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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 winning team 

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 slave ships 

And stood half naked on auction blocks 

From eastern-Europe they crowded in vessels overloaded with immigrants 

And were mis-named on Ellis island 

From South America and Mexico, from Asia, they labored in sweat shops 

From all over the world, they came to 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 

Cities represent at the same time a kaleidoscopic diversity -in terms of situations, challenges, 

morphology, people- and 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 limited resources at disposal to satisfy such demand, due general trend 

and need to substitute green areas with built-up areas. 

However, if goal of any plan and policy is human wellbeing, the availability of green areas in 

city and, more general, of ecosystems is crucial. Hence, the constituents of human wellbeing 

can be summarized into four basic types of capital that are necessary to support a real, 

well-beingïproducing economy: built capital, human capital, social capital, and natural 

capital (Costanza, 2008a). How shall we preserve, manage or increase such capital to assure 

and increase wellbeing in cities are questions that decision-makers face every day. 

Ecosystems contribute to human wellbeing though the provisioning of goods and services, 

also known as ecosystem 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 spiritual benefits; and 

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 city, ES flow 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 administrations have to influence the distribution 

of ecosystems and ES in a city, and to determine the benefits they provide and, more 

specifically, to re-determine the number, the location and type of beneficiaries reached 

(Kremer et al, 2013). Inclusion of the ES concept 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 systems, such 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). Additionally, Ecosystem-based measures can be specifically designed to support 

cities to adapt to climate change and this approach take the name of Ecosystem-based 

Adaptation (EbA).  

Despite the awareness of environmental, social and economic advantaged coming from the 

application of the ES concept in the planning practice (through the application of 
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Ecosystem-based measures such as the creation and restoration of GUI or more specifically 

through the application of the EbA to increase urban resilience to climate change), 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 inclusion of Ecosystem-based 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 understand the extent to which the ES 

concept is currently included in urban planning, and to identify the type of information that 

can most effectively support decision-makers and planners in adopting ES knowledge, and 

specifically Ecosystem-based measures in their ñeverydayò urban planning. The work is 

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 Ecosystem-based 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, but little information is available on the combination of these two issues, 

i.e., the actual inclusion of Ecosystem-based 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 EbA in urban 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 support urban planning. 

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 capacity of different 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 decision-makers 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 to exiting urban planning 

challenges. Two case-study 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 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 applied a 
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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 

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 specifically of ES) among citizens in a city. In the 

practice, equitable distribution is assessed through general urban standards (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. The adoption of ES assessments 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 equitable distributed wellbeing (Costanza, 2008b; 

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 mismatches 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 can provide 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, can be one of the keys for more livable and equitable cities.   
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1 Scope and outline of the thesis 

Chapter 1   

Scope and outline of the thesis  

1.1 Introduction and objectives 

Adapting to climate change, assuring presence of water 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 citizens. 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 of urban 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, well-beingïproducing economy: built capital, 

human capital, social capital, 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, nature-related issues, like coins, present two faces. On 

one hand, there is the need for conservation, need to preserve the existing natural capital from 

disasters and human-activity impacts. Thus, an optimal use of current understanding of 

ecosystems and their link with human-wellbeing represent a key to avoid 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 services they provide, 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 services such 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., 2002). Ecosystems however are not only 

environmental and health ñissuesò: they also represent important economic value. The 

presence or absence of functional ecosystems and their ES have impact on the strength of the 

economy and on the wellbeing of people (e.g. air purification, 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 costs for the city (Gomez-Baggethun 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 heat-related diseases (Gomez-Baggethun and Barton, 

2013). Even higher 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 ecosystems provide different 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). Additionally, ecosystems 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 influence the distribution 

of ecosystems and ES in a city, and to determine the benefits they provide and, more 

specifically, to re-determine the number, the location and type of beneficiaries reached 

(Kremer et al, 2013). Thus, through the management and spatial distribution 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. Ecosystem-based measures use biodiversity and ES to help people and cities 

to enhance quality of life in their environments. Ecosystem-based measures include 

management, conservation and restoration of ecosystems that deliver ES (Munang et al., 

