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Once you find your shoulders dropping
And your speech gets slow and hazy
You better change your way of being
Before you found your brain got lazy
You can build a better future when you join the winrtiegm
If you desire a bright tomorrow, you must build a brighter dream
Dare to let your dreams reach beyond you
Know that history holds more than it seems
We are here alive today because our ancestors dared to dream
From Africa they lay in the bilge of slaships
And stood half naked on auction blocks
From eastentturope they crowded in vessels overloaded with immigrants
And were misnamed on Ellis island
From South America and Mexico, from Asia, they labored in sweat shops
From all over the world, they canto America
Many shivering in rags, and still they dared to dream
Let us dream for today and for tomorrow
Let us dare to dream

[Maya Angelou]
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SUMMARY

Summary

Cities represent at the same time a kaleidoisadiversity-in terms of situations, challenges,
morphology, peopleand an ensemble of same tendency: growing. In the majority of cases,
such growth determines on one hand a growth of the demand for resources and on the other
hand more and more limitedsources at disposal to satisfy such demand, due general trend
and need to substitute green areas with-oilareas.

However, if goal of any plan and policy is human wellbeing, the availability of green areas in
city and, more general, of ecosystemerigcial. Hence, the constituents of human wellbeing
can be summarized into four basic types of capital that are necessary to support a real,
well-being producing economy: built capital, human capital, social capital, and natural
capital (Costanza, 20084&Jow shall we preserve, manage or increase such capital to assure
and increase wellbeing in cities are questions that deaisakers face every day.

Ecosystems contribute to human wellbeing though the provisioning of goods and services,
also known as ecosiem services (ES). These include provisioning services such as food,
water, timber, and fiber; regulating services that affect climate, floods, disease, wastes, and
water quality; cultural services that provide recreational, aesthetic, and spirituats)amelf
supporting services such as soil formation, photosynthesis, and nutrient cycling (MEA, 2005).
However not all ecosystems provide ES to the same extent and depending on physical
characteristics of the ecosystems or their location within the c&yfldw differently. The
consideration of ecosystems and ES in the planning practice can play an important role in
coping with urban challenges, aside to their potential to ameliorate quality of life.

Urban planning represents one of the tools administrati@ve to influence the distribution

of ecosystems and ES in a city, and to determine the benefits they provide and, more
specifically, to redetermine the number, the location and type of beneficiaries reached
(Kremer et al, 2013). Inclusion of the EShcept in the planning practice can lead to strategic
the creation or restoration of Green Urban Infrastructures (GUI) in a city to maximize the
provisioning of a specific ES. GUI can be described as hybrid infrastructures of green
spaces and built systsmsuch as urban forests and wetlands, parks, green roofs and walls,
that together can contribute to increase city resilience and human benefits through the
provision of ES (Naumann et al., 2010; Pauleit et al., 2011; European Environment Agency,
2012). Adlitionally, Ecosystenbased measures can be specifically designed to support
cities to adapt to climate change and this approach take the name of Ecdsysteim
Adaptation (EbA).

Despite the awareness of environmental, social and economic advantaged fromithe
application of the ES concept in the planning practice (through the application of
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Ecosystenrbased measures such as the creation and restoration of GUI or more specifically
through the application of the EbA to increase urban resilience tateliohange), there is
limited evidence about the application in the planning practice. Insufficient understanding of
ecosystems and ES functioning by planners and the lack of tools and methods for ES
assessments at the urban scale may hamper the inaddtonsysterbased measures and

put further from reality the design of sustainable and equitable cities.

Goal of this work of this work is to contribute to mainstream ES knowledge into practice.
Towards the achievement of this goal, it is crucial to utdedsthe extent to which the ES
concept is currently included in urban planning, and to identify the type of information that
can most effectively support decistamakers and planners in adopting ES knowledge, and
specifically Ecosysterbased measures ihe i r Aeverydayo urban pl ¢
organized in four specific objectives.

First objective of this research is to provide an overview of the current state of the art related
to inclusion of Ecosysterhased measures in urban planning and discodsjse it identify

and discuss the main shortcoming and propose possible solutions.

ES recent scientific literature has shown a growing interest to assess climate adaptation plans
at the urban level, but little information is available on the combinatidhese two issues,

i.e., the actual inclusion of Ecosystdrased Adaptation (EbA) measures in climate
adaptation plans at the urban level. First objective of the thesis is to address this gap by
developing a framework for analyzing the inclusion of EbAiiban level climate planning,
hence, apply the framework to a sample of climate adaptation plans in Europe.

Second objective of the research is to develop an approach to estimate the cooling capacity
provided by Green Urban Infrastructures to supporanifdanning.

To provide a contribution in response to the need of ES assessment to support urban planning,
overtly designed for ES assessments at the urban scale, we focus on one specific ES (cooling)
and build a methodology for assessing the cooling dypafcdifferent ecosystems in cities.

The aim here is to propose an approach for estimating and mapping the cooling capacity
provided by GUI to generate useful information to support planners and deciakars in

the design and enhancement of GUI.

Third objective of this work is to test the application of ES assessments in two case studies.
Because of the pivotal role of practice in this work, the third objective deals with testing the
applicability of ES assessments and the ES concept in general it exivan planning
challenges. Two casstudy applications considered, each addressing a specific policy and
planning question. In the first case study (Trento, Italy) we tested again our cooling capacity
assessment methodology and additionally mappefiiaiveof ES with the intention to apply

the results to the identification of priority brownfield for intervention, based on the best
cooling capacity expected. In the second case study (Addis Abeba, Ethiopia) we applied a
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multiple ES assessment and we alsosidered the demand for ES with the intention to apply

the results to identify priority neighborhood for environmental actions

Fourth and last objective of the thesis is to develop guidance to support equitable distribution
of ES in cities.

