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Glossary of Key Terms
Term

Definition

Key references

Adaptation

An adjustment in ecological, social or economic systems in
response to observed or expected changes in climatic stimuli
and their effects and impacts in order to alleviate adverse
impacts of change or take advantage of new opportunities.
The amount of carbon stored in biomass (leaves, stems,
trunk, roots and soil organic matter).

Adger et al. (2005)

Carbon
sequestration

The process of increasing the carbon content of a reservoir
or pool other than the atmosphere (e.g. biosphere, oceans).

Adapted
(2007)

from

IPCC

Climate mitigation
potential

The potential of reducing GHG emissions (in particular
carbon emissions) through the implementation of NBS at
different spatial scales, thus contributing to the global
challenge of reducing climate change.
The various benefits that can be provided by a NBS
simultaneously over a certain period.

Adapted
(2014)

from

IPCC

The process of quantifying the costs and benefits of a NBS
(over a certain period), and those of its alternatives (within
the same period), in order to have a single scale of
comparison for unbiased evaluation.
The cost of designing and implementing NBS over a certain
period. It may include acquisition, management, transaction,
damage and opportunity costs.
The economic advantages of designing and implementing a
NBS over a certain period, quantifiable in terms of monetised
costs and benefits, including generated cash flows.

Adapted from Atkinson
and Mourato (2015)

Carbon storage

Co-benefits
Cost-benefit
analysis
Economic cost
Economic benefit

Nowak et al. (2008)

Jiang et al. (2016)

Naidoo et al. (2006)

Economic
opportunity

When a supplier of a NBS service or good succeeds in
providing this through a market mechanism to a consumer
for an added value.

Ecosystem services

The contributions of ecosystem structure and function, in
combination with other inputs, to human well-being.

Burkhard et al. (2012)

Ecosystem
disservices

Negative contributions of ecosystems to human well‐being,
including undesired and harmful impacts on the
environment, that relate to the generation of ecosystem
services.
The combined process of evaporation from the Earth’s
surface and transpiration from vegetation.
Urban green space is land within urban areas that is partly or
totally covered by vegetation. The term can be applied to
existing or planned green elements and structures for all
kinds of urban green (and blue) spaces regardless of their
ownership, management, current use, and functionality. This
includes parks and street trees, as well as urban agricultural
and forest land, wastelands, cemeteries and private gardens
(including roof gardens).
Closed isotherms indicating an area of the surface that is
relatively warm; most commonly associated with areas of
human disturbance, such as towns and cities. The
physiographic analogy derives from the similarity between
the pattern of isotherms and height contours of an island on
a topographic map. Heat islands commonly also possess
"cliffs" at the urban–rural fringe and a "peak" in the most
built-up core of the city. The annual mean temperature of a
large city may be 1°–2°C warmer than before development

Potschin et al. (2016)
Von Döhren and Haase
(2015)

Evapotranspiration
Green space

Heat island effect

v

IPCC (2012)
Breuste et al. (2013);
Davies et al. (2015)

Glossary of
Meteorology, 2012

Impact

Macro-, meso- and
micro-scale

NBS Effectiveness

Performance
Relevance
Reliability
Reliable NBS
Resilience

Robustness
Robust NBS
Social benefit
Social cost
Synergy in the
delivery of
ecosystem services
Trade-offs

and on individual calm, clear nights may be up to 12°C
warmer.
The effect of a NBS in achieving a specified objective and/or
dealing with an urban challenge; evidenced as a change in
environmental, social, economic and ecological conditions
and functions.
From an ecological perspective, the macroscale corresponds
to the global-biome level, the mesoscale aligns with the
landscape/ecosystem scale and the microscale coincides with
the scales ranging from ecosystems to individual organisms.
From an institutional perspective, the macroscale
corresponds to the global and international level, the
mesoscale represents the regional through to metropolitan
and urban scales, and the microscale coincides with the
scales ranging from the neighbourhood and street to the
single building.
The degree to which objectives are achieved and the extent
to which targeted problems are solved. In contrast to
efficiency, effectiveness is determined without reference to
costs. E.g.,
• Does the NBS lead to enhanced climate resilience in the
urban area?
• Does the NBS lead to environmental benefits?
• Does the NBS lead to social benefits?
• Does the NBS lead to economic benefits?
The degree to which NBS address an identified challenge
(e.g., climate resilience) and/or fulfil a specified objective in a
specific place (territory), time and socio-economic context.
The degree to which a NBS contributes to dealing with the
primary problem (performance).
The ability of a method to produce consistent results.
A NBS whose performance is guaranteed over time with a
certain defined maintenance strategy.
The capacity of a system to absorb disturbance and
reorganize while undergoing change so as to retain
essentially the same function, structure, identity, and
feedbacks.
The capacity of an analytic procedure to remain unaffected
by small, but deliberate variations in parameters.
A NBS that achieves the expected objectives and solves the
targeted problem under different uncertain future situations.
The range of ways in which individuals and societies can
socially be positively impacted by NBS.
The range of ways in which individuals and societies can
socially be negatively impacted by a NBS.

Following Hein et al.
(2006)

Adapted from Oxford
Dictionary (2016)

Adapted from Dunn
(2004)

Walker et al. (2004)

Synergy arises when increased provision of one ecosystem
service causes improvement in the provision of another
ecosystem service.

Potschin et al. (2016)
Beumer et al. (2014)

Situations in which one ecosystem service increases and
another one decreases. This may be due to simultaneous
response to the same driver or due to true interactions
among services.

Potschin et al. (2016);
Bardosa et al., 2016)
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Report Summary
Nature-Based Solutions (NBS) are solutions to societal challenges that are inspired and supported by
nature. The European Commission requested the EKLIPSE project to help building up an evidence and
knowledge base on the benefits and challenges of applying NBS. In response to the request, the EKLIPSE
Expert Working Group on Nature‐based Solutions to Promote Climate Resilience in Urban Areas (EWG)
devised the following objectives:
1) To develop an impact evaluation framework with a list of criteria for assessing the performance of
NBS in dealing with challenges related to climate resilience in urban areas;
2) To prepare an application guide for measuring how NBS projects fare against the identified
indicators in delivering multiple environmental, economic and societal benefits;
3) To make recommendations to improve the assessment of the effectiveness of NBS projects,
including the identification of knowledge gaps according to the criteria presented in the impact
evaluation framework.
This document reports on these three objectives. It is intended to be used as a reference document by
members of current and future European projects with an interest in NBS in urban areas, and by
practitioners seeking to compare the effectiveness of NBS design, implementation and evaluation. The
EWG recognises that the type and intensity of NBS impacts may vary according to the characteristics of the
NBS and the context in which they are applied. The intent of this report is not to define NBS, but rather
provide examples of indicators and methods for assessing impacts of NBS that may be applied in a range of
different ways across urban areas in Europe. As such, the report also identifies the scale at which the
indicators are relevant, to guide an assessment of impacts.
In relation to objective 1, the EWG developed a framework that enables the assessment of impacts related
to specific NBS actions within and across 10 challenge areas (Figures 2 and 3). The framework was based on
a quick scoping review of the literature (Collins et al., 2015; Dicks et al., 2014) combined with expert
consultation within and outside the EWG. Building on the mapping and assessment of ecosystems and their
services (MAES, European Commission, 2013), it reflects the potential for the co-production of ecosystem
services across climate, ecosystems, socio-economic and socio-cultural systems. It recognizes that NBS
impacts vary across geographic and temporal scales. For this reason, it underlines the importance of
defining critical thresholds for impacts at the local level. Furthermore, the report illustrates the potential
for interconnections between climate change at the macroscale and mesoscale, and microscale interactions
between the climate resilience challenges of climate mitigation and adaptation, water management,
coastal resilience, air quality, green space management, urban regeneration, social justice and social
cohesion, public health and well-being and economic opportunities and green jobs.
For each challenge area, the EWG presents a small number of representative examples of indicators that
are considered to be important for assessing key impacts of specific NBS actions, as well as a range of
methods for assessing each indicator. All challenges consider impacts at the mesoscale (regional,
metropolitan, urban) and microscale (neighbourhood/street, building).
The report also describes some success factors and limiting factors (including synergies and trade-offs) and
elucidates them with the aid of a case example. Tables 24 and 25 provide an indicative overview on the
variety of indicators, methods and scales for assessment as well as possible dimensions to be measured
across the different challenges considered. This framework does not provide a single answer for the
assessment of NBS impacts. Rather, it recognises the potential for NBS impacts to vary across social and
1

ecological contexts, and across temporal and geographical scales. The identified indicators are exemplary
and not exhaustive, and researchers and practitioners interested in NBS projects in cities are invited to
enrich the impact assessment framework with additional operational and context-specific metrics and
methods for valuation and assessment.
The cross-sector character of the impacts to be addressed in the assessment of NBS means that a range of
different quantitative and qualitative indicators need to be considered. Methods based on multi-criteria
assessment are thus often useful for aggregating different types of indicators in order to assess alternative
solutions.
By compiling potential impacts across different challenge areas this report provides an important starting
point for future projects to agree on a common assessment framework which will make experiences of
applying NBS comparable across different research and application projects. Only by ensuring a minimum
level of comparability will it be possible to build an evidence base on benefits, co-benefits, synergies and
trade-offs of different NBS applications.
In relation to objective 2, a NBS application guide is presented that synthesises conclusions across all ten
challenges. It is recommended that once the over-arching aim of a NBS project has been established,
decisions are made about:
1) How each challenge could be addressed;
2) Which components of each challenge are relevant and will be addressed;
3) The geographical and temporal scale of the action and its effect;
4) Which indicator(s) will be appropriate to measure the effectiveness of individual actions in
addressing each challenge;
5) Which methods are available, suitable and feasible for the measurement of the indicators;
6) What baseline will be used, including measurements that should be taken prior to the
commencement of any action, so that effectiveness can be measured;
7) How to identify interactions between actions, and how to capitalise on the opportunities presented
by co-benefits and tackle any trade-offs between conflicting desired effects.
This report concludes by providing a roadmap for the assessment of NBS impacts (objective 3), including a
summary of knowledge gaps and associated future research and practice directions. While substantial
attention has been directed towards assessing the environmental impacts of NBS, greater attention needs
to be paid to both exploring and explaining the interlinkages between environmental, economic and social
impacts within and across the 10 climate resilience challenges, and across different geographic and
temporal scales. Such advancements will require a commitment to interdisciplinary research and practice
that draws upon a range of indicators and qualitative, quantitative and mixed-methods techniques for
assessing them. Multi-stakeholder networks on NBS design, planning and implementation will be important
to ensure the transference of successful approaches from one country to another, or from one case study
to a wider community. Moreover, the successful implementation of NBS will require a commitment to the
monitoring and evaluation of NBS beyond the urban context and across urban-rural gradients using
innovative participatory planning and governance processes which actively engage multiple types and
systems of knowledge, and translate the benefits of NBS in ways that motivate action by urban residents,
not solely planning authorities. For these reasons, the authors strongly encourage researchers and
practitioners to move from the assessment and valuation of ecosystem services to a wider assessment of
the co-benefits (and costs) of NBS through the lens of co-production of ecosystem services. Hopefully the
guidance provided in this report will assist with such ambition.
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Background
Nature-Based Solutions (NBS) are solutions to societal challenges that are inspired and supported by
nature, which are cost-effective, provide simultaneous environmental, social and economic benefits, and
help build resilience. Such solutions bring more, and more diverse, nature and natural features and
processes into cities, landscapes and seascapes, through locally adapted, resource-efficient and systemic
interventions (European Commission, 2016), and thus they simultaneously provide benefits for biodiversity
and human well-being (Cohen-Shacham et al., 2016).
Under Horizon 2020, NBS have been identified as a priority area for investment. For example, funding area
SCC-02-2016-2017 supports demonstration projects on NBS for climate and water resilience in cities (2016)
and NBS for inclusive urban regeneration (2017); and SC5-8-2017 supports large-scale demonstrators on
NBS for hydro-meteorological risk reduction. Four NBS demonstration projects, in excess of 10 million Euros
each, have been selected for funding for climate and water resilience in cities (SCC-02-2016). The purpose
of these projects is to enhance resilience in urban areas in the face of climate change impacts such as
temperature extremes, pollution, wind, drought and flooding, using nature‐based solutions.
Recent studies have provided perspectives on indicators, knowledge gaps, barriers and opportunities for
action on NBS (Kabisch et al., 2016; Nesshöver et al., 2016), but to date a holistic framework has not been
developed for the assessment of NBS impacts across a range of climate resilience challenges at different
geographic scales. The European Commission Director General, Research and Innovation (EC DG R&I)
therefore requested the EKLIPSE project to provide a framework for NBS projects so that a common
evidence and knowledge base for NBS can be built in the future. In response, EKLIPSE issued a call for
experts (No.1/2016) to develop an impact evaluation framework to guide the design, development,
implementation and assessment of NBS demonstration projects in urban contexts (EKLIPSE, 2016). Fifteen
experts were selected by EKLIPSE to address the request, forming the EKLIPSE Expert Working Group on
Nature‐based Solutions to Promote Climate Resilience in Urban Areas (EWG). The experts came from both
science and practice and represented a range of areas including ecology, air quality and climate science,
ecosystem governance, environmental psychology, human geography, land-use design and urban planning,
environmental economics and water management.