2013a) and design and improvement of green and blue infrastructures (e.g., urban parks, 

green roofs and facades, street trees, rivers, and ponds). Among the most common 

ecosystem-based measures in cities are the creation and enhancement of Green Urban 

Infrastructures (GUI) (Munroe et al., 2012; Geneletti and 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 through the provision 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 to ameliorate 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 quality-of-life of the inhabitants 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 

(Gomez-Baggethun and Barton, 2013). 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. Ecosystem-based measures have been 

increasingly promoted in the literature, as well as in policies and practices, for their 

environmental and socio-economic co-benefits. As an example, the European Union recent 

climate adaptation strategy (EC, 2013) explicitly encourages the adoption of 

ecosystem-based measures for climate change adaptation. The grey literature includes 

several collections of experiences, but they focus either on urban context in general, with 

little emphasis on ecosystem-based measures (EEA, 2012), or specifically on Ecosystem 

based Adaptation (EbA) with 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 work is 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 most effectively support decision-makers and planners in adopting ES knowledge, and 

specifically Ecosystem-based measures in their ñeverydayò urban planning. To start with, 

existing approaches unfortunately lack quantitative estimates of the potential of 

Ecosystem-based 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 Groot, 2012) at 

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 related questions, illustrated.  
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Objective 1: provide an overview of the current state of the art related to inclusion of 

Ecosystem-based 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 available on the combination of 

these two issues, i.e., the actual inclusion of Ecosystem-based 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 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 EbA considered for climate change adaptation in cities to 

respond to the variety 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 end or are 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 planning, by way of 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 to generate useful information to support 

planners and decision-makers 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 of physical 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 mission-oriented discipline, and as such it should be user-inspired 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 assessments and the ES concept 

in general to exiting urban planning challenges. Two case-study 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 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 applied 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 applicable in contexts with different data 

availability? 

- How can its results be included in the simulation of an urban planning issue to address? 

- How to apply a multiple-ES assessment in a data-poor context (Addis Abeba)? 

- How to provide choose a priority neighborhood for action comparing ES supply and 

demand for ES? How should trade-offs 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 (and more 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 urban standards (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.  

 

Research 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 the spatial distribution of these key elements for regulating ES  ïin particular, 

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 extent this kind of ES assessment provides different information to planners and 

decision-makers 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 Ecosystem-based Adaptation in cities by providing an analysis of 

European urban climate adaptation plans (Objective 1). It develops a framework for 

analysing the inclusion of EbA in urban level climate planning, and applies it to a 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 results and conclusion 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 temperatures 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 decision-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 case-study 

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 through cases 

study, Trento in Italy- and 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 assessments to analyse equitable distribution of 

ES in cities (Objective 4). With focus on regulating ES, Chapter 5 defines a set of criteria for 

analysing the three key elements of an equitable distribution of ES: ES supply, access to ES, 

and demand for ES. The proposed approach is applied 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 not specifically 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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Figure 1.1 Outline of the thesis 
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Figure 1.2 Themes and topics of the chapters 
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2 Ecosystem-based adaptation in cities: an analysis of European urban climate 

adaptation plans 

Chapter 2   

Ecosystem-based adaptation in cities: an analysis of 

European urban climate adaptation plans*  

2.1 Introduction  

Climate change adaptation includes actions undertaken in natural or human systems in 

response to actual or expected climatic stimuli or their effects, in order to reduce harm or 

exploits benefits (IPCC, 2007). Although historically adaptation to climate change has 

received less attention than mitigation (Füssel, 2007), there has been a recent surge of interest 

in adaptation interventions, which are already a necessity in many contexts, particularly until 

greenhouse gases emissions will not be stabilized (Picketts et al.,2013). 

Adaptation to climate change may be attained in different ways. One way that is attracting 

increasing attention is through ecosystem-based approaches. Ecosystem-based adaptation 

(EbA) is defined as the use of biodiversity and ecosystem services to help people to adapt to 

the adverse effects of climate change (CBD,2008). The concept of EbA was first introduced 

in the international policy arena by the United Nations Framework Conventionon Climate 

Change in 2008, and has been widely advocated by environmental organizations since then 

(Colls and Ash, 2009; TNC,2009). For example, restoring mangrove forest can contribute to 

dissipate the energy of storm surges, buffering human communities from floods and erosion 

(Erwin, 2009). Protecting groundwater recharge areas and floodplain can help to secure 

water resources and cope with droughts (TNC, 2009). Enhancing green infrastructures in 

urban areas can reduce the heat island effect, and the associated health risks (Lafortezza et al., 

2013).  

