R&D expenditure as % of GDP,
- number of R&D personnel
- number of patent application per

The values of the indicator are presented in Sekaand presented per NUTS 3 unit.

Rationale and
context

According to IPPC, many of the adaptive strateglestified as possible in the
management of climate change directly or indireictiyplve technology (e.g.,
warning systems, protective structures, settlerapdtrelocation or redesign, floo
control measures).Hence, a community’s currentl lef2chnology and its ability
to develop technologies are important determinahéglaptive capacity. Lack of
technology has the potential to seriously impedateon’s ability to implement
adaptation options by limiting the range of possit@sponses. Moreover, openne
to the development and utilization of new techn@edor sustainable extraction,
use, and development of natural resources is ksfréagthening adaptive (Smit
and Pilifosova, 2001).

p =

SS

Data
requirements
and sources

Source: ESPON Climate project

Processing

The indicator is calculated as nornchbiserage of research and development
expenditure as % of GDP, number of research anelaewment personnel and
number of patent applications
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Example

Thts e s b
My e
apican of te EION
Mot artrg: ormmik S

Loagw

Adaptive capacity: Technology

- Highest capacity
- High capacity
- Medium capacity
I ooty
Lowest capacity

No data

Technological capacity to adapt to dimate change classified
by quintiles.

Tha technology dimension of adaptive capacily towards cimate
change combines indicators on research and development
expenditure; research and devalopment personnel and patent
applications.

Source: Greiving =t al., 2011; © ESPON, 2013,

Source: EEA, 2012

Feasibility

Easy

Scientific
evidence

(Scientific) justification provided in the fielddtionale and context”.

102




Indicator

Percentage of households with Internet amess at home.

Key question

What is the level of technologicalaalsement in the city? What is the capacity
the residents to communicate online? To what extentesidents have access to
information provided online?

Climatic hazard

All

Dimensions

Response capacity: ability

Definition

Percentage of households with Interrestess at home.

Rationale and
context

Those without strong social networks and unfamiliéh their area (for example,
as a result of short residence in the area omgntnay have less access to

information (Cutter et al., 2003). For them beiibfpato access information online|
may increase their ability to respond in the cdse @dimate event.

Access to internet can also allow people to coriteast friends and relatives in an
event of emergency and reduced their isolationigbaetworks have been prover
to be crucial lifelines in climate-related extreewents; people living alone are th
most frequent victims (e.g. Poumadere et al., 200&) example, the 1995 heat
wave in Chicago, anything that facilitated soc@ahtact was associated with a
decreased risk of death (Semenza et al., 1996).

1]

Data
requirements
and sources

Urban Audit

Processing Extraction from the Urban Audit database

Example

Feasibility Easy

Scientific (Scientific) justification provided in the field dtionale and context”.
evidence

References:

Poumadere, M., Mays, C., Le Mer, S. and BlongROf20'he 2003 HeatWave in
France: Dangerous Climate ChangeHere and Now.ARiskysis 25(6): 1483-
1494.

Semenza JC, Rubin CH, Falter KH, Selanikio JD, édas WD, Howe HL,

Wilhelm JL (1996) Heat-related deaths during thHg 1995 heat wave in Chicago.

TheNew England Journal of Medicine335.84-90.

Smit, B. and Pilifosova, O. (2001) Adaptation tan@ite Change in the Context of

Sustainable Development and Equity in McCarthy, Cdnziani, O., Leary, A.,
Dokken, D.J. and White, K.S. (Eds.), Climate ChaP@@l: Impacts, Adaptation
and Vulnerability. IPCC Working Group Il, Cambridbmiversity Press,
Cambridge: pp. 877-912
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Indicator

Life expectancy at birth for males and fanales

Key question

What is the health status of the szg&lin the city?

Climatic hazard

All

Dimensions

Response capacity: ability

Definition

Life expectancy at birth for males amairfales

Rationale and
context

The capacity of people to act in the event of ratdisasters and extreme weat

can be negatively affected by their pre-existingltine problems (Rygel et al|
2006). Post-flood mortality and incidence of flomdated diseases (e.g. thg

associated with contaminated water) is signifigahtgher when the flood victim
suffer from preexisting health problems. Floodingynfimit access to medicine,
make it impossible to receive medical attentiogaod time.

People with pre-existing medical conditions arénateased risk of hospitalisatig
during hot weather. The medical conditions incledediovascular and respiratory

ner

se

n

diseases, diabetes, renal diseases, nervous syg&erders, Parkinson’'s disease,

emphysema and epilepsy (McGeehin and Mirabelli, 1220Medications that

potentially affect renal function, the body’s atyilto sweat, thermoregulation
electrolyte balance can make this group more vablerto the effects of he

(NHS, 2009). Those with Alzheimer's disease, a lldg, or bed-bound have

diminished ability to adapt to high temperaturase do either of lower awarene

DI
At

of their circumstances, or inability to take actido adapt to hot weather (Semenza

et al., 1999).

In addition, flooding and heat waves puts a st@inhospitals and emergen
departments, and less urgent health problems mayubeon hold, possibly

exacerbating the existing health problems (seeinde&ator on the number of

hospital beds).

Data
requirements
and sources

Source: Urban Audit (SA2001l)

Processing Extraction from the Urban Audit database

Example

Feasibility Easy

Scientific (Scientific) justification provided in the fielddtionale and context”.
evidence

Reference:

McGeehin, M.A. and Mirabelli, M. 2001. The potehiimpacts of climate
variability and change on temperature-related natisband mortality in the United
States. Environmental Health Perspectives 109(supgntt 2): 185-189.

Semenza JC, McCullough JE, Flanders WD, McGeehin Mémpkin JR. 1999.
Excess hospital admissions during the July 1995n@a in Chicago Am J Prev
Med 16:269-277

NHS (2009) Heatwave plan for England. NHS, London.

Rygel, L., O’Sullivan, D., Yarnal, B., 2006. A meithfor constructing a social
vulnerability index: an application to hurricanersh surges in a developed
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country. Mitigation and Adaptation Strategies fdokal Change 11: 741-764.
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Indicator

Number of hospital beds / 1000 inhabitans

Key question

What is the ability of the city to pide health care for its residents during and
after extreme weather events?

Climatic hazard

All

Dimensions

Response capacity: ability

Definition

Number of hospital beds / 1000 inhabisan

Rationale and
context

The number of hospital beds reflects the abilityhef city to cope during and afte
extreme weather events associated with climategehdfor example, research
shows increased admissions to hospitals duringvwaats (Kovats et al., 2004);
flooding also causes health problems.

Disasters also may overwhelm health and nursinities that are forced to
manage not only injuries caused by the disastérlsa chronic conditions in
persons who have been unable to obtain the nommalreeded to manage their
conditions at home due to the disaster (Fernanidalz, 002). Thus, having a
buffer in the number of hospital beds available esagities better prepared for
extreme weather.

Data
requirements
and sources

Source: Urban Audit

Processing Extraction from the Urban Audit database

Example

Feasibility Easy

Scientific (Scientific) justification provided in the fielddtionale and context”.
evidence

References:

Fernandez, L.S. Byard, D., Lin, C.-C., Benson, 8l Barbera, J.A. (2002) Frail
elderly as disaster victims: emergency managenteategies. Prehospital and
Disaster Medicine 17(2): 67-74

Kovats, R.S., Hajat, S., Wilkinson, P. (2004) Casting patterns of mortality and
hospital admissions during hot weather and heaewavGreater London, UK.
Occupational and Environmental Medicine 61(11):-898.
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Indicator

Demographic dependency

Key question

What is the ability of the city’s pdgiion to cope independently in the event of
climate hazard? What is the potential pressuretgis @mergency and social care
systems associated with the need to provide aseesta elderly and underage
population?

Climatic hazard

All

Dimensions

Response capacity: action

Definition

The Demographic Dependency Index dapeagents the number of people unde
20 years old and over 65 years old divided by tihalver of people 20-65 years
old.

Rationale and
context

For this index the proportion of the young and oklézens is related to the
working age population. This reflects the propertad the population which is
potentially depended either on the state’s supjeagt pensioners) or on their
families. The high proportion of people outside Warking age can be a burden ¢
country’s and city’s financial resources; thesegbeonay also require additional
support in form of health and social during extremeather events. During heat
waves and flooding the older people and childred te be disproportionately
affected in terms of their physical health (Clarlak, 1998; Cutter et al., 2003;
Fernandez et al., 2002); also they have been fauadffer considerable
psychological trauma following flood events (Ferdenet al., 2002; Rygel et al.,
2006; Tapsell et al., 2002). In addition, theirezar (e.g. parents of children) are
faced with an additional responsibility and mayldxss efficient at the preparation
for, coping during, and recovering after hazardar(Cet al., 1998; Cutter et al.,
2003; Tapsell et al., 2002).

In addition, those dependent on the state for antmshation (e.g. those in nursing
and care homes) have been found to be more fregiotims of heat waves than
those living at home (Kovats and Ebi, 2006; Hajatle 2006).

n

Data
requirements
and sources

Source: Urban Audit. The reference year is 2008 fta BG, CZ, FR, IE, CY,
LV, Flis from 2001.

Processing

The calculation result is multipliedli® and represented as percentage value
giving the share of young and old people compavdtd working age population.
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Example

Human resources — age
dependency index, 2004

42-52
53-56
57-59
b0-B65
66-B81

|| Mo data

1 | Dutside data
coverage

L L I

Note: The number of pecple under 20 years old and over 65 years old is divided by the number of people 20-65 years old and
multiplied by 100.

Data for Bulgaria, Cyprus, Czech Republic, Finland, France, Ireland and Latvia are for 2001.
Source: Eurostat Urban Audit database, 2004,

Source: EEA (2012)

Feasibility Easy
Scientific (Scientific) justification provided in the fielddtionale and context”.
evidence

References:

Kovats, R.S. and Ebi, K.L. (2006) heatwaves andiptiealth in Europe.
European Journal of Public Health 16 (6): 592-599.

Hajat, S., Kovats, R.S. and Lachowycz, K. 2006.tHekted and cold-related
deaths in England and Wales: who is at risk? Odeupal and Environmental
medicine 64: 93-100.

Clark, G., Moser, S., Ratick, S., Dow, K., Meyer,,\®mani, S., Jin, W.,
Kasperson, J., Kasperson, R., Schwarz, H.E. (1888¥ssing the vulnerability of
coastal communities to extreme storms: The cag&ewvére, MA, USA. Mitigation
and Adaptation Strategies for Global Change3: 59-82

Cutter, S.L., Boruff, B.J., Shirley, W.L., (2003p&al vulnerability to
environmental hazards. Social Science Quarter|y?82,261.
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Indicator

GDP per capita in European cities

Key question

What is the ability of the city to eodjmancially in the event of extreme weather?
What is the ability of a city to mobilise extra oeisces to respond to climate char
events?

Climatic hazard

All

Dimensions Response capacity: action

Definition GDP per capita in European cities

Rationale and | According to IPCC, the economic condition of looat, whether expressed as th

context economic assets, capital resources, financial meaadth, or poverty, clearly is g
determinant of adaptive capacity. It is widely guted that wealthy nations are
better prepared to bear the costs of adaptatiolinate change hazards and risks
than poorer nations (Smit and Pilifosova, 2001)sTould be extended to cities:
The wealthier cities may have higher ability to nlieb financial resources in the
case of emergency. Also, the wealthy residentsimetpss state/city support than
the poorer ones.

Data Source: Urban Audit. The reference year is 2004;tdwata quality issues data

requirements
and sources

from 2001 are used for ES (EC2001I)

~J

ge

D

Processing The GDP data have been extracted fretdriban Audit database.
Example = 2
/ "..‘J—? [ y \ M Economic determinant —
S— Ry \\\ N v GDP per capita figures
Il-' L p Nt for European cities,
/ N 2004 (EUR)
; ' @ "'1. A S ' e <5000
¥ \ NN N © 5000-10 000
X % N & 10000-20000
\'-\ \\_ e 2000030 000
b i e > 30000
It:k." 2 [ Mo data
d [ outside data
_‘f"/' s A \-\ o erage
==y
\ \
& 7
I:\' 1 4 :\t\ .
Note: Data for Spain are from 2001 dus to data-quality issues,
Source: Eurostat, Urban Audit database, 2004,
Source: EEA (2012)
Feasibility Easy
Scientific (Scientific) justification provided in the fielddtionale and context”.
evidence

References:

Smit, B. and Pilifosova, O. (2001) Adaptation tan@te Change in the Context o
Sustainable Development and Equity in McCarthy, Cdnziani, O., Leary, A.,

Dokken, D.J. and White, K.S. (Eds.), Climate Cha?@@1: Impacts, Adaptation
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and Vulnerability. IPCC Working Group I, Cambridgaiversity Press,
Cambridge: pp. 877-912
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Indicator

Insurance penetration as proportion of naional GDP

Key question

What proportion of assets is insunea given country?

Climatic hazard

All

Dimensions

Response capacity: action

Definition

Insurance penetration is calculated as the pergemgtotal insurance premiums
gross domestic product.

Rationale and

The proportioned of insured residents and busisasdkects the preparedness for

context extreme weather events. According to IPCC, moreresite penetration
of or access to insurance increases the abiligpohtries to adapt to climate
change (Vellinga and Mills, 2001).

Data http://www.insuranceeurope.eu/

requirements
and sources

Processing
Example 4 165%
16 1
14 4
12 1
10 1
o
5 |
a
5]
696‘ & .\\’b\’bo (Ql& & d\b\’b\‘b‘\’b &_a\’b\‘b\ﬁi*
(\é?‘ & & Q,‘fa(;\{b&(\@? \:i""# @" G, F e ‘{e’%‘ C*Q & :0 {i\) \Dﬁq{g\@"’z ":ég@ W e“b e &
& é\Q + 5 L
& EL a \,sr &
\S“ o
Source: CEA Statistics No 42, European Insurance in Figures, November 2010,
Source: EEA (2012)
Feasibility Easy
Scientific (Scientific) justification provided in the field dtionale and context”.
evidence

References:

Vellinga, P. V., E. Mills, L. Bouwer, G. Berz, SuH, L. Kozak, J. Paultikof, B.
Schanzenbacker, S. Shida, G. Soler, C. BensonidenBJ. Bruce, P. Huyck, G.
Lemcke, A. Peara, R. Radevsky, C. van Schoubra@edR]ugolecki. (2001)
Insurance and Other Financial Services. Chaptei@imate Change 2001:
Impacts, Vulnerability, and Adaptationintergovernmental Panel on Climate
Change, United Nations and World Meteorologicald@gation, Geneva.
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Indicator

Social capital

Key question

What is the capacity of the city resid to respond together in an event of extre
weather? What is the potential for the self-helthimicity’s neighbourhoods and
communities?

Climatic hazard

All

Dimensions

Response capacity: action

Definition

The indicator reflects the perceptiorttod cities’ population on their trust in other
people living in the city. The Perception Surveytiba quality of life in European
cities aimed at measuring local perceptions iniiiéscin the EU, Croatia and
Turkey. The data are based on surveys/interviewarafomly selected citizens.

me

Rationale and
context

Reviews of social capital indicate that the presesfdoridging social capital (links
between distinct groups), bonding social capitbfronships between individuals
who share social identity) or linking social cap{teetworks of trust across
authority gradients) may, albeit not necessaridgdito an increase in resilience ir
societies, and that both are associated with saireivd recovery from natural
disasters (Wolf et al 2010).

