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Executive Summary
This report provides a comprehensive review of the different approaches and criteria for the
characterization of adaptation options, including the categorization of measures in urban areas, with
particular focus on the role of nature based solutions for ecosystem based adaptation. It also presents
the assessment framework and the approaches (evaluation of effectiveness and efficiency), methods
and tools for prioritization of adaptation options, which has the potential to influence decision making
aiming towards their implementation.
The report addresses the current debates concerning climate change adaptation. This includes the
challenge of evaluating the effectiveness and efficiency of adaptation measures, and the evident
absence of standards. This raises the question of how could or should this be overcome by a
common framework in the European Union (EU).
Knowledge gaps and research needs are highlighted. Here, a common framework and supporting
criteria for the characterization of adaptation options as the basis for their evaluation seems to be
needed. There is also a need for a well-structured operational and standardized assessment process,
and also the harmonization of outcome values Prioritization methods require also particular
development. More research and evidenced-based knowledge on the effectiveness of measures is
required to reduce related uncertainty and gain legitimacy. New business models focusing on the
deployment of innovative solutions, alongside the mainstreaming of adaptation into the policy agenda,
seem to be required. Also, knowledge diffusion and facilitation on a cross-sectoral multidisciplinary
approach appears necessary in order to identify, evaluate, prioritize and monitor synergies, cobenefits and trade-offs between adaptation options, policies and disciplines.
A glossary of terms, and their suggested definitions, is provided in Section 10. A range of methods
and tools for the characterization, evaluation, prioritization and implementation of adaptation
measures has been included in Annex I to this report.
A dissertation on Nature-based solutions (NBS) and their role in Ecosystem-based adaptation (EbA)
has been included in Annex II of the present report. From the literature review, we understand that
these interventions, unlike other measures, require specific approaches, assessment frameworks and
policy tools for their development and implementation.
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1. Introduction
The potential of adaptation to climate change, at local level, has been highlighted by the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2014).
In addition, the communication, An EU Strategy on Adaptation to Climate Change (EC, 2013),
recognized the urgency for adaptation measures to deal with climate impacts and mainstreaming
these in the policies for vulnerable sectors.
Despite this, it is perceived that the development of urban climate change adaptation strategies has
been slow. A report from the European Environmental Agency (EEA, 2012) noted the poor integration
of the different domains of the urban system within adaptation strategies, and the unbalanced way in
which vulnerable sectors are addressed.
The majority of the EU cities are still lagging and, even where strategies exist, there are weaknesses
with regards to adaptation planning processes and also the nature of the outcomes produced
(Reckien et al., 2014)
Amongst other factors, this has been associated with the lack of provision of national and EU funding
for adaptation projects. There is a more fundamental problem which is the lack of common
frameworks and harmonized processes and values to characterize, evaluate and prioritize between
different adaptation options.
This report aims to offer the state of the art regarding the existing approaches for characterizing,
assessing and prioritizing climate adaptation options, in support of decision making towards their
implementation.
Chapters 1 to 5 analyzes the key topics relating to these issues with regard to climate change
adaptation in urban areas and critical infrastructures.
The report provides the state of the art of existing adaptation approaches for characterizing and
assessing the performance of adaptation measures as well as methods for prioritizing the selection of
the most suitable adaptation options against extreme weather and climate risk in urban areas. This
will serve as conceptual basis on which other resin tasks will build upon, to guide and inform
adaptation and resilience planning and action in European cities and urban areas.
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1.1. The Dynamic Adaptive Management approach
To contextualize this report within RESIN project, and comprehensibly address the issue of climate
change adaptation, we have opted for a Dynamic Adaptive Management Cycle (see figure 1 below).

Figure 4 Dynamic adaptive Management approach. Source: Own elaboration Tecnalia, 2015 adapted from
Haasnoot et al., 2013.

The Dynamic Adaptive Management cycle involves, five main phases. Phases 1 involves
understanding climate change scenarios and impacts and phase 2 the evaluation of vulnerabilities
and risks, ideally within an integrated approach. These two initial phases are out of the scope of the
present report, since they are already addressed by RESIN reports 3 and 4, respectively (Carter et
al., 2015; Connelly et al., 2015). The other three phases represent the core focus of this report. They
are:


Phase 3 Selecting the most appropriate adaptation options and interventions: characterizing and
evaluating relevant interventions and their prioritization for decision making.



Phase 4 Defining adaptation strategies, plans and pathways.



Phase 5 Defining the best implementation strategy and monitoring.

Figure 2 below, summarizes the relevant issues and related knowledge gaps and research needs in
each of these phases, which will be addressed later in the report.
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Figure 5 Summary of relevant issues and related knowledge gaps and research needs. Source: Own
elaboration Tecnalia, 2015
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2. Characterization of adaptation options
There is a vast literature devoted to the classification of adaptation options. Different categories,
groups and classifications exist, according to different criteria, (Niang-Diop, 2005; Secretariat of the
Convention on Biological Diversity, 2009; Markandya, 2009; EEA, 2012; EEA, 2013; Macintosh, 2013;
Biagini et al., 2014; EC, 2015), but there is not a single universal classification. In view of the diverse
classifications found in the literature review, we have elaborated a comprehensive outline of
alternative approaches, following the IPCC classification (2014). See table 1.
However, the literature devoted to characterization is less extensive. Characterization consists of a
general description of the adaptation options, where the category of option is just one criteria among
others. Other criteria indicate objective(s), scale (e.g., international, regional, national, subnational, or
local), temporal horizons, responsibilities for implementation and financing. This description would
also address issues including the technical feasibility of options, barriers to their implementation (e.g.,
cultural, social), the capacity to implement and sustain the measure, the cultural acceptability of the
technology involved (Niang-Diop, 2005).
Characterization is considered to be a prerequisite for the subsequent selection and prioritization of
the most suitable adaptation measure to be implemented.
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Engineering

Dikes and coastal flooding protection structures, channeling, water tanks and
pumps, sanitation, improvement of drainage, regeneration of beaches,
infrastructure design, water supply and sanitation systems management,
adaptation of transport and electricity networks etc.

Technological

Genetic techniques for new varieties of crops or animals, efficient irrigation,
water management technologies including rainwater collection, storage and
preservation of food, monitoring and hazard maps, early warning systems, etc.

Ecosystem Based
Adaptation

Ecological restoration, increasing biological diversity, deforestation
and
reforestation, fire control, green infrastructures, control overfishing, ecological
corridors, control of natural resources managed by communities, adaptive
management , etc.

Services-based

Social networks, food banks, municipal water management services and
sanitation, immunization programs, essential public health services, emergency
medical services, etc.

Educational

Awareness and integration in education systems, gender equity, dissemination
of local and traditional knowledge including adaptation planning, action learning
and social participation, surveys, platforms for sharing knowledge and learning,
international conferences and research networks, communication means, etc.

Structural/
Physical

Social
options that
seek to reduce
the
vulnerability of
disadvantaged
social groups

Open data, risk maps, (early) warning systems and response,
Information

monitoring systems, meteorological services,
downscaling projections, open database etc.

improving

climate

and

Behavioural

Housing, evacuation plans, human security, co-responsibility, self-adaptation,
water and soil conservation, diversification of livelihoods, alternative
management approaches, etc.

Economic

Financial incentives including taxes and subsidies, insurance, catastrophe
bonds, payment for ecosystem services, water and energy rates, microfinance,
disaster contingency funds, etc.

Normative/ regulatory

Legislation for spatial zoning, building codes, agreements and water control,
legislation for disaster risk reduction, legislation to promote the acquisition of
insurance, security of property rights and land, protected areas, fishing quotas,
patents and technology transfer, etc.

Institutional

Table 7 Classification of adaptation options. Source: Own elaboration, Tecnalia, 2015, adapted
from IPCC WG II AR5, 2014.
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Y

Vision/ urban strategy

Y
Y

Y
Y

Y

Y

Y

9

8

Y

MEDIATION

Blue Green
3
Dream
4
COMPASS

2

Y

Urban
greenbulegrid
10
s

Geographical component

Y

Y

RAMSES

Y

Knowledge for
7
Climate

Type/ kind of option

Y

Climwat
6
Adapt

Y

Climate
5
xchange

Thread addressed/ Climate related
hazard/impact

BASE

1

ADAM

DATABASE/ organization ACRONIM/
CRITERIA

Y
Y

Y

Y

Y

Affected urban surface parameter

Y

Time frame/ horizon

Y
Y

Authoring Organization/
Governance and institutional needs

Y

Y

Y

Y

Deliverability and feasibility

Y

Y

Beneficiary Group

Y

Technical barriers and
Requirements (human, regulatory,
social, financial, maintenance, etc.)

Y

Y

Y

Y

Y

Effectiveness

Y

Y

Y

Y

Y

Y

Y

Y

Performance under uncertainty

Y

Efficiency

Y

Complementarity

Y

Y

Y

Y

Side effects

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Table 8 Criteria for characterization of adaptation options used in different reference data
bases Source: Own elaboration, Tecnalia, 2015.

1

ADAM: ADaptation And Mitigation strategies supporting European Climate Policy http://climateadapt.eea.europa.eu/projects1?ace_project_id=1
2
Bottom-up climate adaptation strategies towards sustainable Europe http://base-adaptation.eu/about-base
3
Using water and vegetation together to make our cities more liveable http://www.climate-kic.org/projects/bluegreen-dream/
4 A guidance tool for developing climate-proof city regions
http://www.future-cities.eu/project/adaptation-compass/
5
Scotland´s centre for expertise on climate change http://www.climatexchange.org.uk/
6

Climate

Adaptation

–

modelling

water

scenarios

and

sectoral

impacts

http://climwatadapt.eu/sites/default/files/PPT1_project_overview.pdf
7
http://www.knowledgeforclimate.nl/
8
Methodology for Effective Decision-making on Impacts and AdaptaTION http://www.mediation-project.eu/
9
Science for cities in transition http://www.ramses-cities.eu/
10
Urban green-blue grids for sustainable and resilient cities http://www.urbangreenbluegrids.com
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3. Assessment framework of adaptation
options: effectiveness and efficiency
The present chapter focuses on the different aspects of assessing the performance of different
adaptation options, addressing effectiveness and efficiency. The outcomes of this evaluation will set
the basis for their prioritization towards implementation of the most suitable action/s.

3.1. Effectiveness
The effectiveness of climate change mitigation measures can be quantified through the metric ‘tonnes
2
of CO equivalent reduced’, which allows the comparison among different mitigation options.
Regarding climate change adaptation, however, there is no universally accepted metric for
effectiveness measurement (UNFCCC, 2010).
Moreover, it seems that there is a lack of consensus on what effective adaptation actually means
which makes assessing adaptation interventions even more difficult (Doswald et al., 2014).
Despite the obvious difficulties, the task of measuring the effectiveness of adaptation options is
challenging in particular for outcome based indicators or metrics (UNFCCC, 2010). Having universal
metrics for adaptation, like in mitigation, is challenging from different points of view, which are
reflected in table 3. In the specific case of NBS, the lack of systematic ways of measuring
effectiveness has created uncertainty concerning its usefulness and has prevented the generation of
clear questions for researchers and practitioners to address (Doswald et al., 2014).

Opportunities
Political view

Shared vision of adaptation
goals

Ethical view

Transparent criteria for projects

Economic view

Ex-ante identification of
promising projects (Noble,
2008; ex-post monitoring
(Noble, 2008), ex-post
corrections/ adjustment
(Hallegatte et al, 2011), and
potentially for allocation of funds
(Butzengeiger et al, 2011)

Challenges
Choosing indicators will make
some nations better off than
others; agreements is therefore
difficult (Hinkel, 2008)
Value judgments are needed
(Hinkel, 2008; Klein, 2009)
Measurement of indicators is
uncertain (Hinkel, 2008;
Hallegatte et al, 2011),
important metrics are qualitative
(IGES and World Bank, 2008)

Table 9 Opportunities and challenges of having universal metrics in adaptation field. Source:
Stadelmann et al., 2014.
The reasons that mainly contribute to the lack of standardized metrics for measuring the effectiveness
of adaptation are:

Dependence on local conditions,



Long-term timescales associated with climate change impacts,



Multi-sectoral nature of adaptation,



Multi-stakeholder involvement required at different times and places.
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The multi-sectoral nature of adaptation means that one adaptation option can contribute to different
dimensions of the adaptive management approach (see Figure 1) such as: reducing the magnitude of
3
the impact (e.g. m of rainfall caught by a green infrastructure), reducing the exposure of receptors
(e.g. reduction of the number of people exposed to flooding), reducing the sensitivity of receptors (e.g.
number of buildings with improved flood defences), improving adaptive capacity (e.g. number of
health centers), etc. As a consequence the effectiveness of a measure in the mentioned dimensions
of adaptation is calculated with different metrics, which makes difficult to find a universal metrics for
the standardization of effectiveness measurement options.
As a matter of fact, there are different variables to measure the effectiveness of adaptation options, in
some cases influenced by the receptor of the adaptation measures including humans, infrastructure
and energy consumption (Bosch, 2014).
But it is not only a question of the metrics. Also significant is the processes used for developing the
effectiveness metrics and recognizing the influence that other variable that can have in terms of
generating different results when assessing the same adaptation option (see table 5).. For example,
considering a measure consisting of replacing a paved surface with a greenspace area with two trees
in a park, the effectiveness of this measure cannot be usefully compared where:
 There is no additional information: The greening measure achieves a reduction in PET of 2ºC or:
the greening measure achieves a reduction of 2ºC on the air temperature.


There is additional information: Comparing against the paved surface, the greening measure
achieves a reduction in PET of 2ºC in the morning (average from 9 a.m to 12. a.m) and of 1ºC in
the afternoon (average from 15.00 to 19.00) on a bench located below the tree on a typical
summer day (mean temperature of July). These results are simulated with Envimet model.