If wellbeing in cities depends also on natural capital, it is crucial to pursue equitable
distribution of resources (and more specificallyE#) among citizens in a cityn Ithe
practice, equitable distribution is assessed through general urban standards (ebgitgvaila

of green per capita) or by applying ES assessments designed for purposes different from the
pursue of equitable distribution of resources. Thus, we developed a methodology to assess
equitable distribution of ES within a city. The adoption of ES sssents can provide a
powerful tool to the assessment and pursue of equitable distribution of ES. Equitable
distribution of the natural capital, and more specifically of ecosystems and the ES they
provide, represents one of the pillars of an equitabléllis¢d wellbeing (Costanza, 2098
UNHabitat, 2016). ES assessments can provide a support to the analysis of ES distribution to
pursue equity, by identify location of ES supply, verifying access to such ES and mapping the
demand to identify possible mistohes within the city.

This work is result of the joint contribution from the ES theory and applications of findings to
case studies, with interest both in the applicability of methods by users, and in the type of
contributions that such applications ganovide to planners. The ES concept more than a
goal itself represent a tool to understand the underlying links between ecosystems, benefits
provided and human wellbeing. Such understanding, if effectively used and mainstreamed in
the planning practice, nabe one of the keys for more livable and equitable cities.



CHAPTER 1

Chapter 1

Scope and outline of the thesis

1.1 Introduction and objectives

Adapting to climate change, assuring preseotevater and food and fuel, mitigating
run-offs, managing liquid and solid waste, providing recreation and sense of identity,
supporting the economic growth and general availability of goods that underpins it, while
pursuing quality of life for all citizes. From a management point of view, cities represent an
ensemble of problems to solve and needs to satisfy, in order to provide and maintain the
wellbeing of their inhabitants. In particular, in terms of resource management, the growth
and development afrban environments is accompanied by a demographic growth, which
triggers an increase in the demand for resources, and a physical growth of the built up that
affects the potential supply of resources, from both quantity and quality sides. The situation is
equal to a touchpaper burning from both sides.

Costanza (2008a) summarizes the constituents of human wellbeing into four basic types of
capital that are necessary to support a real,-metig producing economy: built capital,
human capital, social capit@and natural capital. Despite some disheartening trends, there is

a general awareness about the fact that no human life can occur without the contribution of
the natural capital. For example, in the urban planning debate the sphere of natural capital is
gaining more and more relevance (UN Habitat, 2016). However, the environmental
challenges faced by cities around the world are more complex now than at any other time in
history (UNU, 2003). Additionally, natunelated issues, like coins, present two fad@n

one hand, there is the need for conservation, need to preserve the existing natural capital from
disasters and humaattivity impacts. Thus, an optimal use of current understanding of
ecosystems and their link with humaellbeing represent a key&void environmental traps

that would compromise quality of life in cities and instead would offer a variety of benefits
that underpin human wellbeing (Chapin et al.). On the other hand, natural capital, which
includes the ecosystems and all the serviceg pinovide, represents a promising source that
only need to be unlocked, bridled and managed to provide cities the goods and services they
need to improve quality of life
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Ecosystem Service (ES) are all the goods and services provided by ecosystems. These
include provisioning services such as food, water, timber, and fiber; regulating services that
affect climate, floods, disease, wastes, and water quality; cultural services that provide
recreational, aesthetic, and spiritual benefits; and supporting sesuck as soil formation,
photosynthesis, and nutrient cycling (MEA, 2005). An ecosystem is a community of living
organisms and nonliving components of their environment (e.g. like air, water and mineral
soil), interacting as a system (Chapin et al., 20@osystems however are not only
environment al and health fAissueso: they al s
presence or absence of functional ecosystems and their ES have impact on the strength of the
economy and on the wellbeing of people (aigpurification, noise reduction, urban cooling

and absorbing storm/flood water runoff) (Bolund & Hunhammar, 1999) . For instance, the air
purification performed by ecosystems in Barcelona represents economic values of over EUR
1 million of avoided costfor the city (GomezBaggethun and Barton, 2013). In Chicago, the
cooling value of each tree corresponds to USD 15 of avoided air conditioning costs and
hospitalization expenditures due to hesated diseases (GomBaggethun and Barton,

2013). Even higér costs and values are related to flood mitigation. Hence, the presence of
functional urban ecosystems represents significant economic and health benefits, while their
absence implies costs.

Even though all ecosystems provide ES, different ecosystemsderdlifferent ES,
according to their biophysical functioning that is determined by their physical characteristics,
such as the size, the soil cover or the presence of tree (Bolund and Hunhammar, 1999; Bowler
et al., 2010; De Groot et al, 2010). Additidgabcosystems in a city are heterogeneously
distributed and consequently their ES provisioning also is heterogeneously distributed
among potential beneficiaries (Ernston, 2013).

Urban planning represents one of the tools administrations have to infthendistribution

of ecosystems and ES in a city, and to determine the benefits they provide and, more
specifically, to redetermine the number, the location and type of beneficiaries reached
(Kremer et al, 2013). Thus, through the management and spistigbution of spaces,
people and resources, urban planning can create (or compromise) the links between ES that
underpin human wellbeing and potential beneficiaries, alternatively defined as supply and
demand for ES. Ecosystelbased measures use biodivgrand ES to help people and cities

to enhance quality of life in their environments. Ecosysbased measures include
management, conservation and restoration of ecosystems that deliver ES (Munang et al.,
2013a) and design and improvement of green and Mifrastructures (e.g., urban parks,
green roofs and facades, street trees, rivers, and ponds). Among the most common
ecosystenrbased measures in cities are the creation and enhancement of Green Urban
Infrastructures (GUI) (Munroe et al., 2012; Genelaitid Zardo, 2016). GUI can be
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described as hybrid infrastructures of green spaces and built systems, such as urban forests
and wetlands, parks, green roofs and walls, that together can contribute to increase city
resilience and human benefits throughpghavision of ES (Naumann et al., 2010; Pauleit et

al., 2011; European Environment Agency, 2012).