There are studies showing that people living imhigme rates may be at higher
risk to overheating, as they are scared to leasie Windows open at night
(Klinenberg, 2002). Similarly, not trusting othenay cause people to stay in a
flooded area to avoid looting. Thus, higher lex#lfrust can contribute to the
response capacity, as they enable people to #ut icase of extreme weather
events.

Data
requirements
and sources

Source: 2009 Urban Audit Perceptions Survey

Processing

The information is provided as « syithetex ». From the perception survey
data, an index was calculated by subtracting tigatnes answers from the positiv
ones and dividing the result by the total numbearswers ("very much agree" an
"quite agree" are counted as positive answers, aalseivery much disagree" and
"quite disagree" are negative answers).This inmidéx has a minimum of -1 and
maximum of +1. To make it easier to use, the indag then multiplied by 50 and
50 then added to the result. The resulting indeserovalues between 0 and 100,
value above 50 means positive answers predomibel@y 50, there are more

m®

nd

negative answers.
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Example

Social capital — trust in
other people (synthetic
index 0-100), 2009

More
negative
23-40 ANSWErs

41-60
Index 50
61-80

@ ® 00

El-100 Mare

positive
ANSwWers

[ No data

[ 1 butside data
coverage

Source: DG REGIO/Eurostat: Urban Perception survey 2010; data 2009.

Source: EEA (2012)

Feasibility Easy
Scientific (Scientific) justification provided in the fielddtionale and context”.
evidence

References:

Klinenberg, E. (2002Heatwave: A Social Autopsy of Disaster in Chicago
Chicago, IL: University of Chicago Press

Wolf, J., Adger, N., Lorenzoni, I., Abrahamson,Afd Raine, R. (2010). Social
capital, individual responses to heat waves amdat# change adaptation: An
empirical study of two UK cities. Global EnvironmahChange 20(1): 44-52.
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Indicator National government effectiveness

Key question How effective is the national governiria the opinion of country’s citizens? How
good the government is at formulating policies praviding public and civil
services?

Climatic hazard| All

Dimensions Response capacity: action

Definition The Worldwide Governance Indicators repm six broad dimensions of
governance for over 200 countries over the perfigbto 2010. One of the
dimensions is government effectiveness, which epemses the population’s
perception of the quality of public and civil sem$ and their degree of independe

from political pressures; the quality of policyrfiaulation and implementation; and
the credibility of the government’'s commitment tis policies.

Rationale and
context

Adger et al (2004) suggest government effectiveassmme of good
governance/institutional indicators of adaptive febponse) capacity.

Data
requirements
and sources

Source: World Bank

nce

Processing The data for the EEA report have beaaad from the World Bank database f
the reference year 2010, cut by all countriesdioatot belong to EEA-38 (Kosov(
is not officially accepted by World Bank) and maggesr country.

Example World Bank Government

effectiveness index,
2010
[ -09ta-0.5
[]-04tons
[ 0.6to 1.0
B 1.1t025.0 Reter
|:| Outside data
coverage
sqi | 1600 15{501_1:1 i "'.?__

Source: World Bank, 2012,

Source: EEA (2012)

Feasibility Easy

Scientific (Scientific) justification provided in the field dtionale and context”.

evidence
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Indicator

Political participation

Key question

What is the level of engagement batviiee city’s residents and the local
authorities? To what extent do the residents thest local authorities?

Climatic hazard

All

Dimensions

Response capacity: action

Definition

Percentage of registered electoratengpin local elections

Rationale and
context

‘Voice and accountability’ is one of the governamekated factors of adaptive
capacity listed by Adger et al (2004); one of thaysvin which it is possible to
assess whether residents in a given location ciae Yoeir preferences is to find
out whether there are democratic processes in,paceto what extent people
participate in these. In addition, there seemsetarbassociation between voting
activity and attitudes to climate change adaptafimn example, Whitmarsh (2008
found that non-voters were significantly less lykad consider climate change a
personal threat or to take action out of conceriitfélowever, the actual political
views are also relevant. Whitmarsh (2011) found thase of more conservative
views are more likely to be skeptical about climettange (see also ‘Education’
generic response indicator).

~

Data
requirements
and sources

Source: Urban Audit (C110091)

Processing Extraction from the Urban Audit database

Example

Feasibility Easy

Scientific Scientific justification provided in the field “ranale and context”.
evidence

Reference:

Whitmarsh, L. (2008) Are flood victims more concetlrabout climate change thd
other people? The role of direct experience in psiception and behavioural
response. Journal of Risk Research 11(3): 351-374.

18
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Indicator

Urban adaptation strategies & measures

Key question

Is there an adaptations strategyeatitiy level which would help to coordinate
responses to climate change?

Climatic hazard

All

Dimensions

Response capacity: action

Definition

Presence of an climate change adaptatiaiegy at the city level.

Rationale and
context

Presence of an adaptations strategy at the cigy sggests the commitment of th
local authority to respond to climate change hazard

ne

Data
requirements
and sources

COST Action TU0902 or EU cities adapt project

Processing

Example

Feasibility Easy

Scientific (Scientific) justification provided in the fielddtionale and context”.
evidence
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Indicator

National adaptation strategy

Key question

Is there an adaptation strategy andtienal level which would help to coordinats
responses to climate change and support citidginactions?

Climatic hazard

All

Dimensions

Response capacity: action

Definition

Presence of a national adaptation sipate

Rationale and

Presence of a national strategy suggests a presegsgpportive governance

D

=i

e

S

context framework in which the city can develop its own ptdéions measures.
National adaptation strategies have become a letsument determining how to
integrate adaptation as a policy aim (Keskitald,®0These strategies can embe
local action into the national context and linkestand regions. They can set the
framework by developing national legislation andating a variety of standards
and incentives (Swart et al., 2009). National gowents can climate-proof
national legislation and policy and mainstream gatégm into different areas whilg
ensuring that national policies are also coheredtsaipportive for local adaptatiof
(Corfee-Morlot et al., 2009).
However, the presence of national strategies doeautomatically mean that ther
are adaptive actions, or higher adaptive capaaitthe city scale. Studies show a
gap between local, bottom-up adaptation and ndtaxhaptation strategies. For
example in Finland, local and regional adaptatiostsgies and measures develo
independently with very little linkages to natiomalaptation strategies. The
national focus undermined regional and local pertdges, making the strategy les
interesting for local actors (Juhola, 2010).

Data UNFCCC

requirements

and sources

Processing

Example

Feasibility Easy

Scientific (Scientific) justification provided in the field dtionale and context”.

evidence

References:

Juhola, S., 2010,'Mainstreaming Climate Change fedam: The Case of Multi-
level Governance in Finland', in: Keskitalo, E.HC.(ed.)Developing adaptation
policy and practice in Europe: Multi-level goverr@nof climate chang&pringer,
Dordrecht.

Keskitalo, E. C. H. (ed.) (201@eveloping adaptation policy and practice in

Europe: multi-level governance of climate changpringer, Dordrecht, New York.
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Indicators relating to specific climate hazards

Indicator

Number of hot days and tropical nights in cities

Key question

What is the exposure to excess hdatiiopean cities and how will it alter in the
next decades due to climate change?

Climatic hazard

Heat waves/Extremely warm weatloaditions

Dimensions

Exposure

Definition

The average number of days with a maximtemperature of 35°C or more,
followed or preceded by a night with a minimum temgture of 20°C or more,
taking into account the Urban Heat Island effeit] accurring in the period April-
September.

Rationale and
context

Extremely warm weather conditions have been thd prosninent hazard causing
human fatalities over the past decades (EEA, 2008).2003 summer European
heat wave alone has caused up to 70 000 exce$s deatr four months in Central
and Western Europe. An increased mortality is thetrdrastic impact of heat
waves; however, exposure to hot weather can hai@ugaother impacts on human
health and well-being, ranging from “bad mood” lifeg discomfort and getting
sick.

The impacts of summer days are extra felt in cied towns because of the ‘Urban

Heat Island’ (UHI) effect. Air temperature diffei@as between urban areas and
rural surroundings can be up to 10°C or more (QR&2). Differences a re
particularly high during night-time.

The consecutive occurrence of hot days (maximunpésature, Tmax > 3%5C)

and tropical nights (minimum temperature, Tmin 320 has been found to explajn

spatial and temporal variation in excess mortalitying recent heat waves. Undef
these conditions, there is no relief of cool nigirtsl subsequent exhaustion leads
a larger impact (Grize et al., 2005; Kovats andatj#}008; Dousset et al., 2011).

Therefore, we propose to select the combined nuofideot days (Tmax > 3%C)
and tropical nights (Tmin >2TC) as heat exposure indicator.

Specification of
data

Basic prerequisites for the indicator:

The summer season is from 1 April to Septemberusual 3 calendar months
(June, July, August) are extended to include amithlitime period when heat
waves may occur.

Meteorological variables: Maximum and minimum valwé diurnal air
temperature

City features population density and share of gsgate per city (UMZ) are used
to estimate the potential UHI effect.
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Data The combined number of hot days and tropical nigBtdT) can be calculated
requirements | from data obtained from various sources:

and sources
» Gridded meteorogical observations (station datasgnt-day) European

Climate Assessment&Data (ECA&D) project: E-OB&tp://eca.knmi.nl

» Reanalysis products, available from institutes dwitle (present-day). The use
of the ECMWF ERA-Interim product is recommendedA=Rterim:
http://dataportal.ecmwf.int/data/d/interim_full_daily/

» Climate model projections (present-day and future):
present-day and future projections from ENSEMBLE§qxt:
http://fensemblesrt3.dmi.dk

» City features for population density and shareretg space:
Urban audit database (Eurostat) and Urban AtlasEGMEEA)

http://www.urbanaudit.org/DataAccessed.aspxhtipp//eurostat.ec.europa.eu/porta
I/page/portal/region_cities/city urban/data_citiglsles subl

http://www.eea.europa.eu/data-and-maps/data/popuddensity-disaggregated-
with-corine-land-cover-2000-2/

http://www.eea.europa.eu/data-and-maps/data/urtias-a

http://www.eea.europa.eu/data-and-maps/data/urt@phmological-zones-2006-
umz2006-f3v0

Processing RCMs generate values for daily maxinmamimum and average air temperatures,
typically on a 25 x 25 km resolution. The numbetropical days (> 38C)
followed by tropical nights (> 280C) should be counted.Neither observations and
reanalyses data, nor RCMs take the urban landsetpaccount. Therefore a
correction for daily nocturnal UHI intensity is praesed. For now, until a more
general relationship is available, we use theimlahip between UHI and
population density assessed by Steeneveld et HL: 20

UHl peq = 0.1822 xP3-29%¢(r2 = 0.55)(1)

, where UHImed is the median UHI in K and Pd ispbpulation density of the
core city in inhabitants per km2. The nocturnal @dtimated for each city is
added to the daily minimum temperatures obtainech the RCMs to estimate the
daily minimum temperature in a city. Steeneveldlef2011) found also a
guantitative relationship between UHI and % greavec. However, due to a lack
of data this relationship is less certain and ttoeeg not proposed here, though
many studies show the mitigating effect of urbeseg.

Feasibility Most of the databases to be used arelitensed and also already available on the
internet. Furthermore, most data undergo qualibtrob procedure before being
published and are supposed to be reliable.

Scientific Dousset, B., Gourmelon, F., Laaidi, K., Zeghnoun,@iraudet, E., Bretin, P.,
evidence Mauri, E. and Vandentorren, S., 2011, 'Satelliteitooing of summer heat waves|
in the Paris metropolitan area’, International daliof Climatology, 31(2) 313-
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323.

European Environment Agency, 2008. Impacts of Eeiophanging climate: 200§
indicator-based assessment; joint EEA-JRC-WHO tepoxembourg: Office for
Official Publ. of the European Communities.

Grize, L., Huss, A., Thommen, O., Schindler, C. 8ndun-Fahrl&nder, C., 2005,
'Heat wave 2003 and mortality in Switzerland', SW&edical Weekly, 135(13-14
200-205.

Kovats, R. S. and Hajat, Shakoor, 2008, 'Heatst@ead public health: A critical
review', Annual Review of Public Health, 29(1) 45-5

Li, P.W. and Chan, S.T. (2000). Application of aateer stress index for alerting
the public to stressful weather in Hong Kong. Mebédppl 7:369-375.

Oke, T.R., 1982 The energetic basis of the urbat island. Quart. J. R. Met. Soc.
108, pp. 1-24

Steeneveld, G.J., Koopmans S., , Heusinkveld, Bv@n Hove, L.W.A. and
Holtslag, A.A.M., 2011. Quantifying urban heat rsleffects and outdoor human
comfort in relation to urban morphology by expl@riobservations from hobby-
meteorologists in the Netherlands. J. Geophys.1R6sD20129, 14pp., doi:
10.1029/2011 JDO15988.
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Indicator

Thermal comfort index - Number of days with potentally strong heat
discomfort

Key question

What will be the potential impactartdoor thermal comfort of citizens?

Climatic hazard

Heat waves/Extremely warm weatloaditions

Dimensions

Exposure

Definition

The average number of days with a maxmeffective temperature (ET) of 27°C
or more, taking into account the Urban Heat Isleffidct, and occurring in the
period April-September.

Rationale and
context

Whether citizens feel comfortable or not within tirfean micro climate depends
not only on temperature, but on a complex inteoadietween physical,
physiological, behavioural, and psychological fagto

For the assessment of the thermal exposure ofuimah body, the integral effects
of all thermal parameters have to be taken intoatic Empirically derived
indices, like the discomfort index (Thom, 1959) tawalb-globe-temperature
(WBGT), apparent temperature (Steadman, 1979)wamd-chill index (Steadman
1971) are being used to describe thermal comftwugh often used, these indice
consider only a limited number of the relevant rastogical parameters.
Furthermore, they generally do not take into actthermal physiology. More
sophisticated bio-meteorological indices, like pinedicted mean vote (PMV), the
physiologically equivalent temperature (PET), dmeltecently developed
Universal Thermal Comfort Index (UTCI) are basedmumodels for the human
heat balance which use all relevant meteorologiaedmeters, as well as
physiological factors as input (Fanger, 1970; H6p®®@9; Matzarakis et al., 2010
Fiala, 2012). These models rely on many varialsiesie of which may be difficult
to obtain in practice for large regions. therefthey are less suited to apply as a
European-wide indicator for thermal comfort.

We propose to use Effective Temperature (ET) &®iartal comfort index thatcan
be considered as an alternative exposure indidafiois a relatively simple, direct
index containing air temperature, water vapourguresand wind speed. Results
Blazejczk et al. (2012) suggest that ET can berdsghas a reasonable proxy for
the much more sophisticated UTCI.

In particular during night-time, the air temperatand therefore ET in cities can |
affected by the Urban Heat Island (UHI). We propiostake this effect into
account as well. The potential for UHI can be eatad from population density.
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Specification of
data

Meteorological variables:

e Maximum and minimum of diurnal air temperatures
e Maximum and minimum relative air humidity
o Daily average values of wind velocity

City features as population density and share of green spacetgglJMZ) are
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used to estimate the potential UHI effect.