The multiple factors related to metrics and process that influence calculation of the effectiveness
which makes difficult the standardization are summarized in table 4 and briefly described below.
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Characteristics of the study

PROCESS

HEAT-Outdoor

Simulation
period

_One day (24 hours)
_Certain periods

Location of
the study

_2 m above the ground
_300 mm above the roof

_One day (24 hours)
_Certain periods

_Rainfall duration
_One day (24 hours)
_5min time step on the basis of storm inputs

_Envimet
_Solweig
_Thermal cameras

_MIKE
_HEC-RAS
_SWAT
_Iber

_Average day (air Tª)
_Extreme day (heat wave)

_Average day (air Tª)
_Extreme day (heat wave)

_ Frequency (in terms of return period, years)
_Rainfall duration (hours)
_total volume of the rainfall (mm)
_Intensity (mm/min)
_Peak runoff low (m3/min)
_Location of peak rainfall

_Forest Vs built area

_Isolation Vs normal wall

_Storage pond Vs nothing
_Concaved area Vs flat green area

Variable

_Air Temperature (ºC)
_Outdoor Comfort (PMV, PET, etc.)
_Surface Temperature (ºC)
_Mean Radiant Temperature (ºC)
_Wind Speed (m/s)
_Relative Humidity (%)

_Indoor Comfort
_Overheating hours
_Degree of overheating

_Peak flow reduction (mm, %)
_Runoff reduction (m3, %)

Time
expression

_Specific time
_Average (daily, morning, afternoon)
_MAX, MIN

_Specific time
_Average (daily, morning, afternoon)
_MAX, MIN

Model

Baseline scenario

Results

Flooding

_Simulation
_Empirical

Study type

Meteorological
situation

METRICS

HEAT-Indoor

Table 10 Examples of the different variables used for effectiveness measured found in the literature. Source: Own elaboration. Tecnalia, 2015.
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3.1.1. Process for metrics calculation
Study type
Two main approaches to conducting an effectiveness analysis have been identified in the
literature: empirical studies based on field measurements (Armson et al., 2012, Dreelin 2006)
and simulation through modelling software (Sušnik et al., 2014, Liu et al 2014). Both
approaches are applied by other authors (Tan et al., 2015, Salata et al., 2015, Lin et al.,
2010).
In order to properly assess the effectiveness of adaptation options, there are many factors
that must be considered such as: the urban morphology, the drainage systems, the
turbulence, radiative exchanges, evapotranspiration, etc. This has led to the development of
a growing number of numerical models which are based on the physical processes given in
urban environments that considers the mentioned processes (Skelhorn et al., 2014). On the
contrary the applicability of empirical studies in urban context are limited since requires major
resource inputs, particularly at district level, to consider the mentioned variables and
processes.
Simulation models offer an acceptable and economical solution to deal with the challenges of
effectiveness measurement, and may be the proper tool use to compare among different
solutions. This approach has, of course, its limitations with regard to the accuracy of models
in comparison to real-world measurements, although some models calculate acceptable
measures that can be considered valid for relative comparisons of different adaptation
options. In this sense calibration plays an important role and normally some field
measurements are necessary to achieve this.
From the literature review there are other aspects that can influence the effectiveness results
of a certain measure. The table 5 compiles some examples of the values used by different
authors for the simulation period, the model used and the location of the study.
Meteorological situation and simulation period
In order to enable a useful comparison between different measures, similar weather
conditions are needed to create comparable results (Bosch, 2014).
For instance, for pluvial flooding reduction, a detailed description of the rainfall event is
required, including data such as: frequency of rainfall (in terms of return period) in years,
rainfall duration in hours, total volume of rainfall in mm, intensity in mm/min and peak runoff

www.resin-cities.eu

in m3/min (Liu et al., 2014). Qin et al 2013 uses all these parameters to characterize a storm
event, including the location of peak rainfall intensity.
Concerning specific measures such as green roofs, the quantity of water retained will be
influenced by the green roof characteristics, although depending on the size and intensity of
the rainfall event, the quantity of water retained will also vary. Czemiel Berndtsson (2010)
provides a deep review of studies related to the effectiveness of green roofs, which
highlights that the smaller the volume of rainfall and the lower the intensity of the event, the
larger the water retention in the green roof.
In the same way, regarding the effectiveness of option focused on reducing heat impacts,
these are also dependent on the meteorological situation. It is not the same to measure
effectiveness in a hottest day of the summer, as Taleghani et al 2015, Salata et al 2015 do,
for example, than in an average day such as undertaken by Gillner et al 2015, Middel et al
2015, among others. Perini and Magliocco, 2014, include both situations measuring the
effectiveness of heat reduction measures on an average summer day and also on the hottest
day of summer.
The weather conditions selected will also influence when and how long the field
measurements or simulation will take place for, which varies from some hours (Taleghani et
al 2015, Salata et al 2015) to several months (Dreelin et al., 2006).
Baseline scenario
The effectiveness of an adaptation measure must be calculated comparing it with a reference
situation or with the same situation without the measure being implemented. Baseline data
consist of making an analysis describing the situation prior to a development intervention,
against which progress can be assessed or comparisons made (Adaptation Fund, 2012).
For certain green cover options, different variables can influence the baseline scenario. For
example, the difference in the air temperature between the middle of a park and the
surroundings of it can vary by more than 2ºC if the comparison is made between
measurements taken in the middle of the park and city centre. Doswald et al., 2014
underlines that there is a lack of quantitative (empirical or modelling) studies with a control
situation or counterfactual and cost-effectiveness studies that compare or integrate EbA with
other adaptation interventions such as hard infrastructure alternatives. Geneletti and Zardo,
2016 and Bowler et al., 2010 consider that the selection of representative and comparable
sites needs to be made more explicit and reported in articles.
3.1.2. Metrics for effectiveness measurement

Variable
Regarding the heat reduction options, air temperature is the most common unit used
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because it represents the effectiveness for any receptor. When the receptor is humans, some
studies uses humans’ thermal comfort to express the effectiveness of adaptation measures,
but again there is not a standard index and different index are found in the scientific literature:
Physiological Equivalent Temperature (PET), Predicted Mean Vote (PMV), Universal Thermal
Climate Index (UTCI) and Equivalent Temperature (ET) amongst others indices. Other
metrics found to a lesser extent in the literature for effectiveness assessment are mean
radiant temperature (Tmrt) and wind speed, which are both variables for human comfort
measure. More than one variable are sometimes used to measure effectiveness, for example
Salata et al., 2015 measure effectiveness using air temperature (ºC), mean radiant
temperature (Tmrt) (ºC), wind speed (m/s), relative humidity (%), and PMV. Further, Tan et
al., 2015 introduces the air temperature (ºC), mean radiant temperature, Tmrt (ºC) and
surface temperature (ºC).
There are also different variables for measuring the effectiveness of pluvial flooding
reductions options, depending on the aim of the measure. However, in comparison to heatreduction measures, there is only one metric for each variable; Retention of rain water (%, m
of pluvial depth), Surface runoff reduction (mm, %) and reduction of peak discharge.

Variable

Flooding

HEAT_Outdoor

Air Temperature (ºC)
Surface Temperature (ºC)
Physiological Equivalent Temperature
(PET)
PhysioloPredicted Mean Vote (PMV)
mean radiant temperature (Tmrt)
wind speed (m/sg)
Runoff reduction (%, m of depth , m3 of
rain)
Surface runoff reduction (m2,%)
Peak flow reduction (m3/s,%)

Authors
Armson et al., 2012, Bowler et al., 2010, Skelhorn et
al., 2014,Middel et al., 2015
Z. Tan et al., 2015
M. Taleghani et al., 2015, A.Szucs el at., 2013, T.P
Lin et al.,2010, Muller et al 2013
K. Perini & A. Magliocco. (2014), F.Salata et al., 2015
Z. Tan et al., 2015, F.Salata et al., 2015
A.Szucs el at., 2013, F.Salata et al., 2015
J. Sušnik et al., 2014, H.Qin et al., 2013, E. Dreelin
2006
J. Sušnik et al., 2014, H.Qin et al., 2013, E. Dreelin
2006
W. Liu et al 2104.

Table 11 Examples of the different variables used for effectiveness measured found in
the literature. Source: Own elaboration, Tecnalia, 2015.
Time expression of the results
The results of the effectiveness variables can be given in different ways. The effectiveness
calculations for different adaptation measures need to be based on a reference situation on
various moments of the days or when the option is more effective (Bosch, 2014): in a certain
moment of the day, as an average of day, daily average, for example.
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In the case of flooding, variable measurement is done for a period of time that varies from 24
hours to the duration of the event, or for a certain period of time after the rainfall stops.
Usually the period of time given, after the rainfall starts are 10 minutes.
Regarding heat-reduction measures, Bowler et al., 2010 highlights that for data
standardization, the debate must be focused on the most useful summary temperature
parameters, such as daily average (Skelhorn et al., 2014, Salata et al.,2015), average during
daylight hours and/or difference at the warmest time of day. Middel et al., 2015 chooses the
effectiveness of a greening measure at 15:00 making the argument that this is the hottest
time of the day and thus when shade trees are most beneficial in terms of enhancing human
comfort. Perini and Magliocco, 2014, in a study performed in Europe and Tan et al., 2015 in a
study from Asia, choose 13:00 instead for the same reason.
For the effectiveness assessment of certain adaptation options, static measures are not
representative (Bosch, 2014). For example, a pond loses its cooling potential during a heat
wave as it accumulates heat as the days pass by. The location and aim of the measure will
influence decisions about this parameter.
Range of the effect
This variable is specific for heat reduction measures, because the cooling effect of a certain
measure can cover a wider area than the specific place where the measure is implemented.
Thus, the cooling effect varies depending on the distance from and size of the measure
(Bosch, 2014).
As a summary the main aspect concerning the effectiveness are the following:






There is no universally accepted metric for effectiveness measurement of the adaptation
options like in mitigation due to the multi-sectorial nature of adaptation, the dependence
on local conditions, the long-term timescales associated with climate change impacts, the
multi-sectoral nature of adaptation, the Multi-stakeholder involvement required at different
times and places, etc.
Despite the difficulty, having universal metrics for adaptation options effectiveness is and
opportunity a political, ethical and economic point of view as allow sharing vision of
adaptation goal and providing transparent criteria for projects, among other advantages.
There are big differences in the way that an effectiveness measurement is carried out
based on a deep literature review, not only in the metric but also in the process for
obtaining these metrics.

3.2. Efficiency
The other approach to evaluate adaptation measures is the assessment of efficiency. This
considers not only the benefits gained from adaptation options (in economic and noneconomic terms), but also the costs (direct and external costs) and the co-benefits of the
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measure. Co-benefits can be related to the multifunctionality and/or the ecosystem services
provided by the measure.
The most commonly used efficiency assessment methods, within the economic framework
(Watkiss, et al., 2014) are Cost-Benefit Analysis (CBA) and the Cost-Effectiveness Analysis
(CEA).
The analysis of the costs and benefits of adaptation options plays an important role in
justifying the case for action, and for prioritizing available resources to deliver greater social,
environmental and economic benefits. In theory, a common framework can be used for the
analysis of costs and benefits. This framework first assesses the impacts and economic costs
of climate change, including slow onset trends and changes in extreme events. It then
assesses the potential costs and benefits of adaptation options to reduce these impacts. And
last, assesses the residual impacts of climate change after adaptation options are
implemented. The most effective (or even economically optimal) level of adaptation will
therefore be a balance between the costs of adaptation measures, the benefits of adaptation
measures and the nature of any residual impacts (OECD, 2015).
3.3.1. Cost- Benefit Analysis (CBA)
Cost- Benefit Analysis (CBA) is a widely used tool in governance and planning, which
determines the economic efficiency of the implementation of a particular project or action. In
the context of adaptation to climate change, CBA allows comparison of the economic costs
associated with implementing an adaptation measure with the direct benefits resulting from
the reduced, or avoided, damages/costs that would otherwise be caused by climate change
in the case of inaction. Applied systematically to several alternative adaptation measures,
CBA becomes a valuable tool for objective economic prioritization of interventions. This is
because it allows the comparison of the ratios of benefit vs cost and Net Present Value (NPV)
of individual measures and thus their economic efficiency.
A CBA based approach is used, for example, by Le Tissier (2013) to classify adaptation
options as short, medium, long term considering all concerned stakeholders for single or
combined sector(s). Other practical examples of CBA for comparing adaptation options can
be found into the work of Kontogianni et al. (2014) which compare various coastal adaptation
options and Brouwer and van Ek (2004) which combines the CBA and the MCA to compare
alternative flood control policies. Scoring criteria is followed by CBA and the outcome, in
terms of NPV’s magnitude, is used for prioritization of options. Relating to this, the EEA
states that (EEA, 2012):



It is important to take into account all costs and benefits of the adaptation options
available to estimate their economic feasibility.



Uncertainty in the climate models affects adaptation costs and benefits, as well as
costs resulting from inaction.
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Co-benefits are decisive for getting adaptation action prioritized in the political process
and subsequently implemented.

3.3.3. Cost- Effectiveness Analysis (CEA)
Cost- Effectiveness Analysis (CEA) is a tool used to compare alternative options, notably
when benefits cannot be measured in a reliable manner. It ensures the efficient channeling of
investment in sectors or domains where it is impossible to quantify the economic benefit of
adaptation measures. Therefore, it is an appropriate tool for the selection of alternative
adaptation measures with the same potential benefits (quantified in physical terms), but
whose costs differ. CEA is used when it is not possible to quantify in economic terms the
benefits of a specific adaptation measure, potentially where the necessary information to do
so is not available (e.g. people protected by a dike). In this sense, the method is completely
neutral from the perspective of introducing subjectivity criteria to evaluate the benefits of
measures. However, by itself, CEA does not adequately manage the uncertainty associated
with climate change (Prutsch et al., 2014).
Watkiss et al. (2012) suggest a CEA based decision support tool allowing options to be
expressed in equivalent terms of cost per unit of effectiveness, thus facilitating their ranking.
One practical example can be found in the work done by Smith, Ragland, and Pitts (1996) in
which the CEA is used to examine various climate change adaptation options for a tropical
forest region.
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4. Prioritization of adaptation options
towards decision making
One of the key phases within the suggested dynamic adaptive management process (see
figure 1), is the selection of the most appropriate adaptation alternative or alternatives,
among all potential available options. This selection implies the definition and assessment of
criteria that will allow their prioritization.
Back in 1997 Smith et al., stated that the two basic factors to prioritize Climate Change
Adaptation (CCA) options were whether they are flexible and whether benefits exceed costs.
Since many options would satisfy these basic criteria, options should be ranked somehow
based on other factors.
There are a number of tools that allow the comparison and prioritization of adaptation
alternatives. These tools can support decisions on the selection of the most robust, efficient
and effective measures from an economic, social and environmental point of view. Most of
these tools are analytical, originally designed for other purposes, but some have been
specifically designed in the context of adaptation to climate change.
As highlighted by Lim et al., 2004, a variety of prioritization methods exist. A summary of
methods are presented in Annex I of this report.
Formal methods for prioritization can most easily be applied to project-type (sector, and multisector) and engineering adaptation options. In the case of cross-sectoral options, such as
institutional reform and legislation, it is often difficult or impossible to quantify the benefits or
impacts of a measure. For these options, it may then be necessary to employ informal,
qualitative and subjective ways to determine their attractiveness.
It could be argued that to date, the most commonly used methods for prioritization, are those
within the economic framework (Watkiss, et al., 2014), particularly Cost-Benefit Analysis
(CBA) and Cost-Effectiveness Analysis (CEA).
However, other dimensions could be considered in order to enrich the decision beyond
economic aspects. Here, the most widely used tool is Multi-Criteria Analysis (MCA), which
can incorporate non-economic decision-making aspects.
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4.1. Cost-Benefit Analysis
Directly compares the costs and benefits allowing comparison between sectors (Le Tissier,
2013). It is a widespread tool in governance, which determines the economic efficiency of the
implementation of a particular project. Applied systematically to several alternative measures
of adaptation, the CBA becomes a valuable tool for objective economic prioritization of
interventions, because it allows comparing the ratios benefit /cost and net (NPV) Present
Value of individual measures and thus the economic efficiency of the same.
Applicability:



Risk probabilities are known



Probability of climate sensitivity is low



High quality data for the cost / benefit components

Considerations:
According to EEA, 2012, it is important to take into account all costs as well as all benefits of
the adaptation options available to estimate their real economic feasibility. Uncertainty in the
climate models affects adaptation costs and benefits as well as costs resulting from inaction.
Co-benefits are decisive for getting adaptation action prioritized in the political process and
subsequently implemented.
Limitations:



It does not consider indirect benefits.



It does not consider the distributional effects of the measures.



The results depend on the discount rates.

4.2. Cost-Effectiveness Analysis
It aims to compare alternative options, notably when benefits cannot be measured in a
reliable manner. It ensures efficient channeling investment in sectors or domains for which it
is impossible to quantify the economic benefit of the measures. The CEA is used when it is
not possible to quantify in economic terms the benefits of a specific adaptation measure
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whether this limitation is due to an inability to obtain the information necessary for it, as if it
the inconvenience or inability to ‘monetize’ must the benefit of the measure (e.g. people
protected by a dike). In this sense, the method is completely neutral from the perspective of
introducing subjectivity criteria to evaluate the benefits of the measures.
Watkiss et al. (2012) suggest a CEA based decision support tool allowing options to be
expressed in equivalent terms of cost per unit of effectiveness thus facilitating their ranking.
Applicability:





Same application as the CBA not monetized measures (e.g. health.)
Widely used in climate change mitigation
When there is not agreement on sectoral social objective (e.g. tolerable risk of flooding.)