The consideration of ecosystems and ES in the planning practice can play an important role
in coping with urban challenges, aside to their potential tdiarage quality of life. In 1999,

Bolund and Hunhammar identified seven specific urban ecosystems and assessed their
contribution in terms of provision of ES, and concluded that, in cities, ES have a substantial
impact on the qualitpf-life of the inhabiants and that they should be duly addressed in
urban planning. After this seminal article, the relevance of ES consideration for urban
planning gained more and more attention in the ES literature and in the general awareness
(GomezBaggethun and Barton, 28). In particular, Demuzere et al., (2014) presented a
comprehensive analysis of the available empirical evidence about the contribution of
ecosystems and the ES they provide in urban areas. Ecodyassech measures have been
increasingly promoted in théterature, as well as in policies and practices, for their
environmental and soceconomic cebenefits. As an example, the European Union recent
climate adaptation strategy (EC, 2013) explicitly encourages the adoption of
ecosystenrbased measures for rlate change adaptation. The grey literature includes
several collections of experiences, but they focus either on urban context in general, with
little emphasis on ecosystemased measures (EEA, 2012), or specifically on Ecosystem
based Adaptation (EbA) i little emphasis on urban areas (Doswald and Osti, 2011,
Naumann et al., 2011; Andrade Pérez et al., 2010). There is still limited evidence about
application of EbA and general inclusion of the ES concept in the practice.

The ultimate goal of this worls to contribute to mainstream ES knowledge into practice.
Towards the achievement of this goal, it is crucial to understand the extent to which the ES
concept is currently included in urban planning, and to identify the type of information that
can moskeffectively support decisiemakers and planners in adopting ES knowledge, and
specifically Ecosystedh ased measures in their fHeveryday
existing approaches unfortunately lack quantitative estimates of the potential of
Ecosysembased measures (Jones et al., 2012). In fact, methods are needed to understand
and quantify how ecosystems provide ES, by spatially defining the cascade relationship
between their structure, functions, ES and the related benefits (Braat and De Gr2pgt2

scale that is adequate for urban planning. Yet, many of these links remain largely unknown
and this knowledge is in high demand (Larondelle and Haase 2013). To achieve its ultimate
goal, this work is driven by four research objectives, and retatestions, illustrated.
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Objective 1: provide an overview of the current state of the art related to inclusion of
Ecosystenrbased measures in urban planning and discuss, and use it identify and discuss the
main shortcoming and propose possible solutions.

ES recent scientific literature has shown a growing interest to assess climate adaptation plans
at the urban level, in recognition of the important role played by urban areas in addressing
climate change challenges. However, little information is avigilan the combination of

these two issues, i.e., the actual inclusion of Ecosybtesad Adaptation (EbA) measures in
climate adaptation plans at the urban level. First objective of the thesis is to address this gap
by developing a framework for analyzirtge inclusion of EbA in urban level climate
planning, hence, apply the framework to a sample of climate adaptation plans in Europe.

Research questions

- What are the most common EDbA considered for climate change adaptation in cities to
respond to the veety of climate change hazards?

- To which extent are EbA considered and described in climate adaptation plans?

-In what parts of the planning documents are EbA measures present? Are they consistently
included from the baseline information up to the endare there weaknesses that may
hamper their application?

Objective 2: develop an approach to estimate the cooling capacity provided by Green Urban
Infrastructures to support urban planning.

To address the scares application of EbA in urban planningalpyf example, we focus on

one specific ES (cooling) and build a methodology for assessing the cooling capacity of
different ecosystems in cities. The aim here is to propose an approach for estimating and
mapping the cooling capacity provided by GUI tengrate useful information to support
planners and decisiemakers in the design and enhancement of GUI.

Research questions

- Which physical characteristics of a Green urban infrastructure determine its cooling
capacity?

- Which is the combination gbhysical characteristic that maximize the provisioning of
cooling?

- Given specific physical characteristics, what decrease of air temperature does a GUI
provide (in °C)?

Objective 3: Testing the application of ES assessments in two case studies.
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ES research is a missieoriented discipline, and as such it should be-ussgired and user

useful (Cowling et al., 2013). Therefore, because of the pivotal role of practice in this work,
the third objective deals with testing the applicability of ES assa#snand the ES concept

in general to exiting urban planning challenges. Two -sas#y applications considered,
each addressing a specific policy and planning question. In the first case study (Trento, Italy)
we tested again our cooling capacity assessmethodology and additionally mapped the
flow of ES with the intention to apply the results to the identification of priority brownfield
for intervention, based on the best cooling capacity expected. In the second case study (Addis
Abeba, Ethiopia) we apipd a multiple ES assessment and we also considered the demand
for ES with the intention to apply the results to identify priority neighborhood for
environmental actions

Research questions:

- Is the cooling capacity assessment methodology applicabtntexts with different data
availability?

- How can its results be included in the simulation of an urban planning issue to address?
- How to apply a multipleES assessment in a dggaor context (Addis Abeba)?

- How to provide choose a priority neighbodd for action comparing ES supply and
demand for ES? How should trad#s be considered? What additional information may
provide considering demand in the assessment?

Objective 4: develop guidance to support equitable distribution of ES in cities.

If the goal of plans and policies is to pursue human wellbeing, then average wellbeing cannot
provide a sufficient evidence. Moreover, if wellbeing in cities depends also on natural capital,
it is crucial to pursue equitable distribution of resources (ané specifically of ES) among
citizens in a city. The adoption of ES assessments can provide a powerful tool to the
assessment and pursue of equitable distribution of ES. However, in the practice, equitable
distribution is assessed through general urbarlatds (e.g. availability of green per capita)

or by applying ES assessments designed for purposes different from the pursue of equitable
distribution of resources. Thus, we developed a methodology to assess equitable distribution
of ES within a city.

Resarch questions:

- Key elements to analyze equitable distribution of ES are: ES supply, access to ES and
demand for ES. Which criteria should be followed to properly assess the key elements
involved in the equitable distribution of ES?

- How to define tle spatial distribution of these key elements for regulating iB$articular,
carbon storage, air pollution removal, cooling and noise reduction?
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- Which is the ratio between availability of ES and ES demand in different parts of the city?
- To which exent this kind of ES assessment provides different information to planners and
decisionmakers compared to other ES assessments?

1.2 Outline of the thesis

The outline of the thesis is shown in Figure 1.1. and Figure 1.2 illustrates the main concepts
driving the chapters.