Aims and objectives
The aim of this EKLIPSE activity is to devise an impact evaluation framework that can guide the design,
development, implementation and assessment of NBS demonstration projects in urban contexts. The
framework needs to take into account insights from recent studies into the mapping and assessment of
ecosystems and their services, ecosystem-based adaptation projects, and relevant information on climate
adaptation, natural water retention, green infrastructure, greening cities and other European Commissionbased initiatives (EKLIPSE, 2016).
In response to the request, the EWG devised the following objectives:
1) To develop an impact evaluation framework with a list of criteria for assessing the performance of
NBS in dealing with challenges related to climate resilience in urban areas;
2) To prepare an application guide for measuring how NBS projects fare against the identified
indicators in delivering multiple environmental, economic and societal benefits;
3) To make recommendations to improve assessment of the effectiveness of NBS projects, including
the identification of knowledge gaps according to the criteria presented in the impact evaluation
framework. These recommendations are included in the application guide.
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It is important to note that the results of these activities present an initial set of indicators and assessment
methods that are recommended in the literature on the assessment of NBS impacts. The study focuses on
the assessment of NBS to support climate resilience in urban areas, but did not consider the applicability of
NBS for disaster reduction. The impact assessment framework presented here will be adapted in the future
when projects begin to apply it. The Think Nature NBS Platform, recently supported under Horizon 2020,
may also play an important co-ordinating role in this refinement process.

Methodological Approach
The EWG methodological approach involved a quick scoping review of the literature combined with expert
consultation within and outside the EWG. The EWG selected 10 challenges from the expert report on NBS
supported by DG Research and Innovation (European Commission, 2016) and a recent review of NBS
frameworks (Kabisch et al., 2016):
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

Climate mitigation and adaptation;
Water management;
Coastal resilience;
Green space management (including enhancing/conserving urban biodiversity);
Air/ambient quality;
Urban regeneration;
Participatory planning and governance;
Social justice and social cohesion;
Public health and well-being;
Potential for new economic opportunities and green jobs.

It was deemed by the EWG that NBS targeted at addressing each of the 10 challenges would also support
climate resilience in urban areas. Further, it was deemed that different climate mitigation and adaptation
responses can be undertaken at each of the three scales: macroscale, mesoscale and microscale. From an
ecological perspective, the macroscale corresponds to the global-biome level, the mesoscale aligns with the
landscape–ecosystem scale and the microscale coincides with the scales ranging from ecosystems to
individual organisms. From an institutional perspective, the macroscale corresponds to the global and
international level, the mesoscale represents the regional through to metropolitan and urban scales, and
the microscale coincides with the scales ranging from the neighbourhood and street to the single building
(following Hein et al., 2006). While there is a range of climate mitigation and adaption options at the
macroscale, this report focuses on NBS at the mesoscale and microscale. Consequently, the EWG used its
expert judgement and the literature as a guide to assess the applicability of impact indicators at regional,
urban, metropolitan, street/neighbourhood and building scales.
The quick scoping review of the literature adapts procedures and insights from a rapid evidence assessment
methodology used in the conservation sciences (Collins et al., 2015; Dicks et al., 2014). The scoping
consisted of three stages (Figure 1). Stage one involved a structured search of the scientific and grey
literature. Stage two involved asking EWG members and EU project co-ordinators involved in projects
related to NBS to add to the body of literature by suggesting up to 10 important papers per challenge area
based on their area(s) of expertise. Stage three involved a narrative synthesis of the selected scientific and
‘grey’ literature. Due to time and resource constraints, stage three was modified during the project to focus
on an initial set of examples of the most important indicators and methods for assessing the impacts of NBS
as identified by the expert working group members, as opposed to a representative set of indicators and
methods. The Protocol document provides further information about the methodological approach
(Raymond et al., 2016a).
4

Figure 1 The three stages of the quick scoping review of the literature.

Short overview of the literature considered in the scoping exercise
Table 1 presents a short overview of the quantity of the literature considered in the scoping exercise. Only
relevant literature was included in the description of the initial set of indicators. Relevance was determined
based on the degree to which the paper included content relevant to the search strategy criteria presented
in the protocol document (Raymond et al. 2016a).
Table 1 Literature considered in stages 1 and 2

Stage 1
• 320 peer-reviewed articles or books all read
to at least abstract level
• 1223 pieces of grey literature
• Grey-literature further screened based on
titles, 10% read to at least summary level

Stage 2
• 247 unique articles, books or reports not
identified in Stage 1 all read to at least
abstract or summary level

NBS Impact Assessment Framework
The NBS impact assessment framework (Figures 2 and 3) builds on and supports several other closely
related concepts, including the ecosystem approach, ecosystem-based adaptation and mitigation, green
and blue infrastructure and ecosystem services (European Commission, 2015). The European Commission,
through MAES (Mapping and Assessment of Ecosystems and their Services), is assisting Member States in
the process of mapping and assessment of ecosystems and their services, as well as assessing the economic
value of such services, and incorporating these values into EU and national accounting and reporting
systems (European Commission, 2013). This is in order to operationalize and meet Target 2, Action 5 of the
5

EU Biodiversity Strategy to 2020 and to contribute to the Europe 2020 strategy to build smart, sustainable
and inclusive growth for the EU.

Figure 2 The 10 climate resilience challenges considered in this impact assessment framework.

Figure 3 Framework illustrating the relationships among elements of biophysical and social systems, climate resilience
challenges and the NBS actions, impacts, indicators and methods for addressing each challenge.
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A NBS directed towards a given challenge has an associated set of objectives and actions. Each action has
an associated set of expected impacts, and these impacts can in turn be assessed using a set of indicators,
using specific types of methods for assessing those indicators (Figure 2).
The focus of this study is on the use of NBS to enhance climate resilience in urban areas in the face of
climate change impacts such as extremes of temperature, wind, drought and flooding, while also producing
climate change and pollution mitigation benefits. However, it is recognised that due to their multifunctionality (their capacity to perform different functions and present a range of benefits simultaneously
and over time) any NBS is likely to have co-benefits (and costs) in other challenge areas and to benefit
biodiversity (Kabisch et al., 2016). The classification presented here has been designed specifically for the
purpose of this document, but it is acknowledged that each of the 10 challenge areas can be expanded or
reduced to consider all the multi-functional aspects of NBS. There is potential for indicators and methods to
be applicable to more than one challenge area, as illustrated by the diamond body in Figures 2 and 3. In the
application guide of this report, we discuss the applicability of indicators and methods across challenges.
It is also important to consider the socio-ecological context in which NBS are embedded. Traditional
ecosystem service assessments, such as the MAES framework, mainly focus on the linkages between stocks
and flows of ecosystem services and their benefit to humans (as expressed through biophysical or
monetary values), whereas the present NBS impact assessment framework recognises the potential for a
range of other social, economic and environmental impacts. This broader view is reflected in the
conceptualisation of the co-production of ecosystem services among and across climate, ecosystems, socioeconomic systems and socio-cultural systems (Figure 3). Co-production can take on multiple forms:
1) Processes for combining multiple forms of knowledge and evidence to guide ecosystem
management (Guerry et al., 2015; Reyers et al., 2015; Tengö et al., 2014);
2) The combination of different forms of natural, human, financial and manufactured capital to obtain
ecosystem services (Biggs et al., 2015; Palomo et al., 2016);
3) The complex interactions between the socio-cultural systems (e.g., traditions, philosophy, ethics;
world views, values, attitudes and beliefs; behaviour and lifestyles) (Flint et al., 2013) and other
direct and indirect drivers to affect the state and condition of ecosystems (Huntsinger and Oviedo,
2014; Plieninger et al., 2015; Raymond et al., 2016b; Setten et al., 2012). Socio-cultural interactions
with the ecosystem often give rise to non-monetary values which can be relational, instrumental or
intrinsic (Chan et al., 2012, 2016);
4) The interactions between individuals and groups which guide shared values, beliefs and actions.
When considered in a group context or when statistically aggregated, it is possible to identify
shared, social and plural values (Kenter et al., 2015; Raymond et al., 2014);
5) The complex interactions between socio-economic systems (including markets, policy instruments,
institutions and governance systems) and other direct and indirect drivers affect ecosystems.
The arrows in Figure 3 are not intended to represent causal or explanatory pathways, but rather to
conceptually represent the complex interrelationships among aspects of the socio-economic and sociocultural systems, ecosystems, biodiversity and climate. Figure 3 also shows that this report only addresses
some of the many potential impacts that NBS are likely to have on aspects of the wider system.
From an assessment perspective, there are important similarities and differences between the NBS Impact
Assessment Framework and MAES (Figure 4). Like the MAES framework, the NBS framework links
ecosystems to socio-economic systems via the flow of ecosystem services and their benefits, and through
the drivers of change that affect ecosystems either as consequence of using the services or as indirect
impacts due to human activities. It separates elements of the socio-economic and socio-cultural systems to
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emphasise the need for integrated assessments, and underlines the importance of both monetary and nonmonetary valuation techniques to the assessment of NBS impacts. Both MAES and the NBS framework use
indicators. In MAES these are for establishing the link between biodiversity, ecosystems and the services
they provide, and as a means of assessing ecosystem service delivery, and a number of these are relevant
to NBS. In the NBS framework, indicators have been selected to demonstrate the effectiveness of different
NBS actions for dealing with identified challenges. Indeed, there are a plethora of NBS and related impacts,
indicators and methods related to climate change resilience in urban areas, as illustrated by the web of
relations between NBS and the climate, ecosystems, socio-economic and socio-cultural systems. Here we
focus on a subset of NBS, their impacts, indicators for assessing the impacts, and methods for assessing the
effectiveness of NBS for a specific set of challenges, as represented by the blue target area in the middle of
Figure 2.
Furthermore, differences exist in how relationships are identified and assessed in each framework. In the
NBS impact assessment framework, researchers and practitioners place emphasis on the relationships
between NBS, ecosystem services, co-benefits and diverse forms of impacts at different scales, and the
processes used to engage multiple forms and systems of knowledge. The MAES framework places more
emphasis on assessing biodiversity and the conditions of ecosystems in relation to their service provision
(European Commission, 2013; 2014). In Figure 4 similar steps in the assessment process are represented
with similar colours.