Considerations:

By itself the CEA does not allow adequately manage the uncertainty associated with climate
change (Prutsch et al.2014).
Limitations:




It is an appropriate tool for the selection of alternative adaptation measures with the
same potential benefits (quantified in physical terms), but whose costs differ.
It requires an additional data (besides monetary).

4.3.

Multi-criteria Decision Analysis

Aims to compare alternatives based on multiple criteria (as many as you want) with a
quantitative and systematic approach. The criteria may be monetary or non-monetary.
El-Raey et al., 1999, combining an Adaptation Simulation Evaluator (ASE) and Tools for
Screening, Evaluating and Selecting Adaptation Measures (TEAM). Lim et al., 2004,
computerized models used for sensitivity analysis, scaling, scoring, input enter and graphical
evaluation. De Bruin et al., 2009, to assess political feasibility of climate change adaptation
(Champalle et al., 2015).
Applicability:




Multiple targets and qualitative data.
Very useful method when available data is scarce or partial, when cultural and ecological
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considerations are difficult to quantify, or when the economic dimension is just one of
many criteria.
Multiple stakeholders making decisions where it is necessary to reach an agreement
which is crucial for identifying and subsequent implementing adaptation measures (Van
Lerland et al. 2013).

Considerations:

It involves defining a framework for integrating different decision criteria in a quantitative
analysis without assigning monetary values to all factors. Using weighting, an overall score
for each adaptation option can be obtained. The main outcome of the MCA is a ranking of
adaptation options and an appreciation of the strengths and weaknesses of the attributes of
each option.
It can also be performed in conjunction with other methods of assessment (CBA and CEA) to
provide a more solid basis for decision-making. Muliti Criteria Decision Assessment is a form
of MCA used to analyze complex decisions with multiple perspectives that uses both
quantitative and qualitative systematic assessment forms for prioritization.
Limitations:






High costs of data collection.
Difficulties in assigning weighting, especially if the number of criteria is large and the
criteria are very different in nature.
The standardization of the scores.
It requires stakeholder participation which could slow down the process.
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5. The adaptive implementation strategy
and its mainstreaming into urban
planning and sector policies
Climate change adaptation, as any other planning process, requires two transversal tasks in
order to be successful: a clear definition of the nature, objective and extent of the planning
process and stakeholder and public involvement in the process to guarantee legitimacy.

5.1. Implementation approaches
Snover et al., 2007, mention that a variety of implementation approaches exist which are the
authorities and/or avenues over which governments have control or influence on policy,
planning and infrastructure. The results of a literature review with regard to those approaches
are summarized in table 6.
Various authors give practical advice on how to proceed with the implementation of
adaptation options. Clar et al., 2013, stress that implementation guidelines can be formulated
for various purposes like providing practical guidance, enhancing planner’s capacity and
reducing vulnerability.
Headwaters Economic (2012) make suggestions for successful implementation including:
focus on an immediate threat, recognize local values, be flexible, start with an existing
process, utilize local activists, facilitate peer-to-peer learning, recognize limited capacity, use
outside expertise, use economic arguments, do not wait for perfection, and recognize
mitigation as a first step.
Our literature review revealed that various papers present the necessary contents of an
implementation plan. Starting with Anderson et al. (2007), their case study revealed that
implementation relies heavily on the engagement of the host country since USAID projects
can be limited in terms of duration and resources, and that a sustainability plan is essential to
ensure continuity and capacity building. The Canadian Council of Ministers of the
Environment (2015) stress the importance of defining a timeframe and schedule and
identifying the list of resources committed to implementation.
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Approaches/
methods
Delphi method
Heuristic policy
making
Dynamic
adaptation
process
Interactive and
deliberative
processes

Set of methods
combining both
prioritization
and
implementation

Characteristics
Iterative, group-oriented, idea-seeking for the strongest
possible opposing views.
Four-step indicators method reflecting the heuristic
definition of the policy-making stages.
Methodology based on the main idea that adaptation is
a dynamic process. Effectiveness indicators and
precise time horizons are crucial to properly adjust
plans if necessary.
A step-wise approach based on a set of normative
criteria for interactive and deliberative processes. The
uncertainty challenge is important, and there is no onesize-fits-all policy instrument mix.
Method aims to develop scientifically sound and
practical options. The planning phase sets the basis for
stakeholders’
sustained
engagement
in
the
implementation phase where subsequent meetings are
carried.
According to this method, once risk treatment priority is
established, options to first treat high priority risk are
identified. Also, a two dimensional matrix (barriers &
opportunities – implementation priority) with the
categories ‘Important and easy’, ‘Important but tricky’,
‘Not so important but easy’, ‘Too hard for now’ is set to
structure the action plan.
The first step in this method is to prioritize in the
broader context of national, sustainable, development
planning. Implementation can then be realized through
modalities of various channels like the United Nations
Framework Convention on Climate Change.

References
Gleeson et al.
(2011)
Dannevig et al.
(2012)
Hallegatte et al.
(2011)

Mees et al. (2014)

McCarthy (2012)

Elrick et al. (2009)

Least Developed
Countries Expert
Group (2012),

Table 12 Summary of methods and tools used in implementation Source: Own
elaboration Tecnalia, 2015.

Furthermore, an internal/external education and best practice review should be a prerequisite
to no/low regrets options implementation. The US Council on Environmental Quality (2011)
stresses the importance of identifying a senior official responsible for actions and establishing
a policy statement expressing their commitment to climate change adaptation planning. In
addition, continuous plan revision should be considered.
Finally, Wilby et al., 2011, stress the importance of mainstreaming and ‘low-regret’
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anticipatory options implementation to guide adaptation pathways within a frame of robust
decision making. They recommend low-regret options since no-regret ones are seldom
available and all options include some opportunity costs. Moreover, options should also be
reversible and incorporate safety margins.

5.2. Criteria for successful implementation
An intrinsic characteristic of adaptation planning is the definition of pathways for
implementing specific actions and measures. The detection of drivers and factors that
influence or may condition or facilitate adaptation is key to align adaptation with current
activity and the long-term vision for a city and its management. These factors include local
self-governance, political and financial conditions, and resources.
The nature of links between adaptation measures and other public policies is seen also
crucial in this process. In Bizikova et al. (2008) approach, preferred options are identified in
accordance with the development pathway priorities, and short-term options are sought to
ensure long-term implementation. Following monitoring, the authors stress the necessity to
establish procedures to incorporate lessons learned into future planning.
For Black et al., 2014, establishing a link with other programs is necessary to identify
synergies and conflicts and thus, either to decide implementation timing, or the necessity for
risk treatment measures and/or external assistance.
Last, Ribeiro et al., 2009, stress the importance of asking the key questions ‘how, when and
by whom?’ to ensure sustainable implementation. Notably ‘who will fund’ during the
development process (6 –12 months) is a major issue.
The EEA Report Urban adaptation to climate change in Europe (EEA, 2012) highlights the
importance of mainstreaming adaptation options with pre-existing tools and mechanisms that
are already being used in planning. In that connection, Environmental Impact Assessments
(EIAs) are seen as particularly relevant for the purpose of procedural integration at an
international scale, due to the broad thematic and institutional reach of EIAs. Plans and
projects which are the subject of environmental assessments also require climate proofing as
a pre-condition. Strategic Environmental Assessment also offers potential benefits for
integrating adaptation options within policies, plans and programmes.
Beyond providing advice, some authors also express doubts about the implementation of
adaptation options. For example Dupuis et al., 2013, state that it produces merely symbolic
effects, even non-decisions, possibly exacerbated by barriers (e.g. lack of political
commitment, unclear responsibilities). Nevertheless, awareness seems to be increasing on
the necessity to take action, as for instance highlighted by Roders et al., 2015, in reference to
the Dutch housing associations who expressed the demand to have access to a wide palette
of implementation strategies.
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The GRaBs project (2010), identified the following successful implementation criteria:
•
•
•
•
•
•
•
•
•
•
•
•

Collaboration with external stakeholders.
Strong leadership or championship.
Access to funding.
Awareness levels within the organization.
Outsourcing research and other actions.
Human resources and skills.
Public awareness and engagement.
Quality and availability of information and data.
Position of adaptation on the list of priorities.
Development of local regulations and policies.
Learning from others (networking, research projects).
Existence of a strong sustainability movement.

Figure 6 Summary of the planning process and mainstreaming into urban planning
and sector policies. Source: Own elaboration, Tecnalia, 2015.
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6. Overview of current debates
The present chapter outlines current debates with regards to adaptation approaches as well
as characterization, evaluation and prioritization of adaptation measures, in view of our
literature review.

6.1. Evidence based knowledge and common framework for
evaluation of effectiveness and efficiency
Assessing the effectiveness of various adaptation options, which can subsequently support
decision making concerning prioritizing between options, is considered very challenging due
to:



the diversity of measurement units that are used within existing methods for assessing
adaptation benefits (Kunreuther, 2013; Bowler, 2010);



the difficulties to identify and quantify non-market goods/ non-monetary benefits arising
from adaptation. For example in the case of valuing ecosystem-based adaptation
measures; and the discrepancies in methods used to translate these into monetary
values (i.e. TCM, CVM; Hedonic Pricing etc.). These issues are causing added
complexity for standardization and for comparison across studies;



the diversity of situations where the effect of adaptation approaches are measured and
of the conditions under which these effects have been measured and modelled
;
(Sussman, 2014)



the sometimes inadequate quantification of benefits of adaptation options (Jenkins,
2014);



the inconsistencies in methodologies and assumptions that underpin the measurement
and monitoring of adaptation approaches, which hampers comparison across studies
(Dupuis, 2013);



the use of empirical analysis vs modelling for effectiveness assessment remains a
challenge. Empirical analysis is more realistic than modelling However, modelling is
cheaper and it is a proper tool for comparing different options under the same
boundary conditions.

We now look at Ecosystem-based Adaptation (EbA) in order to consider these issues in
greater detail. Indeed, the assessment of effectiveness becomes even more challenging
when addressing EbA. Although EbA has being enthusiastically promoted in some quarters
(UNFCCC, 2011), the concept 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;
Geneletti and Zardo, 2016).
The literature and resources available on EbA is fragmented (e.g. sustainable urban drainage
systems, coastal flooding, heat island effect, etc), yet does provide insight on their benefits in
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comparison with traditional systems (e.g. Tompkins & Adger, 2004; Vignola et al., 2009, EC,
11
2015 ).
In particular, the lack of thorough and systematic documentation on long-term functioning and
effectiveness, in order to consolidate the evidence-base for EbA, has created reluctance,
skepticism and uncertainty. This has prevented the generation of clear questions for
researchers and practitioners to address (Doswald et al., 2014)
The site-specific nature of EbA requires the systems to be adapted and designed for each
case individually, thereby preventing the development of a technical ‘one size fits all’ solution.
This means that the comparability between implemented options becomes a burden leading
to gaps on information sharing and learning on effectiveness from other experiences.
Besides, there is not even a consensus with regard of whether they increase or create
employment rates. In order to overcome this burden, innovation and creativity is required,
where innovation probably means re-labeling previous actions and measures. Some EbA are
actions that have been implemented many years ago for nature protection and conservation,
for which we do already have data registered and an evaluation of effectiveness could
therefore be undertaken with lower levels of uncertainty.
When addressing efficiency, challenges concerning the estimation of adaptation costs and
benefits are (OECD, 2015, p 39):


‘Estimating future climate risks and adaptation benefits: It is difficult to estimate the future
impacts and economic costs of climate change, due to the wide range of potential risks,
the scientific and economic information available, data gaps and modelling constraints.
These issues are amplified when considering adaptation costs and benefits, especially
given the large number of potential adaptation options that exist.



Uncertainty: The challenges above are made more difficult because of the large
uncertainty associated with future climate change. At the current time it is not clear what
future emission pathway the world is on, and even if this were known – significant climate
model uncertainty would remain. Taking account of this uncertainty has two
consequences: it makes it harder to estimate the scale of the impacts of climate change
and the benefits of adaptation; and it increases adaptation costs relative to a situation
where people are assumed to be able to predict the future.



Framing: The costs and benefits of adaptation are determined by the framework that is
used and the objectives that are set (e.g. whether the optimal level is based on economic
efficiency versus a defined level of acceptable risk). These vary with context, country and
across stakeholder groups. This means it is very difficult to provide a definitive cost of
adaptation. There are also additional issues around the distributional effects (and equity)
of climate change over time and between groups, and whether these are accounted for in
analysis of impacts and adaptation’.

11

Annex 1
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Baselines and timescale: The baseline assumptions, and the future timescales under
investigation, lead to large variations in estimates. The choice of discount rate is of
particular relevance in this context, as it affects the weight put on benefits occurring in the
future. There is the further issue of the existing adaptation deficit (the gap between the
current state of a system and a state that minimizes adverse impacts from existing
climate variability), as adaptation to future climate change will be less effective if this
deficit has not first been addressed (Burton, 2004). This is a particular problem for
developing countries, but even OECD countries have adaptation deficits or are close to
the limits of coping with current climate variability.



Scale and boundaries: The impacts of climate change in one area will spill over into other
areas through mechanisms such as trade and financial flows. These can only be
modelled at a global scale, but can affect costs reported at the regional, national or local
scale’.

The assumptions used to address these challenges can have a large impact on the results of
approaches to assess efficiency.