Chapter 2 describes Ecosystbased Adaptation in cities by providing an analysis of
European urban climate adaptation plans (Objective 1). It develops a framework for
analysingthe inclusion of EbA in urban level climate planning, and apjtlitesa sample of

climate adaptation plans in Europe. The framework consists of a classification of EbA
measures, and a scoring system to evaluate how well they are reflected in different
components of the plans. Chapter 3 takes stock of the resultsraridsion of Chapter 2 and
addresses one of the gaps identified in terms of knowledge available to inform decision
makers to include EbA through the creation and restoration of Green Urban Infrastructures in
urban planning. GUI contribute to reduce tempaes in cities and the associated health
risks, by virtue of their cooling capacity. Thus, the aim of Chapter 2 is to propose an approach
to estimate and map the cooling capacity provided by GUI to generate useful information to
support planners and deicis-makers (Objective 2). The approach is based on an analysis of
the literature to identify the functions of GUI that are involved in providing cooling and the
components of GUI that determine those functions, in order to provide an overall assessment
of the cooling capacity of different GUI typologies. GUI. An illustrative estsely
application in the city of Amsterdam shows the applicability of the approach. Chapter 4
presents two application of ES assessments to the urban planning practice thresgh cas
study, Trento in ltalyand Addis Abeba in Ethiopia, respectively (Objective 3). Chapter 5
represents an additional step in terms of proposing an ES assessment approaches to support
because aims at defining how to build a ES assessmeamsliseequitable distribution of

ES in cities (Objective 4). With focus on regulating ES, Chapter 5 defines a set of criteria for
analysingthe three key elements of an equitable distribution of ES: ES supply, access to ES,
and demand for ES. The proposed approaappdied to a case study to assess equitable
distribution of regulating ES. In Chapter 5, to highlight differences and relevance of
information, a comparison is made between our results and those from similar ES assessment
approaches that however were rmcfically designed to assess equitable distribution of ES.

To conclude, Chapter 6 summarizes the results of the research, discusses the main findings,
their strengths and weaknesses, and suggests some ways forward.
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to provide a contribution incontribute to bridging the research field of Ecosystem Service (ES) field
with the urban planning, in order to for mainstreaming pieces of ES knowledge into the practice.

overview of the current state of the art
related to inclusion of Ecosystem-based
measures in urban planning and

discuss,

(chapter 2)

approach to estimate the cooling capacity
provided by Green Urban Infrastructures to
support urban planning.

(chapter 3)

of ES in cities

(chapter 5)

guidance to support equitable distribution

possible applications of ES assessments for
including Ecosystem-based measures in
urban planning.

(chapter 4)

summarizes the results of the research, discusses the main findings, their strengths and weak-

nesses, and suggests some ways forward

(chapter 6)

Figure 1.1 Outline of the thesis
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CHAPTER 2

Chapter 2

Ecosysem-based adaptation in cities: a analysis of

European urban climate adaptation plans

2.1 Introduction

Climate change adaptation includes actions undertakeratiral or human systems in
response to actual or expeciomatic stimulior their effects, in mer to reduce harm or
exploits benefits(IPCC, 2007). Although historically adaptation to climateange has
received less attention than mitigation (Fussel, 2@B&je hadeen a recent surge of interest
in adaptationnterventions, whiclare already aecessity in many contexts, particulauktil
greenhousgases emissions will not be stabilized (Picketts et al.,2013).

Adaptation to climate change may be attainedifferent ways One way that is attracting
increasing attention ithrough ecosysterbhased approaches. Ecosystbased adaptation
(EbA) is defined as the use of biodiversity and ecosystem servibefpt@eopldo adapt to

the adverse effects of climate change (CBD,2008). The concept of EbA was first introduced
in theinternationalpolicy arena by the United Nations Framework Conventionon Climate
Change in 2008, and has been widely advodayeenvironmentabrganizations since then
(Colls and Ash, 2009; TNC,200%or exanple, restoring mangrove forest can contribute to
dissipatethe energ of storm surges, buffering human communities fiftonds anderosion
(Erwin, 2009). Protecting groundwater rechaegeas andloodplain can help to secure
water resources and copéth droughts(TNC, 2009). Enhancing green infrastructures in
urban areasan reduce the heat island effect, and the assotiesdith riskgLafortezza et al.,
2013).

As opposed to more traditional infrastructbpa@sed approachdg.g., levees, sea walls,

* The work presented in this chapter has been publishégeasletti and Zardo, 2016. Geneletti, D., Zardo, L.
Ecosystenrbased adaptation in cities: An analysis of European urban climate adaptation plans. Land Use Policy,

Volume 50, Pages 387 (2016)
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irrigation systems), EbA offers ttelvantage op r o mo t i n g ifiterventiang gnd et s O
potentially delivering multiple economic, social and environmentalbmmefits that go

beyond climate adaptation (Jones et al., 2012). Thesemefits include, among others,
biodiversity conservatiothrough enhanceblabitat conditios; climate mitigation through
increased carbomsequestration; conservation of traditional knowledgesly-hood and
practices of local communities; improved recreaton tourismopportunities; enhanced

food security (Demuzere et al.,2014; Naumann eR@ll1; Vignola et al., 2009; Munang et
al.,2013b,c). Even though EbA approaches generally tpdatitative estimatesf the
adaptation potential (Jones et al., 2012), theiacreasingevidence that they can provide
flexible, cost effective androadl applicable alternatives to cope with thagnitude, speed

and uncertainty of climate change (Munang et al., 20E8atheseeasons, EbA has rapidly
become an important aspecttbé internationatlimate policy franework. As an example,

the Europea Union recent climate adaptation strategy (EC, 2013) explieitbourages the
adoption of green infrastructure and ecosysbased approaches to adaptation.

Cities are particularly vulnerable to climate change, duthé¢olargeand growing urban
populationworldwide and thecomplex pattern®f economic assets, infragttures and
services that chacterize them. Hence, achieving climate adaptation in urbanisu@astal

for sustainable development, as shown by groveiciipns undertakehy cities to purse
adaptation (Rosenzweig et al., 20183, well as guidance documents produced to assist in

this endeavor(e.g, ICLEI, 2010). Picketts et al.1@0suggested that climate attapt i on i s
well suited to local levels of governments, as citizeass participat in creating targeted
adaptation strategies thatldress th@mportant regional impacts, and these strategies will
provide tangibldbenef i t s to | ocal residentso. Al ong I
consider planning at municipal level as a kegrue tomainstream adaptation actions.