Data
requirements
and sources

The Effective Temperature (ET) can be calculatethfdata obtained by:

» Gridded metrological observations (station date@gent-day)
European Climate Assessment Data (ECA&D) project:
E-OBS :http://eca.knmi.nl

* Reanalysis products, available from institutes dwitle (present-day). The use

of the ECMWF ERA-Interim product is recommended:
ERA-Interim: http://dataportal.ecmwf.int/data/d/interim_full_daily/
» Climate model projections (present-day and future):
present-day and future projections from ENSEMBLESqTt:
http://ensemblesrt3.dmi.dk
» City features for population density and shareretg space:
Urban audit database (Eurostat) and Urban AtlasESNMEEA)

http://www.urbanaudit.org/DataAccessed.aspxhtipp/eurostat.ec.europa.ed
ortal/page/portal/region_cities/city urban/dataesitables subl

http://www.eea.europa.eu/data-and-maps/data/popoddensity-
disaggreqgated-with-corine-land-cover-2000-2/

http://www.eea.europa.eu/data-and-maps/data/urtbas-a

http://www.eea.europa.eu/data-and-maps/data/urk@phological-zones-
2006-umz2006-f3v0

Processing

Neither observations and reanalysesrdat& CMs take the urban landscape int
account. Therefore a correction for daily noctutdll intensity is proposed. For
now, until a more general relationship is availakble use the relationship betwee
UHI and population density assessed by Steeneveld 2011:

UHlpeq = 0.1822 xP3-29%¢(r2 = 0.55)(1)

where UHImed is the median UHI in K and Pd is tbpydation density of the corg
city in inhabitants per km2. Steeneveld et al. @Gbund also a quantitative
relationship between UHI and % green cover. Howelge to a lack of data this
relationship is less certain and therefore, noppsed here, though many studies
show the importance of urban green in mitigatingthe the urban environment.
The nocturnal UHI estimated for each city is adtgethe daily minimum
temperatures obtained from the RCMs to estimateaiig minimum temperature
in a city.

To assess the potential impact on outdoor therorafart and heat stress, daily

maximum (daytime) and minimum (night time) effeetiemperatures for cities af
estimated according to:

37 — Tair

0.68 —0.0014 RH +

ET =37 — —0.29 Ty;(1 — 0.01 RH) 2)

1
1.76+1.4w275

D

D

e
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where Tair is the air temperature, RH the relativenidity (%) of the air and ws
the average wind speed (m/s). The maximum RH shoellcombined with the
minumum T, since maximum RH usually occurs durlmgniight. For now, we
assume that RHs in the urban outdoor areas amaunct different from those in th

rural surroundings. Observational data of wind dgeehe urban environment are

scarce. The available datasets indicate that thd speeds in the urban
environment are much lower than in the rural surddgs. Particularly at hot
days, wind speeds are usually low (< 2 m s-1).ifneary estimations (see annex
2) show that only a small error is made by fillinga fixed wind speed of 1 m s-1
for urban areas in equation (3).

Table 2 shows the thresholds for ET that are inms&entral Europe:

Table 2. Thresholds for Effective Temperature

he

ET ranges?C) | Thermal stress
>27 Hot
23-27 Warm
21-23 Comfortable
17-21 Fresh
9-17 Cool
1-9 Cold
<1 Very cold
Feasibility Most of the databases to be used aeelitensed and also already available on {
internet. Furthermore, most data undergo qualititrob procedure before being
published and are supposed to be reliable.
Sometimes, RH is not available directly. In thoases it can be computed from the
atmospheric moisture variable that is actually mehglable, such as dew-point
temperature.
Scientific Blazejczyk, K., Epstein, Y., Jendritzky, G., Staigd., and Tinz, B. (2012).
evidence Comparison of UTCI to selected thermal indicesJiBiometeorol (2012) 56:515-

535 DOI 10.1007/s00484-011-0453-2.

Fanger PO (1970) Thermal comfort—analysis and egfitins in environmental
engineering. McGraw Hill, New York, pp 19-43.

Fiala, D, G. Havenith, P. Brode , B. Kampmann, G. Jenkljt2012: UTCI-Fiala
multi-node model of human heat transfer and temiperaegulation. Int. J.
Biometerol., 56(3), 429-4

Fischer, E.M. and Schar, C. (2010). Consistent ggabgcal patterns of changes i
high-impact European heat waves. Nature Geosciéut#ished online: 16 May
2010, DOI: 10.1038/NGEO866, 1 - 6.

Grize, L., Huss, A., Thommen, O., Schindler, C. Bnaun-Fahrlander, C., 2005,
'Heat wave 2003 and mortality in Switzerland', SW&edical Weekly, 135(13-14
200-205.

-

Hoppe, P. (1999). The physiological equivalent terafure — a universal index fo
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the biometeorological assessment of the thermat@mment. Int. J. Biometeorol.
43, 71-75.

Kovats, R. S. and Hajat, Shakoor, 2008, 'Heatsi@ed public health: A critical
review', Annual Review of Public Health, 29(1) 45-5

Li, P.W. and Chan, S.T. (2000). Application of aateer stress index for alerting
the public to stressful weather in Hong Kong. Mebéé\ppl 7:369-375.

Matzarakis, A., Rutz, F., and Mayer, H. (2010). Mlidg radiation fluxes in
simple and complex environments: basics of the RayModel. Int. J.
Biometeorol. 54: 131-139.

Missenard, F.A. (1933). Température effective d’atraosphere Généralisation
température résultante d’un milieu. In: Encyclopddidustrielle et Commerciale,
Etude physiologique et technique de la ventilatiohrerie de I'Enseignement
Technique, Paris, pp 131-185

Steadman, R.G. (1971) Indices of windchill of ckxdtpersons. J. Appl Meteorol
10:674-683.

Steadman, R.G. (1979) The assessment of sultriRassl. A temperature-
humidity index based on human physiology and cihgjlscience. J Appl Meteorol
18:861-873

Steeneveld, G.J., Koopmans S., , Heusinkveld, Bvan Hove, L.W.A. and
Holtslag, A.A.M. (2011). Quantifying urban hedaisd effects and outdoor humg
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meteorologists in the Netherlands. J. Geophys.1IR6sD20129, 14pp., doi:
10.1029/2011 JDO15988.
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Indicator

Share of low-income households

Key question

What is the current and future sevisitof the urban population to excessive heat?

Climatic hazard

Heat waves/Extremely warm weatloaiditions

Dimensions Sensitivity (state)
Response (change)
Definition Proportion of households in a city wih income less than half of the national

average income for households in the country [%]

Rationale and
context

Low-income households may be more sensitive to-tetatted mortality (WHO,
2004; Reid et al., 2009; Schauser et al., 2010)1Edarge eastern US cities in
1973-1994, Curriero et al. (2002) found that theg@atage people living in
poverty was associated with increased mortalitga$f of high temperature. A
modest increase in risk of heat-related death Wwasreed for those making less
than (versus more than) $10,000 during the 19984gjei heat wave (Naughton et
al., 2002). In Seoul, Korea, people of low inconad higher mortality rates during
hot weather (Kim and Joh, 2006). The increasedmai be due to poor quality of
housing and lack of air conditioning, as well asklaf access to resources and
transportation. U.S. studies indicate that air @ring is an important protective
factor for heat related mortality in the USA (Sereeet al., 1996; Naughton et al|,
2002). Individuals on low incomes are also moreliiko have a chronic disease
other medical risk factors, such as obesity or alalihess, which will increase the
risk of heat-related mortality (Kovats and Hajdi0g).

So far, most studies on the influence of socio-enan factors have been
conducted for cities in the US. There is a lackdrmation for European cities.
Stafoggia et al. (2006) analysed heat-related riyrfar four Italian cities and
reported a higher risk in low-income groups.

e propose to select the percentage of househotddess than half the national
average as a social sensitivity indicator to hekgted mortality. This may be

arbitrary, but the same would apply to other pdesiidicators, since no evidence
basis exists linking such specific indicators tatheensitivity.

Data
requirements
and sources

The urban audit database includes various socinesnir indicators of among
which percentage of households with less thanthalhational average income.

http://www.urbanaudit.org/DataAccessed.aspxhtipp/eurostat.ec.europa.eu/porta

I/page/portal/region_cities/city urban/data_citiglsles subl

Processing Take from Urban Audit

Feasibility Easy for current status; currently mojgctions available

Scientific Eurostat, 2008, 'Population projections 2008—2066em 2015, deaths projected
evidence to outnumber births in the EU-27', Eurostat, Luxeong.

Kim, Y., and S. Joh, 2006. A vulnerability studytbé low-income elderly in the
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context of high temperature and mortality in Se&ualrea. Sci Total Environ
371(1-3): 82-88.

Kovats, R. S. and Hajat, S., 2008. Heat stresgpahtic health: A critical review.
Annual Review of Public Health 29:41-55.

Reid, C. E., M. S. O'Neill, C. J. Gronlund, SB¥ines, D. G. Brown, A. V. Diez-
Roux, and J Schwartz (2009). Mapping Community Deiteants of Heat
Vulnerability. Environmental Health Perspective§ (1), pp. 1730-1736.

Stafoggia M, Forastiere F, Agostini D, Biggeri As8nti L, et al. 2006.
Vulnerability to heat-related mortality: a multitgipopulation based case-crosso
analysis. Epidemiology 17:315-23

Schauser, 1., Otto, S., Schneiderbauer, S., Haivgyodgson, N., Robrecht, H.,
Morchain, D., Schrander, J.-J., Khovanskaia, Mlik@émaz-Aydemir, G.,
Prutsch, A. and McCallum, S., 2010, Urban regienfnerabilities, vulnerability
assessments by indicators and adaptation optiomdifitate change impacts —
Scoping study, ETC/ACC Technical Paper, Europegmcl@entre on Air and
Climate Change, Bilthoven.

WHO, 2004. Heat waves: risks and responses. HaatttGlobal environmental
change series, no 2. 124 pp.
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Indicator

Share of urban population with an age of 65 yearsralder

Key question

What is the current and future serisitof the urban population to excessive he

Climatic hazard

Heat waves/Extremely warm weatloadiions;
Floods

Droughts and water scarcity

Dimensions

Sensitivity

Definition

The proportion of people in a city widm age of 65 or older [%]

Rationale and
context

Senior citizens are more sensitive to heat beoafuisgrinsic changes in the

thermo-regulatory system and because of the udeugsb that interfere with norma

homeostasis. Many epidemiological studies ment®gears or older as the age
above which the sensitivity to heat starts to iasee However, this age threshold
often predetermined and it is not entirely cledratevhich age above 65 years th
sensitivity really increases. Also, it remains @waclwhether women or men are
more at risk of dying in a heat wave (Kovats angali2008; Reid et al, 2009;
WHO, 2004). However, in practice mortality ratesidg heat waves are found to
be associated with the share of population withgaover 65 years (Kovats and
Hajat, 2008). Despite the shortcomings, we theesfwopose to use the share of
urban population with an age of 65 years and aldean ‘overall’ sensitivity
indicator to heat

This population group currently constitutes abotifl% of the total population of
Europe, but this share is expected to rise to 3p%hdyear 2060. The share of
people aged 80 years or older (4.4% in 2008) wilnenearly triple by 2060
(Schauser et al., 2010; Eurostat, 2008). Obviouisig,demographic trend will lea
to an increased sensitivity to heat. However, dgaquhic developments of cities
may deviate from regional trends. No European wliglmographic projections at
city level are available yet and consequentlys itot well possible to project how
the sensitivity will change in the next decade$hebindicators may be possible,
such as lone pensioner households, but it is ear evhat additional information
that would provide.

at?

S

7]

Data
requirements
and sources

Demographic information is available from the urlaanlit database. The databag
is however not gender specific. If information otuire demographic developmery
of particular cities is available, this can be usethake future projections. As suc
an indication about the change in sensitivity tattean be obtained.

http://www.urbanaudit.org/DataAccessed.aspxhtipp/eurostat.ec.europa.eu/po
I/page/portal/region cities/city urban/data citigsles subl

ra

Processing

The proportion of aged populatia®5 in cities can be classified (see legenda in
figure below).
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Example (if
available)

Vulnerable people —
'y ] the elderly are considered
to be a group more
[\ | sensitive to various
(. 4 climatic stress factors

than people of a
working age

Proportion of aged population
> 65 in cities/countries, 2004

- <14
[ 14-15
I 15-17
[ 17-20
B 20

Nao data

l:l Outside data

coverage

Total population in cities,
4

o < 100 000

© 100 000-250 000
O 250 000-500 000
(O 500 000-1 000 000
(O > 1000000

Feasibility

Easy for current data; currently noaigable for projections.

Scientific
evidence

Eurostat, 2008, 'Population projections 2008—2066em 2015, deaths projected
to outnumber births in the EU-27', Eurostat, Luxeong.

Kovats, R. S. and Hajat, S. (2008). Heat stresspabtic health: A critical review.
Annual Review of Public Health 29:41-55.

Reid, C. E., M. S. O’Neill, C. J. Gronlund, SBiines, D. G. Brown, A. V. Diez-
Roux, and J Schwartz (2009). Mapping Community Deieants of Heat
Vulnerability. Environmental Health Perspectiveg (1), pp. 1730-1736.

Schauser, 1., Otto, S., Schneiderbauer, S., HaAvgyodgson, N., Robrecht, H.,
Morchain, D., Schrander, J.-J., Khovanskaia, Mlik@émaz-Aydemir, G.,
Prutsch, A. and McCallum, S., 2010, Urban regianfnerabilities, vulnerability
assessments by indicators and adaptation optioméiftate change impacts —
Scoping study, ETC/ACC Technical Paper, EuropeariclGentre on Air and
Climate Change, Bilthoven.

WHO, 2004. Heat waves: risks and responses. HaattrGlobal environmental
change series, no 2. 124 pp.
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Indicator

Early warning related activities (monitoring systemor emergency plans)

Key question

If there is yet any monitoring syst@nemergency plan available, who could/should be
responsible to develop and establish it? How camthintenance and the update of the
activities be guaranteed?

Climatic hazard

Floods

Dimensions

response capacity

Definition

Presence of systems improving the respdn flooding, including warning systems or
emergency plans.

Rationale and
context

In the case of flooding as a response to intemnrsivdalls the existence of (web-based) early
warning system can predict expected water levededan detailed data and models, and
thereby serve as a general proxy for copying wighdccurrence of flood. Of outmost
importance in this context is the continuous updéthe input data in order to guarantee an
effective forecast with adequate warning timegadle, user-friendly operation of models ar

d

a reliable forecast to allow for an adequate capwihthe population with the occurrence of the

hazard.

Emergency plans can help in order to help evacuatitivities and thereby enhance the ove
coping capacities as there is guided informatiavigled of how to protect from losses.

Data
requirements
and sources

For establishing a monitoring system detailed dathmodels on precipitation and water ley
iS necessary.

For establishing emergency plans detailed inforonais needed on risk prone areas and
transport infrastructure.

The European Floods Portal brings together infaionatn river floods and flood risk in
Europe, resulting from ongoing research within“tleods” Action at the Joint Research
Centre (JRC) of the European Commission, as wdtoas public available information from
EU countrieshttp://floods.jrc.ec.europa.elihe European Floods Awareness System (EFA
is an early flood warning system complimentary ational and regional systems. It provides
the national institutes and the European Commissitminformation on possible river
flooding to occur within the next 3 or more days.

Processing

Use existing dynamic GIS-based Webcatjans in order to combine different input data.
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Indicator

Distribution of urban green spaces

Key question

How resilient is a city regarding heaves? Is the distribution of urban green and

blue spaces adequate to provide necessary coolirities and their residents? D
urban green spaces increase the thermal comfoities and alleviate stress to
vulnerable citizens (the elderly and the very yguhgse with health problems)?