6.2. Is it possible to standardize? Do we really need
standards?
This state of the art report evidences the absence of standards with regards to adaptation.
One of the challenges of the RESIN Project, in relation to adaptation options, is to recognize
the feasibility of, and options for, standardizing processes for the characterization,
assessment and- prioritization of adaptation options and measures.
There is a diversity of adaptation planning approaches, which is enabling local pockets of
good practice to emerge. Standardized adaptation planning approaches that are well
developed and readily accessible to urban planners and decision makers could help them to
more effectively develop the urban adaptation agenda. This provides the scope for the
development of generally applicable planning tools that provide enough room for locally
specific implementation.
The complexity of urban adaptation processes calls for the development of simplified
methods and standards to support city planners and local decision makers in designing and
implementing feasible, socially-balanced and cost-effective adaptation strategies.
Standardization is a challenge due to the complexities already mentioned in this report (i.e.
lack of common evaluation framework, multiple factors related to metrics and process that
influence calculation of the effectiveness and the efficiency). However, the potential benefits
are also important to recognize. Standardization establishes design criteria that improve
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adaptation options; their design, operation, effectiveness and efficiency, not only for the
purpose they were developed for but for many other reasons.
The lack of standardization to measure the effectiveness and efficiency of adaptation options
means that specialist and researchers tend to focus on their own focus and interests,
generalizing other aspects (Czemiel, 2010).
There are clear potential benefits for developing standardized metrics for measuring the
effectiveness of adaptation options and also a standardized process for their calculation that
allows the comparison among different adaptation measures. It is a difficult challenge to
achieve but is it worth pursuing?
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7. Knowledge gaps
The present chapter summarizes the identified gaps in the knowledge base and how RESIN
is going to address those.
 Understanding of the applicability and (cost) effectiveness of adaptation options.
There is a need for research on conventions for measuring, modelling and reporting the
effectiveness of adaptation options. The lack of consensus on what effective adaptation
actually means, makes assessing the adaptation interventions even more difficult. In order to
develop consistent methodologies, long term research is required to, on one hand, overcome
reluctance among different projects addressing the same themes from different perspectives
and disciplines; on the other hand, gather evidence based information on which to build a
performance monitoring scheme.
RESIN project aims to contribute to the better understanding of the evaluation frameworks in
WP2, 3 and 6, contributing also to the development of conventions in WP5
 Comparable empirical evidence on the potential costs and benefits of adaptation
options.
Approaches for prioritizing between and deciding on the most appropriate adaptation options,
taking into account the specific natural and built environment characteristics of the city,
happens in a policy arena which lacks comparable empirical evidence on the potential costs
and benefits of adaptation options. Though our literature review is clear that harmonization of
metrics (values and units for the evaluation of effectiveness and efficiency of adaptation
measures in order to be comparable/ allowing benchmarking does not exist.
RESIN project purposes to provide an attempt of harmonization under WP3.
 Standard processes towards decision making and implementation.
There is a scarcity of well-structured operational and standardized tools to identify and
implement the best performing, efficient and effective adaptation options for a particular
context (Kunreuther, 2013).
To support the implementation of adaptation options, further research is needed on issues
including appropriate institutional arrangements, human resource requirements and
performance indicators (e.g. for urban drainage, design of systems that can cope with silt)
and the improved quantification of benefits (including more research on diffuse pollution).
These issues relate to identifying the most appropriate implementation strategies and
techniques, proposing optimal governance approaches, and specifying legal and financial
instruments to implement or mainstream adaptation options within cities. A further implication
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of the evident lack of standardization is that the exchange of knowledge and experiences
between cities is restricted, which prevents cities learning from one other and, thus, slows
down the proliferation of adaptation strategies which standardization could help to progress
the agenda.
A knowledge gap therefore exists concerning identifying the potential of and possibilities for
enhancing standardization in all stages of climate change adaptation, admitting that
standardization may not always be possible or desirable
Technology push is insufficient to make sufficient progress for reasons including:




There are implementation deficits in terms of eco-innovations to gain market share.
The focus is placed on large cities and urban areas rather than where the majority of
European urbanites live.
There is a need for better communication with regard to climate change impacts and
what adaptation means in practice, in order to gain public trust and support for public
policies as well as contribute to citizen ownership and co-responsibility in the successful
implementation of the adaptation action.

RESIN will address standardization under WP5 although is present across all project
activities.
 Multi-stakeholder engagement
adaptation process.

promoting

more

integrated

decision-making

There is also a need for a multi-stakeholder approach, capable to engage different
stakeholders (not only the urban planners ultimately responsible to implement adaptation but
all kind of actors with interests in city management) in the research process…
This will strengthen their feeling of ownership of the data being created, and support the
legitimacy of the actions implemented. Lack of legitimacy has an unwanted impact on
mobilization of resources at local scale.
Consideration of cities as labs and hubs for innovation and experimentation in fields such as
NBS is considered a positive way to promote this connection.
Mechanisms for this multi-stakeholder engagement in the adaptation process are framed in
RESIN WP4.
 Knowledge diffusion and facilitation.
There is a need for knowledge diffusion and facilitation to move towards a cross-sectoral
multidisciplinary approach in order to identify, evaluate and monitor co-benefits, trade-offs
and synergies between sector policies and disciplines (i.e. energy, spatial planning,
urbanism, coastal management, environmental management, etc). This would imply setting
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up networks and collaborative research platforms with a multi-stakeholder approach for cocreation, co-design, co-implementation and co-responsibility in the success of the options.
RESIN develops a comprehensive and innovative and inclusive dissemination strategy in
WP7 in collaboration with the case study cities.
 Integrated Climate Change Adaptation and Mitigation (CCAM) approach.
Since climate change is an over-arching and cross-cutting challenge, there is a need to
develop integrated solutions that address both adaptation and mitigation and can be applied
across different sectors and/or goals and challenges.
For example, innovative nature-based opportunities for Integrated Climate Change
Adaptation and Mitigation (CCAM) include:




Integrating grey, blue and green infrastructures, enhancing natural components and their
social and economic benefits.
Re-designing human-made infrastructures as natural ecosystems, moving towards
closed circles of matter and energy.
Investing in NBS which can address multiple challenges, including climate change, but
also other environmental, social and economic ones.

NBS could become a key conceptual tool to integrate and develop socio-technical with
political and ecological systems. To do so, it must be integrated within an urban pathways
approach.
 New funding schemes for adaptation
Particularly with regard to EbA, funding remains public. Developing entrepreneurial activities
could be beneficial for progress this agenda. Possible approaches include:
-

-

-

Several examples bringing together sanitation engineers, water supply staff,
environmentalists, road engineers and communities can lead to
additional
entrepreneurial activity, which is needed more on purchaser's side (e.g. the city authority)
than the supply side.
‘Learning alliances’, which are partnerships in research, aiming to bridge the gap
between scientists/experts and water users/other stakeholders.
Institutional transformation

To support new paradigms in urban management, including climate change adaptation there
is a need for an institutional change, moving from business as usual to innovative business
models are required: implying stability of legal frameworks and regulation, funding schemes
and sources, incentives, taxation, etc, and capacity building, knowledge transfer and
brokerage.
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RESIN explores new paths in WP3 under policy guidance.

8. Connection with the RESIN work plan
We can conclude that RESIN work plan fits into the suggested Dynamic Adaptive
Management Cycle as follows:
RESIN WP2 Methods for impacts and vulnerability covers phase 1 -understanding climate
change scenarios and impacts and phase 2 -evaluation of vulnerabilities and risks, ideally
within an integrated approach. RESIN WP5 on standardization also provides input to these
phases.


Phase 3 Selecting the most appropriate adaptation options and interventions is
addressed by research undertaken in WP3 with important support from WP5 on
standardization.



Phases 4 and 5 devoted to planning and implementation are addressed all along the
project but mainly in WP6 Decision Support System for definition of adaptation strategies,
plans and monitoring.



WP4 on case studies has a bidirectional relationship with all phases of the dynamic cycle.
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9. Key resources
Title
Author(s)

Reference/weblink
Organization
Year of publication
Number of citations
from google scholar
(if applicable)
Brief summary of
contents

Brief bullet points on
why the resource is
useful to the RESIN
project
Brief bullet points on
why the resource is
useful in terms of
urban and critical
infrastructure climate
resilience.
Title
Author(s)
Reference/weblink
Organisation
Year of publication
Number of citations
from google scholar
(if applicable)
Brief summary of
contents
Brief bullet points on
why the resource is
useful to the RESIN
project
Brief bullet points on
why the resource is
useful in terms of

Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Working Group II Intergovernmental Panel of Climate Change
(IPCC)
IPCC, 2014 Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Working Group II contribution to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change.
https://www.ipcc.ch/report/ar5/
IPCC
2014
N/A

Evaluates how patterns of risks and potential benefits are shifting
due to climate change. It considers how impacts and risks related to
climate change can be reduced and managed through adaptation
and mitigation. Currently, it is the most relevant framework related to
adaptation.
 The report assesses needs, options, opportunities, constraints,
resilience, limits, and other aspects associated with adaptation.
 Section C considers principles for effective adaptation and the
broader interactions among adaptation, mitigation, and
sustainable development.
 Expanded coverage of human systems, adaptation, and the
ocean, with respect to the previous IPCC Assessment Report.
 Particularly highlights the potential role of local level (cities) for
climate change adaptation.
 Tries to merge adaptation and risk management.
The EU Strategy on Adaptation to Climate Change
Climate Action European Commission EC
EC, 2013 The EU Strategy on Adaptation to Climate Change
Strengthening Europe’s resilience to the impacts of climate change
http://ec.europa.eu/clima/policies/adaptation/documentation_en.htm
Adopted by the EC
2013
Na

The strategy sets out a framework and mechanisms for taking the
EU’s preparedness for current and future climate impacts to a new
level.
 Common framework for greater coordination and informationsharing between Member States.
 Ensuring that adaptation considerations are addressed in all
relevant EU policies- mainstreaming.
 Promoting adaptation in key vulnerable sectors.
 The strategy contemplates ensuring resilient infrastructure.
 It encourages adaptation at the local level.
 LIFE program for funding adaptation actions.

37

urban and critical
infrastructure climate
resilience.
Title

Author(s)

Reference/weblink
Organisation
Year of publication
Number of citations
from google scholar (if
applicable)

Brief summary of
contents

Brief bullet points on
why the resource is
useful to the RESIN
project
Brief bullet points on
why the resource is
useful in terms of
urban and critical
infrastructure climate
resilience.
Title
Author(s)
Reference/weblink

 CLIMATE Adapt as the ‘one-stop shop’ for adaptation information
in Europe.
Urban adaptation to climate change in Europe
 European Environment Agency (EEA): Birgit Georgi with the
support of Stéphane Isoard, Blaz Kurnik, Valentin Leonard
Foltescu under the guidance of Ronan Uhel and André Jol;
 European Topic Centre Climate Change Adaptation
(ETC/CCA): Rob Swart, Natasha Marinova, Bert van Hove, Cor
Jacobs, Judith Klostermann, Aleksandra Kazmierczak, Lasse
Peltonen, Leena Kopperoinen, Kari Oinonen, Miroslav
Havránek, Maria João Cruz;
 European Topic Centre Spatial Information and Analysis
(ETC/SIA): Mirko Gregor, Jaume Fons-Esteve;
 Umeå University: Carina Keskitalo;
 Aalto University: Sirkku Juhola;
 Umweltforschungszentrum Leipzig (UFZ): Kerstin Krellenberg;
and
 The Netherlands Environmental Assessment Agency (PBL):
Leendert van Bree.
EEA Report No 2/2012 Challenges and opportunities for cities
together with supportive national and European policies
http://www.eea.europa.eu/publications/urban-adaptation-to-climatechange
European Environmental Agency EEA
2012
Na

From a European perspective, this report provides information
about the key challenges that climate change poses to cities and
the need for urban adaptation.
It positions the urban challenges in the larger policy frameworks
provided by regional, national and European institutions and it gives
a summary overview of opportunities for solutions.
 Focuses on local level and climate change adaptation in cities.
 Provides a summary overview of adaptation opportunities for
solutions.
 Gives hints on criteria for categorization and characterization of
options.
 Climate change challenges and response option at local level.
 Planning Urban Adaptation.
 Multi-stakeholder governance.

Towards an EU Research and Innovation policy agenda for Naturebased Solutions & Re-Naturing Cities
Expert Group on 'Nature-Based Solutions and Re-Naturing Cities'
Towards an EU Research and Innovation policy agenda for NatureBased Solutions & Re-Naturing Cities Final Report of the Horizon
2020 Expert Group on 'Nature-Based Solutions and Re-Naturing
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Organisation
Year of publication
Number of citations
from google scholar (if
applicable)
Brief summary of
contents
Brief bullet points on
why the resource is
useful to the RESIN
project
Brief bullet points on
why the resource is
useful in terms of
urban and critical
infrastructure climate
resilience.

Cities'
https://ec.europa.eu/research/environment/pdf/renaturing/nbs.pdf
Directorate-General for Research and Innovation; Directorate I —
Climate Action and Resource Efficiency; Unit I.3 — Sustainable
Management of Natural Resources; European Commission
2015
Na

This report was produced by the Horizon 2020 Expert Group on
'Nature-Based Solutions and Re-Naturing Cities', informed by the
findings of an e-consultation and a stakeholder workshop.
 Contextualizes the concept of EbA within NBS.
 Offers a preliminary list of adaptation options based NBS –
Annex 1.
NBS addressing the following goals:
 Enhancing sustainable urbanisation.
 Developing climate change adaptation and mitigation.
 Improving risk management and resilience.

Title
Author(s)
Reference/weblink
Organisation
Year of publication
Number of citations from
google scholar (if applicable)
Brief summary of contents
Brief bullet points on why the
resource is useful to the
RESIN project
Brief bullet points on why the
resource is useful in terms of
urban and critical
infrastructure climate
resilience.

Guideline Effectiveness of Adaptation Measures: Common Units
Climate Proof Cities Consortium, Peter Bosch (TNO) Editor
http://promise.klimaatvoorruimte.nl/pro1/publications/show_publication
.asp?documentid=9324&GUID=d678313c-6b1f-4cd0-a04843175f9a665e
TNO
2014
n.d
It is a guideline that presents the variability of existing metrics for
effectiveness measure of adaptation options. Common units are
presented for the three target areas of CPC: indoor climate, outdoor
climate and water nuisance.
 Effectiveness of adaptation measures

39

10.Glossary of terms
The definitions used in this report have been extracted from the Glossary of the Fifth
12
Assessment Report of the IPCC , unless another reference is indicated as a footnote.
Adaptation
The process of adjustment to actual or expected climate, and its effects. In human systems,
adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some
natural systems, human intervention may facilitate adjustment to expected climate and its
13
effects .
Adaptation assessment
The practice of identifying options to adapt to climate change and evaluating them, in terms
of criteria such as availability, benefits, costs, effectiveness, efficiency and feasibility.
Adaptability (adaptive capacity)
The ability of the systems, institutions, humans, and other organisms to adjust to potential
damage, to take advantage of opportunities, or to respond to consequences.
Adaptation planning (adaptive management)
The process of iteratively planning, implementing and modifying strategies for managing
resources in the face of uncertainty and change. Adaptive management involves adjusting
approaches in response to observations of their effect and changes in the system brought on
by resulting feedback effects and other variables.
Cascading effects
A sequence of events in which each one produces the circumstances necessary for the
initiation of the next. If there is a possibility that the cascade effect will have a negative impact
on the system, it is possible to analyze the effects with a consequence/impact analysis.
Cascade effects are commonly visualised in tree structures, also called event trees.
14

Co-benefits
The positive effects that a policy or measure aimed at one objective might have on other
objectives, irrespective of the net effect on overall social welfare. Co-benefits are often
subject to uncertainty and depend on local circumstances and implementation practices,
among other factors. Co-benefits are also referred to as ancillary benefits.
Ecosystem based adaptation (EbA)
The use of biodiversity and ecosystem services as part of the overall adaptation strategy to
help people to adapt to the adverse effects of climate change. Ecosystem-based adaptation
12

http://www.ipcc.ch/report/ar5/wg2/
See also the definitions of IPCC Fifth Assessment Report about: Incremental Adaptation,
Transformational Adaptation
14
Allaby M., 2004. ‘Cascade effect’. A Dictionary of Ecology. http://www.encyclopedia.com. Oct. 2015.
13
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uses the range of opportunities for the sustainable management, conservation, and
restoration of ecosystems to provide services that enable people to adapt to the impacts of
climate change. Its aims to maintain and increase the resilience and reduce vulnerability of
ecosystems and people in the face of the adverse effects of climate change. Ecosystembased adaptation is most appropriately integrated into broader adaptation and development
strategies.
15

Ecosystem service planning
A place-based approach that focuses on the creation, restoration and conservation of
ecological structures to provide society with specific services from nature.
16

Efficiency
The good use of time and energy in a way that does not waste any.
17

Effectiveness
The ability to be successful and produce the intended results:
Exposure
The presence of people, livelihoods, species or ecosystems, environmental functions,
services and resources, infrastructure, or economic, social or cultural assets in places and
settings that could be adversely affected.
18

Green Infrastructure
Green Infrastructure can be broadly defined as a strategically planned network of high quality
natural and semi-natural areas with other environmental features, which is designed and
managed to deliver a wide range of ecosystem services and protect biodiversity in both rural
and urban settings.
More specifically Green Infrastructure, being a spatial structure providing benefits from nature
to people, aims to enhance the nature´s ability to deliver multiple valuable ecosystem goods
and services.