As opposed to more traditional infrastructure-based approaches (e.g., levees, sea walls, 

                                                 
* The work presented in this chapter has been published as: Geneletti and Zardo, 2016. Geneletti, D., Zardo, L. 

Ecosystem-based adaptation in cities: An analysis of European urban climate adaptation plans. Land Use Policy, 

Volume 50, Pages 38ï47 (2016) 
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irrigation systems), EbA offers the advantage of promoting ñno regretsò interventions, and 

potentially delivering multiple economic, social and environmental co-benefits that go 

beyond climate adaptation (Jones et al., 2012). These co-benefits include, among others, 

biodiversity conservation through enhanced habitat conditions; climate mitigation through 

increased carbon sequestration; conservation of traditional knowledge, lively-hood and 

practices of local communities; improved recreation and tourism opportunities; enhanced 

food security (Demuzere et al.,2014; Naumann et al., 2011; Vignola et al., 2009; Munang et 

al.,2013b,c). Even though EbA approaches generally lack quantitative estimates of the 

adaptation potential (Jones et al., 2012), there is increasing evidence that they can provide 

flexible, cost- effective and broadly applicable alternatives to cope with the magnitude, speed 

and uncertainty of climate change (Munang et al., 2013a). For these reasons, EbA has rapidly 

become an important aspect of the international climate policy framework. As an example, 

the European Union recent climate adaptation strategy (EC, 2013) explicitly encourages the 

adoption of green infrastructure and ecosystem-based approaches to adaptation. 

Cities are particularly vulnerable to climate change, due to the large and growing urban 

population worldwide and the complex patterns of economic assets, infrastructures and 

services that characterize them. Hence, achieving climate adaptation in urban areas is pivotal 

for sustainable development, as shown by growing actions undertaken by cities to pursue 

adaptation (Rosenzweig et al., 2010), as well as guidance documents produced to assist in 

this endeavor(e.g, ICLEI, 2010). Picketts et al. (2013) suggested that climate adaptation ñis 

well suited to local levels of governments, as citizens can participate in creating targeted 

adaptation strategies that address the important regional impacts, and these strategies will 

provide tangible benefits to local residentsò. Along the same lines, Meashamet al. (2011) 

consider planning at municipal level as a key avenue to mainstream adaptation actions. 

EbA can play an important role in urban contexts and help to cope with increased temperature, 

flood events and water scarcity, by reducing soil sealing, mitigating heat island effect and 

enhancing water storage capacity in urban watersheds (Muller et al., 2013;Grimsditch, 2011; 

Gill et al., 2007). EbA in cities include approaches based on the design and improvement of 

green and blue infrastructures (e.g., urban parks, green roofs and facades, tree planting, rivers, 

ponds), as well as other types of interventions that use ecosystem functions to provide some 

form of adaptation to cli-mate risks (e.g., measures to reduce soil imperviousness) (Robertset 

al., 2012; Doswald and Osti, 2011). In cities, most ecosystems are ñurban ecosystemsò, i.e., 

ecosystems where the built infrastructure covers a large proportion of the land surface, or 

those in which people live at high densities (Pickett et al., 2001; Savard et al., 2000).Urban 

ecosystems include all green and blue spaces in urban areas, and typically have a low level of 

naturalness, being heavily man-aged or entirely artificial (Gómez-Baggethun and Barton, 

2013).Green roofs are an example of urban ecosystems almost exclusively determined by 

humans and that require regular maintenance(Oberndorfer et al., 2007). The term EbA 
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measures is commonly used also in cities to refer to the use of urban ecosystems to pro-vide 

services that help to adapt to climate change (e.g., Zandersenet al., 2014; Doswald et al., 

2014; Munroe et al., 2012; Doswald and Osti, 2011). 