EbA can play an important role in urban contexts andtetppewith increased temperature,

flood events and watexcarcity, byreducing soil sealing, mitigating heat island effect and
enhancingvater storage capaciiy urban watersheds (Muller et al., 2013;Grimsditch, 2011,

Gill et al., 2007). EbA in cities includgpproaches baseuh the design and improvement of

green and blumfrastructurege.g., urban parks, green roofs and facadesptaeing, rivers

pondg, as well as other types of interventions tinse ecosysteriunctions to provide some

form of adaptation to cimate risks (e.g., measures to reduce soil imperviousness) (Robertset
al., 2012; Doswald and Osti, 2011). In cities, most ecosystem® fieucrobsayns t e ms 0 , i
ecosystems where the buififrastructure covera large proportion of the land surface, or

those in whichpeoplelive at high densities (Pickett et al., 2001; Savard et al., 2000).Urban
ecosystems include all green and blue spacedanareas, antypically have a low level of
naturalness, being heavily maged or entirely artificial (GoémeRaggethun and Barton,
2013).Green roofs are an example of urban ecosystems awudssivelydetermined by

humans and that require regular mamance(Oberndorfer et al., 2007). The term EbA
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measures isommonly use@lso in cities to refer to the use of urban ecosystems tvigeo
services that help to adapt to climate change (e.g., Zandersenet al., 2014; Doswald et al.,
2014; Munroe et al., 22; Doswald an®sti, 2011).

The recent literature has addressed the potential role ofirfEbities (Mdller et al., 2013;
Bowler et al., 2010; Berndtsson, 2010).In particular, Demuzere et al., (2014) presented a
comprehensive analystd the available empcal evidence about theontributionof green
infrastructures to climate change adaptatioarban areadNevertheless, the concept of EbA

is still relatively newfor cities and little evidence is availée on the inclusion of EbA
measures in actual ban plans and policies (Wamsler et al., 2014).Urban planning, at least in
more industrialized countries, hiagen increasinglgddressing climate adaptation strategies
and actionsas shown by recent reviews of planning documents underfakeimdertaken

for cities in Europe (Reckien et al., 2014), the UK (Heidrich, 2013),Australia (Baker et al.,
2012) and North America (Zimmerman aRdrris 2011). However, none of these papers
address specificallgbA.The grey literature contains several collectionsxgferiences, but
they focus either on urbasdaptation in general, with lié emphasis on ecosystdrased
approaches (EEA, 2012), or &bA, with little emphasis on urban areas (Doswald and Osti,
2011;Naumann et al., 2011; Andrade Pérez et al., 2010na&jueity of theEbA case studies
presented in the latter reports is relatedaturalareas, coastal zones, agriculture and forestry.
An exceptionis representelly the work of Kazmierczak and Carter (20Mjch compiles

a database of case studiesttovgcase EbApproaches inities. However, these case studies
do not specifically relat® planning but to a broader set wiitiatives, including for exaiple
incentive schemes, physical infrastructure delivgmydance documentstc. In conclusion,

the extent to which EbApproaches aractually included in planning at the urban level is
largely notdocumented:his paper addresses this gap by developing a classificatinfof

and a scoring system to analyze the treatment of Elwbian climateadaptéion planning,

and apply it to a sample of plams Europe Specifically, the paper aims anhswering
guestiongelated to

- The types of EbA measures that are included in clicddptation plan@Vhat are the most
common ones? To what climatkange impctdo they aim to respond?)

- The extent to which EbA measures are consideredesatibed irtlimate adaptation plans

(In what parts of the plannindocumentsare EbA measures present? How well and how
consistently aréhey treated?)

The ultimate purpse of the paper is to provide amerview ofthe current state of the art
related to the inclusion of EbiA urban planning, and use it to identify and discussrthia
shortcomingand propose possible solutions. First, we desthi&eeviewframework, wich
includes the identification of Ebfeasures that are relevant for urban adaptation. We then
presentthe sampleof planning documents, and the method that was wsedxtract
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information relevant to the study. Afterwards, present theesults of thewaluation. Finally,
we discuss the maiimdings andconclude by providing recommendations to imprautare
practicein urban planning.

2.2 Methods

2.2.1 Classification of EbA measures

As a first step in our study, we identified and classifjedsiblemeasuresdr EbA that are
relevant for urban aredslany examplesind descriptions of Eb/easures are present in the
literature (Doswald et al., 2014; Zandersen et al., 2014; Jone6tat. Doswald and Osti,
2011; TNC, 2009). However, to thest ofour knowlalge, a comprehensive classification of
typologies ofEbA measures that can be employed in urban areas has naldwetoped.
Most studies focus on EbA in agriculture and forest afeas, Vignola et al., 2009) or
anyway do not provide elassification 6 different EbA typologies. The closest attempt to
produce dist of possible EbA in urban contexts was found in EEA (2012). H#bifferent
types of measures are associated to the cliohatiege impacthey aim at reducing, i.e., heat,
flooding and watescarcity. These three impacts reflect the expected effects afurent
projectionsof average climate change: the increasduiration, frequencgnd/or intensity of
heat waves, extreme precipitatievents and droughts (Barriopedro et al., 2011; Géairgl.,
2011;Hoerling et al., 2012).