15

Wamsler, C., Luederitz, C., & Brink, E. (2014). Local levers for change : Mainstreaming ecosystembased adaptation into municipal planning to foster sustainability transitions. Global Environmental
Change, 29, 189–201. doi:10.1016/j.gloenvcha.2014.09.008.
16
http://dictionary.cambridge.org/dictionary/english/efficiency
17
http://dictionary.cambridge.org/dictionary/english/effectiveness
18
European Commission 2013. Building a Green Infrastructure for Europe. ISBN 978-92-79-33428-3
doi: 10.2779/54125
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19

Green Urban infrastructure (GUI)
Green urban infrastructure can be interpreted as a hybrid infrastructure of green spaces and
built systems e.g. forest, wetlands, parks, green roofs, and walls, which together, can
contribute to ecosystem resilience and human benefits through ecosystem services.
Hazard
The potential occurrence of a natural or human-induced physical event or trend or physical
impact that may cause loss of life, injury, or other health impacts, as well as damage and loss
to property, infrastructure, livelihoods, service provision, ecosystems and environmental
resources. The term hazard usually refers to climate-related physical events or trends or their
physical impacts.
Impacts (consequences, outcomes)
Effects on natural and human systems. In this report, the term impact is used primarily to
refer to the effects on natural and human systems of extreme weather and events and of
climate change. Impacts generally refer to effects on lives, livelihoods, health, ecosystems,
economies, societies, cultures, services and infrastructure due to the interaction of climate
changes of hazardous climate events occurring within a specific time period and the
vulnerability of an exposed society or system. Impacts are also referred to as consequences
and outcomes. The impacts of climate change on geophysical systems, including floods,
droughts, and sea level rise are a subset of impacts called physical impacts,
Maladaptation (maladaptive actions)
Actions that may lead to increased risk of adverse climate-related outcomes, increased
vulnerability to climate change, or diminished welfare, now or in the future.
20

Mainstreaming
Deliberate perturbation in the natural order of the things and undermines the status quo to
radically expand and enhance the topic under consideration.
21

Passive measure
It is a type of measure which does not use energy once it has been implemented. It is
normally refers to adaptation measures for buildings indoor environments.

19

Demuzere, M., Orru, K., Heidrich, O., Olazabal, E., Geneletti, D., Orru, H. Bhave, A.G, Mittal. N.,
Feliu, E., Faehnle, M. (2014). Mitigating and adapting to climate change: Multi-functional and multiscale assessment of green urban infrastructure. Journal of Environmental Management, 146, 107–115.
doi:10.1016/j.jenvman.2014.07.025 from
European Environment Agency (EEA), 2012. Urban adaptation to climate change in Europe. Retrieved
from European Environment Agency website: http://www. eea.europa.eu/publications/urban-adaptationto-climate-change.
20
Wamsler, C., Luederitz, C., & Brink, E. (2014). Local levers for change : Mainstreaming ecosystembased adaptation into municipal planning to foster sustainability transitions. Global Environmental
Change, 29, 189–201. doi:10.1016/j.gloenvcha.2014.09.008
21
Van Hooff, T., Blocker , B., Hensen, J.L.M., Timmermans, H. j. . (2014). On the predicted
effectiveness of climate adaptation measures for residential buildings. Building and Environment, 82,
300–316.
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Sensitivity
The degree to which a system or species is affected, either adversely or beneficially, by
climate variability or change. The effect may be direct (e.g., a change in crop yield in
response to a change in the mean, range, or variability of temperature) or indirect (e.g.
damages caused by an increase in the frequency of coastal flooding due to sea level rise).

43

11. References
Adaptation Fund 2012. Project level results framework and baselines guidance.
http://www.adaptationfund.org/sites/default/files/Results%20Framework%20and%20Ba
seline%20Guidance%20final.pdf/
Bharwani S., Valera-Ortega C., Blanco I., Esteve P., Juarez E., Trombi G., Moriondo M.,
Bindi M., Devisscher T., Taylor R., Watkiss P. 2013. ‘Analytic Hierarchy Process
(AHP): Decision Support Methods for Adaptation’, MEDIATION Project, Briefing Note
7, funded by the EC’s 7FWP.
Canadian Council of Ministers of the Environment. 2015 ‘Implementation framework for
climate change adaptation planning at a watershed scale’, CCME.
Carter, J.G., Handley, J.., Connelly, A., 2015. Weather and climate hazards facing European
cities (State of the art report 3, the RESIN project.).
City of Copenhagen, 2011. ‘Copenhagen Climate Adaptation Plan’, Miljo Metropolen.
Connelly, A., Carter, J., Handley, J., Rome, E., Worst, R., Voβ, N., 2015. Vulnerability
assessments: definitions, indicators and assessments. State of the art report (4), The
RESIN project.
Convenio sobre la Diversidad Biológica, CBD, COP 10, Decision X/33, 2009
Council on Environmental Quality. 2011. ‘Implementing climate change adaptation planning
in accordance with executive order 13514: Implementing instructions’,
EC. 2013. An EU Strategy on Adaptation to Climate Change. European Commission,
Brussels.
EC. 2015. Note by DG Climate – Subject: Towards an EU Research and Innovation policy
agenda for Nature-based Solutions & Re-Naturing Cities. Final Report of the Horizon
2020 Expert Group on 'Nature-Based Solutions and Re-Naturing Cities' (full version):
European Commission.
EEA. 2012. Urban adaptation to climate change in Europe Challenges and opportunities for
cities together with supportive national and European policies. European
Environmental Agency. EEA Technical report No 2/2012.
EEA, 2013. Adaptation in Europe. Addressing risks and opportunities from climate change in
the context of socio-economic developments, Chapter 1 Framing Adaptation.
European Environmental Agency.
Hallegatte S., Lecocq F., de Perthuis C. 2011. ‘Designing Climate Change Adaptation
Policies: An Economic Framework’, World Bank.
Hallegatte S., Shah A., Lempert R., Brown C., Gill S. 2012. ‘Investment Decision Making
Under Deep Uncertainty: Application to Climate Change’, in Policy Research Working
Paper 6913, The World Bank.
Headwaters Economics. 2012. ‘Implementing climate change adaptation: Lessons learned
from ten examples’, Headwaters Economics.
Hunt A., Watkiss P. 2013. ‘Portfolio Analysis: Decision Support Methods for Adaptation’,
MEDIATION Project, Briefing Note 5, funded by the EC’s 7FWP.
IPCC. 2014. Fifth Assessment Report of the Working Group II. Intergovernmental Panel of

44

Climate Change.
Le Tissier M. 2013. ‘Project Synthesis Report: Identification and Implementation of
Adaptation Response Measures in the Drini – Mati River Delta’, GEF, UNDP, Albanian
Government. Tirana
Least Developed Countries Expert Group. 2012. ‘National Adaptation Plans. Technical
guidelines for the national adaptation plan processes, UNFCCC.
OECD. 2015. Climate Change Risks and Adaptation: Linking Policy and Economic. OECD
Publishing. http://www.oecd-ilibrary.org/environment/climate-change-risks-andadaptation_9789264234611-en.
Ribeiro M.M., Losenno C., Dworak, T., Massey, E., Swart, R., Benzie, M. Laaser, C.. 2009.
‘Design of guidelines for the elaboration of regional climate change adaptation
strategies’, European Commission.
Sanneh E.S., Hu A.H., Hsu C.W., Njie M. 2014. ‘Prioritization of climate change adaptation
approaches in the Gambia’, in Mitigation and adaptation strategies for global change.
UNFCCC COP16: REDD+ mechanism as climate change mitigation; Adaptation actions that
include―building resilience of socio-economic and ecological systems, including
through economic diversification and sustainable management of natural resources.
UNFCCC Synthesis report on efforts undertaken to assess the costs and benefits of
adaptation options, and views on lessons learned, good practices, gaps and needs.
FCCC/SBSTA/2010/5, United Nation Framework Convention on Climate Change,
Bonn.
Van Ierland E.C., de Bruin K., Watkiss P. 2013. ‘Multi-Criteria Analysis: Decision Support
Methods for Adaptation’, MEDIATION Project, Briefing Note 6, funded by the EC’s
7FWP.
Watkiss P., Hunt A. 2012. ‘Cost-effectiveness analysis: Decision Support Methods for
Adaptation’, MEDIATION Project, Briefing Note 2, funded by the EC’s 7FWP.
Watkiss P., Dynzynski J. 2013. ‘Robust Decision Making: Decision Support Methods for
Adaptation’, MEDIATION Project, Briefing Note 3, funded by the EC’s 7FWP.
Watkiss P., Hunt A. 2013 ‘Real Option Analysis: Decision Support Methods for Adaptation’,
MEDIATION Project, Briefing Note 4, funded by the EC’s 7FWP.

45

Articles in journals
Adger N. et al. 2005. ‘Successful adaptation to climate change across scales’ Global
Environmental Change 15, 77–86
Armson, D. Stringer D., &.Ennos A.R.. 2012. The effect of tree shade and grass on surface
and globe temperatures in an urban area. Urban Forestry & Urban Greening 11(3),
245–255. doi:10.1016/j.ufug.2012.05.002
Biagini, B. et al. 2014. ‘A typology of adaptation actions: A global look at climate adaptation
actions financed through the Global Environment Facility’ Global Environ. Change,
http://dx.doi.org/10.1016/j.gloenvcha.2014.01.003
Bosch P. 2014. Guideline Effectiveness of Adaptation Measures: Common Units. Knowledge
for
Climate
report
147/2014.
http://promise.klimaatvoorruimte.nl/pro1/publications/show_publication.asp?documenti
d=9324&GUID=d678313c-6b1f-4cd0-a048-43175f9a665e
Bowler, D. et al. 2010. Urban Greening to cool towns and cities: A systematic review of the
empirical
evidence.
Landscape
and
Urban
Planning
97,
147-155.
http://doi:10.1016/j.landurbplan.2010.05.006
Brouwer, Roy, and Remco van Ek. 2004. ‘Integrated Ecological, Economic and Social Impact
Assessment of Alternative Flood Control Policies in the Netherlands’. Ecological
Economics 50 (1-2): 1–21. doi:10.1016/j.ecolecon.2004.01.020.
Champalle, C. Ford J.D., Sherman M. 2015. ‘Prioritizing Climate Change Adaptations in
Canadian Arctic Communities’, in Sustainability, Vol.7, 9268-9292
Clar, C, Prutsch, A. Steurer,R. 2013. ‘Barriers and guidelines for public policies on climate
change adaptation: A missed opportunity of scientific knowledge-brokerage’, in Natural
Resources Forum, Vol.37, 1-18
Czemiel Berndtsson J. 2010. Green roof performance towards management of runoff water
quantity and quality: A review. Ecological Engineering, 36(4), 351–360.
doi:10.1016/j.ecoleng.2009.12.014
Dannevig, H., et al. 2012. ‘Implementing adaptation to climate change at the local level’, in
Local Environment, Vol.17, 597-611
De Bruin, et al. 2009. ‘Adapting to climate change in the Netherlands: an inventory of climate
adaptation options and ranking of alternatives’, in Climatic Change, Vol.95, 23-45
Demuzere, M. et al. Mitigating and adapting to climate change: Multi-functional and multiscale assessment of green urban infrastructure. Journal of Environmental
Management, 146, 107–115. doi:10.1016/j.jenvman.2014.07.025
Dessai, S. Hulme, M. 2004. ‘Does climate adaptation policy need probabilities?’, Climate
Policy, 4(2), pp 107-128
Doswald, N et al. 2014. Effectiveness of ecosystem-based approaches for adaptation: review
of
the
evidence-base.
Climate
and
Development,
0(0),
1–17.
doi:10.1080/17565529.2013.867247
Dreelin, E., et al. 2006. A test of porous pavement effectiveness on clay soils during natural
storm events. Water Research, 40(4), 799–805. doi:10.1016/j.watres.2005.12.002
Dupuis, J., Knoepfel P., ‘The Adaptation Policy Paradox: the Implementation Deficit of

46

Policies Framed as Climate Change Adaptation’, in Ecology and Society, Vol.18 (2013)
Dupuis, J., Biesbroek, R. 2013.’ Comparing apples and oranges: The dependent variable
problem in comparing and evaluating climate change adaptation policies’. Glob.
Environ. Chang. 23, 1476–1487.
El-Raey, M., Dewidar, K.R. El-Hattab M. 1999. ‘Adaptation to the Impacts of Sea Level Rise
in Egypt’, in Mitigation and Adaptation Strategies for Global Change, Vol.4, 343-361
Elbarkouky M.M.G., 2012. ‘A Multi-Criteria Prioritization Framework (MCPF) to Assess
Infrastructure Sustainability Objectives and Prioritize Damaged Infrastructure Assets in
Developing Countries’, in Journal of Sustainable Development, Vol.5, 1-13
Geneletti, D., Zardo L. 2016. Ecosystem-based adaptation in cities: An Analysis of European
urban climate adaptations plans. Land Use Policy 50, 38-47.
Gillner, S et al. 2015. Role of street trees in mitigating effects of heat and drought at highly
sealed
urban
sites.
Landscape
and
Urban
Planning,
143,
33–42.
doi:10.1016/j.landurbplan.2015.06.005
Haasnoot, M., et al. 2013. Dynamic adaptive policy pathways: A method for crafting robust
decisions for a deeply uncertain world. Global Environmental Change, 23(2), 485–498.
doi:10.1016/j.gloenvcha.2012.12.006
Hunt A., Watkiss P. 2011. Climate change impacts and adaptation in cities: a review of the
literature Climatic Change. Special Issue: Understanding Climate Change Impacts,
Vulnerability and Adaptation at City Scale, 104 (1) 13-49, doi: 10.1007/s10584-0109975-6.
Jenkins, K., et al. 2014. ‘Probabilistic spatial risk assessment of heat impacts and adaptations
for London’. Climate Change 124, 105–117.
Kontogianni, A., C. H. Tourkolias, D. Damigos, and M. Skourtos. 2014. ‘Assessing Sea Level
Rise Costs and Adaptation Benefits under Uncertainty in Greece’. Environmental
Science & Policy 37 (March): 61–78. doi:10.1016/j.envsci.2013.08.006.
Kunreuther, H., et al. 2013. ‘Risk management and climate change’. Nat. Climate. Change. 3,
447–450. http://doi:10.1038/nclimate1740
Lin, T.P. et al. 2010. Shading effect on long-term outdoor thermal comfort. Building and
Environment, 45(1), 213–221. doi:10.1016/j.buildenv.2009.06.002
Liu, W. et al. Assessing the effectiveness of green infrastructures on urban flooding
reduction: A community scale study. Ecological Modelling, 291, 6–14.
doi:10.1016/j.ecolmodel.2014.07.012
Markandya A. and Chiabai A. 2009. ‘Valuing Climate Change Impacts on Human Health:
Empirical Evidence from the Literature’ Int. J. Environ. Res. Public Health, 6, 759-786.
Macintosh A., Foerster A., McDonald J. 2013. Limp, leap or learn? Developing legal
frameworks for climate change adaptation planning in Australia. National Climate
Change Adaptation Research Facility, Gold Coast, pp 267.
McCarthy, P.D. 2012. ‘Climate change adaptation for people and nature: A case study from
the U.S. Southwest’, in Advances in Climate Change Research, Vol.3, 22-37
Mees, H.L.P. et al. 2014. ‘A method for the deliberate and deliberative selection of policy
instrument mixes for climate change adaptation’, in Ecology and Society, Vol.19.