The recent literature has addressed the potential role of EbA in cities (Müller et al., 2013; 

Bowler et al., 2010; Berndtsson, 2010).In particular, Demuzere et al., (2014) presented a 

comprehensive analysis of the available empirical evidence about the contribution of green 

infrastructures to climate change adaptation in urban areas. Nevertheless, the concept of EbA 

is still relatively new for cities, and little evidence is available on the inclusion of EbA 

measures in actual urban plans and policies (Wamsler et al., 2014).Urban planning, at least in 

more industrialized countries, has been increasingly addressing climate adaptation strategies 

and actions, as shown by recent reviews of planning documents undertaken for  undertaken 

for cities in Europe (Reckien et al., 2014), the UK (Heidrich, 2013),Australia (Baker et al., 

2012) and North America (Zimmerman and Farris, 2011). However, none of these papers 

address specifically EbA.The grey literature contains several collections of experiences, but 

they focus either on urban adaptation in general, with little emphasis on ecosystem-based 

approaches (EEA, 2012), or on EbA, with little emphasis on urban areas (Doswald and Osti, 

2011;Naumann et al., 2011; Andrade Pérez et al., 2010). The majority of the EbA case studies 

presented in the latter reports is related to natural areas, coastal zones, agriculture and forestry. 

An exception is represented by the work of Kazmierczak and Carter (2010), which compiles 

a database of case studies to showcase EbA approaches in cities. However, these case studies 

do not specifically relate to planning, but to a broader set of initiatives, including for example 

incentive schemes, physical infrastructure delivery, guidance documents, etc. In conclusion, 

the extent to which EbA approaches are actually included in planning at the urban level is 

largely notdocumented. This paper addresses this gap by developing a classification of EbA 

and a scoring system to analyze the treatment of EbA in urban climate adaptation planning, 

and apply it to a sample of plans in Europe. Specifically, the paper aims at answering 

questions related to: 

- The types of EbA measures that are included in climate adaptation plans (What are the most 

common ones? To what climate change impact do they aim to respond?) 

- The extent to which EbA measures are considered and described in climate adaptation plans 

(In what parts of the planning documents are EbA measures present? How well and how 

consistently are they treated?) 

 

The ultimate purpose of the paper is to provide an overview of the current state of the art 

related to the inclusion of EbA in urban planning, and use it to identify and discuss the main 

shortcoming and propose possible solutions. First, we describe the review framework, which 

includes the identification of EbA measures that are relevant for urban adaptation. We then 

present the sample of planning documents, and the method that was used to extract 
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information relevant to the study. Afterwards, we present the results of the evaluation. Finally, 

we discuss the main findings and conclude by providing recommendations to improve future 

practice in urban planning. 

 

2.2 Methods  

2.2.1 Classification of EbA measures 

As a first step in our study, we identified and classified possible measures for EbA that are 

relevant for urban areas. Many examples and descriptions of EbA measures are present in the 

literature (Doswald et al., 2014; Zandersen et al., 2014; Jones et al., 2012; Doswald and Osti, 

2011; TNC, 2009). However, to the best of our knowledge, a comprehensive classification of 

typologies of EbA measures that can be employed in urban areas has not been developed. 

Most studies focus on EbA in agriculture and forest areas (e.g., Vignola et al., 2009) or 

anyway do not provide a classification of different EbA typologies. The closest attempt to 

produce a list of possible EbA in urban contexts was found in EEA (2012). Here, different 

types of measures are associated to the climate change impacts they aim at reducing, i.e., heat, 

flooding and water scarcity. These three impacts reflect the expected effects of the current 

projections of average climate change: the increase in duration, frequency and/or intensity of 

heat waves, extreme precipitation events and droughts (Barriopedro et al., 2011; Giorgi et al., 

2011;Hoerling et al., 2012). 