The list proposed by EEA (2012) was revised emegrated withother typologies found in
the literature. This resulted in tldassification presented in Tab®l, where definition,
rationaleand supportingeferenes are provided for each measeasures arassociated

to the climate change impact they are mdanteduce even though it is recognizebat
synergies occur. For exae, green roofs may contribute to reduce runoff water quantity
(Czemiel Berndtssor2010), in addition to building cooling. The EbAeasures play at
different spatial scales, ranging from buildisgale interventions (e.g., green roofs and walls)
to urbanscale intervention&.g., citywide green corridors). Despite thdifferencein scale,

the identified measures are all within theope ofurban plans, hence they can be (at least
partly) implemented byactions proposed in planning instruments. Measures asictver
renaturalization, in most cases, cannot be handled witaibordepof a city alone. However,
urban plans have thmssibility toimplement these interventions (at least for the urban sector
of rivers), as well as to promote coandtion with other planning lels (e.g., regional
planning, river basin planning). For thisasonthese measures have been included in the
proposectlassification oEbA measures relevant for urban areas.
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2.2.2 Selection of the sample of plans

There are many planning instruments that addii@sste changadaptation at the local level.
Weusethetem O c &daptatiotpé and t o refer in genetoal to
reducevulnerability to climate change in cities, even thoulgd actualname of the plan
might be different. At European levéhere islittle information on the rangef @lans being
developedunder therubric of climate action planning, and to our knowledigere isno
central database or agency collecting this informati@n.thisreason, we decided to focus
on a sample of citiesonsidered activén climate change agéation, by referring to the

A & O ioitiative (http://www.c40.org). The €0 was established in 2005 asetworkof
large cities worldwide that are taking actiorréoluce greenhouggs emissions and to face
climate risks. Thissample offersthe advantge of providing information on different
initiatives undertaken by cities that have been particularly adtivelimate adaptation
strategies. This is consistent with the purpaisthis study, which is to offer an overview of
the extent to which Eb/easues are included in planning instruments of cidagaged in
climate actions, as opposed to evaluating the perfornafrdiferentcities or geographical
regions. Among the cities of the4D database, we selected the ones belonging to Member
Statesof the European Union. This resulted in a sample of 14 citiasjely Amsterdam
Athens, Barcelona, Berlin, Copenhagen, Heidelbleogdon, Madrid, Milan, Paris, Roma,
Rotterdam, Stockholm, Veni@nd Warsaw. A crossheck with Europeatevel data sets on
heat floods and water scarcity published by the EurogeavironmentalAgencylrevealed

an even presence of climate changallenges ithe city sample: seven of the selected cities
are located imegions affectethy heat waves, seven by floods and six byewstarcity. We
then gathered all the urban climate change respaonsi® form of planning documents
approved by the relevamunicipalauthority, and available on the internet. This resulted in
the listof planning documents listed in Tald&. As carbe seenall theselected cities have
approved a Sustainable Energy Action P[&@EAP). The SEAP is the key planning
instrument providedfdoy t he #f Co v e n a nlevelnitiativd aupportedythe a | o c
European Commission that promotes the invaolgat oflocal authoritiesn responding to
climate change. Even though originalBEAP were to address mostly measures for
CO2emission reductiomnergy efficiency and renewable energy, they have expahded
scopeto include more broadly all climatelated measures (Zanonand Verones, 2013). As
shown in Table.2, some cities approveatiditionalplans related to climate change, which
were also includeth ouranalysis.

2.2.3 Analysis of the content of the plans

Prior to the analysis, the content of the plaas @ividednto fourcomponents: information
base; vision and objectives; actionsnplementation. These compongntepresent
thematically diffeent parts of the plans. The information base includeartabysis oturrent
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conditions and future trends (igplly presented irthe introductoryparts of the planning
documents), which iperformed inorder to provide a basis for the subsequent development
oft he mmbjextives sand actions. Visioma objectives include the statent of the
ambition and of te general and specifmbjectives that plan intends to achieve. Actions
include all the decisionstrategies and policies that the plan propose, in order to adtieve
objectives Finally, implementation refer to all measur@sciuding budgetelatedones)
proposed to ensure that actions eaeried out This classification of plan components is a
modified versionof the one proposed by Baker et al. (2012), which comprises diin a
component options and prioritiesi.e., the development and pritbzation of alternative
solutions. This component was motluded herdecause largely missirigppom the planning
documents cagidered in this study. The proposed foomponent approacis consistent
(even though it uses a different terminology) wiike oneused by Heidrich et al. (2013) to
review adaptation anahitigationplans in the UK.

A direct content analysis (Hsieh and Shannon, 2005) wafopeed, by reading all the
documents associated to tlselected plansand identifyingi for each of the fou
componentd the content related to EbA measures, using the classification presented
Table2.1. This approach was pgegred to a keywordased anabis, given that there is not
yet a wellestablished terminologin this field, and plans use a widenge of different
wording torefer toconcepts related to EbA, and to ecosystem services in géamaat and
de Groot, 2012). Hence, we searched for the pres#ribedifferent measures, irrespective
of whether the plan usetie termi Eb A0 o r cribethem.tBy bredileng down the
analsis in the four plan components, it was possible to testtasoveraliconsistency of the
plan with respect to Ebfelated issueg,e. the extent to which the Ebwelated analysis
contained inthe informationbase provide an appropriate factual basis fieveloping
objectives, which in turn are linked to suitable actioasd implementatiorproposals
(Bassett and Shandas, 2010).The content analysis followed-stdp process. First, the
preence of the different Ebmeasures in each plan componeas searchedy using the
following guiding questions:

- Information base: Does it contain data/statements/anathis¢ sshowawareness about
EbA?

- Vision and objectives: Are there objectives associated tdatielopmetienhancement of
EbA measures?

- Actions: Are there actions aimed at developing/enhancingrab@sures?

- Implementation: Do the impleemtation provisions include mfence to EbA measures?

Second, whenever the answer to the previous questanpositie, the content was further
analysedn order to assess tlxtent to which EbA measures were addressed, by using the
four-level scoring system presented in Tahi The assigned scoregre crosschecked by
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all authors of this research. Finally, aeraje scorewas obtained for each type of EbA
measure by computirthpe averagealue obtained by that measure in all the plans witere
measures found, and for all plan components.

In this study we reviewed thEnglish translation of the plammg documentswhich was
always available except for tians ofMilan, Venice and Rome, for which we reviewed the
original documents in Italian. Fearing that translations mightreducedrersions of the
original plans (and omit important details),we checked also attiginal documents,
whenever we hatthe requiredanguage skills, i.e. for the plans written in Spasist French
These checks showed that the translations wecerate angomplete. Based on this, we
concluded that the English trdagons are adequafor the purposes of this study.