Figure 4 Flow diagram showing the relationships between the NBS impact assessment framework and MAES
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Challenge 1: Contribution of NBS to Climate Resilience
The quality of life in European cities and in most of the world is threatened by a number of factors. The
drivers include increasing pollution levels, urban heat islands, flooding and extreme events related to
climate change, as well as decreased biodiversity (Grimm et al., 2008). These can have detrimental effects
for human health and well-being. At the same time, cities are a large source of carbon emissions. The
importance of action on carbon mitigation and greenhouse gas control at the urban level was addressed at
the COP21 in Paris, highlighting that as the world becomes more urbanized, local action is becoming
increasingly important (UNFCCC, 2016). For example, the European Commission’s Covenant of Mayors
(www.covenantofmayors.eu) obliges European cities to establish an Action Plan to reduce their carbon
emissions by over 20%, including by using NBS and through the sustainable management of green space.
Each city will need to aim for carbon-neutral urban development.
Climate resilience is based on two interacting concepts: “adaptation”, that is the capacity to react and
respond to an external stimulus or stress such as climate change, and “mitigation”, that is the potential of
improving the current status of a parameter or driver through active or passive behaviour, in this case
through reducing greenhouse gas emissions or sequestering carbon. In the case of NBS, which involve
elements of ecosystems, the two concepts are closely linked as any adaptation of an ecosystem can further
influence the mitigation potential (e.g. by sequestering carbon in vegetation), with an overall dramatic
effect on climate resilience (Calfapietra et al., 2015; Van Vuuren et al., 2011).
One of the major issues in implementing NBS for urban climate resilience and in understanding their
potential impact and effectiveness is related to the scale of intervention. Action on climate mitigation can
span the micro level of a single building, the meso level of the whole city or country and the macro level of
the entire planet, though it has essentially a macro (global) scale effect through affecting global
concentrations of greenhouse gases. Climate adaptation is more often planned and implemented at the
meso (national) to micro (local) level, and the impacts are also at these levels. There are some common
actions and indicators, but also some that are specific to the different scales of climate action to be
addressed, as identified below.
This chapter gives an overview of the use of NBS for climate mitigation and for climate adaptation through
regulation of the microclimate. Challenges 2 to 10 then provide more detail on the other ways in which NBS
can contribute to climate adaptation, such as through improved water management and coastal resilience.
Each of these chapters lists possible NBS actions, expected impacts, and examples of indicators and
methods to assess those impacts. This chapter considers all scales from global to local, but the focus for
Challenges 2 to 10 is on the meso and microscales of Regional, Metropolitan, Urban, Neighbourhood/Street
and Building. Each of these chapters also reports a successful case study example of each approach, at least
at a pilot scale.
Potential actions and expected impacts
NBS actions for climate resilience can be aimed at macro-scale mitigation, by enhancing carbon storage and
sequestration in vegetation or soil and thus reducing global greenhouse gas concentrations (Table 2), or at
meso and microscale adaptation through planting vegetation to improve the local or regional micro-climate
through cooling, shading and shelter (Table 3). Many actions can achieve both of these impacts, so there is
overlap between the tables.
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Table 2 Potential actions for global climate mitigation and expected impacts

Potential actions
• Increasing the area of (or avoiding the loss
of) green space, particularly wetlands and
tree cover, for both direct and indirect
carbon storage.

•

Maximizing the net sequestration of
carbon through species selection and
management practices i.e. improving
mitigation as well as choosing species that
are adapted to future conditions.

Expected impacts
• Carbon sequestration in vegetation and soil (Davies
et al., 2011; Pataki et al., 2006).
• Reducing the temperature at meso or microscales,
thus decreasing the energy demand for cooling,
especially in warmer climates, and reducing
associated carbon emissions (Akbari, 2002).
• Increased flood regulation (meso or microscale
impact) (Pregnolato et al., 2016).
• Climate change mitigation and carbon storage by
vegetation, including carbon stored in soil (Davies et
al., 2011; Pataki et al., 2006).
• Improved air quality (mesoscale impact) (Baró et al.,
2014).

Table 3 Potential climate adaptation actions at the meso and microscale and expected impacts

Potential actions
• Increasing the area of (or avoiding the loss
of) vegetation and particularly tree cover.
• Increasing green walls and roofs to cool
down the city through outdoor energy
management using shading and the latent
heat of evapotranspiration of plants and
soils.

Expected impacts
• Maximize cooling effect by evapotranspiration and
shading, thus reducing local temperatures and
ameliorating heat island effects and heat stress
(Alexandri and Jones, 2008; Fioretti et al., 2010;
Kazmierczak, 2012).
• Securing long-term carbon storage in vegetation and
soil and avoid carbon emissions from land-use
changes (global impact).
• Increased energy savings at building and street level
through the insulating effect of plants (Alexandri and
Jones, 2008; Zinzi and Agnoli, 2011).
• Reducing wind speed and thus wind chill in cold
climates.

Examples of indicators
Table 4 Examples of indicators for assessing the impact of climate mitigation actions at the macroscale

Indicators
• Carbon storage and sequestration in
vegetation and soil (Davies et al., 2011;
Demuzere et al., 2014).

•

Monetary values: value of carbon
sequestration by trees (Baró et al., 2014).

Metric
• Tonnes of carbon removed or stored per unit area
per unit time (Zheng et al., 2013), total amount of
carbon (tonnes) stored in vegetation (Davies et al.,
2011).
• Comparison
with
calculations
of
carbon
consumption of equivalent non-NBS actions (e.g.
through Life Cycle Assessment).
• Allometric forest models of carbon sequestration,
developed using proxy data obtained from Lidar
data (Giannico et al., 2016).
• Growth rates derived from Forest Inventory Analysis
(Zheng et al., 2013).
• Measurements of gross and net carbon
sequestration of urban trees based on calculation of
the biomass of each measured tree (i-Tree Eco
model), translated into avoided social costs of CO2
emissions (USD t-1 carbon).
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Table 5 Examples of indicators for assessing the impact of climate adaptation actions at the meso and microscale

Indicators
• Temperature reduction

•

Energy and carbon savings from reduced
building energy consumption

Metric
• Decrease in mean or peak daytime local
temperatures (oC) (Demuzere et al., 2014).
• Measures of human comfort e.g. ENVIMET
PET — Personal Equivalent Temperature, or
PMV — Predicted Mean Vote.
• Heatwave risks (number of combined tropical
nights (>20oC) and hot days (>35oC)) following
Fischer, Schär, 2010, cited by Baró et al.
(2015).
• kWh/y and t C/y saved.

Challenge 2: Water Management
Growing urban populations, pollution, and economic activities in urban areas place water resources under
severe stress, increasing pressure on the quality and quantity of water resources. The sustainable
management of water resources is thus a key challenge for climate change mitigation and adaptation
within cities in Europe and beyond (Carter, 2011). Climate change is expected to exacerbate existing
problems connected to urban water resources by changing rainfall patterns and temperature regimes: for
most European regions changes in the frequency and temporal distribution of precipitation are expected,
with more intense rainfall events and longer periods of low precipitation levels, while overall precipitation
quantities may decrease in some European regions (IPCC, 2014). Intense precipitation events will more
frequently produce run-off quantities which exceed the capacities of urban sewerage systems, and cities
along rivers and coastlines are at increased risk of flooding, whereas in some regions changes in rainfall
patterns will further increase the risk of water scarcity in urban areas. Urban run-off water represents a
threat for water quality because of the pollutant load it conveys. Areas along coastlines are further affected
by salt water intrusion into groundwater, which is mainly driven by the overexploitation of aquifers. This
trend could be accentuated in the future because of changing precipitation patterns (reduced rainfall
quantities and prolonged drought) and rising sea levels (Wong et al., 2014).
NBS can help to tackle all three of these problems: flood risk, water scarcity and water quality, for example
through using or mimicking the natural processes of infiltration, evapotranspiration and phytoremediation
(Haase, 2015).
Potential actions and expected impacts
NBS can contribute to sustainable urban water management by increasing infiltration, enhancing
evapotranspiration, providing storage areas for rainwater and removing pollutants. In order to prevent
cities from being flooded, rainwater must be effectively discharged from areas where its accumulation can
result in harm to humans and damage to infrastructure. Creating artificial water bodies or ecosystems
within urban areas, or conserving and enhancing natural ones, can retain and store rainwater and urban
run-off. The aim is to prevent precipitation water from directly flowing into the sewerage system
(overcharging the system), thus reducing and delaying flood peaks and allowing controlled discharge. NBS
for water retention include creation of natural spaces for temporary water storage (green areas and urban
wetlands); improving infiltration (green areas, plants improving infiltration); and enhancing
evapotranspiration (trees, green areas, parks). Storing stormwater and grey water can also conserve water
for re-use both on-site (e.g. for maintenance of green areas) and for distant water needs (Young et al.,
2014), thus providing additional water resources and reducing pressure on existing freshwater sources.
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Using NBS rather than grey infrastructure for water storage allows for additional infiltration, contributing
to the replenishment of ground water resources with potential positive impacts on water availability.
NBS for water storage and stormwater management can be combined with NBS for increasing water quality
and water use efficiency by remediating some of the wastewater and urban run-off stored using
phytoremediation, so that it can be reused, released into water bodies or allowed to infiltrate into the
ground. Measures of this kind can contribute to reducing the depletion of freshwater resources and thus
increase drought resilience (Table 6).
NBS may have the potential to transform an urban area with an impermeable surface into an urban water
body with renewed ecosystems, with water flows and functions which can be integrated into the wider
catchment. Nature-based or combined grey-green solutions for water management can also provide
additional co-benefits with regards to:
1) Urban biodiversity
2) Improving the urban environment and living conditions, with benefits for human well-being and
quality of life
3) Improvement of air quality, with benefits for human health
4) Improving the urban microclimate and reducing the urban heat island effect through the cooling
effect of evapotranspiration;
5) Climate mitigation. As for all NBS, urban trees and green areas enhance direct carbon
sequestration in plants and soils, but the quantities involved may not be significant enough for NBS
to be considered an effective means for achieving local GHG reduction targets, especially when
irrigation is required for maintaining plants (Baró et al., 2015; Pataki et al., 2011). However, green
solutions may produce lower emissions compared to grey solutions (e.g. engineered solutions
made from cement and other construction materials) that aim at the same goals.
6) Indirect economic benefits (increasing real estate values and tax income for local governments)

Indicators useful for assessing and monitoring NBS for water management comprise those relevant to the
impacts of run-off, flood risk, water quantity and water quality (Table 7).
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•

•

•
•

•

Renaturing
urban
waterbodies
(opening channels, de-culverting,
increase
vegetation,
greening
waterfronts).
Use of vegetation in urban areas (e.g.
street trees, grassland, green roofs
and facades, infiltration gardens and
urban forests).
Creation of artificial waterbodies for
short term temporal water storage.
Creation of new vegetated surface
waterbodies (ponds, drains, lakes,
bio-retention cells).
Creation
of
new
subsurface
waterbodies for water storage.