The list proposed by EEA (2012) was revised and integrated with other typologies found in 

the literature. This resulted in the classification presented in Table 2.1, where definition, 

rationale and supporting references are provided for each measure. Measures are associated 

to the climate change impact they are meant to reduce, even though it is recognized that 

synergies occur. For example, green roofs may contribute to reduce runoff water quantity 

(Czemiel Berndtsson, 2010), in addition to building cooling. The EbA measures play at 

different spatial scales, ranging from building-scale interventions (e.g., green roofs and walls) 

to urban-scale interventions (e.g., city-wide green corridors). Despite their difference in scale, 

the identified measures are all within the scope of urban plans, hence they can be (at least 

partly) implemented by actions proposed in planning instruments. Measures such as river 

renaturalization, in most cases, cannot be handled within the border of a city alone. However, 

urban plans have the possibility to implement these interventions (at least for the urban sector 

of rivers), as well as to promote coordination with other planning levels (e.g., regional 

planning, river basin planning). For this reason, these measures have been included in the 

proposed classification of EbA measures relevant for urban areas. 
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2.2.2 Selection of the sample of plans 

There are many planning instruments that address climate change adaptation at the local level. 

We use the term óclimate adaptation planô to refer in general to plans that include strategies to 

reduce vulnerability to climate change in cities, even though the actual name of the plan 

might be different. At European level, there is little information on the range of plans being 

developed under the rubric of climate action planning, and to our knowledge there is no 

central database or agency collecting this information. For this reason, we decided to focus 

on a sample of cities considered active in climate change adaptation, by referring to the 

ñC-40ò initiative (http://www.c40.org). The C-40 was established in 2005 as a network of 

large cities worldwide that are taking action to reduce greenhouse gas emissions and to face 

climate risks. This sample offers the advantage of providing information on different 

initiatives undertaken by cities that have been particularly active in climate adaptation 

strategies. This is consistent with the purpose of this study, which is to offer an overview of 

the extent to which EbA measures are included in planning instruments of cities engaged in 

climate actions, as opposed to evaluating the performance of different cities or geographical 

regions. Among the cities of the C-40 database, we selected the ones belonging to Member 

States of the European Union. This resulted in a sample of 14 cities, namely Amsterdam, 

Athens, Barcelona, Berlin, Copenhagen, Heidelberg, London, Madrid, Milan, Paris, Roma, 

Rotterdam, Stockholm, Venice and Warsaw. A cross-check with European-level data sets on 

heat, floods and water scarcity published by the European Environmental Agency1revealed 

an even presence of climate change challenges in the city sample: seven of the selected cities 

are located in regions affected by heat waves, seven by floods and six by water scarcity. We 

then gathered all the urban climate change responses in the form of planning documents 

approved by the relevant municipal authority, and available on the internet. This resulted in 

the list of planning documents listed in Table 2.2. As can be seen, all the selected cities have 

approved a Sustainable Energy Action Plan (SEAP). The SEAP is the key planning 

instrument provided for by the ñCovenant of Mayorò, a local-level initiative supported by the 

European Commission that promotes the involvement of local authorities in responding to 

climate change. Even though originally SEAP were to address mostly measures for 

CO2emission reduction, energy efficiency and renewable energy, they have expanded their 

scope to include more broadly all climate-related measures (Zanonand Verones, 2013). As 

shown in Table 2.2, some cities approved additional plans related to climate change, which 

were also included in our analysis. 

2.2.3 Analysis of the content of the plans 

Prior to the analysis, the content of the plans was divided into four components: information 

base; vision and objectives; actions; implementation. These components represent 

thematically different parts of the plans. The information base includes the analysis of current 
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conditions and future trends (typically presented in the introductory parts of the planning 

documents), which is performed in order to provide a basis for the subsequent development 

of the planôs objectives and actions. Vision and objectives include the statement of the 

ambition and of the general and specific objectives that a plan intends to achieve. Actions 

include all the decisions, strategies and policies that the plan propose, in order to achieve its 

objectives. Finally, implementation refer to all measures (including budget-related ones) 

proposed to ensure that actions are carried out. This classification of plan components is a 

modified version of the one proposed by Baker et al. (2012), which comprises also a fifth 

component: options and priorities, i.e., the development and prioritization of alternative 

solutions. This component was not included here because largely missing from the planning 

documents considered in this study. The proposed four-component approach is consistent 

(even though it uses a different terminology) with the one used by Heidrich et al. (2013) to 

review adaptation and mitigation plans in the UK. 