Climatic hazard| Heat waves
Dimensions Exposure
Response capacity (changing distribution of gremces)
Definition The indicator provides the edge denpigy km? of edges/boundaries between green

and red (built-up) areas of the cities, by thateepnting a proxy for the
distribution of urban green spaces

[m/ha]

Rationale and
context

Heat waves have been the most prominent hazarthgausman fatalities over the

past decades (EEA, 2012a). The 2003 summer Eurdmmedmwave alone has
caused up to 70 000 excess deaths over four moi@kntral and Western Europg
An increased mortality is the most drastic impddieat waves; however, exposu
to hot weather can have various other impacts omanuhealth and well-being,
ranging from “bad mood”, feeling discomfort andtgeg sick.

The impact of heat waves is particularly strongities and towns. The so-called
‘Urban Heat Island’ (UHI) describes the increasadperature of the urban air
compared to its rural surroundings. The temperatifference can be up to 10°C
or more (Oke, 1982). The difference is in particligh at night time.

It is a well-known and documented fact that thallaarface temperature and the
share of vegetation are related to each other (Ehah, 2006; Jusuf et al., 2007;
Gabor and Jombach, 2009; Klok et al., 2012). Thelianating thermal effect
induced by green spaces inside the warm urban dfiicrate of densely populated
cities can improve the thermal comfort, as wellresoverall health and living
conditions of their inhabitants. The effect of urtggeen spaces on UHI is
primarily provided by shading and evapotranspiratio

In cities, most notably, the cooling effect of veged surfaces is replaced by
storage of heat in impervious engineered surfatessequently, the more urban
green spaces a city still contains and the beistiilslited these green spaces are
the lesser the impact of the UHI effect. Indeedcfties in the Netherlands,
Steeneveld et al. (2011) found that an increadiesipercentage of surface area
covered with green vegetation decreases the maxibidhintensity significantly.
The cooling effect of vegetation can be identifgdlifferent scales, from building

D
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()

(green and blue roofs, green walls), streets (ttees rows), to regions and
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complete cities (parks, green lanes, etc). Codfifects of parks have been
observed at distances up to 500 m or more (Bowlak.,e2010). Also green space
at the fringes of the cities provide beneficiakett in terms of recreational and
cooling functions.

These aspects will be analysed by two indicatgrth€ share of urban green
spaces (see separate indicator factsheet), antdgi§dge density between green
and non-green (i.e. “red”) space as a proxy forik&ibution of green spaces. Th
land use data source is the GMES Urban Atlas detad®), which provides
reliable, inter-comparable, high-resolution land uosaps for 305 Large Urban
Zones and their surroundings for the reference 8@6. The selection of classes
contained in the urban green spaces is based omdlevance for the Urban Heat
Island effect, i.e. agricultural areas and forestsincluded as well. The share of
urban green spaces is calculated for on the ong thenUrban Morphological Zon

(UMZ21) of the city and on the other hand a buffext is created around the UMZ.
The buffer has a width of 5km and should accounttfe fringe of the urban areas

Although the effect of size and connectivity ofkmon the cooling effect are not
very well known22, the distribution of urban grespraces provides relevant
information related to the response capacity ta fogsseveral reasons:

Improved accessibility for citizens

Shorter distances between green and blue urbas ianpeove the connectivity ang
hence provide higher chances for biodiversity neaiahce, green infrastructure
elements

More equally distributed cooling effect, especiddly the cooling effect in the
surroundings of parks and other green spaces.

The edge density between the green spaces anentiaéning “red” space of the
cities is computed based on the total edge leragidgelated to a homogeneous
reference unit to account for the varying sizeBuwfopean cities. The edge densi
provides an indication about the distribution dfam green spaces such that one
can interpret that a high edge density in a citiydates a relatively high number g
green patches with borders to the sealed partseairban fabric made up of
residential and commercial/industrial/public builgé. The edge lengths and
derived density are calculated for the red-greeggesdavithin the UMZ inside the
core city.

It can be concluded that the status informatiothefshare and the distribution of

()

IN" (D
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—h

urban green in a city can be used as an overaglhlggical sensitivity indicator for

2 http://www.eea.europa.eu/data-and-maps/data/uabas-

L http://www.eea.europa.eu/data-and-maps/data/uraphological-zones-2000-umz2000-f1v0

22 An analysis of the effect of area, spatial stitestand/or distribution of green spaces on the eff¢ict across
several cities (preferably across Europe has rdtgen done). Such an analysis would help to itiegtiod

indicators.
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the potential UHI of a city, while change infornmatiwould belong to response
capacity.

Data
requirements
and sources

GMES Urban Atlas to extract the relevant classespraduce the maps of urban
green spaces from which the statistics can be ctadpData available for
download from the EEA data servidegtp://www.eea.europa.eu/data-and-
maps/data/urban-atlas

Urban Morphological Zones as reference unit fordityemorphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urlmaphulogical-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

Processing

Basic reference units for the processimghe UMZ inside the core city which
function as a representation of the “real” cityabidition, to account for the urban
fringe a buffer of 5km is computed around the UMijch can also exceed the
core city boundary. By consequence, two stratzieg@ed: (i) “green” and (ii)
“red”.

Urban green spaces are extracted from the Urbas Atloduct, i.e. values for 369
core cities are available. The following selecti@ms been made, all listed classes
are components of the urban green spaces:

CODE Urban Atlas classes

11230 Discontinuous Low Density Urban Fabric (S.L. : 1030%)

11240 Discontinuous Very Low Density Urban Fabric (S.L16%)

14100 Urban green spaces

14200 Sports and leisure facilities

20000 Agricultural areas, semi-natural areas and wetlands

30000 Forests

In the current context, we suggest adjusting thstieg indicator used by the EEA
in the recent report on urban adaptation (‘Shagreén and blue urban areas’) b
excluding the area of water bodies.

Intra-urban edges are computed within the UMZ betwihe red and the green
spaces and summed up to result in a total edgéhleade per city. Afterwards,
the total edge length is put in relation to therefice surface area and converteg
into an edge density, this to account for the vaygizes of the European cities.
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For the map production the values are classifienlSrclasses and presented as
coloured dots on the map: green dots represeasaitith a high or relatively
higher edge density, red and orange dots corresjoorities with a low edge
density.

Example

P

=

| eqgend
Cities:
edge density [mha]

- UMZ ins ide core city

® 414
15 - 24
25 -34

35 -45

o
Lo o &

45 - 25

[RLUINT

Feasibility

Easy

Scientific
evidence

Bowler, D.E.; Lisette M Buyung-Ali, Teri M Knightral Andrew S Pullin (2010):
A systematic review of evidence for the added hentf health of exposure to
natural environments. BMC Public Health 2010, 16:45

Chen, X.L., Zhao, H.M., LI, P.X., Yin, Z.Y. (20068remote sensing image basec
analysis of the relationship between urban heahdshnd land use/cover changes
Remote Sensing of Environment 104: 133-146.

EEA ( 2012a). Urban adaptation to climate chandgéurope - Challenges and
opportunities for cities together with supportivagional and European policies.
European Environment Agency Report No 2/2012, Cbagen, Denmark.

Gabor and Jombach (2009). The relation betweehithegical activity and the
land surface temperature in Budapest. App. EcotoglyEnvironm. Research
7:241-251.

~
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Jusuf, S.K.l.,, Wong, N.H., Hagen, E., Anggoro, fong, Y. (2007). The influence
of land use on the urban heat island in Singapdabitat International 31: 232-
242.

Klok, L., Zwart, S., Verhagen, H., & Mauri, E. (281 The surface heat island of
Rotterdam and its relationship with urban surf&esources, Conservation and
Recycling. doi: 10.1016/j.resconrec.2012.01.009.

Oke, T. R. (1982): "The energetic basis of the nrteat island". Quarterly Journg
of the Royal Meteorological Society 108 (455): 1-24

Steeneveld, G.J., Koopmans S., , Heusinkveld, Bva@n Hove, L.W.A. and
Holtslag, A.A.M. (2011). Quantifyingeffects andtdaor human comfort in
relation to urban morphology by exploring obsemasi from hobby-meteorologist
in the Netherlands. J. Geophys. Res.116, D2012%y.14
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Indicator

Share of urban green space

Key question

How resilient is a city regarding hwates? Is the share of green and blue urban
space sufficient to provide necessary cooling fiiesand their residents? Do
urban green spaces increase the thermal comfoitiés and alleviate stress to
vulnerable citizens (elderly and very young, digepione)?

Climatic hazard

Heat waves, floods, droughts angmscarcity

Dimensions Exposure
Response capacity (change in the proportion ofrugoeen space)
Definition The indicator presents the fraction oégn spaces in European cities for two units

(core city, fringes) [%0]

Rationale and
context

Heat waves have been the most prominent hazarthgausman fatalities over the
past decades (EEA, 2012a). The 2003 summer Eurdysediwave alone has
caused up to 70 000 excess deaths over four moi@bntral and Western Europé
An increased mortality is the most drastic impddieat waves; however, exposure
to hot weather can have various other impacts omanuhealth and well-being,
ranging from “bad mood”, feeling discomfort andt@es sick.

D

The impact of heat waves is particularly strongities and towns. The so-called
‘Urban Heat Island’ (UHI) describes the increasadperature of the urban air
compared to its rural surroundings. The temperatifference can be up to 10°C
or more (Oke, 1982). The difference is in partictligh at night time.

It is a well-known and documented fact that thellaarface temperature and the
share of vegetation are related to each other (€hah, 2006; Jusuf et al., 2007;
Gabor and Jombach, 2009; Klok et al., 2012). Thelianating thermal effect
induced by green spaces inside the warm urban dfiicrate of densely populated
cities can improve the thermal comfort, as weliheesoverall health and living
conditions of their inhabitants. The effect of gréfrastructure on UHI is
primarily provided by shading and evapotranspiratio

In cities, most notably, the cooling effect of veded surfaces is replaced by
storage of heat in impervious engineered surfaessequently, the more urban
green spaces a city still contains and the betstnilalited these green spaces are|
the lesser the impact of the UHI effect. Indeed cfties in the Netherlands,
Steeneveld et al. (2011) found that an increasiedmpercentage of surface area
covered with green vegetation decreases the maxioidhintensity significantly.
The cooling effect of vegetation can be identifdlifferent scales, from building
(green and blue roofs, green walls), streets (ttess rows), to regions and
complete cities (parks, green lanes, etc). Coddfifects of parks have been
observed at distances up to 500 m or more (Bowlak.,e2010). Also green space
at the fringes of the cities provide beneficiakett in terms of recreational and
cooling functions.. The urban fringe is hence alscounted for in this study.

[2)

()

These aspects will be analysed by two indicatgrth€ share of urban green
spaces, and (ii) the edge density between green@mgreen (i.e. “red”) space as a
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proxy for the distribution of green spaces. Thellase data source is the GMES
Urban Atlas data base23, which provides reliabliericomparable, high-resolutig
land use maps for 305 Large Urban Zones and thaiowsndings for the reference
year 2006. The selection of classes containedeimithan green spaces is based
their relevance for the Urban Heat Island effeet,agricultural areas and forests
are included as well. The share of urban greenespaacalculated for on the one
hand the Urban Morphological Zone (UMZ24) of thiy @ind on the other hand a
buffer that is created around the UMZ. The buffes h width of 5km and should

account for the fringe of the urban areas.

It can be concluded that the status informatiothefshare and the distribution of
urban green in a city can be used as an overglhgcal sensitivity indicator for
the potential UHI of a city, while change infornmatiwould belong to response
capacity.

Data
requirements
and sources

GMES Urban Atlas to extract the relevant classespaduce the maps of urban
green spaces from which the statistics can be ctmdpData available for
download from the EEA data servig¢gtp://www.eea.europa.eu/data-and-
maps/data/urban-atlas

Urban Morphological Zones as reference unit fordityemorphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urtzaphrological-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

Processing

Basic reference unit for the procesmiaghe UMZ inside the core city which
function as a representation of the “real” cityabidition, to account for the urban
fringe a buffer of 5km is computed around the UMjch can also exceed the
core city boundary. By consequence, two stratziegated: (i) “green” and (ii)

red”.

Urban green spaces are extracted from the Urbas Atoduct, i.e. values for 369
core cities are available. The following selecti@ms been made, all listed classes
are components of the urban green spaces:

CODE Urban Atlas classes

11230 Discontinuous Low Density Urban Fabric (S.L. : 1030%)

11240 Discontinuous Very Low Density Urban Fabric (S.L16%)

n

2 http://www.eea.europa.eu/data-and-maps/data/urban-atlas
** http://www.eea.europa.eu/data-and-maps/data/urban-morphological-zones-2000-umz2000-f1v0
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Here, we suggest adjusting the existing indicasaduby the EEA in the recent
report on urban adaptation (‘Share of green ane btban areas’) by excluding th
area of water bodies.

The extracted polygons are grouped into to creégeegen” class. Afterwards, the
total area of all “green” patches is summed upitnshare calculated

in relation to the total area of the UMZ (withirethore city); and
in relation to the buffer of 5km around the UMZ.

For the map production the values are classifiearclasses and presented as
coloured dots on the map: green dots represeasaitith a high or relatively
higher share of green and blue urban areas, redrande dots correspond to citig
with a low share.

2S
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Example

™

P
Legend
Cities:
=hare [%] of green area
of UMZ inside core city

® 10-24
& 25-38
O 33-52
% 0 53-66
& G7-80
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N ™

| egend
Cities:
=hare of green area [%]
- buffer area
-1
# 13-219
T 30-45
T 45 -62
q4 O B3-78
& F9-45

1300 4

Feasibility Easy
Scientific Bowler, D.E.; Lisette M Buyung-Ali, Teri M Knightral Andrew S Pullin (2010):
evidence A systematic review of evidence for the added hentf health of exposure to

natural environments. BMC Public Health 2010, 16:45

Chen, X.L., Zhao, H.M., LI, P.X., Yin, Z.Y. (20068remote sensing image basec
analysis of the relationship between urban heahdshnd land use/cover changes
Remote Sensing of Environment 104: 133-146.

EEA ( 2012a). Urban adaptation to climate chandgéurope - Challenges and
opportunities for cities together with supportivagional and European policies.
European Environment Agency Report No 2/2012, Cbagen, Denmark.

Gabor and Jombach (2009). The relation betweehithegical activity and the
land surface temperature in Budapest. App. EcotoglEnvironm. Research
7:241-251.

Jusuf, S.K.l., Wong, N.H., Hagen, E., Anggoro, ifong, Y. (2007). The influence

~

U

1%

of land use on the urban heat island in Singagdabitat International 31: 232-
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242.

Klok, L., Zwart, S., Verhagen, H., & Mauri, E. (281 The surface heat island of
Rotterdam and its relationship with urban surf&esources, Conservation and
Recycling. doi: 10.1016/j.resconrec.2012.01.009.

Oke, T. R. (1982): "The energetic basis of the nrteat island". Quarterly Journg
of the Royal Meteorological Society 108 (455): 1-24

Steeneveld, G.J., Koopmans S., , Heusinkveld, Bvan Hove, L.W.A. and
Holtslag, A.A.M. (2011). Quantifyingeffects andtdaor human comfort in
relation to urban morphology by exploring obsemasi from hobby-meteorologist
in the Netherlands. J. Geophys. Res.116, D2012%y.14
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Indicator

Area potentially affected by flooding/inundation

Key question

How resilient is a city regarding fiiirng? How largés the area potentially exposed to the risk
Are potentially flood affected areas increasinglecreasing because of climate change and/or
dynamics (e.g. urban sprawls or shrinkage)?