Flood peak reductions/Increase in time to peak

Reduce load from run-off into sewerage systems

Reduce risk of flooding from flash-floods.

Reduce costs related to loads into sewerage systems

Reduce risk of flooding from rivers.

Increase infiltration/water storage

Enhance water retention capacity in the area

Reduce risk of damages from drought

Increase evapotranspiration

Reduce risk from urban heat island effect

Improve human health

Increase human well being

Improve water quality/reduce pollutants

Increase biodiversity

Increase carbon storage capacity

Type of actions*

Reduce Run-off

Table 6 Potential water management actions and expected impacts
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Create areas for temporary flooding
●
●
● ● ● ●
along rivers (floodplains) by moving ●
flood protection infrastructures.
• Restore/create/increase wetlands in
●
● ● ● ● ●
● ● ●
river-basins.
* The letters represent the categories of indictors as defined in the DPSIR Framework (see Gabrielsen and Bosch, 2003)
P – Pressure indicators, I – Impact indicators, S – State indicators
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Examples of indicators
Table 7 Examples of water management indicators and their applicability at different geographic scales

Indicators
Regional*
Physical indicators
• Run-off coefficient in relation to
precipitation quantities (mm/%) (Armson
et al., 2013; Getter et al., 2007; Iacob et
al., 2014; Scharf et al., 2012).
• Flood peak reduction (Iacob et al., 2014),
Increase in time to peak (Iacob et al.,
2014) (%).
• Reduction of drought risk (probability).

Measurement scale
mesoscale
microscale
Metropolitan
Urban
Street
Building

●

●

●

●

●

●

●

●

●

●

Increasing ground water availability,
(depth to groundwater) (Feyen and
Gorelick, 2004).
• Absorption capacity of green surfaces,
bioretention structures and single trees
(Armson et al., 2013; Davis et al., 2009).
• Nutrient abatement, abatement of
pollutants (%, nutrient load, heavy
metals).
• Ground water quality (nutrient load,
heavy metals).
• Increased
evapotranspiration
measured/modelled (Litvak and Pataki,
2016).
• Temperature reduction in urban areas
(°C, % of energy reduction for cooling)
(Demuzere et al., 2014).
Economic indicators

●

●

•

•

•

•

Economic benefit of reduction of
stormwater to be treated in public
sewerage system (€) (Deng et al., 2013;
Soares et al., 2011; Xiao and McPherson,
2002).
Reduction of inundation risk for critical
urban
infrastructures
(probability)
(Pregnolato et al., 2016).
Stage-damage curves relating depth and
velocity of water to material damages (€)
(de Moel et al., 2015).

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

*Regional refers, in this context, to administrative/geographic levels which go beyond the urban /metropolitan level,
including river basin management units

Examples of methods for assessing the indicators
Methods for assessing the impacts of NBS relating to the management of urban water are based mainly on
the modelling of water dynamics impacting the urban environment (water quantity and quality, flow and
flow velocity, including evapotranspiration and infiltration, etc.), and on related economic impacts such as
the cost of flood damage avoided by the measures implemented, as well as by the costs of the measures
themselves. The important co-benefits provided by NBS implemented under Water Sensitive Urban Design
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(WUDS), Low Impact Design (LID) or Sustainable Drainage (SUDS) schemes are assessed using qualitative
methods which allow for scoring and comparison of different design options. Some specific methods
follow.
Monetary assessments
•
•
•
•

Estimation of avoided damages and costs from flooding (e.g. stage-damage curves relating depth
and velocity of water to material damages ($) (de Moel et al., 2015).
Avoided costs from increased water quantities to be treated in sewerage systems ($) (Deng et al.,
2013; Soares et al., 2011; Xiao and Mc Pherson, 2002).
Linear cost benefit assessments (CBA), introducing flexibility for adaptive solutions into the
assessment of infrastructure measures (Deng et al., 2013).
Extended cost benefit assessments (social cost benefit analysis, SCBA) including also social costs
and benefits (taxes, subsidies, etc.) (City of Copenhagen, 2014; Leonardsen, 2013).

Non-monetary assessments
•

Reduction of inundation risk for critical urban infrastructures (probability) based on hydraulic
modelling and GIS assessment (Pregnolato et al., 2016).

Environmental assessments
•
•
•
•
•

Assessment of run-off coefficients in relation to precipitation quantities (mm/%) (Armson et al.,
2013; Getter et al., 2007; Iacob et al., 2014; Scharf et al., 2012).
Modelling of flood peak reduction (Iacob et al., 2014).
Experiments and measurements assessing the absorption capacity of structures (e.g. green roofs,
bioretention structures) and single trees (Armson et al., 2013; Davis et al., 2009).
Measurement of water and ground water quantity and quality (pollutants, nutrients) e.g. increasing
ground water availability, (depth to groundwater) (Feyen and Gorelick, 2004).
Modelling of options for stormwater management in the urban environment, including the
quantification of SUDS benefits with the BeST model (Morales-Torres et al., 2016).

Integrated approaches (including co-benefits)
•

•

•

Modelling of services provided by vegetation (trees) with the i-Tree Eco model — a suite of models
and parameters based on experiences in different climatic zones for the assessment of ecosystem
services produced by urban trees including stormwater management as well as carbon
sequestration and other co-benefits (Soares et al., 2011).
Assessment of wider social costs and benefits of water management strategies using the ecosystem
services assessment framework. Cultural services, recreation, aesthetic values, and tourism values
are mostly assessed using interviews and participatory approaches, including participatory mapping
(Brown and Fagerholm, 2014; Haase, 2015; Iacob et al., 2014; Kati and Jari, 2016; Keeley et al.,
2013; Raymond et al., 2009).
CBA approaches: further to conventional and social integrated approaches (see case example of
cloudburst plan in Copenhagen), introduce flexibility for adaptive solutions into the assessment of
infrastructure measures (Deng et al., 2013).
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Potential success factors and limiting factors (including synergies and trade-offs)
1) Reduction of run-off requires spaces for storing the water in urban areas. Unless combined uses of
surfaces are possible (e.g. green roofs transforming existing or new flat or almost flat building
coverings into water storage surfaces and sources for evapotranspiration; temporary storage in urban
spaces such as squares or streets), these requests for urban space compete with other needs, and
potentially are in conflict with the goal of increasing urban compactness, which in turn provides
benefits by reducing the need for the transformation of rural areas into urban land with associated
greenhouse gas emissions (Kati and Jari, 2016).
2) Maintenance of urban green areas in hotter climates requires irrigation, contributing to increases in
urban water demand (Pataki et al., 2011); this represents a potential opportunity for water re-use
schemes.
3) The use of infiltration for ground water recharge needs to be assessed with respect to the risk of
conveying pollutants from runoff water into ground water. Aspects to be considered are the level and
type of pollution in runoff water; soil characteristics with regard to filtration capacity; and
characterization of rainfall events.
4) Absorption and retention capacities measured in terms of % of rainfall generally refer to low to
medium range intensities of precipitation, and tend to decline with increasing intensity (Armson et al.,
2013; Xiao and McPherson, 2002).
5) There is a potential trade-off between flood protection and water supply: although woodland can
provide benefits for both flood protection and water supply through improving soil infiltration, certain
fast-growing tree species such as pine and eucalyptus can reduce water supply due to
evapotranspiration, which can be a benefit in regions prone to flooding but can also be a problem in
arid or semi-arid regions (Harrison et al., 2014; Pérez-Soba etal., 2015).
6) Territorial scale: management and assessments normally relate to the catchment scale which often is
not congruent with urban administrative boundaries, although measures to be assessed are often
more local (Iacob et al., 2014), resulting in incongruent management (Dhakal and Chevalier, 2016;
Keeley et al., 2013) and assessment scales (Demuzere et al., 2014a; Iacob et al., 2014).
7) Measurement scale: comparing between various natural flood management strategies is very
challenging as quantitative measures use different parameters connected to flood risk, water storage
and evapotranspiration; there is a need for a common structure of indicators (Iacob et al., 2014).
8) Drought resistant plant species often have particularly aggressive root systems which can produce
significant damage to pavements, road surfaces, and adjacent buildings (Brindal and Stringer, 2013);
other potential disservices are related to waterborne diseases, insects and existing pollution
(Demuzere et al., 2014; Kati and Jari, 2016).

Case example: Copenhagen cloudburst plan pays off
The city of Copenhagen needed to tackle the issue of cloudbursts in the urban area. In a cost-benefit analysis, costs
for implementation and management of two alternative approaches have been analysed, comparing the cost and
benefits of hard (grey) infrastructure with a mixed approach combining NBS with hard infrastructure (Copenhagen,
2014; Leonardsen, 2013). The economic assessment was designed as an integrated valuation which extended
beyond the consideration of the dimensions directly involved in their management, but also included wider socioeconomic benefits and costs, such the benefits of avoided flood impacts, and the costs to society of increased fees
for sewerage services. The improvement of environmental quality is a clear advantage of the solution of involving
NBS. Consequently, the assessment also includes the environmental benefits provided by the additional green areas
created, including the reduction of air pollution, and indirect benefits in the form of increased real estate prices.
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Challenge 3: Coastal Resilience
Coastal areas occupy only a small proportion of the Earth’s total land area, but contain more than one third
of its population (Barbier, 2013) and supply a multitude of ecosystem services that provide widely
acknowledged ecological, economic and social benefits. The equilibrium of coastal ecosystems is
threatened, especially by urban development (Bell, 1997), and NBS are being increasingly used in
maintaining or restoring some of the key ecosystem services provided by coastal areas. NBS can increase
coastal resilience by protecting communities against extreme events such as storms and stabilizing
shorelines against water erosion (Gedan et al., 2011). Furthermore, the use of multifunctional NBS in
coastal areas can provide a range of other economic and cultural values (Narayan et al., 2016).
Potential actions and expected impacts
Table 8 Potential coastal resilience actions and expected impacts

Potential actions
• Use NBS against coastal storms and sea level rises
(Yepsen et a., 2016) and protect the population
from these risks in combination with engineered
structures (Stark et al., 2016).
• Promote various NBS in coastal areas that can
maintain or restore valuable coastal ecosystems
and coastal biodiversity (Barbier, 2013).
• Integrate
development
and
conservation
objectives using a better quantification of
ecosystem services (Piwowarczyk et al., 2013).