A direct content analysis (Hsieh and Shannon, 2005) was per-formed, by reading all the 

documents associated to the selected plans, and identifying ï for each of the four 

components ï the con-tent related to EbA measures, using the classification presented in 

Table 2.1. This approach was preferred to a keyword-based analysis, given that there is not 

yet a well-established terminology in this field, and plans use a wide range of different 

wording to refer to concepts related to EbA, and to ecosystem services in general (Braat and 

de Groot, 2012). Hence, we searched for the presence of the different measures, irrespective 

of whether the plan used the term ñEbAò or not to describe them. By breaking down the 

analysis in the four plan components, it was possible to test also the overall consistency of the 

plan with respect to EbA-related issues, i.e. the extent to which the EbA-related analysis 

contained in the information base provide an appropriate factual basis for developing 

objectives, which in turn are linked to suitable actions, and implementation proposals 

(Bassett and Shandas, 2010).The content analysis followed a two-step process. First, the 

presence of the different EbA measures in each plan component was searched, by using the 

following guiding questions: 

- Information base: Does it contain data/statements/analyses that show awareness about 

EbA? 

- Vision and objectives: Are there objectives associated to the development/enhancement of 

EbA measures? 

- Actions: Are there actions aimed at developing/enhancing EbA measures? 

- Implementation: Do the implementation provisions include reference to EbA measures? 

 

Second, whenever the answer to the previous questions was positive, the content was further 

analysed in order to assess the extent to which EbA measures were addressed, by using the 

four-level scoring system presented in Table 2.3. The assigned scores were cross-checked by 
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all authors of this research. Finally, an average score was obtained for each type of EbA 

measure by computing the average value obtained by that measure in all the plans where the 

measure is found, and for all plan components. 

In this study we reviewed the English translation of the planning documents, which was 

always available except for the plans of Milan, Venice and Rome, for which we reviewed the 

original documents in Italian. Fearing that translations might be reduced versions of the 

original plans (and omit important details),we checked also the original documents, 

whenever we had the required language skills, i.e. for the plans written in Spanish and French. 

These checks showed that the translations were accurate and complete. Based on this, we 

concluded that the English translations are adequate for the purposes of this study. 

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

 

2.3 Results 

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

Consistently with the purpose of the study, the results are not presented and discussed in 

terms of the quality of the individual plans, but they are broken down by EbA measure and by 

plan components. A total of 44 EbA measures were found in the selected plans. Figure. 2.1 

illustrates the breakdown in the seven types described in Table 2.1. As can be seen, measures 
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c (maintaining/enhancing urban green) and f (maintaining and managing green areas for 

flood retention and water storage) are the most common ones, and are found in 85% of the 

selected plans. Examples of measures c include efforts to increase green areas and 

neighbourhood gardens (Paris),proposals for enhancing the connectivity among existing 

green areas through the design of green corridors and rings (Milan) and the use of plants to 

provide shade in new industrial estates (Amsterdam). Measures f consist, for example, in the 

creation of new wetland areas and ponds (Berlin), and the design of green spaces to store 

rainwater in the event of torrential rain (Copenhagen). 

Measure b (Promoting green walls and roofs) is found in 57%of the plans. For example, 

Parisôs plan contains provisions for the establishment of roof and wall gardens (measure b), 

including the identification of priority spots for this type of green infrastructures. Measure e 

(re-naturalizing river systems) is found in 29%of the plans. In Madrid, for example, this 

consisted in a series of bank improvements projects aimed are reducing flood hazard and 

expanding riverside public space. Measures a, d and g (respectively, ensuring ventilation, 

avoiding/reducing impervious surfaces, and promoting climate-adapted vegetation and 

sustainable watering) are less common, and found only in 14ï21% of the plans. For example, 

concerning measure a, cold air networks to ensure ventilation and prevent over-heating are 

mentioned in Copenhagenôs plan, whereas Madridôs provides for the promotion of ecobarrios 

where ventilation will be one of the factors considered in the design of greening interventions. 