47

Middel M., Chhetri N.,Quay R. 2015. Urban forestry and cool roofs: Assessment of heat
mitigation strategies in Phoenix residential neighborhoods. Urban Forestry & Urban
Greening, 14(1), 178–186. doi:10.1016/j.ufug.2014.09.010A.
Munroe, R. et al. 2012. Review of the evidence base for ecosystem-based approaches for
adaptation to climate change. Environmental Evidence, 1(1), 13. doi:10.1186/20472382-1-13
Mustelin, J. et al. 2013. ‘Climate adaptation research for the next generation’. Clim. Dev. 5,
189–193. doi:10.1080/17565529.2013.812953
Perini K. and A. Magliocco A., 2014. Effects of vegetation, urban density, building height, and
atmospheric conditions on local temperatures and thermal comfort. Urban Forestry and
Urban Greening, 13(3), 495–506. doi:10.1016/j.ufug.2014.03.003
Picketts, I.M. et al. 2013. ‘Learning with practitioners: climate change adaptation priorities in a
Canadian community’, in Climatic Change 118, 321-337
Qin, H, Li, Z. and Fu, G. 2013. The effects of low impact development on urban flooding
under different rainfall characteristics. Journal of Environmental Management, 129,
577–85. doi:10.1016/j.jenvman.2013.08.026
Reckien, D., Flacke, J., Dawson, R. J., Heidrich, O., Olazabal, M., Foley, A., Hamann, J. J.
P., Orru, H., Salvia, M., De Gregorio Hurtado, S., Geneletti, D., and Pietrapertosa, F.
2014. Climate change response in Europe: what's the reality? Analysis of adaptation
and mitigation plans from 200 urban areas in 11 countries. Climatic Change 122(1-2):
331-340.
Rizwan, M. Dennis L. and Liu C. A review on the generation, determination and mitigation of
Urban Heat Island. Journal of Environmental Sciences, 20(1), 120–128.
doi:10.1016/S1001-0742(08)60019-4
Roders M., Straub A. 2015. ‘Assessment of the likelihood of implementation strategies for
climate change adaptation measures in Dutch social housing’, in Building and
Environment 83, 168-176
Salata, F. et al. 2015. How high albedo and traditional buildings’ materials and vegetation
affect the quality of urban microclimate. A case study. Energy and Buildings 99, 32–49.
doi:10.1016/j.enbuild.2015.04.010
Schlickenrieder, J., Quiroga, S., Diaz, Iglesias A. 2011. ‘Impacts and adaptive capacity as
drivers for prioritizing agricultural adaptation to climate change in Europe’, in Economia
Agraria y Recursos Naturales 11, 59-82
Skelhorn, C. Lindley, S. Levermore G. 2012. The impacts of vegetation types on air and
surface temperatures in a temperate city: A fine scale assessment in Manchester, UK.
Landscpae urban planning 121, 129-140.
Smith, J. B., S. E. Ragland, and G. J. Pitts. 1996. ‘A Process for Evaluating Anticipatory
Adaptation Measures for Climate Change’. Water, Air, and Soil Pollution 92 (1-2): 229–
38. doi:10.1007/BF00175568.
Smith, J.B. 1997. ’Setting priorities for adapting to change’, in Global Environmental Change
7, 251-264
Stadelmann, M. et al. 2014. Universal Metrics to Compare the Effectiveness of Climate
Change Adaptation Projects. Handbook of Climate Change Adaptation, 1–15.

48

doi:10.1007/978-3-642-40455-9
Stilgoe J.et al. 2013. ‘Developing a framework for responsible innovation Research Policy’
42, 1568– 1580 http://www.sciencedirect.com/science/article/pii/S0048733313000930
Sussman, F. et al. 2014. ‘Climate change adaptation cost in the US: what do we know?’
Climate Policy 14, 242–282. doi:10.1080/14693062.2013.777604
Sušnik, J., et al. 2014. Assessment of the Effectiveness of a Risk-reduction Measure on
Pluvial Flooding and Economic Loss in Eindhoven, the Netherlands. Procedia
Engineering, 70, 1619–1628. doi:10.1016/j.proeng.2014.02.179
Swart, R. et al. 2014. Prioritise adaptation options. In Climate Change Adaptation Manual:
Lessons learned from European and other industrialised countries (pp. 175–200).
Szűcs, S. 2013. Wind comfort in a public urban space—Case study within Dublin Docklands.
Frontiers of Architectural Research, 2(1), 50–66. doi:10.1016/j.foar.2012.12.002
Taleghani, M. et al. 2014. Outdoor thermal comfort within five different urban forms in the
Netherlands. Building and Environment, 83, 65–78. doi:10.1016/j.buildenv.2014.03.014
Tan, Z. et al. 2015. Urban tree design approaches for mitigating daytime urban heat island
effects in a high-density urban environment. Energy and Buildings.
doi:10.1016/j.enbuild.2015.06.031
Van Hooff,, T. et al. On the predicted effectiveness of climate adaptation measures for
residential buildings. Building and Environment, 82, 300–316.
Wamsler, C. Luederitz C. & Brink E.. Local levers for change : Mainstreaming ecosystembased adaptation into municipal planning to foster sustainability transitions. Global
Environmental Change, 29, 189–201. doi:10.1016/j.gloenvcha.2014.09.008
Watkiss. P. 2011. Aggregate Economic Measures of Climate Change Damages: Explaining
the Differences and Implications. Wiley Interdisciplinary Reviews - Climate Change. 2
(3) doi:10.1002/wcc.111
Watkiss, P. et al. 2014. The use of new economic decision support tools for adaptation
assessment: A review of methods and applications, towards guidance on applicability.
Clim. Change. doi:10.1007/s10584-014-1250-9
Watkiss, P. et al. 2015. Overview of costs and benefits of adaptation at the national and
regional scale . Climate Change Risks and Adaptation: Linking Policy and Economics.
Paris.
OECD
Publishing.
ISBN
9789264234604.
(http://www.oecdilibrary.org/environment/climate-change-risks-and-adaptation_9789264234611-en
Wilby, R.L, Vaughan, K. 2011. ‘Hallmarks of organizations that are adapting to climate
change’, in Water and Environment Journal, 271-281.
Books
Anderson G. Eds, 2007. ‘Adapting to climate variability and change: A guidance manual for
development planning’, USAID.
Bizikova, L,et al. 2008. ‘Canadian Communities’ Guidebook for Adaptation to Climate
Change. Including an approach to generate mitigation co-benefits in the context of
sustainable development.’ Environment Canada and University of British Columbia.
Black, R.A. et al.,. ‘Canadian Climate Change Risk Assessment Guide: A

49

Elrick, C. Kay R. 2009. ‘Adaptation Handbook: Undertaking Risk Treatment for Coastal
Climate Change Risks in the Republic of Kiribati’, Government of Kiribati.
Fenn T. et al. 2014. Study on Economic and Social Benefits of Environmental Protection and
Resource Efficiency Related to the European Semester. February. Final Report
prepared for DG Environment
Gleeson, J, et al. 2011. ‘A Practitioner’s Guide to Climate Change in Ontario’s Ecosystems’,
Ontario Centre for Climate Impacts and Adaptation Resources.
Kazmierczak A. and Carter J. 2010. Adaptation to climate change using blue and Green
infrastructures. A data base of case studies. Grabs project.
Kwadijk, J. C. et al., 2010. Using adaptation tipping points to prepare for climate change and
sea level rise: a case study in the Netherlands. Wiley. Retrieved from
http://onlinelibrary.wiley.com/doi/10.1002/wcc.64/full
Lempert, R. J. et al., 2003. Shaping the next one hundred years: new methods for
quantitative, long-term policy analysis. Santa Monica, CA. USA: Rand Corporation.
Lim B. et al. 2004. ‘Adaptation Policy Frameworks for Climate Change: Developing
strategies, policies and measures’, UNDP, Cambridge University Press.
Niang-Diop Isabelle and Bosch Henk. 2005. Formulating an Adaptation Strategy in
Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policies
and Measures by Burton et al, UNDP.
Prutsch A., Grothmann T., McCallum S., Schauser, I. 2014. Climate change adaptation
manual. Lessons learned from European and other industrialised countries.
Rosenzweig, C. et al. 2011.. ‘ClimmAID AnnexII: Climate Adaptation Guidebook for New York
State’, New York State Energy Research and Development Authority
Snover, A.K, et al. 2007. ‘Preparing for climate change: A Guidebook for Local, Regional, and
State Governments’, The Climate Impacts Group, King County, Washington, ICLEI.
SEI Inc. 2014. Strategic Overview of Climate Risks and Their Impact on Organizations’.

50

Annex 1: Methods and Tools
Table 13. Characterisation of adaptation measures.
Name

Description

Access

Climate
This toolkit provides practical guidance on how to integrate climate change adaptation in urban development. It
Navigator
Tool for Cities contains useful hints for cities and communities, local authorities and urban planners, and it refers to a database with
more than 130 adaptation measures and good practice examples. (in German)
(2013),
KlimaExWoSt
FINESSI
(2008),
Finnish
Environment
Institute
(SYKE).

http://www.stadtklimalotse.net/english/

FINESSI is a web tool that allows the user to explore the possible impacts of climate change in Finland on chosen
impact areas and at different time periods up to the end of the 21st century … With this (prototype) version of the
http://www.finessi.info/finessi/
FINESSI web tool, it is possible to view and compare the results of hydrological, lake physics models for investigating
impacts and possible adaptation measures under alternative scenarios of Finland's future environment.

ClimWatAdapt The ClimWatAdapt project developed an Integrated Assessment Framework for assessing vulnerability to climate
change and for assessing appropriate adaptation strategies. The project’s main result was an Integrated Assessment
Integrated
Framework (IAF), a compilation of datasets and tools which both supports and documents systematic analysis, and
Assesment
which brings together the different project components. The Greatest focus is on the following IAF components …
http://www.climwatadapt.eu/
Framework
Inventory of measures: the purpose of this database is to create a pool of measures, that decision makers from
(2011),
European, national, and regional level can draw on when looking for adaptation options in water management and that
ClimWatAdapt will be incorporated into the Integrated Assessment Framework of this project and, in a wider sense, will contribute to
the adaptation knowledge base.
project
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Table 14. Evaluation framework.
Name

Description

Access

Climate change and health: a tool to
estimate health and adaptation costs
(2013), WHO

The WHO Regional Office for Europe prepared this economic analysis tool to support adaptation planning to protect health from
the negative effects of climate change in European Member States. It is based on a review of the science, and provides step-bystep guidance on estimating: (a) the costs associated with damage to health due to climate change; (b) the costs for adaptation in
various sectors to protect health from such damage; and (c) the efficiency of adaptation measures: the cost of adaptation versus
the expected returns, or averted health costs. The tool is expected to be applied in Member States mainly by ministries
responsible for climate-change adaptation. It consists of a document describing the methods step-by-step and a manual with an
Excel spreadsheet, which is a visual aid for calculating costs.

http://www.euro.who.
int/en/publications/ab
stracts/climatechange-and-healtha-tool-to-estimatehealth-andadaptation-costs

Dynamic Interactive Vulnerability
Assessment model - DIVA (2004),
DINAS-COAST project,

The DIVA tool is an integrated, global model of coastal systems that assesses biophysical and socio-economic consequences of
sea-level rise and socio-economic development taking into account the following key impacts: coastal erosion (both direct and
indirect), coastal flooding (including rivers), wetland change and salinity intrusion into deltas and estuaries. DIVA also enables to
take in consideration within the assessment adaptation in terms of raising dikes and nourishing beaches (predefined adaptation
strategies are used in DIVA). It has been specifically designed and developed to support policy and decision makers in
http://www.divainterpreting coastal vulnerability assessment and in addressing related measures. The first version of DIVA was developed within
model.net/
the EC-funded project DINAS-COAST (Dynamic and Interactive Assessment of National, Regional and Global Vulnerability of
Coastal Zones to Climate Change and Sea-Level Rise). Afterward DIVA has been progressively developed and used in different
application. DIVA is currently not available for download due to a lack of resources for maintaining and supporting the software.
Within the PESETA project DIVA was used to analyse the physical and economic impacts of sea level rise in the 22 EU coastal
member states with and without adaptation.
SimCLIM is an integrated modelling system developed by CLIMsystems Ltd. The integrated model enables to assess impacts
and adaptation related to climate change and climate variability (including current and future extreme events) at various scales
(from global to local). SimCLIM is designed to support decision making and climate proofing in a wide range of situations where
climate variability and climate change pose risk and uncertainty, as well as across various sectors, such as: water, agriculture,
health, ecosystems, coastal zone issues (sea-level rise and coastal erosion). SimCLIM can be used to:
Describe baseline climates and examine current and future climate variability, including extreme events;
Create scenarios of climate change and sea-level rise;

SimCLIM (2013), CLIMsystems Ltd,
Assess risks in the present and future and examine sectoral impacts of climate change and variability;
Investigate adaptation measures for present day conditions and under future scenarios of climate change and variability;
Conduct sensitivity analyses;
Examine uncertainties;
Facilitate integrated impact analyses.
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http://www.climsyste
ms.com/simclim/

Name

Description

Access

The “open-framework” features of SimCLIM allow users to import their own data and customise the system for their own
purposes – much like a GIS. It is for example possible to add additional shape or vector files or update site specific time series of
climate data.
Compendium on methods and tools to
evaluate impacts of, vulnerability and
adaptation to climate change (2008),
UNFCCC

The UNFCCC Compendium on methods and tools to evaluate impacts of, and vulnerability and adaptation to, climate change is a
web-based resource that provides key information on available frameworks, methods and tools, and their special features. It is
designed to assist Parties and other potential users in selecting the most appropriate methodology for assessments of impacts
and vulnerability, and preparing for adaptation to climate change. The Compendium was developed in 1999 and updated in 2003,
2005 and most recently in 2008.

https://unfccc.int/ada
ptation/nairobi_work
_programme/knowle
dge_resources_and_
publications/items/26
74.php

Adapting to Urban Heat: A Tool Kit for
Local Governments (2012),
Georgetown Climate Center,
proaches.