Climatic threat

Floods

Dimensions

Exposure

Rationale and
context

Flood events are a complex amalgam of climatic.eor@iogical, hydrological and societal fe
still cause the highest economic damages in Euaopeng all natural hazards. The reasons
manifold and relate among others to socio-ecdoat@velopments and increasing settlement i
areas as well as urbanisations processes (Barf).2

At the same time are urban areas, particularly @ranthe impact of floods as they are ¢
population density, a high intensity e€onomic activities and infrastructure that prova only
for the immediate urban population, but also fgpydation beyond the city limits.

For the successful development of effective flo@hagement and climate change adaptation
strategies an identification of areas exposed ¢oritk of flooding. Exposure indicates the
potentially exposed to the risk of flooding anddfies the areas subject to a potential damag
more general sense exposure isst#ing the relationship of elements at risk te fazard and i
somehow a bridging element” (Fuchs et al., 2015) @t the interface of processes related
hazard as well as processes and structures rétatbd layout and extent of urban areas itself
on exposure serves as basic information for absgbent indicators.

To assess the expasy there is information needed on the (1) floodands and its different
flooding as well as on (2) urban areas itself. (A A flood means “the temporary covering
land not normally covered by water” (Flood DireetiArticle 21). Although any further class
floods is somewhat arbitrary, the following distioa between the different kinds of floods is ¢
quite useful (quoted from Hildén et al., 2012, Bluvial flooding occurs when water levels ir
lake or reservoir rise so that water covers neareas, which normally are dry land. Pluvia
caused by intense localised rainfall. Pluvial fleodften cause damages in urban env
combination with overflowing sewers and high runioffsmall catchments. Coastal flooding
sea level exceeds normal levels due to storm suegesptional tides or tsunamis. Flooding |
river mouths may be caused by a combioma of fluvial flooding with storm surges or
exceptionally high sea level. Groundwater floodargses when underground water emerges
guantities from either point or diffuse locatiofdash flooding is characterised by very rapic
Ad (2): The extent of urban areas indicates areaisare exposed the risk of flooding within a ¢
be expressed in relative terms (i.e. proportionrbfin areas exposed to the risk of flooding inti
overall urban argaand is primarily a function of the topographyawf urban areas in relation tc
of the hazard (e.g. a flat topography usually itesial a higher percentage compared to a m

topography).

Reliable information and data on pluvialpgndwater and flash floods are difficult to obtése:
whereas rainfall precipitation events and how tbhkgnge as a consequence of climate chg
used as a proxy (admittedly a vague one) to bettderstand whether pluvial and/or flafto
increase in urban areas. The most relevant anibfeaxposure information can be produced
to fluvial flooding and coastal flooding (see abpwkdditionally we proposed to use for pluv
the degree of soil sealing as a proxy indicatoiictvis already maintained by the EEA.

Data
requirements
and sources

Fluvial flooding: risk of flooding can be calculdtérom data obtained by: Climate model simul;
instance the present day and future projectionsetkfrom LISFLOOD model:
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http://floods.jrc.ec.europa.eu/lisflood-model.html

Data on coastal flooding is available at:

http://www.eea.europa.eu/data-and-maps/figuresitiatenundation-exposure-for-coastal

Processing Fluvial flooding.
Procedure should follow the steps outlined by tB& E2012):

http://www.eea.europa.eu/data-and-maps/figuresép¢age-of-the-city-that

1) Potential flood areas by 1 m water rise werindated forall Europe according to ETC/LUSI
Cities were defined by clipping UMZs inside CordyQif Urban Audit. 3) Resulting layers of st
step 2 were crossed and, for each city (accordidinitdon in step 2) intersected area was calct
each city, flooded area (step 3) was divided bgltatea (part of the UMZ inside the core city o
Audit) in order to obtain the percentage. 5) Petages obtained from the cities were grouped |
in order to represent groups of cities in the map.

Note: Flood protection measures should not be densd in the calculation.

Coastal flooding indicator. in principle the procedure should the same as witfard to fluvial
by using input data on sudden (storm surges) aping sedevel rise due to climate chang
following source. The methodology and data is andd at:

http://www.eea.europa.eu/data-and-maps/figuresatatanundation-exposure-for-coastal

Again, technical measures should not be considartéds calculation.

Example (If : ~ Percentage of the city
available) that would be flooded
im

® <5

@ 5-10

@ 10-20

@ 20-40

@ >40

Relative change in the
river discharge for flood
events that have a
probability to occur
once every hundred
years between the
scenario run (2071-2100)
and the control run
(1961-1990) (%)

- 40
- 20
- 10

Less flood events

+5
+ 10

+ 20
+ 40

http://www.eea.europa.eu/data-and-maps/figuresépgage-of-the-city-that

Mare flood events
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Potential inundation
exposure for coastal
cities due to projected
sea level rise and
storm surge events

Urbanised area per core
city affected (%)

= 0-5
6-10
11-20
21-40
41-100

@eoCOoe

No data

| Outside data
coverage

1500, ke
{4

http://www.eea.europa.eu/data-and-maps/figuresitiatenundation-exposure-for-coastal

Feasibility Reliable information and data on pluvial, groundwaind flash floods are difficult to obtain (
whereas rainfall precipitan events and how they change as a consequendenatte change
used as a proxy (admittedly a vague one) to bettderstand whether pluvial and/or flash f
increase in urban areas. The most relevant anibfeaxposure informationan be produced w
to fluvial flooding and coastal flooding (see abpve

Scientific (Scientific) justification provided in the field dtionale and context”.

evidence
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Indicator

Population potentially affected by the risk of floaling

Key question

How many people are exposed to theofilooding in an urban area? Where ar
hotspots that need particular attention in cass@rgency?

Climatic threat

Floods

Dimensions

Sensitivity

Rationale and
context

The loss of human life is surely one of the mosese negative impacts caused
flood events, but also the physical and mental egnences as well as wider soqg
impacts contribute significantly to the overall nefability of an urban area. At th
same time, there is no clear picture at hand alvbat are underlying social caus
that influence and define social sensitivity to tis& of flooding. While it is usually
assumed that specific characteristics, such as iageme, gender education
background and other variables would have a sianfi impact on the sensitivit
of people to the risk of flooding, recent researesults from a European cros
cultural analysis indicate that such assumptiossnat easily verifiable (Kuhlicke
et al., 2011, Tapsell et al. 2011).

Against the background of these results, the indicaf social sensitivity ig
restricted to giving an overview on the quantitydaspatial distribution o
population within an urban area. The most feasi@y of doing this is considerin
residential areas affected by the risk of floodamyd include officially registere
citizens in an urban area exposed to the riskaafdiing. This indicator serves th
as proxy for expected number of residents prorbaaisk of flooding.

Data
requirements
and sources

Information is needed on the extent of the arepssed to different kinds of flood
hazards. Therefore the output layer of the indicaea potentially affected by th
risk of flooding” should be used (see above). Addglly information on
population density is needed in order to identrigas within the UMZ that are
densely populated and thus particularly sensitive.

http://www.eea.europa.eu/data-and-maps/data/popuddensity-disaggregated-
with-corine-land-cover-2000-1

Data is available 100 m x 100 m. Each pixel vatuihé estimated density of
inhab/km2. Note however that a pixel is 100 m x fr)Ge 1 hectare. The pixel
value should hence be divided by 100 in order maiverestimate the population
density.
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Processing 1) Output layer from exposure indicdfluvial and sea-level rise) should |
crossed with the population density layer in ortterdetermine areas with hig
population density and thus high sensitivity.

Example (if

available)

Feasibility Easy

Scientific (Scientific) justification provided in the fielddtionale and context”.

evidence

144



Indicator

Industrial/commercial area affected by the risk offlooding

Key question

How sensitive is an urban area torgact of flood events? Which areas are
economically particularly affected?

Climatic threat

Floods

Dimensions

Sensitivity

Rationale and
context

Floods not only affect the population of citizertsey quite often have severe
impacts on companies and entire industries. Thadtpsually takes place on three
different levels: The first level is immediate ingban the physical structure of|a
factory or office as well as its interiors and protion equipment. As long as the
physical space is flooded or as long it is notaest to a functioning level, ja
company is not able to work or an industrial sibé @ble to produce. This results|in
secondary impacts as production might no longepdssible. A car company, for
instance, will no longer be able to produce catgpiats) in monetary losses. This
might result on a third level in the reduction obguctivity in dependent entities as
suppliers might no longer be able to produce piesedwhich other industries
depend. However, assessing the sensitivity of imeissand companies to the
impact of flooding is anything than trivial, whesethe assessment procedures
depends largely on the scale of assessment (Greah, €£011; Lequeux and
Ciavola, 2012). For a European approach is seeemnsftire feasible to develop an
indicator that only includes information about coergial and industrial areas
exposed to the risk of flooding in urban areassTihdicator simply specifies the
geographical expansion of commercial/industrial aad/es as a general proxy|to
what extent industrial/commercial areas are expasedhe risk of flooding
whereas a higher share of such areas would mearcneased vulnerability of
given city.

0}

The indicator would neither provide information thve economic sensitivity of an
urban area nor of the relevance individual compsimiéustries or the entire city
might have within regional, national or global netks of exchange and
interdependency (Sassen, 1991).

Data
requirements
and sources

Information is needed on the extent of the arepssed to different kinds of flood
hazards. Therefore the output layer of the indicaea potentially affected by th
risk of flooding” should be used (see above). Addilly information on the exten
of commercial and industrial areas in a city isdezk Data can be obtained from
the Urban Atlas’s Core Zone 121 — Industrial or owercial units

— (D

http://www.eea.europa.eu/data-and-maps/data/urlmptmlogical-zones-2006-
umz2006-f3v0

Processing (1) Output layer from exposure indicdftuvial and sea-level rise) should be
crossed with the commercial/industrial layer, (2pr Feach city, exposed
commercial/industrial area should be divided bwlt@xposed area (outcome |of
exposure indicator) in order to obtain the peraggmtaof exposed
industrial/commercial area in comparison to theremxposed area.

Example (if
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available)

Feasibility Easy
Scientific (Scientific) justification provided in the field dtionale and context”.
evidence
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Indicator

Sensitivity of (critical) infrastructure

Key question How resilient is a city regarding fiong? How sensitive is the infrastructure in an
urban area to the risk of flooding? What kind dfastructure is exposed to the risk
of flooding?

Climatic threat | Floods

Dimensions Sensitivity

Rationale and Infrastructures are an important basis of urbanvihich is densely networked and

context defined by a highly differentiated society. Infrastures provide services (such|as
provision of water, electricity or social servicadBpt ensure a high standard |of
living and economic productivity. How dependent mod(urban) societies are on
these kinds of lifelines becomes particularly olrgiovhen such services are |no

longer provided. The criticality of infrastructuservices becomes most evident g
visible in case of failure, when services and resesi are suddenly not availal
anymore“ (Fekete 2011, 15). In this sense the raslwof critical infrastructurg
means a substantial disturbance of public life amdiermine the security of servi
supply (Lenz 2009, 19). More the sensitivity oftical infrastructure depends (¢
two overarching elements (based on Fekete 2011)Hé& quantity of elements (
nodes of infrastructure as well as critical numbérservices provided by thg
infrastructure. If a flood reaches a certain wéggel or a certain threshold this w
seriously affect an infrastructure system upon Wwhicther infrastructures
companies/industries or the urban populations dépgi2) the duration of outag
of an infrastructure which depends, among othersthe speed of onset, speci
critical times frames, but also average time ttoresits functionality.

There are many different kinds of infrastructurel @imere are many different wa
of characterising them. Quite often it is distirgied in technical basic structur

as well as social infrastructures. While the fitatee types of infrastructure are

based on some kind of technical elements, thethastare rather based on soc
aspects (although they also contain technical corems.

a. Transport and traffic related infrastructureldype in LUZ)

b. Water related infrastructure (e.g. sewage)

C. Electricity related infrastructure (e.g. grigswer plants etc.)

d. Social infrastructure (e.g. schools, kindergarteirsery homes, hospitals
e. Emergency related infrastructure (e.g. fire depents, police stations

other relevant public institutions etc.)

Assessing the sensitivity of infrastructure to tisk of flooding is a challengin
task as data is quite often not public availablecesimany infrastructures a
operated privately. Furthermore, their sensitiviigpends critically on the exal
spatial location and parameters of the floods @egth, velocity, speed, duratio
but also on the physical condition of the very atites. Therefore it is proposed
assess the sensitivity of infrastructure on a Eemopscale by considering t
existence of infrastructures in urban areas pronthé risk of flooding. A high
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proportion of such kind of infrastructure in flopdone areas means an increa
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vulnerability of an urban and this not only for thery region but also for the larg
urban area, as it might depended on the servicesided by the at rish
infrastructure.

1%
==

Data
requirements
and sources

Currently, data in the Urban Atlas seems to be ambilable on traffic related
infrastructure:

http://www.eea.europa.eu/data-and-maps/data/urtias-a

Additionally, there seems to be information avdiadn flooded treatment plans 4
well as on power plants exposed on ECRINS (howenarquite sure about the
quality of the information)

http://projects.eionet.europa.eu/ecrins

Processing 1) Output layer from exposure indicdfuvial and sea-level rise) should |
crossed with the layer on infrastructure (if avaldg in order to determine th
extent to which infrastructure is sensitive to tis& of flooding.

Example (if

available)

Feasibility Depends on the availability of water

Scientific (Scientific) justification provided in the fielddtionale and context”.

evidence
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Indicator

Early warning related activities (monitoring systemor emergency plans)

Key question

If there is yet any monitoring systanemergency plan available, who
could/should be responsible to develop and estalthsHow can the maintenance
and the update of the activities be guaranteed?

Climatic threat

Floods

Dimensions

Coping/adaptive capacity

Rationale and
context

In the case of flooding as a response to intensivéalls the existence of (web-
based) early warning system can predict expectéelrievels based on detailed
data and models, and thereby serve as a genexgl fmrocopying with the
occurrence of flood. Of outmost importance in ttestext is the continuous updal
of the input data in order to guarantee an effediivecast with adequate warning
times, a stable, user-friendly operation of moa@eld a reliable forecast to allow fi
an adequate copying of the population with the metice of the hazard.

Emergency plans can help in order to help evacuatitivities and thereby
enhance the overall coping capacities as theneited information provided of
how to protect from losses.

Data
requirements
and sources

For establishing a monitoring system detailed dathmodels on precipitation an
water levels is necessary.

For establishing emergency plans detailed inforomas needed on risk prone arg
and transport infrastructure.

The European Floods Portal brings together infaionatn river floods and flood
risk in Europe, resulting from ongoing researcthmithe “Floods” Action at the
Joint Research Centre (JRC) of the European Conanjsas well as from public
available information from EU countridsttp://floods.jrc.ec.europa.elihe
European Floods Awareness System (EFAS) is an #aol¢f warning system
complimentary to national and regional systemgrduides the national institutes
and the European Commission with information orstabe river flooding to occur,
within the next 3 or more days.

Processing Use existing dynamic G1S-based Webaaijans in order to combine different
input data.
Example (if
available)
r‘f
£
r
2
o
http://floods.jrc.ec.europa.eu/efas-flood-forecasts
Feasibility It is difficult to agree on responsitids of maintenance and updating data but if

existing European portals will be used and furttereloped with lower higher
resolution the problem could be solved.

e
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Scientific
evidence

(Scientific) justification provided in the fielddtionale and context”.
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Example (if
available)
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http://floods.jrc.ec.europa.eu/efas-flood-forecasts

Feasibility

It is difficult to agree on responsitids of maintenance and updating data but if
existing European portals will be used and furttereloped with lower higher
resolution the problem could be solved.