Berlinôs plan attains the reduction of impervious surfaces (measure d) through renovation 

projects for buildings and school playgrounds that include interventions to improve soil 

permeability and in situ infiltration. Finally, concerning measure g, Veniceôs plan promotes 

the use of autochthonous species adapted to the local climate, and Madridôs contains detailed 

guidelines for ñsustainable gardensò with recommendations for the selection of plant species 

and sustainable watering systems. The results of the application of the scoring systems 

(presented in Table 2.3) were used to compute an average score for each type of EbA measure 

(Fig. 2.2), representing the average value obtained by the measure in all the plans where the it 

is found, and for all plan components. As can be seen, the average score ranges from1.1 

(achieved by measures a and g) to 2.4 (measures e). Measures c and f, which are the most 

frequently found, are also the ones with the highest scores, together with action e. 

 

2.3.2 How are EbA measures reflected within plan components? 

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

91% of the measures are present in the vision and objectives component. This means that, 

when a plan includes an EbA measure, this is very often listed as (part of) one of the 

objectives that the plan intends to achieve. For example, Parisôs plan objectives include the 

development of a multi-year scheme to pro-mote roof gardens. 91% of the EbA measures are 
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addressed in the actions component, meaning that the plans include specific policies or 

activities to attain them. For example, Milanôs plan includes a series of linear greening 

interventions along canal banks, roads, biking routes, etc. The information base component 

of the plans contains data relevant to EbA measures only in 79% of the cases. That is, 21% of 

the measures found in the plans are not supported by any baseline information or analysis. 

Even when baseline information is present, this consists mostly of general statements and 

descriptions. For example, Berlinôs plan contains descriptions of how energy efficiency of 

buildings or industry could be usefully combined with projects to support sustainable local 

water management systems, by increasing the permeability of soil and planting vegetation. 

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

 

Table 2.3 Scoring system used to evaluate the plan component. 
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The implementation component of the plans performs even more poorly: references to EbA 

measures are found in only 52% of the cases. Therefore, about half of EbA measures are not 

associated to any action to ensure that they are carried out. When information about 

implementation measures are present, this consists mainly of budget-related details, as for 

example in the case of Madridôs plan (where each action is linked to a plan of implementation 

and budget), and Rotterdamôs, where there are indications about green roofs subsidies. In 

order to assess how well EbA measures are reflected withinthe different plan components, we 

computed the average scoreobtained by all EbA measures that are found in each of the four 

components. For example, out of the 44 EbA measures, 35 are presenting the information 

base component of the selected plans. The average score represents the average of the scores 

obtained by these35 EbA according to the scoring system presented in Table 2.3 (second 

column: information base). The results (Fig. 2.3) show that actions component scored the 

highest (average score: 2.8), followed by the implementation (2.5), the vision and objectives 

(2.2) and the information base (1.8). Concerning the good performance of actions, examples 

include Londonôs plan, which describes in detail the actions and associated sub-actions, 

specifies the responsible bodies and identify links with other plans and policies. Similarly, 

Madridôs plan provides action fact-sheets, with the identification of responsible bodies and 

associated budget. The poorer scores of the visions and objectives component are due to the 

fact that their description tend to be very general. The information base typically lacks details 

on the links between measures and climate-related issues, particularly concerning the results 

expected from the apple-cation of the measure. Finally, Figure. 2.4 provides a visual 

overview of the distribution of information on the identified EbA measures across plan 

components. This figure helps to understand how consistency EbA measures are treated 

across the different plan components, and where the gaps are. The figure shows that the 44 

EbA measures identified in the plans can be grouped in six categories: 

- Measures addressed in all the four plan components, from the information base through the 

implementation. This is obviously the most desirable situation, but occurred only for 45.5% 

of the EbA measures. In all other cases, at least one component is lacking;- Measures 

addressed in the first three components of the plans, but not in the implementation part. This 

occurs for 22.7% of the EbA measures;- Measures addressed only in the vision and objectives 

and actions with no links to the information base or implementation (13.6%);- Measures 

addressed only in the information base and vision and objectives, with no follow-up in the 

rest of the plan (6.8%);- Measures addressed in the information base only, with no follow-up 

in the rest of the plan (2.3%)- Measures addressed in the vision and objectives, actions and 

implementation components, with no links to the information base (2.3%). 
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Figure 2.2 Average scores of the seven types of EbA measures 

 

 

 

Figure 2.1 Number of mentions of the seven types of EbA measures (see legend in Table 2.1) in the 

sample of plans. 


















































































































