Cities are warming at an extraordinary rate. Unique landscapes and built environments create neighbourhoods known as “heat
islands” that are significantly hotter than surrounding areas. This tool kit is designed to help local governments reduce the effects
of increased heat on their communities and citizens. It provides an analytic tool for policy makers to consider a combination of
four built-environment changes (cool roofs, green roofs, cool pavements, and urban forestry), providing clear criteria for selecting
among these ap

http://www.law.georg
etown.edu/academic
s/academicprograms/clinicalprograms/ourclinics/hip/upload/urb
an-heattoolkit_rd2.pdf
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Table 15. Assessment of Ecosystem services.
Title

Acronym

Type

Biodiversity impact assessment
through species sensitivity scores

BioScore

Assessment
ECNC with ECNC,
tool,
project team PBL
database

Biodiversity Information System for
Europe

CLIMSAVE Integrated Assessment
Platform

BISE

IAP

Portal

Creator

Owner

Geographi Costs for Target
cal Scope use
Group

English

Europe

European
EC DG
Environment Environ English
Agency
ment

Assessment CLIMSAVE
tool
project

CLIMSA
VE
English
project

DSS-Ecopay

UFZ,
Brandenburg
University of
Technology, UFZ
Free
University
Berlin

Ecosystem services indicator
development

Framework
and guidance
on
None
developing
ecosystem
services
indicators

information
instrument

Language

English/
German

English

Europe

Europe

Europe

Global

free

What it does

predict indicative impact of policy
Policyma
decisions on biodiversity through
kers
changing environmental variables

Access

When is it
available

www.bios
now
core.eu

Various

BISE is a single entry point for data and
information on biodiversity supporting
the implementation of the EU strategy
http://biodi
and the Aichi targets in Europe. So far,
versity.eur now
the JRC-Openness partners populate it
opa.eu
with maps of several ecosystem
services, conceptual documents and
guidelines, typologies...

free

Various

regional integrated assessment model
for Europe with a user-friendly interface.
Allows users to explore climate and
www.clim
socio-economic change impacts,
save.eu now
vulnerability and adaptation for
(IAP tab)
ecosystem services related with the
agriculture, forestry, biodiversity, water,
urban and coastal sectors

free

Policy
makers
who
design
agrienvironm
ent
schemes

decisions support tool to simulate the
impact of different biodiversityenhancing land use measures on
endangered grassland species and to
optimize payments to incentivize farmers
to apply these measures

http://www
.inf.fuberlin.de/ now
DSSEcopay

Various

Developing ecosystem services
indicators (UNEP-WCMC 2011) – by
using and enhancing established
framework to develop tailored indicators
for exemplars. Ecosystem services
indicator database is an online
searchable database where users can

http://www
.cbd.int/do
c/publicati
now
ons/cbdts-58en.pdf

free

free
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User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

produced by
UNEPWCMC (but
we are not
the creator of
indicators as
not quite
applicable for
this type of
tool)

Ecosystem Services Partnership

ESP services

Database

EmissionFactors.com

Environmentally Harmful Subsidies
Toolkit

EHS Toolkit

Policy
instrument,
screening
toolkit

What it does

Access

find—and contribute—indicators that
have been used to apply ecosystem
services approaches or hold promise for
doing so.

http://www
.esindicat
ors.org/#a
b00out

ESP

English

Global

free

Various

Ecometrica

Ecometr
English
ica

Global

free

Sustaina
bility
Provides the latest up to date global
Professi emission factors
onals

Europe?

Various

User
base

http://www
An overview of useful tools and services
.fsd.nl/esp
in support of ecosystem services
now
/79124/5/
assessments
0/50

ESP

English

When is it
available

http://emis
sionfactor now
s.com/

http://www
.ieep.eu/w
orkTo help identify existing perverse
areas/envi
incentives that are harmful for
ronmental
biodiversity and to better understand
how these should be eliminated, phased economic
out or reformed. The aim within
s/marketOPERAs is to develop this screening
basedtool further by improving the integration instrumen
of natural capital and ecosystem
ts/2012/0 yes
services, better understanding trade-offs 6/guidanc
and benefits of reform. This will help to e-tooperationalise the concepts of natural
identifycapital and ecosystem services in EHS andreform, helping reduce pressure on
addressnature and liberate funds for
incentives
conservation.
-whichareharmfulto-
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Currently
1000+
Users

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

What it does

Access

When is it
available

biodiversit
y

Free Nature Images

Geodata-Infrastructure

HUGIN OpenNESS

Saxifraga

Graphics

GLUES-GDI Database

HUGIN

Saxifraga
foundation
with ECNC,
Crossbill
Guides
Foundation,
Dutch
Butterfly
Conservation
(De
Vlinderstichti
ng) and Foto
Fitis

UFZ, TUDresden,
GLUES

Saxifrag
a
English
Foundat
ion

OpenAc
Englisch
cess

Hugin
DecisionHugin Expert
Expert
support tool A/S
A/S

English

Europe

free for
nature
conserva Various
tion
purposes

http://www
To stimulate and facilitate the
.freenatur
conservation of European biodiversity by
eimages.e now
providing high-quality nature pictures
u/index.ht
free of charge
ml

Within the framework of GLUES the
Professorship of Geoinformation
Systems of the TU Dresden is
implementing a Geodata Infrastructure
(GDI) to facilitate publishing, sharing and
Science
maintenance of distributed global and
regional data sets as well as model
results on scenarios of land use, climate
change and economic development. The
GDI supports the technical collaboration.

Various,
Global to
regional

free

World

free for
partners
to use
within
the
scope of
OpenNE Various
SS.
Academi
c and
commerc
ial
licenses
available

http://www
.sustainab Version 2.0
available,
lelandmana still under
gement.n developmen
et/glues- t
geoportal/

HUGIN is a Bayesian belief network
(BBN) modeling tool with a point-andclick graphical user interface. Use
HUGIN to model the cause-effect
http://ope
relations in your case-study domain, do
nness.hug now
probabilistic reasoning and decision
in.com/gui
support. HUGIN supports dynamic BBNs
and STM-BBNs. Using the tool will
require training or/and consultancy
support from HUGIN EXPERT
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User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

What it does

Access

When is it
available

otherwis
e

HUGIN Webservice

LandYOUs Game

LIASEKIT

HUGIN
Webservice

LandYOUs

LIASEKIT

Hugin
DecisionHugin Expert
Expert
support tool A/S
A/S

Training

UFZ,
GLUES,
PiSolutions

Free
Assessment
University
tool
Berlin

English

World

OpenAc
cess,
English/Ge
n/a
PiSoluti
rman
ons,
UFZ

FU

English

free for
partners
to use
within
the
scope of
OpenNE
SS.
Various
Academi
c and
commerc
ial
licenses
available
otherwis
e

Turn the BBN model you developed in
your case study into a web application
and access it online using web browser.
Ideal for model dissemination, let nonBBN experts use/interact with the model.
HUGIN can help deploying your BBN as http://ope
a web application on the
nness.hug now
openness.hugin.com website. The
in.com
HUGIN Webservice supports GIS
analysis using Google Maps and BBNs.
Using the tool will require training or/and
consultancy support from HUGIN
EXPERT

free

Intereste
d public,
highscho
ol
students
(age
16+),
students

The player steps into the role of a
politician for ten rounds and manages
the land by the means of different
policies. The main goal is to invest
capital to achieve the economic, social
and ecological success at the same
www.land
time. System dynamics, limitations of
now
land, and external price effects pose a
yous.org
challenge to this end. ... If the player
discovers the multiple interrelations in
time and invests in necessary
developments in a balanced way, one
can not only survive ten rounds but also
score successfully.

free

Praction
ers and
research
ers on
policy
impact
assessm

In this toolbox we describe scientific
knowledge from the viewpoint of
potential use in decision making. The
www.liais
now
scientific knowledge is represented as
e-kit.eu
content types (e.g. experts, publications,
models, methods, practices of
application) and the context of use is
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User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group
ent

Life Cycle Assessment, labelling and
others accounting and rating systems
being explored

LCA

multiple Decision Support System tool mDSS

The specific
Decision
LCA-based
support tool,
denkstat
model for
English
business
OPERAs will t
information
be created
tool
by denkstatt

The
intelectu
al
property
is
mainly
shared
C. Giupponi, between
G.Cojocaru, C.
Giuppon
J. Féas, J.
Decision
English
i , G.
support tool Mysiak,
Cojocar
P.Rosato,
and A. Zucca u and
Tiamasg
with the
financial
support
of EC
through
a series
of

Anywhere
with fcous
on Europe
since
free for
results
use
depend on
input data ,
anyscale yes

Anywhere,
free
anyscale

What it does

Access

When is it
available

represented in keywords / taxonomies
(e.g. process stages in decision making,
impact areas, geographical or sectoral
aspects). The content can be searched
by combining different keywords, e.g.
search for all models which can be used
for analyzing health aspects in
Luxemburg caused by steel industry,
etc. (to use an arbitrary example,
possibly with an empty list of results).

Various

Analysis of potential environmental
impact of a product throughout life cycle.
Working on identifying the needs of
businesses to assess the environmental
impact of their products and operations
on ecosystem services.

http://den
kstattgroup.co
?
m/projects
/clients/cli
ents.html

Various

mDSS is a generic Decision Support
System based on DPSIR conceptual
framework and developed to assist
decision makers in the management of
environmental problems through three
decisional phases: (i)CONCEPTUAL
PHASE: identification of the issues and
problem exploration, (ii) DESIGN
PHASE: option definition and
modelling(iii) CHOICE PHASE: Multicriteria decision analysis

www.nets
?
ymod.eu
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User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

What it does

Europe?

http://ec.e
uropa.eu/
environm
ent/envec
o/pdf/efte
Building on biodiversity offsets (ie
c_habitat_
measurable conservation outcomes
technical_
resulting from actions designed to
report.pdf,
compensate for significant residual
?
adverse biodiversity impacts arising from http://www
project development), exploring
.forestintegration of ES / NC into offsetting and trends.org
NLL
/publicatio
n_details.
php?publi
cationID=
3319

Access

When is it
available

researc
h project

Offsetting / No-Net-Loss

NLL

Policy
instrument

English

Our Ecosystem

OE

Information
tool

Ecometrica

Payment for Ecosystem Services

PES

Marketbased
instrument,

IEEP?

Various

free for
the
duration
of
Local,
OPERAs
regional
English,
project.
and global,
later
Thereaft
depending
probably
er a
on the
Ecometr also
licence Various
extent of
French,
ica
or data
the
German,
storage
Portuguese exemplar
fee will
, Spanish application
be
.
needed
for
maintena
nce.

English

Europe?

Various

operasproject.ou
recosyste
m.com;
operasfrenchalps
Our Ecosystem (OE) is a web-based
.ourecosy
land use and ecosystem mapping
stem.com
platform (tool). It enables access,
yes
other
sharing, organisation and querying of
examples
spatial data. Can use outputs from other
at
models and tools as input to the platform
ecometric
a.com/pro
ducts/ourecosyste
m/live-oeapps/
Payment for Ecosystem Services (PES)
www.teeb
is a type of market-based instrument
?
web.org
that is increasingly used to finance
nature conservation. PES programmes
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User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

What it does

Access

When is it
available

allow for the translation of the
ecosystem services (ES) that
ecosystems provide for free into
financial incentives for their
conservation, targeted at the local actors
who own or manage the natural
resources.

POLICYMIX
NINA
FP/ project

POLICYMIX TOOL

Protected Areas socio-economic
assessment / PA Regulations

SCALETOOL

SEEA framework

PA

Policy
instrument

SCALETOO
database
L

SEEA

Information
instrument

Various

Interface to access evaluations of
impacts of policy mixes on BD & ES in
forests; agent-based POLICYSCAPE
model for experimentation of policy
mixes in a virtual landscape

http://polic
ymix.nina.
no/Policy now
mixtool.as
px

Europe?

Various

Step-wise and practice-oriented
approach and guidance on how to
identify, assess and communicate
various ES and related benefits from
PAs, with a specific focus on their socioeconomic valuation

http://ec.e
uropa.eu/
environm
ent/nature
?
/natura20
00/financi
ng/index_
en.htm

English

Across
scales,
free
local to
European

Provides information on important
policies and ecological findings in
relation to scaling issues; It provides
overviews on sclaing of drivers,
Scientist biodiversity from the genetic level to
selected ecosystem functions) and
s,
policyma recomemndations regarding biodiversity
governance and instrumetns to deal with
kers
biodiversity conservation across scales.
It provides access to tools (models,
protocols), databases, and maps
(especially drivers, biodiversity patterns)

http://scal
es.ckff.si/
scaletool/i now
ndex.php
?menu=0

English

local,
regional,
national;
Europe

The System of Environmental-Economic
Accounting (SEEA) provides a
systematised framework to collect
information on the state of the natural
capital and its changes over time.

https://uns
tats.un.or
g/unsd/en yes
vaccounti
ng/seea.a

English

English

SCALES
project, lead
K. Henle
(UFZ)

Europe &
Latin
America

free

Various
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User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

What it does

Access

When is it
available

sp

English/Dut
ch

Stakeholder participation in the
decision-making process

Training

TESSA: toolkit for rapid assessment of TESSA
ecosystem services at sites

TESSA
Partnership
(UNEPWCMC,
Information BirdLife
TESSA
International,
tool/
Partners English
assessment RSPB,
hip
University of
toolkit
Cambridge ,
TBA, Anglia
Ruskin
University)

The Ecosystem Services Partnership
Visualization tool

The Joint
Research
Centre (JRC)
of European
Commission
and the
Visualisation Commonwea
lth Scientific
and Industrial
Research
Organisation
(CSIRO) of
Australia

The
Ecosyst
em
Service English
Partners
hip
(ESP)

decision
support tool

EFI

Tool for Sustainability Impact
Assessments - of ES and NC in value
chains

ToSIA

ECNC

ECNC

English,
Swedish,
Finnish

feebased

Global

Global

free

free

Various

Tailor-made training courses using
knowledge-based facilitation
methodologies combined with training
materials and handbooks containing
practical and applicable case studies

http://www
.ecnc.org/
aboutecnc/prod
now
ucts-andservices/tr
ainingcourses/

Various

Provide a rapid assessment of
ecosystem services at a site-specific
application. It allows for the comparison
of the site in question with an alternative
site with proposed development or
restoration already taken place. By using
an alternative site the identification of
winners’ and ‘losers’ is possible and can
thus aid decision-makers.

http://www
.birdlife.or
g/datazon yes
e/info/esto
olkit

Various

It compiles and offers (visualisation &
http://espdownload) a broad range of information
Right now
mapping.
related to ecosystem services (maps,
only Alpha
net
documents, typologies...). .

annual
anywhere,
member various
anyscale
ship fee

ToSIA: Tool for sustainability
(environmental, economic and social)
impact assessment of changes in
policies or external forces within the
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http://tosia
yes
.efi.int

User
base

Title

Acronym

Type

Creator

Owner

Language

Geographi Costs for Target
cal Scope use
Group

What it does

Access

When is it
available

forestry sector. ES: Provisioning Energy,
Water, Timber, NTFP, Biodiversity, GHG
emissions, Carbon stock, erosion and
other protection functions, cultural,
traditional and livelihood aspects,
certification. ToSIA-MCA for guiding
users through an evaluation process: (i)
defining indicator (thresholds), (ii)
weighting indicators, (iii) aggregation,
(iv) uncertainty and sensitivity analysis

Volante CANVAS tool

CANVAS

information
sourcing tool

Volante
English
project?

Europe

various

Crowed –sourcing tool used to assess
social values of targeted stakeholders.
Visual app with much potential for
development and application.
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?

User
base

Table 16. Prioritization of adaptation measures.
Reference

Le Tissier (2013)

Description
Criteria weighting & evaluation
(sensitivity analysis)

Technical requirements Criteria

Reference Cases

Limitations

Technical, geo-political
data

Financial indicative cost, timeframe,
potential partnership, additionally
principle, Win-Win

Drini – Mati River
Delta

Missing: funding,
implementation
dates

Computerized models
(HIVIEW, DEFINITE)

n/a

Hypothetical
(Bangladesh)

n/a

Workshops
(stakeholders, experts)

Expected gross benefits, urgency, noregret, co-benefits generation, effects on
mitigation

Netherlands

Missing: economic
feasibility,
distributional aspects

Cost data: previous
operations, published/
unpublished reports

Expenses, net benefits, environmental
impacts, robustness, flexibility, chance of City of Alexandria
success, feasibility, fairness

CBA
Problem & objective definition
Criteria & interventions identification
Lim et al. (2004).

Risk analysis
Criteria weighting
Scores calculation

De Bruin et al.
(2009)

Same
Objectives & climatic impacts
specification
Options identification

El-Raey et al.
(1999)

Constraints examination
Alternative strategies formulation

Subjective scoring &
weighting

Objectives weighting
Trade-offs evaluation

Watkiss et al.
(2012)

Marginal abatement cost curves
determination

Common costeffectiveness metric

Effectiveness criteria definition

Uncertainty nonconsideration

n/a

n/a

n/a

Cost data collection

High resources
requirements

Potential benefits assessment

Technical options
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Reference

Description

Technical requirements Criteria

Reference Cases

Limitations
focus
Linear sequencing
Discrete options

Problem/ alternatives/ criteria
definition
Bharwani et al.
(2013).