Scientific
evidence

Bowler, D.E.; Lisette M Buyung-Ali, Teri M Knightred Andrew S Pullin (2010):
A systematic review of evidence for the added bentf health of exposure to
natural environments. BMC Public Health 2010, 16:45

Chen, X.L., Zhao, H.M., LI, P.X., Yin, Z.Y. (2006Remote sensing image based

analysis of the relationship between urban heabhdsbhnd land use/cover changes
Remote Sensing of Environment 104: 133-146.

EEA (2012a). Urban adaptation to climate chandgeurope - Challenges and
opportunities for cities together with supportivagional and European policies.
European Environment Agency Report No 2/2012, Cbagen, Denmark.

Gabor and Jombach (2009). The relation betweehithbegical activity and the
land surface temperature in Budapest. App. EcotmglyEnvironm. Research
7:241-251.

Jusuf, S.K.l.,, Wong, N.H., Hagen, E., Anggoro, ong, Y. (2007). The influence
of land use on the urban heat island in Singapgdabitat International 31: 232-
242.

Klok, L., Zwart, S., Verhagen, H., & Mauri, E. (ZD1 The surface heat island of
Rotterdam and its relationship with urban surf&esources, Conservation and
Recycling. doi: 10.1016/j.resconrec.2012.01.009.

Oke, T. R. (1982): "The energetic basis of the nibaat island". Quarterly Journa
of the Royal Meteorological Society 108 (455): 1-24

Steeneveld, G.J., Koopmans S., , Heusinkveld, Bvan Hove, L.W.A. and
Holtslag, A.A.M. (2011). Quantifyingeffects andtdaor human comfort in

relation to urban morphology by exploring obsemasi from hobby-meteorologists

in the Netherlands. J. Geophys. Res.116, D2012%y.14
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Indicator

Soil sealing

Key question

How to decrease the amount of solirgga order to reduce pluvial flood and
heat?

Climatic threat

Floods (mainly pluvial) / heat

Dimensions

Exposure (state)

Response capacity (change)

Rationale and
context

Soil sealing plays a major role for pluvial flocaisd the generation of heat.

In the case of pluvial flood, soil sealing increadige run-off by decreasing the

retention and infiltration degree of the soil. Hetefore is responsible for flogd
hazard generation.

As the generation of heat, especially the urban iskzand (UHI) largely depend
on the surface material, soil sealing is a domirfactor. In comparison t

S
D
vegetated areas, it increases solar reflectancéhanthal emissivity, which is the
relative ability of a surface to emit energy by iatibn.As more surfaces are

d

sealed, there is a reduced evapotranspiration whatiributes to elevate
surface and air temperatures.

In order to identify urban areas potentially aféettby flooding/inundation o
heat the overall sealed surface area gives aniaulitlink to the overall are
exposed

Data requirements
and sources

Degree of sealed surfaces. Can be most easilyla@dwia the NDVI from
satellite imageries. EEA produced a high resolusioihsealing layer for the
whole of Europe for the year 2006 based on the satedlite pictures as used
for CORINE land cover data.

http://www.eea.europa.eu/data-and-maps/figuresiufloading-2014-
impervious-surfaces

Processing

http://www.eea.europa.eu/data-and-mgyps's/urban-flooding-2014-
impervious-surfaces :

The degree of soil sealing is taken from the Parmpfiean soil sealing layer tha
contains the degree of soil sealing. To approxirttagenorphological area of th
city, the reference unit is composed of the Urbamw@ological Zones (derived
from CLC 2006) inside the core city boundaries écaity defined in Urban
Atlas / Urban Audit) and above a threshold of 10H@ose reference unit object
have been overlaid onto the soil sealing mosalEunbpe to compute the mean
soil sealing degree of each core city-UMZ by meafrmonal statistics. Those
values have again been classified into four clasedgresented as coloured
dots.

The modelled map has been computed in the frameafdhe ESPON Climate
project and shows the change in annual mean nuofilgays with extreme
precipitation (>20mm/day) between the CCLM scersarim (2071-2100) and
the reference run (1961-1990) for IPCC scenario Alllibse data are calculate
based on the CCLM parameter ‘rainfall’ (yearly)igimdicator will illustrate
regional exposure to changes in heavy rainfall esvand thus indicate
hydrologic extremes. This variable has strong ietee for local heavy rainfall
event, especially when occurring over highly seal@dace area

DD

d

=
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Example (if
available)

Urban flooding —
impervious surfaces
reduce the drainage of
rain water and increase
the risk for urban flooding

Mean percent sail sealing
of the urbanised arga (UMZ)
of the core city

® 7-24
0 25-49
@ 50-74
® 75-100

Change in annual mean
number of days with
extreme precipitation
(= 20 mm/day})

= —S.Otu—S.Dl ;
_ _ g
4.0to- 1.0 2
- 0.9t 1.0
1110 5.0 g
g
Hl 5.1t0131 2
No data
D Qutside data
coverage

Feasibility

Easy

Scientific
evidence

Hildén et al., 2012
Storch & Dones, 2011
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Indicator

Likelihood of meteorological drought event

Key question

What is the likelihood that drough¢vwould be triggered based on long term
meteorological conditions?

Climatic hazard

Droughts and water scarcity

Dimensions

Exposure

Definition

The occurrence of below average preatpi in a given area and time.

Rationale and
context

While meteorological drought/precipitation defidides not threaten urban systems directly,
usually precedes the other types of drought thdtad@ direct impact on urban systems.
Therefore it is a good proxy exposure indicatonfater scarcity and droughts. There are
many ways how precipitation deficit can be measiseé e.g. Heim 2002). One of the
commonly used metrics to monitor precipitationgukarities is SPI (Standardized
Precipitation Index). The Standardized Precipitaticdex measures the difference of
precipitation from the mean for a specified timeiditd by the standard deviation, where the
mean and standard deviation are determined frorolitmate record (McKee, Doesken, and

Kleist 1993). SPI is commonly monitored by meteogidal services in EU member states as

well as by the European Drought Observatory at JR@.Standardized Precipitation Index
(SPI-n) is a statistical indicator comparing thiakgrecipitation received at a particular
location during a period of n months with the Idagm rainfall distribution for the same peri
of time at that location. SPI is calculated on anthty basis for a moving window of n month
where n indicates the rainfall accumulation perishich is typically 1, 3, 6, 9, 12, 24 or 48
months. The corresponding SPIs are denoted as,3®#13, SPI-6, etc. SPI takes values
between +2 and -2 and values below -1.5 are indgaevere dryness.

Data
requirements
and sources

SPI is regularly quantified by meteorological sywaround the Europe. In 2010, WMO
selected the SPI as a key meteorological drouglitator to be produced operationally by
meteorological services. Standardized source ofnmdtion for this indicator can be EDO -
European Drought Observatory at JRC which provithesly data in tabular and graphical
form. Data for particular cities in Europe are #ale online on the EDO website since 1971
Likelihood of occurrence is the number of eventthm predefined period, which are fulfilling
certain criteria. The data is SPI-12 obtained fropetipitation datasets and a criterion is whe
SPI12 is below -1.5. Number of events is in thisecealculated for each grid cell and then
aggregated as needed. See NUTS3 example below.

t

nd

2N

Processing

The Standardized Precipitation Index§pB a statistical indicator comparing the total
precipitation received at a particular locationidgra period of n months with the long-term
rainfall distribution for the same period of timtlaat location. SPI is calculated on a month
basis for a moving window of n months, where ngatis the rainfall accumulation period,
which is typically 1, 3, 6, 9, 12, 24 or 48 monthke corresponding SPIs are denoted as Sk
SPI-3, SPI-6, etc.

The data for SPI-12 obtained from ECA&D (E-OBS)qipé@ation datasets and a criterion is
when SPI12 is below -1.5. Number of events in gitmere horizon is calculated for each grid
cell and aggregated. Suppose we are studying dgyndast 30 year (1982-2012) and we
would like to see if there is high or low likelinddor extreme dry event across Europe. We
calculate SPI-12 at specific location or grid pdorteach month between 1982 and 2012

y

U
-
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(based on the ECA&D (E-OBS) precipitation datasatg) count how many times SPI-12 was
lower than -1.5. This will range between 0 and @Dyears * 12 months) and the likelihood
(the number of dry events divided by the total nandff possible events [360]) will be
between 0 and 100 %.

The scale for this indicator is to be set in thecpss of further development of this indicator
In this example (see map below) scale is arbitndtly same size intervals between minimum
and maximum values. In the selected example mininsuraro and maximum is 20 %.
Meaning that having 20 % or more cases of theadsible cases is described in map scale as
likelihood higher than average. In case of 30 ydata (360 months) 20 % is around 70
months with SP112 lower than -1.5 in.

The table shows the SPI classification that is UseBDO in tabular and map forms.

SPI1 Value Class Cumulative Probability Colour
Probability of Event [%]

SPI = 2.00 Extreme wet 0.977 - 1.000 2.3% B
150 < SPI< 200 Severe wet 0.933 - 0.977 4.4% Purple
1.00 < SPI=< 150 Moderate wet 0.841 -0.933 9.2% Lilac
-1.00 < SPI = 1.00 Near normal 0.159 - 0.841 | 68.2% White
-1.50 < SPI=-1.00 Moderate dry 0.067 —0.159 9.2% Yellow
-2.00 < SPI =-1.50 Severe dry 0.023 - 0.067 44% Orange

SPI<-200 | Extreme dry 0.000 -0.023 | 23% m

Table 1 - SPI Classification following McKee et al, (1993)
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Example (if

az

available)
II;IE::JTSS
Likelihood
E Lower than average )
[ ]Average ‘g&“’ V'v"
EHi her than average E::: A ‘
— gl g ‘%“Vg
&y ' 4
PN &
-z
Likelihood of occurrence of the meteorological dybtifor the period 1989-2008 (Source: B
Kurnik, EEA, personal communication)
Feasibility Indicator is ready to use with minimaahditional effort. Data are freely available and
aggregation algorithm is already used by EEA ireofirojects.
Scientific The description of SPI method is based on EDO lieets and is well described by Barbosa
evidence al (2011). A reduction in precipitation with respezthe normal precipitation amount is the

primary driver of drought, resulting in a successihortage of water for different natural an
human needs. Since SPI values are given in un@gaoflard deviation from the standardiseq
mean, negative values correspond to drier periwals hormal and positive values corresporn

to wetter periods than normal. The magnitude ofddygarture from the mean is a probabilistic

measure of the severity of a wet or dry event.c&the SPI can be calculated over different
rainfall accumulation periods, different SPIs allfiw estimating different potential impacts ¢
a meteorological drought:

- SPIs for short accumulation periods (e.g., SRI-3PI-3) are indicators for immediate
impacts such as reduced soil moisture, snowpackflaw in smaller creeks;

- SPIs for medium accumulation periods (e.g., 3RI-SPI-12) are indicators for reduced
stream flow and reservoir storage; and

- SPIs for long accumulation periods (SPI-12 t&-&H) are indicators for reduced reservoir
and groundwater recharge, for example.

The exact relationship between accumulation paimtiimpact depends on the natural
environment (e.g., geology, soils) and the humégerfi@rence (e.g., existence of irrigation

et

)
)
d

=h

schemes) and this indicator, mainly if presentegrobabilistic way of likelihood is good earl
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warning signal.

Barbosa P., Horion S., Kurnik B., Vogt J.V. (201jought hazard mapping in Africa:
preliminary results , Geophysical Research Absirekd, 5, European Geosciences Union

http://publications.jrc.ec.europa.eu/repositorgtpdam/111111111/23582/1/Ibna25235enn.pdf
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Indicator

Water exploitation index (WEI)

Key question

How much water is used in the cityelative terms? How much is it compared with avdda
water resources? Is abstraction of water sustafabl

Climatic hazard

Droughts and water scarcity

Dimensions

Exposure

Rationale and
context

The majority of European cities draw their watepy either from surface or from ground
water reservoirs. Water availability in physicahts can be simply described as the amoun
water in a given time and given place. For urbaalities, however, this can be misleading.
Big cities often drain water from distant aquiferghey can supply water from different rive
basins at one time. However to capture such compldity there is no data available. The
Water Exploitation Index (WEI) is metrics that dagused to describe exposure of cities to
droughts and water scarcity in terms of freshwstewrces. The WEI is a standard EEA
indicator (CS 018). It is defined as the mean ahtwtial abstraction of fresh water divided by
the long-term average freshwater resources. Itribeschow the total water abstraction puts
pressure on water resources.

[ of

Data
requirements
and sources

Primary data for WEI are Eurostat data on totakwabstraction (totABS) and long term
annual average renewable resource (LTAA). Datakmeady processed by EEA and WEI fq
indicator CS 018. City scale WEI needs more dedailata from the Urban Audit (water

abstraction) and data about local availabilityreEhwater. At the moment WEI is available for

catchment areas but not for local (city level).
Temporal coverage:

1990-1992, 1994-1995, 1997-2007
Geographical coverage:

EU25, EU27, EU12, EU15, EFTA4, EEA32

Processing

WEI is calculated, by country and yasithe ratio of total water annual abstractiorhéo t
long-term annual average available volume (Ltad)jesthwater resources, expressed in
percentage terms.

WEI = totABS / LTAA x 100

Where: totABS = total annual freshwater abstractosrall uses; LTAA = long term annual
average of freshwater resources, where data aragagover a period of at least 20
consecutive years. Unit are percentages

=
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Example (if

Total abstraction per Year/Long term renewable resource

avallable) 0 10 20 30 40 50 60 70 %
Cyprus :‘#‘
Belgium | ,
Spain |
Italy |
Malta |
Turkey |
Germany |
Poland |
France |
Portugal |
Estonia |
Greece |[—————
England/Wales |
Czech Republic |
Netherlands |
Lithuania |
FYR, of Macedonia |
Bulgaria =,
Hungary |
Switzerland |
Austria |,
Denmark ===
Luxembourg ==
Slovenia ==
Romania f==——7——
Finland ==
Ireland ==
Sweden =
Slovakia B—
Latvia
Iceland |
Norway b
B WEI-Latest Year
[0 WEI-90
Source: EEA, CS 018
Feasibility Indicator is ready to use. Should itdisaggregated to local level additional work igahed.
Scientific The water exploitation index (WEI), or withdrawalio, in a country is defined as the mean
evidence annual total abstraction of fresh water dividedhs/long-term average freshwater resource

describes how the total water abstraction putsspreson available freshwater water resourg
Thus it identifies those countries having high edagton in relation to their resources and
therefore are prone to suffer problems of wat@sstrThe long-term average freshwater
resource is derived from the long-term averageipitaton minus the long-term average
evapotranspiration plus the long-term average \wnfimm neighboring countries.

The warning threshold for the water exploitatiodeér which distinguishes a non-stressed fr
a stressed region is around 20 % (Raskin et alf)L®vere water stress can occur where t
WEI exceeds 40 %, indicating strong competitionviater but not necessarily enough
extraction to trigger frequent water crises. Someeds argue that 40 % is too low a threshd
and that water resources could be used much mamsinely, up to a 60 % threshold. Other
argue that freshwater ecosystems cannot remaithizebthe waters in a river basin are
abstracted as intensely as indicated by a WEI éesxof 40 % (Alcamo et al., 2000).

Raskin, P., Gleick, P.H., Kirshen, P., PontiusGRJr and Strzepek, K., 1997. Comprehensi
assessment of the freshwater resources of the v&tddkholm Environmental Institute,
Sweden. Document prepared for UN Commission foteusble Development 5th Session
1997 - Water stress categories are described an2&89.