Expected impacts
• Increased population and infrastructures
protected by a cost-effective creation of NBS
(Cohen-Shacham et al., 2016) and increased
resilience of cities.
• Better protection and restoration of coastal
ecosystems including valuable species and
habitats (Gedan et al., 2011).
• Sustainable development of coastal regions
and reduced conflicts over resources or landuse (Narayan et al., 2016).
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Examples of indicators
Table 9 Examples of indicators to assess elements of the coastal resilience challenge

Indicators
Regional
Physical indicators (Fagherazzi, 2014; Gedan et
al., 2011; Grabowski et al., 2012; Stark et al.,
2016).
• Shoreline characteristics and erosion
protection
• Soil, temperature, drainage
• Flooding characteristics
Economic indicators (Gedan et al., 2011; Narayan
et al., 2016; Shuster and Doerr, 2015).
• Avoided damage costs
• Changes in property value
Social and education indicators (Piwowarczyk et
al., 2013; Schuster & Doerr, 2015).
• Recreation and public access
• Number of students benefiting from
education and research about coastal
resilience/amenity
Biological indicators (Bell, 1997; Yepsen et al.,
2016).
• Estimates of species, individuals and habitats
distribution
• Invasive and planted species
• Algal bloom
Chemical indicators (Grabowksi et al., 2012;
Yepsen et al., 2016).
• Concentration of nutrients
• Salinity, pH

Measurement scale
mesoscale
microscale
Metropolitan Urban
Street Building

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●
●

●

●

●
●

●
●

Examples of methods for assessing the indicators
•

•
•

•

•

Physical indicators: land-use and land cover changes, monitoring of physical parameters, number
and extent of flooded areas, spatial analysis, GIS-based spatial analysis and modelling (CohenShacham et al., 2016; Langemeyer et al., 2016; Liu et al., 2014).
Economic indicators: cost-benefit analysis, price analysis, willingness to pay (Narayan et al., 2016).
Social and educational indicators: surveys, estimates of the potential of NBS tourism, number of
visitors, number and extent of research and education programs (Petrosillo et al., 2006; Voyer et
al., 2013).
Biological indicators: estimated habitat suitability index and modelling, species census, spatial
distribution of vegetation, normalized vegetation index, monitoring using citizen applications
(Baggett et al., 2014; Barbier et al., 2013; Neckles & Dionne, 2000).
Chemical indicators: lab and field analysis of water quality, permanent monitoring systems
(Ghervase et al., 2012; Orhel & Register, 2006).
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Potential success factors and limiting factors (including synergies and trade-offs)
•

•

•
•
•

Insufficient knowledge of the connection between NBS structure and function and the efficiency of
coastal resilience habitats under different hydrodynamic and ecological conditions (Narayan et al.,
2016).
Both trade-offs and synergies in ecosystems services can occur: perceived problems can be caused
by nature conservation, competing human uses or environmental pollution (Piwowarczyk et al.,
2013).
Lack of quantification or market values for the significant benefits provided by NBS for coastal
resilience (Barbier, 2013).
Further research and economic cost-benefit analysis is needed on the critical benefits that NBS
provide for coastal resilience (Narayan et al., 2016).
There are few studies which integrate both NBS knowledge and engineering principles at various
spatial scales.

Case example: A stronger, more resilient coastal New York
The City of New York released a strategy in 2013 containing a comprehensive plan aimed at coastal protection, based
on four main directions: improve coastal design and governance, provide storm protection, increase coastal edge
elevation, and minimize upland wave zones (The City of New York, 2014). To address these challenges the municipality
has used a variety of best practice options for enhancing coastal resiliency. Among the various NBS being used is the
development of sand and dune surfaces which will improve the management of shoreline infrastructure (Seavitt
Nordenson et al., 2015). The program was monitored using cost-benefit analysis to determine the efficiency of various
methods in reducing risks, and also to plan additional developments in future coastal modelling and mapping, climaterelated health vulnerabilities, and indicators and monitoring (The City of New York, 2014). The most noted outcomes
of using NBS to improve the coastal resilience of New York City include reduced economic costs for the municipality
and social benefits for the population.

Challenge 4: Green Space Management (including enhancing/conserving
urban biodiversity)
Green and blue spaces (which are sometimes referred to as just “green spaces” for brevity) are areas based
on natural and semi-natural elements which provide a range of ecological (Elmqvist et al., 2015), economic
(Claus and Rousseau, 2012) and societal benefits (Gómez-Baggethun and Barton, 2013). A large variety of
green and blue spaces exists, but all of them provide, to a greater or lesser extent, ecosystem services
required for the resilience and sustainability of urban areas (Badiu et al., 2016).
Cities can strategically implement a combination of different existing, restored and new NBS using green
space management plans (Andersson et al., 2014; van Veelen et al., 2015), starting from the principles
present in European and national strategies and frameworks and local governance plans (Buijs et al., 2016;
Elands et al., 2015), and adapting these to account for local conditions and practices, including the manner
in which local people access the benefits of green and blue spaces.
Green and blue spaces are useful instruments for urban planners in achieving a sustainable urban structure,
and they have a significant cultural and social dimension. They can provide elements characterizing the
heritage and aesthetics of the area (Madureira et al., 2011; Niemelä, 2014), as well as being valued for
recreation (Fors et al., 2015), social interaction (Kaźmierczak, 2013), education (Krasny et al., 2013) and
supporting healthy living (Carrus et al., 2015).
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Green and blue spaces are important for urban biodiversity in providing the required resources (Bennett et
al., 2015) and habitats for species of interest (Niemelä, 2014), improving functional and structural
connectivity at the urban level (Iojă et al., 2014) and increasing biodiversity knowledge or public support for
conservation (Andersson et al., 2014).
Potential actions and expected impacts
Table 10 Potential green space management actions and expected impacts

Potential actions
• Inventories, hierarchizing and representation of green
and blue spaces (e.g. Mapping and Spatial Planning)
(Buijs et al., 2016; Davies et al., 2015; Hansen et al.,
2015; Martos et al., 2016).
• Set clear and measurable quality and quantity
requirements for existing and new NBS (Mazza et al.,
2011; Pinho et al., 2016).
• Make use of innovative, interdisciplinary planning
methods for green space co-design and coimplementation, including development of innovative
social models for long-term positive management (e.g.
Citizen Engagement for Health) (Derkzen et al., 2015;
Fernandez et al., 2015).
• Create, enlarge, fit out, connect and improve green
and blue infrastructure by implementing NBS projects
(Kazmierczak and Carter, 2014; Landscape Institute,
2009; Madureira et al., 2011).
• Conserve, improve and maintain existing NBS areas in
respect to biodiversity (Elands et al., 2015; Elmqvist et
al., 2015).

Expected Impacts
• Clear accounts of existing, restored,
modified and new NBS (Buijs et al., 2016;
Buizer et al., 2015; Elands et al., 2015).
•

•

•

•

Increase of quality and quantity of green
and blue existing, restored and new NBS
(Gómez-Baggethun and Barton, 2013).
Increased stakeholder awareness and
knowledge about NBS and ecosystem
services, as well as citizen participation in
the management of NBS (Filibeck et al.,
2016; Hansen et al., 2015; Mell et al.,
2013).
Improve
the
connectivity
and
functionality of green and blue
infrastructures (Brown et al., 2015;
Niemelä, 2014).
Increase achievement of biodiversity
targets (Elands et al., 2015; Elmqvist et
al., 2015).

Examples of indicators
Table 11 Examples of green space management indicators and their applicability at different geographic scales

Indicators

•

•

•

•
•

Measurement scale
mesoscale
microscale
Region Metropolitan Urban Street Building
●
●
●
Distribution of public green space – total surface or
per capita (Badiu et al., 2016; Gómez-Baggethun and
Barton, 2013; La Rosa et al., 2016).
Recreational (number of visitors, number of
recreational activities) or cultural (number of cultural
events, people involved, children in educational
activities) value (Kabisch and Haase, 2014).
Accessibility (measured as distance or time) of urban
green spaces for population (Tamosiunas et al.,
2014).
Changes in the pattern of structural and functional
connectivity (Iojă et al., 2014).
Species richness and composition in respect to
indigenous vegetation and local/national biodiversity
targets (Cohen et al., 2012; Krasny et al., 2013).
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●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Examples of methods for assessing the indicators
•

•
•
•
•
•
•

Categorizing and rating of different NBS types and their impact potential (Akbari et al., 2016; Bowler et
al., 2010b; Cvejić et al., 2015; Derkzen et al., 2015; Lehmann et al., 2014; Manso and Castro-Gomes,
2015; Perez et al., 2011; Shishegar, 2015).
Comparing the overall linkage between NBS sites and the status of NBS implementation (Botzat et al.,
2016).
Questionnaires applied to the population for the recreational and cultural benefits of green spaces
(Kabisch and Haase, 2014).
Mapping of user values attached to green/blue areas (Raymond et al., 2016b; Vierikko and Niemelä,
2016; Wang et al., 2015a).
Digital mapping (e.g., remote sensing, GIS) of the potential for NBS and status of implementation (Badiu
et al., 2016; Gómez-Baggethun and Barton, 2013; La Rosa et al., 2016).
Ecological and connectivity modelling for biodiversity benefits (Pino and Marull, 2012; Pirnat and
Hladnik, 2016).
Identification of NBS indicators using field surveys, (random) located plots, which are regularly resurveyed.