Stakeholders identification

Complexity
ExpertChoice software

n/a

Guadiana river

Pairwise comparison

Time consumption
Results subjectivity

Priorities computation & aggregation

Sanneh et al. 2014

ACC approaches identification &
data collection

City/country experts
data inputs

n/a

Gambia

n/a

Network-centric
approach (NCA)

timescale, equity, sustainability, cost

Hypothetical ( Inuit
communities,
Canadian Arctic)

n/a

Literature review,
experts Interviews

n/a

Egypt facilities

n/a

Normalized weights determination
ACC options identification
Pair criterion/option stakeholders’
assessment
Champalle et al.
(2015)

Ranking & transformation into
scores per criterion
Scores summing per option
Network visualization & Gantt Chart
Sustainability survey development
Pairwise comparison

Elbarkouky (2012)

Relative Importance Index Method
application
Damaged facilities’ survey realization
& alignment degrees determination
Weighted sum technique
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Reference

Watkiss et al.
(2013)

Description

Technical requirements Criteria

Reference Cases

Limitations

Dynamic programming

Theoretical example
(sea wall defense)

Probabilities
definition (risk)

River Severn

Resource intensive
(expert judgment,
data)

Computer-guided
modeling interface
(iterative & interactive
techniques-“stress test”,
n/a
data mining algorithmsvulnerability-andresponse-option
analysis)

East Suffolk, Essex

Quantitative
probabilities lackresource intensive
(quantitative data,
computing power,
experts input)

Stochastic modelling,
expert judgment

n/a

n/a

n/a

n/a

Evaluation: cost, timing, feasibility,
efficacy, robustness, co-benefits, -equity, City of Copenhagen
social justice, sustainability, institutional

Each branching point: decisionmaker response to uncertainty
determination
n/a

Options value quantification:
branches assessment based on
contingent points’ expected values
Objective & options definition
Feasible portfolios construction

Hunt et al. (2013)

Returns measurement, risks
characterization

Different returns metrics n/a

Efficiency frontier identification
Preferences definition
Problem structuration

Watkiss et al.
(2013)

Alternative assessment for various
generated futures
Strategy reformulation with
stakeholders
Stakeholders concerns determination
& mapping to observable indicators
Indicators tolerance assignment

Hallegatte et al.
(2012)

CC - indicators relationship
determination
Plan’s climate sensitivity
quantification
Contingency matrix production

Rosenzweig et al.
2011

Stakeholders initial ACC strategies
list definition
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n/a

Reference

Description

Technical requirements Criteria

Reference Cases

Limitations

context, unique circumstances
Prioritization: climate risk levels,
vulnerability & exposure, maximum
benefit-cost ratio, cost effectiveness,
distributional & equity concerns,
institutional capacity & capability

Risk computation

Strategy:
1 risk too high to be tolerated:
actions for accident prevention
2. technical or economic barriers:
actions for of accident’s scale
reduction
3. lowest priority: actions for
easier/cheaper clean up after
accident
Exercises combination
Picketts et al.
(2013)

Impacts classification into four
priority levels

n/a

n/a

City of Prince George n/a
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Table 17. Implementation of measures.
Reference

Description

Technical requirements

Criteria

Reference cases

Limitations

Vulnerability assessment
-strategy sampling
-committed participants
identification
-round 1: key risks’
information communication,
ACC recommendations
questionnaires
Gleeson et al. (2011)

Stakeholders variety (free,
-round 2: evaluation criteria anonymous interactions)
determination & rating
questionnaire,
consensus/disagreement
analysis

Responsibility attribution, funding,
timing, integration in existing programs, Ontario
measurement & monitoring plan

n/a

-simple statistics,
tabulations
-final consensus statement
preparation
Assessment of:
-need to adapt
-qualitative vulnerability
Dannevig et al. (2012)

n/a

n/a

Norwegian
municipalities

n/a

n/a

Resource availability

n/a

n/a

-measures identified in
plans/ regular planning
processes/ regulations
-structural measures

Hallegatte et al. (2011)

-climatic & economic
scenarios construction &
possible ACC measures
identification
-measures screening
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Reference

Description

Technical requirements

Criteria

Reference cases

Limitations

(implementation urgency) &
assessment per impact
-plan formulation &
adjustment

Mees et al. (2014)

-suitable ACC measures
selection

-limited: experts &
scientific policy
studies disciplines

-general assessment of
policy instruments

-political/social
culture influence

-specific assessment per
measure

Multi-disciplinary team
(experts, policymakers)

Policymaking rationales

Rotterdam

n/a

n/a

La Ceiba watershed n/a

-governance challenges
assessment per measure
(criteria relative importance)
-appropriate instruments
selection & combinations
following scores
-options formalization &
activities for immediate
initiation identification
-investment scheme
presentation
-coordination with other
projects & government
Anderson et al. (2007)
-business plans
construction
-co-financing opportunities
determination
-communication,
sustainability &
performance monitoring
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Reference

Description

Technical requirements

Criteria

Reference cases

Limitations

Storage system for data
recording

n/a

Canada

n/a

n/a

Toronto

n/a

European regions

n/a

plans definition
-ACC measures outline
development
(short/medium/long-term
financial implications)
Black et al. (2014)

-plan linkage to other plans
-monitoring process
development (risk
assessment, indicatorsbased measures)

Bizikova et al. (2008)

-preferred options
identification

All levels stakeholders’
support

-win-win and/or no-regrets
solutions investigation &
short-term measures
identification

Jurisdictions overlapping
assessment

-effective implementation
assessment capacity
progress measurement
-funding & staff responsible
identification

Ribeiro et al. (2009)

-ACC options catalogue
development (including do
nothing)

Previous strategies
inspirations

Regional context suitability

-maladaptation options
identification

Stakeholders involvement

Vulnerability reduction effectiveness

-preferred short list options CC partnerships for
definition (iterative process) guidance

Resilience increase

-agreement definition
(responsibility, fund, timing,
procedure)

Sustainability impact
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Reference

Description

Technical requirements

Criteria

Reference cases

Limitations

Scientist-manager working
n/a
groups

Southwest CC
Initiative

n/a

Government’s capabilities
in practice

Kiribati

Thresholds for
implementation”
not integrated

-unanticipated side-effects
identification (monitoring)
phase 1:
-management goals &
conservation features
specification
-conceptual model design
-plausible future climate
scenarios impacts
assessment

McCarthy (2012)

-strategic actions
identification, feasibility
evaluation
-information needs
identification (feedback
loops)
phase 2:
-effectiveness monitoring
-action plan development,
implementation &
adjustment (interactions
with phase 1)
-assessment objectives
definition
-risk identification
(scenarios, timeframes)

Elrick et al. (2009)
-priority risks determination
(likelihood, consequences’
occurrence)

n/a

-current controls in place
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Reference

Description

Technical requirements

Criteria

Reference cases

Limitations

n/a

n/a

n/a

rating
- risk treatment prioritization
-ACC options identification
& assessment (Adaptation
Impl. Prioritization
computation)
-constraints/ opportunities
examination
-national implementation
prioritization criteria’
definition
-objective, outputs,
expected outcomes, target
areas, responsible
authorities, timing, activities
Development needs,
sequencing, data,
Least Developed Countries (2012) human/institutional/systemic climate vulnerability,
existing plans, Information
capacity, funding,
determination per activity
-concrete measures
implementation
-planning & implemention
capacity enhancement
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Annex II Nature-based solutions for
adaptation to climate change
Considering the character and nature of the RESIN project, we consider appropriate devoting
an annex to nature-based solutions, as a basis for innovative, sustainable and responsible
climate change adaptation.
Nature- based solutions (NBS) are understood as living solutions inspired by, supported by,
or copied from nature (EC, 2015).22 This concept is framed as a response to some societal
(anthropogenic) challenges that breach ecological limits. The multiple benefits of NBS, as
opposed to conventional solutions include, for example, their resilience and robustness,
relatively low maintenance cost, and their capacity to adapt to sea-level rise. Furthermore,
NBS often provide additional environmental and socio-economic benefits (e.g. for recreation
& health).
NBS have a distinctive set of premises that underpin activity in this field:


Some societal challenges stem from human activities that have failed to recognize
ecological limitations;



Sustainable alternatives to those activities can be found by looking to nature for design
and process knowledge.

NBS therefore involve the innovative application of knowledge about nature, inspired and
supported by nature, and they maintain and enhance natural capital. They are positive
responses to societal challenges, and can have the potential to simultaneously meet
environmental, social and economic objectives.The potential of NBS for replacing
conventional solutions is recognized by the European Commission, who are investing in
research on NBS in scope of the Horizon 2020 programme. Four principal goals have been
identified that can be addressed by NBS (EC, 2015):


“Enhancing sustainable urbanisation through nature-based solutions can stimulate
economic growth as well as improving the environment, making cities more attractive,
and enhancing human well-being.

22
“Nature-based solutions aim to help societies address a variety of environmental, social and economic challenges
in sustainable ways. They are actions which are inspired by, supported by or copied from nature. Some involve using
and enhancing existing natural solutions to challenges, while others are exploring more novel solutions, for example
mimicking how non-human organisms and communities cope with environmental extremes. Nature-based solutions
use the features and complex system processes of nature, such as its ability to store carbon and regulate water flow,
in order to achieve desired outcomes, such as reduced disaster risk, improved human well-being and socially
inclusive green growth. Maintaining and enhancing natural capital, therefore, is of crucial importance, as it forms the
basis for implementing solutions. These nature-based solutions ideally are energy and resource-efficient, and
resilient to change, but to be successful they must be adapted to local conditions”.

www.resin-cities.eu
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Restoring degraded ecosystems using nature-based solutions can improve the resilience
of ecosystems, enabling them to deliver vital ecosystem services and also to meet other
societal challenges.



Developing climate change adaptation and mitigation using nature-based solutions can
provide more resilient responses and enhance the storage of carbon.



Improving risk management and resilience using nature-based solutions can lead to
greater benefits than conventional methods and offer synergies in reducing multiple
risks“.

The NBS concept builds on and supports other closely related concepts, such as the
ecosystem approach, ecosystem services, ecosystem-based adaptation/mitigation, and
green and blue infrastructure. All of these approaches are:





Multi-purpose, multi-functional and multi-beneficial, inspired and supported by nature;
Focused on using the properties and functions of ecosystems to provide ecosystem
services (water regulation, flood risk protection, climate change adaptation, etc.), or living
solutions;
Designed to bring more nature and natural features and processes into cities,
landscapes and seascapes, through systemic interventions and engineered solutions;

The EC report “Towards an EU Research and Innovation policy agenda for Nature-Based
Solutions & Re-Naturing cities” (EC, 2015) in its Annex 3, includes a preliminary list of
possible interventions.
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 do not provide a
classification of different EbA typologies.
The closest attempt to produce a list of possible EbA approaches in urban contexts is found
in a report by the EEA (EEA, 2012). Here, different types of EbA are associated to the climate
change impacts they aim at reducing, i.e., flooding, water scarcity and heat.
There are some interesting experiences of NBS being used in flood risk reduction (to sea
level rise and pluvial and fluvial flooding) and urban drainage (sustainable urban drainage)
(Fenn et al., 2014). Rizman, A.M., et al., 2008 establish that the Urban Heat Island (UHI) is
generated by many factors, which could broadly be categorized as controllable and
uncontrollable as it is shown in the figure below. According to this, NBS play an important role
in reducing the UHI as it is almost the only element of urban design which can be modified,
once the development of an area is completed. For example, NBS can contribute to
increasing green areas in cities, vegetation can reduce the sky view factor and therefore
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increase shading and vegetation can also modify building material (green roof, green walls)
encouraging evapotranspiration. Making these changes to the building fabric is often more
difficult and expensive.

Figure 7 Generation of Urban Heat Island (UHI)

One of the key characteristics in EbA is their multifunctionality. Measures are often
associated to the climate change impact they are meant to reduce, even though, it is
recognized that synergies occur and other impacts can be moderated. For example, green
roofs may contribute to reduce runoff water quantity (Czemiel Berndtsson, 2010), in addition
to building cooling (Geneletti and Zardo 2016).
Table 1 below, summarizes examples of NBS linked to the thematic goals highlighted by the
EC and their potential benefits in relation to adaptation.
Table 18 Nature based solutions in the context of climate change adaptation (Tecnalia,
2015. Own elaboration).
Thematic Goals

Enhancing
Sustainable
Urbanization

NBS/ EbA

Benefits

Green Roofs

Reduction of cooling energy demand

Green Facades

Reduction of cooling energy demand

Reduction of heat stress
Positive influence in health and quality of
Green spaces/urban parks
life
Reduction of air and noise pollution
Flood risk reduction
Restoration of wetlands,
watersheds, floodplains, woodlands Improved water quality
Recreation, tourism and enhanced human
and riverbanks
well-being
Restoring Degraded
Flood risk reduction
Coastal
protection:
restoration
of
Ecosystems
Tourism
saltmarshes, dunes and coastal
areas which allow sedimentation
Biodiversity conservation
Afforestation and rewetting peat
Climate change mitigation
lands
Flood risk management
Developing climate
Restoration of floodplains
change adaptation
Long-term improvement of water quality
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and mitigation

Green roofs, green facades,
gardens, urban parks

Sustainable Woodlands

Improving risk
management and
resilience

Natural water retention measures
Dyke re-allignment
Re-meandering
Buffering areas
Restoration of wetlands,
watersheds, floodplains, woodlands
and riverbanks
De-poldering
Set back estuary defences
Dunes restoration and maintenance
Restoration of beaches and
saltmarshes
Multifunctional green public spaces
Sustainable Urban Drainage
Systems SuDs
Sustainable practices and irrigation
systems
Reforestation and rainfall water
management

Increase biodiversity
Increase carbon sequestration
Reduction of heat stress in urban
environments
Increase biodiversity
Improved human health and well- being
Store carbón
Carbon sequestration
Increase biodiversity
Recreational opportunities
Source of natural products

Flood risk prevention- the NBS are
implemented in different and often
interconnected areas

Mitigation impact of sea level rise and
erosion in coastal regions

Reduction of heat island effect
Reduction of the risk of droughts in rural
areas
Reduction of landslides, avalanches and
rock falls

Final remarks:






Although there are numerous case studies describing how NBS are already being
implemented, there is a lack of reliable and robust evidence indicating how effective
these approaches are. Moreover, different studies present different ways of measuring
the effectiveness of the same measure.
The lack of a systematic way of measure the effectiveness of NBS has created
uncertainty concerning its usefulness and has prevented the generation of clear
questions on NBS for researchers and practitioners to address.
Research on the effectiveness of NBS and EbA, is required considering questions about
their effectiveness, such as:
- What combinations and configurations of vegetation in different sizes can
maximize carbon capture and shading provision while also enhancing resident
quality of life?
- How can mobile green walls be designed and employed to provide opportunities
to adapt and reshape spaces externally and internally, to help control
temperature, improve air quality, reduce demand for building infrastructure, and
offer aesthetic appeal?
- How can existing grey infrastructure be greened and joined up with existing
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-

green spaces and urban greenery (e.g., street trees) so that cities enable a
perception of a green living environment despite increasing residential densities?
How can interstitial spaces in cities (rooftops, public parks, road edges, and
underused infrastructure) be more extensively used for urban food production?
What is the feasibility of vertical farms in cities, and what business models can
support their development?
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