Alcamo, J., Henrich, T., Rosch, T., 2000. World ¥/ah 2025 - Global modelling and
scenario analysis for the World Commission on Watethe 21st Century. Report A0002,
Centre for Environmental System Research, UniweddiKassel, Germany
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Indicator

Water use per capita

Key question

How much water is required by particaities? Is there a way how to decrease this
consumption?

Climatic hazard

Droughts and water scarcity

Dimensions

Sensitivity

Definition

The total consumption of water in a givety divided by the total resident population.

Rationale and
context

The more water a city uses the more it is sensitivdisruption of its supply. Large urban
formations in Europe are generally entirely depande centralized water supply that can
ensure appropriate water quantity and qualitylierdity population. Smaller urban forms,
towns and villages, often still have a certain slarself-supply (private wells and water borg
holes). Supply of water per capita seems to bepprogriate indicator for water use that can
ensure comparability amongst European cities vititfla conditions.

Data
requirements
and sources

Data on European cities are collected in the Urbadhit and in the Large City Audit project.
Water use per capita in a country is a standardatal that can be derived from Eurostat
Regional statistics. To indicate water use in urdaas, the indicator EN30031 Consumption
of water (cubic metres per annum) per inhabitaatikhgive a relatively accurate picture of
consumption of water in the city. Indicator is ealled at the core city level for time periods:
1989 — 1993; 1994 — 1998; 1999 — 2002; 2003 — 2P067-2009; 2010-2012. However not
cities have data available for all years.

all

Total consumption of municipal water (cubic metees annum) by all users (EN3003V)
excludes leakages; consumption by industries with water and sea water for cooling.

Total resident population is defined as the cotiatigersons recorded as resident in
households in an area even if they were presemvbire on Census night, plus residents in
communal establishments who were present in tlablestiment on Census night. This will
include all persons, national or foreign, who azenmanently settled (i.e. resident one year @
more) in the (urban) area. Eurostat stressestilsapopulation number is the reference for
measuring the general size of the urban entityiwitie specified boundaries of the
administrative city, the Larger Urban Zone andS$lubCity District.

=

Processing Indicator itself is composed as fraatiolwvo other Urban Audit indicators: Indicator
EN3003V Total consumption of water in cu. meteranferator) and DE1001V Total resident
population.

1 : Consumption of water [cubic metres per annum) per inhabitan
Example (if | figacf,Conmeeen o b mesresper ) pernhans
available) TIMEp 1989 1993 1994 1998 1999 2002 2003 2006 2007 2009 2010 2012
CITIESw
Kebenhawn : : 66.1 63.8
Bonn 77.3 76.3 51.6 62.0 60.6
Roma : 124.3 148.8 120.4 120.68
Wien ol 3 g85.1 83.6 T8.6 79.9
Helsinki : : 95.4 T8.4
Stockholm : 157.8 = 131.8

Source: Eurostat
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Feasibility

Indicator is relatively easy to usewewer there are gaps in timeline for some citieglvh
might require additional work.

Scientific
evidence

Not applicable
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Indicator

Water rationing and water cuts

Key question

How much cities limit water distritartiamong their citizens to cope with water scafcity

Climatic hazard

Droughts and water scarcity

Dimensions Sensitivity
Response capacity
Definition The number of water rationing cases &ysliper year.

Rationale and
context

One of the immediate responses how to deal witbspire exerted on water supply systems

the cities is to diminish or interrupt water supplyater rationing is one of the adaptations on

increasing water scarcity. Cutting water supplfes iationing reasons or for technical reaso
and can cause socioeconomic drought and can beagg®dxy indicator for this phenomena

However it is only benchmark indicator shoving thatvextend cities have to cope with wate

supply problems. This indicator has limited forwérdking component, however should it b
observed in long period, some patters might emerge.

Number of water rationing cases, days per yeauded scheduled water cuts due to shorta
e.g. hosepipe bans; excluding cuts due to maintenainrepair which are highly infrequent

in

ns)

=

19%}

Je,

and seldom impact on quality of life. Number of @ratuts, days per year should include water

cuts due to repair and maintenance. Both of thieamors should be reported only if above
mentioned events affects more than 10% of city [adjmun.

Data
requirements
and sources

Data should be taken from Eurostat's Urban AudiBEOBYV - Number of water rationing
cases, days per year and EN3009V - Number of stdebeater cuts, days per year.

Processing

No processing required if data areablail Indicators should be however presented and
interpreted separately.
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Example (if
available)

] + TIME » 1989_1993 1994_1998 1999_2002 2003 _2006 2007 _2009 2010_2012
+ CITIES «

Lens - Liévin
Italy

Roma
Milano
Napoli

Torino

- o ocoo - -

@

Palermo ! ! 1
Genova

Firenze

oo

-

Bad H i 2
Bologna
Catania

m

Venezia
Verona
Cremona
Trento
Trieste
Parugia
Ancona
L'aquila
Pascara
Campobasso
Caserta : : 0

Taranto : : 365 36
Potenza : : 120

Catanzaro : : 365 365 ; i
Reggio di Calabria : : 385 :
Sassari : : 265 120
Cagliari : : 365

Padova , : 0

oocooooooo oo -

o -

o
o
Brascia H H o o
Modena : : 0 0
o
z

. ocooooo

Foggia H H 365
Salemo H H o 1

Cyprus

Feasibility

Indicator has problem with data avaliap It is regularly collected by Eurostat, hovwexarge
amount of cities are not reporting it. There arpsga time series. Additional work is require
to make it functional indicator.

Scientific
evidence

See rationale and context
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Indicator

Fire probability index

Key question

Is the risk of forest fires increadoggause of climate change? How large is the
area potentially exposed to the risk of forestsfrre

Climatic threat

Forest fires

Dimensions

Exposure

Defintion

Overall fire risk of a given year duerteeteorological conditions

Rationale and
context

Although it is generally recognized that the ocenoe of forest fires in Europe
mainly caused by anthropogenic factors, the totmhéd area varies significant

from year to year largely due to weather condgio@limate factors that determine
fire risk are well known and relate to the occucerand length of dry and hpt

is

y

summers (Bassi et al., 2008). These climate camditdecrease the water content

in plants, leading to the increased inflammabilify vegetation. Climate chang

e

projections in the Mediterranean areas indicatenarease in air temperature, heat

waves and dry spells, and a decrease in summefaltaisuggesting a futur
increment in water deficit. This in turn may leadl &an increase in ignitio
probability and fire propagation during the summeriod. Fire danger is alg

expected to increase in the boreal and central d&awmo regions (Lindner et al.

2008).

The fire probability indexis designed to rate the component of fire risk |
depends on weather conditions, and can be empltwy@aalyse fire trends in
consistent way over longer periods. These indicesmally applied on a dail
basis, can be summarised on a seasonal basiettheabverall fire potential of
given year (seasonal fire severity) due to metegioal conditions.

Data
requirements
and sources

Fire probability index
http://forest.jrc.ec.europa.eu/effis/applicatioméédand-services/

Processing

Data source already provides the irstethere is no need for further processing.

Example (if
available)

Projected change in fire danger Projected fire danger (SSR, 2071-2100, annual average)

(SSR, 2071-2100 vs. 1961-1990)

% change in SSR SSR
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Feasibility

Feasible (already developed and pueti3h

Scientific
evidence

The Fire Weather Index (FWI, Van Wagner 1987) &fttre danger assessment
method most widely applied all over the world (S&iguel- Ayanz et al. 2003). It
is also used by the European Forest Fire Informeligstem (EFFIS) in order to
provide a harmonized European-wide assessmenilgffida danger. One
application of the FWI is the Seasonal Severityiigatvhich aggregates the daily
rating over a period of time.

Bassi, S., Kettunen, M., Kampa, E., Cavalieri, 2808, Forest fires: causes and
contributing factors in EuropeEuropean Parliament, Policy Department Econg
and Scientific Policy.

Lindner, M., Garcia-Gonzalo, J., Kolstrom, M., Gue&., Reguera, R., Maroschg
M., Seidl, R., Lexer, M. J., Netherer, S., Schépf,Kremer, A., Delzon, S.,
Barbati, A., Marchetti, M., Corona, P., 200@pacts of Climate Change on
European Forests and Options for Adaptation. Refiothe European
Commission Directorate-General for Agriculture aRdral Development
European Forest Institute, Joensuu, Finland.

San Miguel-Ayanz, J., Carlson, J.D., Alexander, Milhurst, K., Morgan, G.,
Sneeuwjagt, R.and Dudley, M. 2003, Current Mettodsssess Fire Danger
Potential. InWildland Fire Danger Estimation and Mapping. ThddRaf Remote
Sensing DatdE. Chuvieco, Ed.). World Scientific Publishingn&apore, pp. 21-
61.

Van Wagner, C.E. 1987. Development and structuteeofCanadian Forest Fire
Weather IndexSystem. Canadian Forestry Servicapw@ftOntario. Forestry
Technical Report 35. 37 p.

mic
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Indicator

Population potentially affected by the risk of forest fires

Key question

How many people are exposed to theofiforest fires in an urban area? Where
are hotspots that need particular attention in ohsenergency?

Climatic threat

Forest fires

Dimensions

Sensitivity (population)

Definition

Share of population in European citiaad peri-urban areas) leaving in areas of
high risk of forest fires.

Rationale and
context

The land development in the last decades, in pgaticirban sprawl, mean that th
built-up areas are encroaching into semi-naturdlreatural areas, including thoseg
prone to wildfires. Whilst part of this processeated to the trend of having

second homes in the countryside, the number of geent residents in these perit

urban areas has been steadily increasing.

People living in the peri-urban areas are thoset rggosed to direct impacts

forest fire. Frequently, a distinction is made bstw permanent and floatir
population, i.e. temporary residents staying in osdc homes and touris
establishments. However, as the summer seasoe isetison with the higher fi
risk and higher occupancy rates in the peri-urb@as both types of peri-urbg
residents should be considered in order to estithateesource needed in the ¢

of evacuation (transport and temporary shelter) tardhumber of people affecte

by e.g. psychological trauma.

Therefore the indicator on population potentialtigeted is intended to provide &
overview on the quantity and spatial distributidrpopulation in and around urba
area. Currently the indicator only focuses on msighopulation since there is no
European wide data source on floating population.

g
5t
e
AN
nse
2d

AN
AN
[ a

Data
requirements
and sources

Fire probability index
http://forest.jrc.ec.europa.eu/effis/applicatiomsédand-services/

Urban Morphological Zones as reference unit fordityemorphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urlmphological-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

Eurostat. Population data (2006) at 1 km grid. Datsibeen derived by two
different procedures depending on the country:dbettip (aggregation from cens
statistics), which is highly reliable; and top-do{disaggregation from national
statistics), which has more errors (see Barredd5R0
http://epp.eurostat.ec.europa.eu/portal/page/poital
0_Geographical_information_maps/popups/referenopsiption_distribution_de
mography

GMES Urban Atlas data base provides reliable, iotenparable, high-resolution
land use maps for 305 Large Urban Zones and theioendings for the reference
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year 2006.
http://www.eea.europa.eu/data-and-maps/data/urtias-a

EEA Fast Track Service Precursor on Land Monitoribggree of soil sealing.
This information is required to identify the lowban density areas within the
UMZ.
http://www.eea.europa.eu/data-and-maps/data/eead@a&-service-precursor-on-|
land-monitoring-degree-of-soil-sealing-100m-1

eI

Processing 1. Select UMZs as reference units.
2. Delineate peri-urban areas around UMZs
A buffer of 20 km outside the border of the UMZ.
A buffer inward the UMZ, proportional to the degrefesoil sealing (up tg
50% -confirmed by sensitivity analysis). It is geally accepted that
vulnerability to fires is higher in low density #etents due to a highg
proportion of flammable vegetation in the area.
3. Cross the areas selected in 2 with the fireindlex resulting in a classificatig
of peri-urban areas according to fire risk index.
4. Cross 3 with the grid of population resultinghie total population in peri-urb3
areas exposed to different degree of fire risk.
5. For each UMZ calculate the ratio between popnain high risk area (from 4
and total population (UMZ+peri-urban area).
Example (if
available)
Feasibility Easy
Scientific Bassi, S., Kettunen, M., Kampa, E., Cavalieri2808, FOREST FIRES: causes
evidence and contributing factors in Europe, European Pawdiat, Policy Department

Economic and Scientific Policy

Marzano, R., Camia, A., Bovio, G., 2008,'Wildlandsdn Interface Analyses for
Fire Management Planning’, IRroceedings of the Second International

Symposium on Fire Economics, Planning, and Pokc@lobal View Gen. Tech.
Rep., U.S. Department of Agriculture, Forest SexyReacific Southwest Researcl
Station, Albany, CA.

Mell, W. E., Manzello, S. L., Maranghides, A., ButD., Rehm, R. G., 2010, 'Theg
wildland—urban interface fire problem — current Egg@ehes and research needs’,
International Journal of Wildland Firel9(2):238-251.

Rabade, J. M., Aragoneses, C., 2008,'Social Ingfdcarge-Scale Forest Fires', |
Proceedings of the second international symposiarfire economics, planning,
and policy: a global viewforest Service, U.S. Department of Agriculturéhahy,
California.

N
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Weinhold, B., 2012, 'Landscape Fire Smoke as a&aliBeath: Burning

Vegetation Estimated to Kill Hundreds of Thousawdsrldwide',Environmental
Health Perspectived.20(5):204-214.

Williamson, T. B., Northern Forestry Centre (Canja@07, A framework for
assessing vulnerability of forest-based communitedimate change, Canadian
Forest Service, Northern Forestry Centre, Edmor@amada.
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Indicator

Residential area affected by the risk of forest fie

Key question

How sensitive is an urban area torgract of forest fire? Which areas are
particularly affected?

Climatic threat

Forest fires

Dimensions

Sensitivity (economic assets)

Definition

The indicator presents the share ofdestial areas in European cities, and relats
peri-urban areas, exposed to high risk of forest fi

ad

Rationale and
context

The steadily growing interface between wildlandd arban areas in the last
decades, has increased the risk of forest firesainy residential areas. Moreover
is estimated that around three quarters of firgimmpoints in the Mediterranean
countries are located in interface type charaadris/ high aggregation of
vegetation and high density of houses (Vélez, 2009)

Residential areas in high risk zones are most exptusfire damage, which have
serious consequences. For example, forest fir€serce in 2007 caused thousar
of people to lose their homes (Bassi et al., 2008 sensitivity of settlements is
usually related to its structure (lower densityr@ases the sensitivity) and isolatig

Other factors increasing sensitivity of the setttets are the characteristics of the

surrounding vegetation, as well as topographic@sg®arzano et al, 2008).

The indicator would provide an overview of the exteof residential ared
potentially affected. It is also relevant in terofsresources that would be neec
protect o prevent these areas from the expectacefusk.

ds

n.

[72)

to

Data
requirements
and sources

Fire probability index
http://forest.jrc.ec.europa.eu/effis/applicatiomsédand-services/

Urban Morphological Zones as reference unit forditye morphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urlmphological-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

GMES Urban Atlas data base provides reliable, iotenparable, high-resolution
land use maps for 305 Large Urban Zones and theioendings for the reference
year 2006. This data is used to identify the radideareas (classes 1100 to
11300).

http://www.eea.europa.eu/data-and-maps/data/urthas-a

Processing

Example (if
available)

1. Select UMZs as reference units.

2. Delineate peri-urban areas around UMZs
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A buffer of 20 km outside the border of the UMZ.