Table 2.1 The classification of EbA measures for urban areas adopted in this research

EbA measure Climate change impact Rationale References
a. Ensuring ventilation from cooler Heat If carefully designed, urban waterways and open green areas Oke (1988
areas outside the city through have the potential to create air circulation and provide
waterway and green areas downwind cooling effect
b. Promoting green walls and roofs Heat Vegetated roofs and facades improve the thermal comfort of Skelhorn et al. (2014);

etal. (2010);
on et al., 2010).

buildings, particularly in hot and dry climate
(

¢. Maintaining/enhancing urban green Heat Green urban areas reduce air and surface temperature by Yu and Hien (2006);
(e.g., ecological corridors, trees, providing shading and enhancing evapotranspiration. This Demuzere et al. (2014
gardens) cooling impact is reflected, to some extent, also in the building

environment surrounding green areas.

d. Avoiding/reducing impervious Flooding Interventions to reduce impervious surfaces in urban Farrugia et al. (2013);

surfaces environments (e.g., porous paving; green parking lots; Jacobson (2011

brownfield restoration) contribute to slow down water runoff
and enhance water infiltration, reducing peak discharge and
offering protection against extreme precipitation events.

e. Re-naturalizing river systems Flooding Restoring river and flood-plain systems to a more natural state Burns et al. (2012); Palmer
in order to create space for floodwater can support higher base et al. (2009
flows, reducing flood risk. Restoration interventions include,
for example, the establishment of backwaters and channel
features and the creation of more natural bank profiles and
meanders.

f. Maintaining and managing green Flooding, water scarcity Vegetated areas reduce peak discharge, increase infiltration
areas for flood retention and water and induce the replenishment of groundwater. To enhance
storage this, retention basins, swales, and wet detention systems can
be designed into open spaces and urban parks.
g. Promoting the use of vegetation Water scarcity Green space may exacerbate water scarcity in urban areas. To EEA (2012
adapted to local climate and drought limit this problem, interventions can be directed at choosing
conditions and ensuring sustainable the most appropriate tree species (that are drought resistant
watering of green space but still suitable as a part of the urban green space), and

designing sustainable watering systems (e.g., using grey water
or harvested rainwater)

2.3 Results

2.3.1 What EbA measures are included in the plans and howell are they addressed?

Consistently with the purpose of the study, the resultsargresente@nd discussed in
terms of the quality of theadividual plans but they are broken doviay EbA measure and by
plan conponents. A total of 44 EbA measures &véound in theselected plang-igure 2.1
illustrates the breakdown in the seven typescribed iMrable2.1. As can be seen, measures
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¢ (maintaininggénhancing urbagreen) and f (maintaining and managing green areas for

flood retentionand water storagere the most common ones, andfarendin 85% of the

selected plans. Examples of measuresnaude effortsto increase green areas and
neighbourhoodgardens (Paris),proposals for enhancing the connectivity among existing

green areathrough the desigof green corridors and rings (Milaahd theuse of plants to

provide shade in new industrial estat@méterdan). Measures f consist, for example, in the

creation ofnew wetlandareas and ponds (Berlin), and the design of gepaices testore

rainwater n the event of torrential rain (Copenhagen).

Measure b (Promoting green walls and roofs) is found in 57%of the plans. For example,
Pari sos pl an c oheesablishsnergs noad and wall gardens (measure b),
includingthe identificatiorof priority spots for this type of greenfrastructuresMeasure e
(re-naturalizing river systems) is found in 29%of the plans. In Madrid, for example, this
consisted in a seried bankimprovements projects aimed are reducing flood haaadd
expandingriverside public space. Measures a, d and g (respectaregdyring ventilation,
avoiding/reducing impervious surfacesnd promotingclimateadapted vegetation and
sustainable wateringre less common, and found omyli4 21% of the plans. For exante,

corcerning measure a, cold air networks to ensergilation andprevent oveiheating are

menti oned i n Owhpeernehaasg eMiaddsr ipd Gasn ,pr ovi des f or t
where ventilatiorwill be one of the factors considered in tesign ofgreenng interventions.
Berlinds pl an aftilhpervionssurfacds dmeasearel d) thriiouglo renovation
projectsfor buildingsand school playgrounds that include interventibmsmprove soil

permeability and in sitinfiltration. Finally, concermgme asur e g, Veni ceds p
the use ohutochthonous speciasd a pt ed t o t he | o coatdinsdetailedhat e, a
guidel i nésnatbdore Mau gdtea stidns Voi the lselectiencobplamh spactks

and sustainablevatering systemsThe results of the application of the scoring systems
(presentedh Table2.3) were used to compute an average score fortgpelofEbA measure

(Fig. 2.2), representing the average vatirtained byhe measure in all the plans where the it

is found, andor all plancomponents. As can be seen, the average score ranges froml1.1
(achieved by measures a and g) to 2.4 (measures e). Measune$, avhich are the most

frequently found, are also the oneih thehighest scores, together with action e.

2.3.2 How are EbA measures reflected within plan components?

Figure. 2.3shows in which plan components (see Section 2.3) labAsures are reflected.

91% of the measures are present inviseon andobjectives component. This means that,

when a plan includes aBbA measure, this is very often listed as (part of) one of the
objectivest hat the plan i ntends plaoobjactiviesnctugdeghe For e
development of a mulyear scheme to prmote roof gardens. 91% of the EbA measures are
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addressed irthe actionscomponent, meaning that the plans include sjepiblicies or
tinclades asefes of linear greepihge
interventions along canal banks, rodui&jng routes, etc. The informatidrase component

of the plans corains data relevant to EbA measures only in 79% of the casess,TAHY of

the measures found in the plans are not suppbstexhybaseline information or analysis.
Even when baselinmformationis present, this consists mostly of gehatatementsand
exampl e,
buildings or industry could besefully combinedvith projects to suppogustainable local

act

descriptions

ivities

For

t o

attain

Mi

Ber | i nobrowendrgy aefficienoynof ai n s

water manageent systems, by increasing the permealilitgoil and plantingyegetation.

Table 2.2 List of the planning documents reviewed in this research.