Potential success factors and limiting factors (including synergies and trade-offs)
•

•

Success factors:
o The long-term achievement of biological and cultural diversity;
o The clear merging of old and new NBS, as highlighted by the concepts of transition and
conservation (Andersson and Barthel, 2016; Pirnat and Hladnik, 2016).
Limiting factors:
o Challenges associated with lack of expertise in general and participatory management of green
space maintenance (Andersson et al., 2014);
o The complexity in planning and implementing NBS. For example, differing property ownership
and competition demands, neglecting multi-functionality (Andersson et al., 2014);
o Inadequate communication and focus on ecosystem disservices (Gómez-Baggethun and Barton,
2013; Tyrväinen and Miettinen, 2000);
o Issues associated with the Technology Readiness Level of NBS in respect to climate change and
ecological target value (Raimondo et al., 2015);
o The complex synergies between NBS, governance and community engagement processes at an
operational and financial level (Andersson et al., 2014; Kati and Jari, 2016).
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Case example: Green space management in Vienna, Austria
The city of Vienna has had an ongoing large scale Green Infrastructure Strategy for more than two decades. It
contributes to numerous national Strategies (e.g. Biodiversity Strategy Austria, Netzwerk Natur, Natura 2000), is
embedded in urban plans (e.g. Urban Heat Island Strategy Plan, City Development Plan 2025) and covers existing,
recovered and new NBS such as small to large scale parks, trees, rivers and streams, green bridges, green roofs, green
walls and large scale Nature Protection Areas (e.g. Naturschutzgebiet Donauauen). These NBS are mapped in the city’s
Green Cadastre System and therefore undergo a continuous monitoring process (mapping of current stock and future
potential) in regards to specific objectives and goals (e.g. to reach a certain percentage of greened flat roofs, or
contribute to biodiversity conservation through protected bird and butterfly habitats). Various implementation plans
tackle the city as a whole, as well as specific areas (districts) and individual buildings. The city supports NBS
implementation through different funding mechanisms for private owners and businesses (e.g. funding of planning
and implementation processes) linked to certain target areas (e.g. regulation of the percentage area of green surfaces
at the building plot level, integrated in the building plans). To encourage stakeholder involvement and citizen
ownership, the city has empowered their districts and Local Agenda 21 movements by providing dedicated knowledge
support from key sources (e.g. the municipal department for environmental protection) in multi-stakeholder planning
and participation events, and they receive tailored communication material and training from the government. Vienna
is combining existing technologies into even more effective investments, e.g. they propose to combine rooftop solar
panels with green roofs in order to increase energy production rates and biodiversity, but the city also aspires to reach
the next level. At the moment, the city is investing in technology readiness and implementation plans for stormwater
and rainwater management technologies such as bio-swales, raingardens and other greened active soils. Soon the city
will implement a tax system for wastewater treatment, as applied in German cities: treating rainwater on-site with
green technologies will save the costs of using the sewage service. An action task force is currently assessing the
potential for integrating green walls into social housing investments in order to reduce social and gender disparities
and inadequacies in public housing.
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Challenge 5: Air Quality
Air quality is a major concern worldwide, particularly in urban areas, due to its direct consequences on
human health. In the political agenda, air quality issues can be coupled with climate change mitigation
policies as described in Challenge 1, since many actions aimed at air quality improvement (such as reducing
fossil fuel combustion) involve a concurrent reduction of GHG emissions. NBS based on the creation,
enhancement, or restoration of ecosystems in human-dominated environments also exploit the synergy
between ecosystem processes that regulate pollutants and CO2 in the atmosphere. Vegetation affects air
quality mainly through the removal of air pollutants (PM10, NO2, O3, CO, SO2) through dry deposition,
although certain species can also emit biogenic volatile organic compounds (BVOC), which are ozone
precursors. However, vegetation can also reduce the air temperature, which reduces the emission of
BVOCs and slows down the creation of secondary pollutants such as ozone (Wang et al., 2015b; Calfapietra
et al. 2013). Despite their limited contribution compared to the overall production of pollutants and GHG
emissions at the city level, measures to tackle air quality by enhancing green infrastructure can be
considered a good investment due to the number of co-benefits that they produce and their contribution
to amenity value over time (Baró et al., 2015).
Potential actions and expected impacts
Table 12 Potential air quality actions and expected impacts

Potential actions
• Planting trees:
o in private domestic gardens (Davies et al.,
2011);
o along the streets (Baró et al., 2014;
McDonald et al., 2007; Mullaney et al.,
2015);
o in urban parks (Yin et al., 2011).
•

Building green roofs (Li and Babcock, 2014) and
green walls (Joshi and Ghosh, 2014).

•

Maintaining existing green infrastructure
(Davies et al., 2011).

Expected impacts
• Reduction of air pollutants through increased
deposition (Baró et al., 2014; Bealey et al., 2007;
Grote et al. 2017; Tallis et al., 2011).
• A number of co-benefits including stormwater
run-off mitigation, microclimate regulation
through shading, habitat and food provision for
biodiversity, noise shielding, and recreational
and cultural services (Mullaney et al., 2015).
• Capture of air pollutants through deposition
(Speak et al., 2012).
• A number of co-benefits both for the outdoor
(e.g. stormwater retention) and for the indoor
environment (i.e., reduced energy needs and a
more pleasant environment due to the higher
thermal and noise insulation) (Wang et al.,
2016).
• A wide range of co-benefits including shading,
water retention, dry precipitation, infiltration.
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Examples of indicators
Table 13 Examples of air quality indicators and their applicability at different geographic scales

Indicators

•

•

•

•
•

•

Non-spatial indicators of gross quantities:
annual amount of pollutants captured by
vegetation (Bottalico et al., 2016).
Non-spatial indicators of net quantities: net
air quality improvement (pollutants produced
– pollutants captured + GHG emissions from
maintenance activities) (Baró et al., 2014).
Non-spatial indicators of shares: share of
emissions (air pollutants)
captured/sequestered by vegetation (Baró et
al., 2014).
Spatial indicators: pollutant fluxes per m2 per
year (Manes et al., 2016; Tallis et al., 2011).
Monetary values: value of air pollution
reduction (Manes et al., 2016); total
monetary value of urban forests including air
quality, run-off mitigation, energy savings,
and increase in property values (Soares et al.,
2011).
Other indicators: health impact indicators
such as premature deaths and hospital
admissions averted per year (Tiwary et al.,
2009).

Regional




Measurement scale
mesoscale
microscale
Metropolitan Urban
Street Building






























Examples of methods for assessing the indicators
•

•
•

•

•

•

The i-Tree Eco (updated version of the former UFORE model) suite is available to quantify air pollution
reduction and global climate regulation in biophysical and monetary terms using field data collected
through a defined sampling protocol (Nowak et al., 2008).
The “Tiwary method” can be applied to calculate pollution reduction by vegetation, as an alternative to
the UFORE model (Tiwary et al., 2009).
Spatially-explicit models consider the differences in both urban forest structure and pollution
concentrations in the different areas (Escobedo and Nowak, 2009). Manes et al. (2016) proposed a
method based on the pollution flux approach to map air purification using spatially-explicit data on
ecosystem types and characteristics (particularly leaf area index, LAI), and pollution distribution. i-Tree
Eco can also be run in a spatially-explicit domain, in order to obtain spatial measures of air purification
(Bottalico et al., 2016).
Models to calculate deposition and capture of pollutants usually adopt hourly meteorological and
pollution concentration data. Tallis et al. (2011) proposed and tested a useful approach that uses
seasonal data instead.
Other (complex) numerical methods describe the interactions between vegetation and pollutants at the
micro scale (Joshi and Ghosh, 2014) or simulate the emission and deposition processes based on
trajectory and dispersion models, e.g. the atmospheric transport FRAME (Fine Resolution Atmospheric
Multi-species Exchange) model (Bealey et al., 2007).
The economic value of air purification can be measured using avoided costs for health care or
replacement costs for artificial treatment. Co-benefits can also be estimated: indoor energy savings can
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be quantified in terms of avoided energy expenditures; the value of aesthetic quality is commonly
estimated through “hedonic pricing” (increased property values) or “willingness to pay” methods
(Wang et al., 2015a); and the value for carbon sequestration can be based on international carbon
market prices (Zheng et al., 2013).
Potential success factors and limiting factors (including synergies and trade-offs)
•

•
•

•

•
•

•

The effect of the urban forest on air quality accounts only for a small percentage (around 2%) of the
overall concentration of PM10 in cities (Baró et al., 2014; Baumgardner et al., 2012; Bottalico et al.,
2016), and makes a modest contribution relative to city annual emissions of both GHG and NO2 (less
than 1%) (Baró et al., 2014). As a consequence, the effectiveness of NBS is limited by the availability of
space: planting 25% of the available space in Glasgow and the East Midlands would reduce PM10
concentrations by 0.4% and 3% respectively, while planting all the available land in the city of Glasgow
would not produce more than a 1.2% reduction (McDonald et al., 2007). Therefore, NBS must be
coupled with mitigation policies aimed at reducing emissions inside and outside urban areas.
The effectiveness of reducing air pollution through urban forests presents mixed results depending on
the type of intervention and the context of application (Escobedo and Nowak, 2009).
Urban trees may also produce allergens and can contribute to air pollution through the emission of
biogenic volatile organic compounds (BVOC), which can lead to the formation of secondary ozone,
carbon monoxide and Biological Particulate Matter; thus a quantification of the “net” air quality
improvement should take into consideration this ecosystem disservice (Baró et al., 2014; Calfapietra et
al. 2013, Grote et al., 2017). Carbon monoxide formation may offset the amount captured through
deposition in peri-urban ecosystems (Baumgardner et al., 2012).
Depending on wind intensity and direction, tree shapes and arrangements, and the 3-D configuration of
the street canyon, street trees have different local effects on the dispersion of air pollutants and may
induce a local increase in concentration (Amorim et al., 2013), particularly of NO2 and environmental
carbon (Vos et al., 2013).
Current designs for green walls tend to have high irrigation demands and relatively short life-spans
(Manso and Castro-Gomes, 2015).
Street trees in urban areas may damage pavements and infrastructures, and induce allergies to pollen.
In addition, trees suffer from vandalism, higher temperatures, and water and nutrient scarcity if not
properly planted and managed (Escobedo et al., 2011; Mullaney et al., 2015).
Although not as effective as street trees, due to the greater distance from the major source of
pollutants and the lower surface area exposed, green roofs can be a good option for reducing air
pollution because they are easier to install and to manage than trees, but the right species must be
chosen to maximize the effect (Speak et al., 2012) and the potential release of polluted run-off rich in
phosphorus and nitrogen must be controlled through careful design (Li and Babcock, 2014).
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Case example: Managing air quality in Barcelona
Barcelona is one of the biggest metropolitan cities in Europe and one of the densest and most compact urban areas,
with a population density of around 16,000 inhabitants per square kilometre. Despite its density, green spaces
represent 36.8% of the city area and a survey in 2008 counted more than 153,000 street trees across the city, which
represents double the number from 30 years earlier. Starting from 2009, a strong commitment to urban
environmental issues guided the city to develop a series of strategies and measures that address through an
integrated approach a wide range of sectors, from the development of sustainable mobility, to the reduction of GHG
emissions through increased energy efficiency, to the reduction and recycling of wastes. The lines of action defined in
2009 include a significant increase in numbers of street trees; the provision of green spaces close to citizens, with
initiatives like “Green 5 Minutes from Home” and “Pocket Gardens”; the conversion of courtyards into green spaces;
the creation of allotment gardens; and a new Green Strategy for the city (Ajuntament de Barcelona, 2009). The
process was supported by a scientific study that began in January 2009 with the aim of quantifying the ecosystem
services provided by Barcelona’s urban forest. The assessment was based on a wide survey on the state of the green
infrastructure of the city, and the UFORE model was apply to quantify service provision and economic values (Baró et
al., 2014; Chaparo and Terradas (2009). In 2013, a new “Green infrastructure and biodiversity plan to 2020” was
approved (Ajuntament de Barcelona, 2013). Its diagnosis of the state of green infrastructure in the city clearly links
the different types of urban ecosystems and their biodiversity to the provision of a series of ecosystem services,
including air quality and climate change mitigation and adaptation. The proposed measures include an increase in
street tree number and species diversity, the provision of more soil for street trees, and a further increase in the
number and quality of green spaces in the city.
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Challenge 6: Urban Regeneration
Urban regeneration aims at improvements in the economic, physical, social and environmental conditions
of an area that has been subject to negative change and is considered vulnerable (non-resilient) (Tallon,
2013). It can include aspects of (local) business development, housing growth and improvement,
community building and environmental improvement (Tyler et al., 2013). Attention also needs to be paid to
ecological restoration across scales (Andersson et al., 2014) and aspects of social justice. Urban
regeneration brings new opportunities for cities to reconsider their planning strategies in the context of
limited available space, deprived areas, social inequities or global environmental changes (Couch et al.,
2008). NBS projects need to consider the interlinkages between urban regeneration, aesthetic appeal,
urban development/building culture, urban structure, design and aesthetics, urban ecology and its relation
to energy and water use (Hemphill et al., 2004; Laprise et al., 2015; Sepe, 2013). For example, landscapes
that look well-cared for discourage crime, and social capital may be nurtured by physical evidence of care
(Nassauer and Raskin, 2014).
Potential actions and expected impacts
Table 14 Potential urban regeneration actions and expected impacts.