A buffer inward the UMZ, proportional to the degrefesoil sealing (up tg
50% -confirmed by sensitivity analysis). It is geally accepted that
vulnerability to fires is higher in low density #etments due to a higher
proportion of flammable vegetation in the area.

3. Cross the areas selected in 2 with the fireiridiex resulting in a classificatian
of peri-urban areas according to fire risk per UMZ.

4. Cross 3 with selected residential areas in Uskthas (classes 11100 to 11300)

5. For each UMZ calculate the ratio between regideareas in high risk zone
(from 4) and total residential areas (UMZ+peri-urlaaea).

Feasibility Easy
Scientific Bassi, S., Kettunen, M., Kampa, E., Cavalieri2808, FOREST FIRES: causes
evidence and contributing factors in Europe, European Pawdiat, Policy Department

Economic and Scientific Policy

Marzano, R., Camia, A., Bovio, G., 2008,'Wildlandsdn Interface Analyses for
Fire Management Planning', In: Proceedings of #m8d International

Symposium on Fire Economics, Planning, and PolAc@lobal View, Gen. Tech.
Rep., U.S. Department of Agriculture, Forest SexyReacific Southwest Research
Station, Albany, CA.

Mell, W. E., Manzello, S. L., Maranghides, A., BytD., Rehm, R. G., 2010, 'Theg
wildland—urban interface fire problem — current Egg@ehes and research needs’,
International Journal of Wildland Firel9(2):238-251.

Rabade, J. M., Aragoneses, C., 2008,'Social Impfdcarge-Scale Forest Fires', gn:
Proceedings of the second international symposiufire® economics, planning,
and policy: a global view, Forest Service, U.S. &@pent of Agriculture, Albany,
California.

Robert G. Haight, David T. Cleland, Roger B. Hamnvalker C. Radeloff, T.
Scott Rupp, 2004, 'Assessing Fire Risk in the V&itd-Urban InterfaceJournal of
Forestry, 102(7), p.41-48.

Vélez, R., 2009, Causing Factors of Wildfires: Ac&® on Economic and Social
Driving Forces, InLiving with Wildfires: What Science can Tell (6 Birot, ed.),
EFI Ciscussion Paper 15, European Forest Institute.

Williamson, T. B., Northern Forestry Centre (Cana@07, A framework for
assessing vulnerability of forest-based communitiedimate change, Canadian
Forest Service, Northern Forestry Centre, Edmor@amada.

171



Indicator

Industrial/commercial areas affected by the risk offorest fire

Key question

How sensitive are industrial7commé@iaas to an impact of forest fire? Which
areas are particularly affected?

Climatic threat

Forest fires

Dimensions

Sensitivity (economic assets)

Definitions

The indicator presents the share otigtdal/commercial areas in European citie$

and related peri-urban areas, exposed to higlofihrest fire.

D

Rationale and
context

Industrial and commercial areas have been oneeddrifvers of the increase of
built-up area in Europe (EEA, 2012). Very ofterstbkpansion has gone in paral
with city development.

In terms of economic damage, forest fires haveanger impact on residential
areas than on industrial and commercial areas @haret al, 2008). The reason i
that the development of industrial and commeradiehs has more strict regulatiorn
(especially in terms of fire protection) and is i@@erised by better planning than
housing (in particular second homes). In additindustrial and commercial
facilities tend to aggregate in areas with easgs&to infrastructure and are less
isolated, therefore are more accessible by thegamey services.However,
economic losses are still relevant.

The indicator would provide an indication of thetemt of industrial/commercig
areas potentially affected. It is also relevantdmms of resources that would
needto protect o prevent theses areas from incesse

el

1°2)

Data
requirements
and sources

Fire probability index
http://forest.jrc.ec.europa.eu/effis/applicatiomsédand-services/

Urban Morphological Zones as reference unit forditye morphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urlmphological-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

GMES Urban Atlas data base provides reliable, iotenparable, high-resolution
land use maps for 305 Large Urban Zones and theioendings for the reference
year 2006. This data is used to identify the ingaistommercial areas (class
12100).

http://www.eea.europa.eu/data-and-maps/data/urthas-a

Processing

1. Select UMZs as reference units.
2. Delineate peri-urban areas around UMZs
A buffer of 20 km outside the border of the UMZ.

A buffer inward the UMZ, proportional to the degrefesoil sealing (up tg
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50% -confirmed by sensitivity analysis). It is geally accepted thaft
vulnerability to fires is higher in low density #etments due to a higher
proportion of flammable vegetation in the area.

3. Cross the areas selected in 2 with the fireiridiex resulting in a classificatian
of peri-urban areas according to fire risk per UMZ.

4. Cross 3 with selected industrial/commercial aréga Urban Atlas (classes
12100).

5. For each UMZ calculate the ratio between indaistommercial areas in high
risk zone (from 4) and total industrial/commercetas (UMZ+peri-urban area).

Example (if

available)

Feasibility Easy

Scientific Bassi, S., Kettunen, M., Kampa, E., Cavalieri2808, FOREST FIRES: causes
evidence and contributing factors in Europe, European Pawdiat, Policy Department

Economic and Scientific Policy

EEA, 2010,Land use —SOER 2010 themaatic assessroéfite for Official
Publications of the European Communities, Luxembour

Marzano, R., Camia, A., Bovio, G., 2008,'Wildlandsdn Interface Analyses for
Fire Management Planning', In: Proceedings of #m8d International

Symposium on Fire Economics, Planning, and PolAc@lobal View, Gen. Tech.
Rep., U.S. Department of Agriculture, Forest SexyRacific Southwest Research
Station, Albany, CA.

Mell, W. E., Manzello, S. L., Maranghides, A., BytD., Rehm, R. G., 2010, 'Theg
wildland—urban interface fire problem — current @@ehes and research needs',
International Journal of Wildland Firel9(2):238-251.

Rabade, J. M., Aragoneses, C., 2008,'Social Impfdcarge-Scale Forest Fires', gn:
Proceedings of the second international symposiufir® economics, planning,
and policy: a global view, Forest Service, U.S. &@pent of Agriculture, Albany,
California.

Robert G. Haight, David T. Cleland, Roger B. Hamnvalker C. Radeloff, T.
Scott Rupp, 2004, 'Assessing Fire Risk in the Vditd-Urban InterfaceJournal of
Forestry, 102(7), p.41-48.

Williamson, T. B., Northern Forestry Centre (Canja@@07, A framework for
assessing vulnerability of forest-based communitiedimate change, Canadian
Forest Service, Northern Forestry Centre, Edmor@amada.
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Indicator Sensitivity of transport infrastructure

Key question How resilient is a city regarding f&irBre? How sensitive is the infrastructure in
an urban area to the risk of forest fire? What lohahfrastructure is exposed to the
risk of forest fire?

Climatic threat Forest fires

Dimensions Sensitivity (economic assets)

Definition Percentage of transport infrastructurdaigh risk area of forest fire

Rationale and Transport infrastructures are substantial parhefeéconomic development of cities,
context but also relates to citizens and flows of differéyppe of networks (jobs, food,
services, community, personal links,...). Its relemsarbecomes evident when| a
disruption occurs resulting in both direct and fadi impacts. A part of th
isolation of urban areas one important element dasicler is that increased
sensitivity will difficult the accessibility to hatpots to extinguish the forest fire.

(4%

The impact of the forest fire is strongly dependanthe quality and quantity of the
transport network. In that case quality refershie type of structure that is bujlt
(e.g. number or nodes). Therefore all these elesramet relevant when considering
the sensitivity to forest fires.

It is proposed to assess the sensitivity of infeestire by considering the existence
of infrastructures in urban areas prone to the ofsforest fires. A high proportion
of such kind of infrastructure in fire risk pronedeas means an increased
vulnerability of an urban area and this not onlytfee very region but also for the
larger urban area, as it might depended on thecesrprovided by the at rigk
infrastructure.

Data Fire probability index
requirements

http://forest.jrc.ec.europa.eu/effis/applicatioméédand-services/
and sources

Urban Morphological Zones as reference unit forditye morphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urlmaphulogical-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

GISCO. This is the reference data for transporastfucture in Europe provided by
Eurostaf(http://epp.eurostat.ec.europa.eu/portal/page/ipgideoc Geographical _ir
formation_maps/geodata/reference)

Processing 1. Select UMZs as reference units.

(U

2. Delineate a buffer of 20 km outside the bordethe UMZ in order to integrat
transport network accessing the city.

3. Cross the areas selected in 2 with the fireindlex resulting in a classificatign
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of peri-urban areas according to fire risk per UMZ.

4. Cross 3 with transport network. Calculate petagm of transport network i
high risk of forest fire in the buffer of 20 km.

Example (if

available)

Feasibility Easy

Scientific Bassi, S., Kettunen, M., Kampa, E., Cavalieri2808, FOREST FIRES: causes
evidence and contributing factors in Europe, European Pawiat, Policy Department

Economic and Scientific Policy

EEA, 2010,Land use —SOER 2010 themaatic assessroéfite for Official
Publications of the European Communities, Luxembour

Marzano, R., Camia, A., Bovio, G., 2008,'Wildlandsdn Interface Analyses for
Fire Management Planning', In: Proceedings of #m8d International
Symposium on Fire Economics, Planning, and PolAc@lobal View, Gen. Tech.
Rep., U.S. Department of Agriculture, Forest SexyRacific Southwest Researcl
Station, Albany, CA.

Mell, W. E., Manzello, S. L., Maranghides, A., BytD., Rehm, R. G., 2010, 'Theg
wildland—urban interface fire problem — current @@ehes and research needs',
International Journal of Wildland Firel9(2):238-251.

Rabade, J. M., Aragoneses, C., 2008,'Social Ingfdcarge-Scale Forest Fires', g
Proceedings of the second international symposiufire® economics, planning,
and policy: a global view, Forest Service, U.S. &@pent of Agriculture, Albany,
California.

Robert G. Haight, David T. Cleland, Roger B. Hamnvalker C. Radeloff, T.

Scott Rupp, 2004, 'Assessing Fire Risk in the V@itd-Urban InterfaceJournal of
Forestry, 102(7), p.41-48.

Williamson, T. B., Northern Forestry Centre (Canja@07, A framework for
assessing vulnerability of forest-based communitiedimate change, Canadian
Forest Service, Northern Forestry Centre, Edmor@amada.
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Indicator

Accessibility in peri-urban areas

Climatic threat

Forest fires

Data
requirements
and sources

Fire probability index
http://forest.jrc.ec.europa.eu/effis/applicatioméédand-services/

Urban Morphological Zones as reference unit forditye morphology (as best
approximation of the “real” city form, which is eft not corresponding to the
administrative delineation), available from the E&#a service:
http://www.eea.europa.eu/data-and-maps/data/urlmaphulogical-zones-2000-
umz2000-f1vONB: In the current processing we use all UMZ patcwhich are
located within the core city boundaries.

GISCO. This is the reference data for transporastfucture in Europe provided by

Eurostat(http://epp.eurostat.ec.europa.eu/portal/pagefoigeo Geographical in
formation_maps/geodata/reference)

GMES Urban Atlas data base provides reliable, iotenparable, high-resolution
land use maps for 305 Large Urban Zones and theioendings for the reference
year 2006. This data is used to identify the indalétommercial areas (class
12100).

http://www.eea.europa.eu/data-and-maps/data/urtias-a

Definition Percentage of built-up areas where mitv@n 75% of infrastructure connecti
them to other areas is located in a high risk afdarest fire.

Dimensions Response (ability)

Example (if

available)

Feasibility Feasible also it requires high compgitiesources given the complexity of some

calculations.

Policy question

What is the capacity to evacuag@ents in fie prone areas?

Processing

1. Select UMZs as reference units.
2. Delineate peri-urban areas around UMZs
A buffer of 20 km outside the border of the UMZ.

A buffer inward the UMZ, proportional to the degrefesoil sealing (up tg

50% -confirmed by sensitivity analysis). It is gexlly accepted that

vulnerability to fires is higher in low density #etents due to a highg
proportion of flammable vegetation in the area.

3. Cross the areas selected in 2 with the fireirigkex resulting in a classificatig
of peri-urban areas according to fire risk per UMZ.

4. Cross 3 with selected residential areas in Udsidas (classes 11100 to 1130
resulting in residential areas in high risk o forfes.

eI

0)
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5. Cluster polygons in step 4 laying less than 5&part.

6. For each cluster in step 5 select those roatsembing to the UMZ and estimat
which proportion is in high risk area. Rank clustby percentage of roads in high
risk area. It is suggested 75% threshold for hsgihaition (or low accessibility) —it
could be confirmed by sensitivity analysis.

7. For each UMZ calculate number of clusters, ardesponding area, classified
low accessible (step 7). Calculate percentagelatioa to total residential area in
the peri-urban area of the UMZ.

11%

as

Rationale and
context

When a wildfire threatens a community,residentsegalty evacuate in a condens
time either voluntarilyor by order. Then, road aditructure is a critical compone
of accessibility in order to provide ways of evaowa, but also for fire suppressid
forces. There are two components of accessibitigpacity, which relates to th
width of the infrastructure, and connectivity, repented by alternative ways
connect two points.

The indicator will calculate the percentage of bup areas where more than 759
of infrastructure connecting them to other aredsdated in a high risk area. This
indicator does not take into account either thegoaphic components that would
modulate the fire risk, or vegetation types, sitieese would require a more
complex modelling.

Scientific
evidence

Camia, A., Varela, V., Marzano, R., Eftichidis, @003,Spatialanalysis in
European Wildland-Urban Interface environmentsg&iS. In:Proceedings of th
International Workshop “Forest Fire in the Wildlabdban Interfaceand Rural
Areas in Europe”. 15-16 May 2003, Athens (Greece).

Cova, T., J.Johnson, J. P., 2002, 'Microsimulatibneighborhood evacuations in
the urban - wildland interfacé&Environment and Planning,84(12), p.2211-2229.
de Silva, F., Eglese, R., 2000, Integrating sinwotaimodeling and GIS: spatial
decision supportsystems for evacuation plannlogrnal of the Operational
Research Sociey1:423-430.

Marzano, R., Camia, A., Bovio, G., 2008,'Wildlandsdn Interface Analyses for
Fire Management Planning', In: Proceedings of #8d International
Symposium on Fire Economics, Planning, and PolAc@lobal View, Gen. Tech.
Rep., U.S. Department of Agriculture, Forest SexyReacific Southwest Researcl
Station, Albany, CA.

Mell, W. E., Manzello, S. L., Maranghides, A., ButD., Rehm, R. G., 2010, 'Theg
wildland—urban interface fire problem — current lIgg@ehes and research needs',
International Journal of Wildland Firel9(2):238-251.

Rabade, J. M., Aragoneses, C., 2008,'Social Impfdcarge-Scale Forest Fires', €
Proceedings of the second international symposiufire® economics, planning,
and policy: a global view, Forest Service, U.S. &répent of Agriculture, Albany,
California.

Robert G. Haight, David T. Cleland, Roger B. Hamnvalker C. Radeloff, T.
Scott Rupp, 2004, 'Assessing Fire Risk in the V&itd-Urban InterfaceJournal of
Forestry, 102(7), p.41-48.

Williamson, T. B., Northern Forestry Centre (Cana@07, A framework for
assessing vulnerability of forest-based communitedimate change, Canadian
Forest Service, Northern Forestry Centre, Edmor@amada
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