City Name of the plan Year Source
Amsterdam Amsterdam: a different energy (SEAP) 2010 /mycovenant.eumayors.eu/
Amsterdam definitely sustainable 2011 vww.nieuwamsterdamsklimaat.nl/
New Amsterdam climate 2010 http://mycovenant.eumayors.eu/
Outspokenly sustainable-perspective 2014 2009 http://www.nieuwamsterdamsklimaat.nl/
Structure vision for Amsterdam 2014 2008 http://www.nieuwamsterdamsklimaat.nl/
Barcelona The energy, climate change and air quality plan for 2011 http://mycovenant.eumayors.eu/
Barcelona (SEAP)
Berlin Berlin environmental relief programme (10 years) 2011 http://mycovenant.eumayors.eu/http://http://www.berlin.de/
(SEAP)
Copenhagen Copenhagen climate adaptation plan (SEAP) 2011 http://mycovenant.eumayors.eu/ http:/fwww.kk.dk/
Heidelberg Climate protection commitment Heildelberg 2010 http://mycovenant.eumayors.eu/
(SEAP)
London Delivering London’s energy future (SEAP) 2010 ://mycovenant.eumayors.eu/
The London Plan: spatial development strategy for 2008 ://www.london.gov.uk
a greater London
Madrid Plan de uso sostenible de la energia y prevencion 2008 http://mycovenant.eumayors.eu/
de cambio climatico (SEAP)
Milano Piano per I'energia sostenibile ed il clima (SEAP) 2009 http://mycovenant.eumayors.eu/
Paris Paris climate protection plan (SEAP) 2004 http://mycovenant.eumayors.eu/
Roma Piano d'azione per I'energia sostenibile per la citta 2010 http://mycovenant.eumayors.eu/
di Roma (SEAP)
Rotterdam Investing in sustainable growth, Rotterdam 2010 http://mycovenant.eumayors.eu/
programme on (SEAP)
Rotterdam climate city, mitigation action 2010 http://www.rotterdamclimateinitiative.nl/
programme
The new Rotterdam, Rotterdam climate initiative 2009 http://www.rotterdamclimateinitiative.nl/
Stockholm Stockholm action plan for climate and energy 2012 http://mycovenant.eumayors.eu/ http://www.stockholm.se/
(SEAP)
Stockholm climate initiative 2010 http://www.stockholm.se/
Venezia Piano d’azione per l'energia sostenibile (SEAP) 2013 http://mycovenant.eumayors.eu/
Warsaw Sustainable action plan for energy Warsaw (SEAP) 2011 http://mycovenant.eumayors.eu/
Table 2.3 Scoring system used evaluate the plan component
Score Information base Vision and objectives Actions Implementation
0 No evidence of information related No evidence of objectives related No evidence of EbA measures No evidence of implementation
to EbA measures to EbA measures provisions related to EbA measures
1 Acknowledges EbA measures only Mentions EbA-related objectives, Mentions EbA measures, but lacks Mentions implementation
generally (not in connection to but lacks further definition further definition provisions related to EbA
specific climate change issues) measures, but lacks further
definition
2 Acknowledges EbA measures in the Includes EbA measures in the Includes EbA measures in the Includes EbA-related
context of specific climate change objectives and provides some actions and provides some details implementation provisions and
issues details on their specific content on their application and activities provides some details on their
and how to pursue them application
3 Acknowledges EbA measures and Includes EbA measures in the Includes EbA measures in the Includes EbA-related

describes (at least qualitatively)
the potential climate
changeadaptation effects

objectives, provides details on
their content, and describes links
with related planning and policy
processes at the local/regional level

actions, provides information on
their application and activities,
including locally-specific details

implementation provisions and
provides information on their
application, including details on
budget, responsible bodies, etc
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The implementation component of thams performs even more poorly: references to EbA
measures are found in only 52%tloé casesTherefore, about half of EbA measures are not
associatedo any action to ensure that they are carried out. Whearmation about
implementation measures are present, this consigisly of budgetrelated details, as for
example inthe case bfa d r i d (visere pdchaaction is linked to a plan of implemgoma
andbudget ), and Rotterdamos, w lroefs substdiesiar e ar e
order to assess how well EbA measures are reflected withinthe different plan components, we
computed the average scoreobtained by all EbA measuresdtatiadin each of the four
components. For example, out of the 44 EbA measures, 3prasentinghe information
base componerf the selected plans. The aage score represents the average of the scores
obtained by these35 EbA according to the scoring sypt@sented in Tabl2.3 (second
column: information base). The results (F28) showthat actionscomponent scored the
highest (average score: 2.8) léoled by the implementation (2.5), the vision and objectives
(2.2)and the information base (1.8). @anning the good performanoéactions examples

i nclude Londonds pdewmihtheactions and assdomted sattidng s i n
specifies theesponsible bodieand identify links with other plans and policies. Similarly,
Madr i dos pdctoomfacisheatsywitldl teesidentificatioonf responsible bodies and
associated budget. The poorer scafethevisions and objectives component are due to the
fact thattheir descriptioriend to be very general. The information bigpécally lacksdetals

on the links between measures and clirtatated issuegarticularly concerning the results
expected from theapplecation of themeasure. FinallyFigure 2.4 provides a visual
overview of thedistribution ofinformation on the identiéd EbA meas@s across plan
components. This figure helps to understand how consistencyrigdsures are treated
across the different plan componerasgd wherghe gaps are. The figure shows that the 44
EbA measures identifieh the plans can be grouped in six catezm

- Measures addressed in all the four plan components tfr@mformatiorbase through the
implementation. This is obvioustile mostdesirable situation, but occurred only for 45.5%
of the EbAmeasures. In all other cases, at least one compondatkieng- Measures
addressed in the first three components optaes, bunot in the implementation part. This
occurs for 22.7% of thEbA measuresMeasures addressed only in the vision and objectives
and actions withno links to the information basa implementation (13.6%)Measures
addressed only in the information base and visioth objectiveswith no follow-up in the

rest of the plan (6.8%)Measures addressed in the information base only, with no faifpw

in the rest of the plan (2.3%leasures addressed in the visiom afjectives, actions and
implementation components, with no links to the information 28960).
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Figure 2.1 Number of mentions of the seven types of EbA measures (see legend i@.Talidghe
sample of plans.

Figure 2.2 Average scores dhe seven types of EbA measures



























































































































































































