Potential actions
• Enforce micro-scale and cross-scale interactions,
consider urban hinterland and “distant
landscapes” sensu Andersson et al. (2014).
• Increase ecological connectivity across NBS sites.
• Enhance biodiversity and community engagement
(e.g. creating community gardens or pocket
parks).
• Design rain gardens or facade greening systems.
• Support energy efficiency in building design and
layout, building form, infiltration and ventilation,
insulation, heating and lighting (Hemphill et al.,
2004).
• Encourage re-use of building materials in new
construction and promote efficient use of
resources, materials, and construction techniques
that maximise the effective life-cycle of the
building (Hemphill et al., 2004).
• Convert brownfield to green areas in urban
regeneration projects (Mathey et al., 2015).
• Design for:
o richness in urban environments, such as the
promotion
of
street
life,
natural
surveillance, visual richness, public art, and
street furniture (Biddulph, 2011);
o diversity in use, such as mix of people, mix
of uses, appropriate densities and visual
diversity (Biddulph, 2011);
o ease of movement, including through
movement, priority given to public
transport, priority given to innovative
parking, meeting needs of people with
sensory impairments (Biddulph, 2011).
• Provide the urban brand with a narrative and a
value aimed at changing the perception of
potential users or visitors, whether they are
citizens, international tourists or investors.

Expected impacts
• Greater ecological connectivity across urban
regeneration sites, and across scales.
• Increased extent of greenery on urban
facades.

•

More energy efficient building design and
long-term use.

•

Reduction in the amount of building material
going to land-fill.
Reduced use of energy in the production of
building materials and the construction of new
buildings.
Local citizens have a say in the design and
management of homes and office buildings,
contributing to social justice outcomes.
Increased amount of green open space for
residents.
Increased cultural richness and diversity in
urban areas, as well as improved ease of
movement.

•

•

•
•

•
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Changing images of the urban environment,
attracting new residents, visitors, tourists and
investors.

Examples of indicators
Table 15 Examples of urban regeneration indicators and their applicability at different geographic scales

Indicators
Regional
Urban green indicators
• Urban green: Index of biodiversity, provision
and demand of ecosystem services.
• Ecological connectivity (Pino and Marull, 2012).
• Accessibility (Schipperijn et al., 2010):
distribution, configuration, and diversity of
green space and land use changes (multi-scale;
Goddard et al., 2010).
• Ratio of open spaces to built-form.
• Reclamation of contaminated land: percentage
of contaminated area reclaimed.
Building efficiency and environmental design
indicators
• Reclamation of building materials: percentage
reclaimed from existing buildings.
• Energy
efficiency:
building
materials/
construction methods based on points awarded
according to energy efficiency checklist.
• Incorporation
of
environmental
design:
percentage of total building stock.
• Land devoted to roads: percentage of site area
occupied by roads.
Socio-cultural indicators
• Conservation of built heritage resources:
percentage of built form retained for culture.
• Land dedicated to pedestrians: percentage of
road network.
• Public transport links: walking distance to
nearest facilities.
• Access to open space: average journey time for
residents/employees by foot or average
distance to sports centre, recreation area, or
green space.
• Access to cultural facilities: average journey
time for residents on foot or average distance to
cultural centre.
• Access to housing: affordability and choice.
• Level of devices contributing to the safety of
users in the neighbourhood: lighting of common
areas, access control, presence of technical, or
specialized staff, etc.

Measurement scale
mesoscale
microscale
Metropolitan Urban Street Building








































































Examples of methods for assessing the indicators
•
•

Document and analyse the best replicable practice of NBS in multidisciplinary terms.
Biodiversity mapping (in a temporal context; Ramalho and Hobbs, 2012), LIDAR, spatial analysis and ES
mapping (considering ES bundles and functions, synergies and trade-offs, (de Groot et al., 2010; Fisher
et al., 2009; Haase et al., 2012; Pauleit and Duhme, 2000), integrated design (Farr, 2011; McHarg,
1969).
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•
•
•
•
•
•

Measurement on maps and city plans (Laprise et al., 2015).
Qualitative analysis of interventions on buildings and surroundings (Laprise et al., 2015).
Quantitative analysis of building typologies, measures and devices supporting flexibility (Laprise et al.,
2015).
Energy balance checklists. Values depend on whether it is a new construction or a renovation,
according to the building type (Laprise et al., 2015).
Structured interviews with architect/developer (Hemphill et al., 2004).
Interviews and surveys with local communities (see participatory planning and governance).

Potential success factors and limiting factors (including synergies and trade-offs)
•

•

•

•

•

There is a potential trade-off between NBS implementation/introductions in urban environments and
environmental justice, particularly concerning issues of gentrification (Checker, 2011; Dooling, 2009;
Wolch et al., 2014). Such a trade-off requires effective identification.
The success of urban regeneration projects partly depends on integrating biodiversity, urban greenery
and ecosystem services with the built form; supporting projects at multiple scales (Basnou et al.,
2015); supporting grant schemes; innovative designs (Dramstad et al., 1996); supporting bridging
organizations (Chapin et al., 2010); and considering people´s different views on urban climate
adaptation (Derkzen et al., 2017).
Limiting factors include a lack of data on pollutants, epidemiology, and cartography; poor institutional
support and economic incentives; a lack of involvement of local communities; conflicts of interests;
failure to build-up multidisciplinary teams and to assess priority areas; and poor communication plans
to address inclusiveness (Daily et al., 2009; Kabisch, 2015; Sheppard, 2005).
Future research and practice needs to address institutional changes and behaviours, find a shared
language to communicate NBS, encourage networking (Connolly et al., 2014; Deakin and Allwinkle,
2007), develop a place-based approach and holistic strategies for urban regeneration
(http://www.turas-cities.eu/city_strategies; Wansborough and Mageean, 2000), enhance inclusive
learning, and support grant schemes and special green funds (e.g. special funds for schools for tree
planting, or for farmers).
Often there is a conflict between the commercial drivers of urban regeneration, and environmental
and social goals. Sustainable urban regeneration thus requires changes to institutional behaviour, and
new ways for communicating the effectiveness of NBS (Connolly et al., 2014; Deakin and Allwinkle,
2007).
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Case examples: Urban gardens in Barcelona; the Green Living Room, Stuttgart; The Edge building in
Amsterdam.
In Barcelona, active ageing and social inclusivity programs are encouraged in urban allotments and community
gardens. Elderly low-middle income and migrant people are among the main beneficiaries of such initiatives (CampsCalvet et al., 2016). Barcelona has also a large network of school gardens. The city recently developed the Pla Buits
(Empty Spaces Plan), designating some of the city allotments for people at risk of social exclusion.
A Green Living Room of innovative design was created in Stuttgart in order to tackle the urban heat island. The room
promoted higher biodiversity, cooling effects and increased the permeable surface and water retention. Urban
Climate Comfort Zones and priority areas were used to determine NBS which better addressed climate change
impacts.
The Edge in Amsterdam is the greenest building in the world and uses 70% less energy than the average office building
(Randall, 2015). The green space that separates the building from the nearby motorway acts as an ecological corridor,
allowing animals and insects to cross the site safely. Bird and bat boxes are included in the landscaping to support
pollination of flowering plants.
Energy efficiency, environmental design and socio-cultural aspects embedded in this building include:
1) Thick load-bearing concrete helps regulate heat, and deeply recessed windows reduce the need for shades,
despite direct exposure to the sun;
2) Mesh panels between each floor let stale office air spill into open space, where it rises and is exhaled through
the roof, creating a loop of natural ventilation;
3) The slanted roof provides daylight and a sound buffer from the adjacent highway and train tracks;
4) Every workspace is within 7 meters (23 feet) of a window;
5) A quarter of this building is not allocated to desk space but is a place to meet, enabling ideas to be readily
shared.
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Challenge 7: Participatory Planning and Governance
Nature-based solutions require planning approaches and governance architectures that support
accessibility to green spaces, while maintaining their quality for the provision of ecosystem services. In
urban planning, attention has been paid to methods and approaches to bridge different types of knowledge
on urban systems (Colding and Barthel, 2013; Frantzeskaki and Kabisch, 2016) and to develop integrated
plans for designing and implementing nature-based solutions (Krasny et al., 2014; Luyet et al., 2012).
Studies have also focussed on different factors that contribute to the integration of ecosystem thinking in
urban planning, considering the understanding of interests and perceptions of citizens (Buchel and
Frantzeskaki, 2015), and examining the changes in policy narratives when incorporating the ecosystem
services framework in planning (Hansen et al., 2016).
Potential actions and expected impacts
Table 16 Potential urban regeneration actions and expected impacts

Potential actions
• Design knowledge co-production processes to bring
openness, transparency in governance processes, and
legitimacy of knowledge from citizens/civil society,
practitioners and policy stakeholders (Crowe et al.,
2016; Frantzeskaki and Kabisch, 2016; Specht et al.,
2016).
• Create different institutional spaces for cross-sectoral
dialogue and interactions of different stakeholders for
strengthening/fostering adaptive co-management
and knowledge sharing about urban ecosystems
(Crowe et al., 2016; Dennis and James, 2016; Fors et
al., 2015; Frantzeskaki and Tilie, 2014; Ugolini et al.,
2015).
• Enable cross-sectoral partnerships for NBS design,
implementation and maintenance (Crowe et al., 2016;
Krasny et al., 2014; Specht et al., 2016; Ugolini et al.,
2015).
• Support processes that enrich or regenerate
ecological memory for restoring urban ecosystems
with NBS (Colding and Barthel, 2013).

•

•

Promote and work towards creative designs of NBS in
cities that are adaptive over time (Collier et al., 2013;
Vandergert et al., 2015).
Support community-based projects on greening and
restoring urban green spaces that also ensure
accessibility to these spaces and stewardship (Dennis
and James, 2016; Krasny et al., 2014).
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Expected impacts
• Legitimate different forms and systems of
knowledge in participatory planning
processes, empowering citizens/civil
society,
practitioners
and
policy
stakeholder involvement in NBS projects.
• Social learning about the location and
importance of different types of sociocultural values for NBS, enabling NBS to
be designed in line with community
aspirations and expectations.
• Policy learning leading to more efficient
design, delivery, and monitoring of NBS.
• Inter-departmental collaboration leading
to NBS designs for multi-functionality.
• Improved co-ordination of NBS strategies
within and across levels of governance.
•

•

•

Improved understanding of different
perceptions of urban nature. Integration
of these understandings into urban design
is likely to lead to higher levels of
ownership of NBS by local communities.
NBS that are flexible to changing
environmental, social or economic
conditions.
Increased accessibility to green open
space, supporting social justice outcomes.

Examples of indicators
Table 17 Examples of indicators to assess participatory planning and governance impacts, and their applicability at different
scales

Indicators

•

•

•

•

•

•

Regional

Openness of participatory processes (Frantzeskaki
and Kabisch, 2016; Luyet et al., 2012; Uittenbroek
et al., 2013).

Legitimacy of knowledge in participatory processes
(Frantzeskaki and Kabisch, 2016; Luyet et al.,
2012).

Social learning concerning urban ecosystems and
their functions/services (Colding and Barthel,
2013).

Policy learning concerning adapting policies and
strategic plans by integrating ecosystem services
and possibly their valuation (Crowe et al., 2016;
Uittenbroek et al., 2013; Vandergert et al., 2015).

Perceptions of citizens on urban nature (Buchel
and Frantzeskaki, 2015; Colding and Barthel, 2013;
Gerstenberg and Hofmann, 2016; Scholte et al.,
2015; Vierikko and Niemelä, 2016).

Social values for urban ecosystems and
biodiversity (Brown and Fagerholm, 2014; Kenter
et al., 2015; Polat and Akay, 2015; Raymond et al.,
2014, 2009; Scholte et al., 2015).

Measurement scale
mesoscale
microscale
Metropolitan Urban
Street
Building






























Examples of methods for assessing the indicators
•
•
•
•
•
•
•
•
•
•

Action research, case study, surveys (Specht et al., 2016).
Q method (Buchel and Frantzeskaki, 2015).
Narrative analysis, statistical analyses (Buchel and Frantzeskaki, 2016; Gerstenberg and Hofmann, 2016;
Hansen et al., 2016).
Fuzzy cognitive mapping (Gray et al., 2015).
Actor–network analyses, interpretative methods (Frantzeskaki and Tillie, 2014; Hansen et al., 2016).
Environmental valuation methods (monetary and non-monetary) (Kenter, 2016; Raymond et al., 2014;
Scholte et al., 2015).
Ecological psychology methods (see Heft, 2012, for an overview).
Environmental psychological methods (see Gifford, 2014, for an overview).
Expert-based approaches (Scholte et al., 2015).
Knowledge synthesis (Pullin et al., 2016).

Potential success factors and limiting factors (including synergies and trade-offs)
•

From urban environmental governance literature, the processes of interaction, collaboration and cocreation of new institutions for urban ecosystem restoration and management have been identified as
critical (Frantzeskaki and Tillie 2014). In these processes, multiple actors participate and different actors
can be the agents facilitating and steering towards the desirable goal/aspiration (Crowe et al., 2016;
Dennis and James, 2016). Recent years show mounting evidence of bottom-up organisation, through
community-based initiatives and grass-root movements, of greening vacant spaces, reclaiming and
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•

restoring brownfields, and driving an urban transition towards more liveable and healthy environments
in cities (Dennis and James, 2016).
However, it needs to be recorded that current research on participatory planning and urban
environmental governance largely reports cases from north-western Europe, North America, Australia
and South Africa showing a gap of knowledge about suitable processes for planning and governance
from other countries (Fors et al., 2015).

Case example: Engaging residents in blue open space management, Helsinki, Finland.
Helsinki has over 130 km of shoreline and over 315 islands. The shoreline and archipelago have a rich
cultural history and there are also significant natural areas for recreation, especially on the eastern shores
of Helsinki. Opening this shoreline for everyone has been a long-term goal of city planning in Helsinki (City
of Helsinki, 2014). In 2014 approximately 30,000 residents, aged between 15 and 75 years old, were invited
to participate in a public participation geographic information system (PPGIS) study aimed at understanding
the perceived environmental qualities of blue open spaces in the Helsinki Metropolitan Area. Activity data
were collecting using Maptionnaire, which is an online PPGIS tool for the collection of experiential
knowledge about the urban environment and its uses and values (Kyttä & Kahila, 2011). Residents were
asked: “What water and waterside areas do you enjoy in the Helsinki region? Use the buttons below to
mark it on the map! You may mark as many locations as you wish.” This participatory planning method
provided a means for spatially targeting recreation, sport and leisure infrastructure to different user groups
(Raymond et al., 2016b). The data collection in this PPGIS study was also carefully designed to meet the
information needs of Environmental and Sports departments, who are responsible for the management
and maintenance of blue open spaces in Helsinki. An online planning support service was created to ensure
the usability of produced knowledge for NBS in urban areas. The city planning department of the City of
Helsinki has also found the data useful in marine spatial planning.
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Challenge 8: Social Justice and Social Cohesion
Social justice recognises that society comprises of a diverse set of social groups, with varying requirements,
rights and duties that need mutual support, co-operation and acceptance (Zajda et al., 2007). In green
infrastructure planning, most attention has been devoted to environmental justice, which includes
elements of distribution, procedure and recognition (Rutt and Gulsrud, 2016). Distributional justice relates
to the unequal distribution, both social and spatial, of environmental qualities (Perez et al., 2015);
procedural justice relates to inclusiveness and fairness in processes and in rule enforcement (Schlosberg,
2007); and recognition-based justice focuses on the acknowledgement of the elderly and typically excluded
social groups (e.g. migrants, women, persons with disabilities) (Fraser, 2009). Support for environmental
justice can also support social cohesion in urban areas. For example, supporting processes which enable
immigrants to feel comfortable in their living environment supports intercultural understanding (de Vries et
al., 2013; Leikkilä et al., 2013). Social cohesion is also a multi-dimensional concept, taking into account of
structural and cognitive aspects as described below.
Potential actions and expected impacts
Table 18 Potential social justice and social cohesion actions and expected impacts.

Potential actions
• Distribute various types of NBS across urban
areas to ensure a range of ecosystem services
and experiential qualities of place are available
to people from different socio-economic
backgrounds (Raymond et al., 2016b).
• Support experiential learning and capacity
building programs on NBS in ways that meet the
varying requirements, rights and duties of local
residents (Krasny et al., 2013).

Expected impacts
• A greater diversity and number of people having
the opportunity to experience and enjoy the
natural environment through investments in NBS
in multiple areas (Natural England, 2014).

•

•

•

Actively engage excluded social groups in the
design, delivery and monitoring of NBS, as well
as in the rules to support the governance of
NBS.
Build the capacity of typically excluded groups
to participate in NBS decision-making processes.
Capacity building can include efforts directed to
improving basic literacy and numeracy, physical
security, employment, information and
recognition as a citizen (Rutt and Gulsrud,
2016).

•
•

•
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An increase in communities’ sense of ownership
of local natural places (Natural England, 2014).
More people having opportunities for learning
about nature and gaining new skills; building
trust, tolerance and respect between groups.
NBS designed, delivered and monitored in ways
that reflect the needs and interests of typically
excluded social groups.
Typically excluded groups having the capacity to
actively engage in NBS decision-making
processes, thereby supporting social cohesion
among diverse socio-economic groups.

Examples of indicators
Table 19 Examples of social justice and social cohesion indicators and their applicability at different geographic scales

Indicators

Measurement scale
mesoscale
microscale
Regional Metropolitan Urban Street Building

Social justice (informed by the capability framework of
social justice (Comim et al., 2008; Nussbaum, 2011;
Sen, 2005).
• The availability and distribution of different types
of parks and/or ecosystem services with respect
to specific individual or household socioeconomic
profiles and landscape design (Cohen et al., 2012;
Ernstson, 2013; Ibes, 2015; Kabisch and Haase,
2014; Raymond et al., 2016b; Shanahan et al.,
2014).
• Access to financial resources, including indicators
of income per capita in a given neighbourhood, or
urban area (Klasen, 2008).
• Bodily integrity: being able to move freely from
place to place; to be secure against violent
assault, including indicators of crime by time of
day (Felson and Poulsen, 2003).
• Senses, imagination and thought: being able to
use the senses, to imagine, think, and reason
about the environment, informed by indicators of
levels of literacy, mathematics and science
knowledge (Chen and Luoh, 2010; Elliott et al.,
2001).
• Emotions: being able to have attachments to
things and people outside ourselves; to love those
who love and care for us, including indicators of
place attachment, empathy and love (Lawrence et
al., 2004; Manzo and Devine-Wright, 2014;
Perkins et al., 2010; Raymond et al., 2010).
• Being able to participate effectively in political
choices that govern one’s life, including indicators
on level and quality of public participation in
environmental management (Reed, 2008; Reed et
al., 2009).
Social cohesion
•

•





Structural aspects: indicators of family and
friendship ties; participation in organised
associations; integration into the wider
community (Cozens and Love, 2015; Stafford et
al., 2003).
Cognitive aspects: indicators of trust, attachment
to neighbourhood, practical help, tolerance and
respect (Mihaylov and Perkins, 2014; Uzzell et al.,
2002).
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Examples of methods for assessing the indicators
•
•
•
•
•
•

•
•

Public participatory GIS to assess experiential qualities (Brown et al., 2014; Laatikainen et al., 2015;
Raymond et al., 2016b; Wang et al., 2015a).
Ethnographic accounts of justice (Checker, 2011).
Spatial analysis of the relationships between ecosystem services, park type and socio-economic profiles
(Cohen et al., 2012; Hughey et al., 2016; Kabisch and Haase, 2014).
Actor–Network Analysis (Ernstson, 2013; Ernstson et al., 2009).
Historical analysis of the process of creating just or unjust environmental conditions (Schönach, 2014).
Psychometric methods to assess place attachment, love or empathy (Lawrence et al., 2004; Perkins et
al., 2010; Raymond et al., 2010), or the underlying structure of social cohesion (Comstock et al., 2010;
de Vries et al., 2013; Stafford et al., 2003).
Self-reporting instruments to assess indicators of literacy, numeracy and perceived levels of crime and
safety.
Grounded Theory (Strauss and Corbin, 1990) or Thematic Analysis (Braun and Clarke, 2006) techniques
to explore the categories and sub-categories of meaning underpinning constructs like senses,
imagination and thought related to NBS.

Potential success factors and limiting factors (including synergies and trade-offs)
•

•

•

There is a potential trade-off between NBS design and environmental justice, particularly concerning
issues of gentrification (Checker, 2011; Dooling, 2009; Wolch et al., 2014). Such a trade-off requires
effective examination.
Both trade-offs and synergies in ecosystems services can occur. Trade-offs are more likely for
provisioning ecosystem services, when at least one of the stakeholders has a private interest in the
natural resources available and at least one of the stakeholders acts at the local scale (Howe et al.,
2014).
Be aware of the varying perspectives of social justice that can affect both the policy approaches to
justice issues and efforts to regulate identified issues (Kretsch and Kelemen, 2015). Future NBS research
and practice needs to consider social justice from multiple perspectives.

Case example: Supporting social justice through the “Pocket Park” programme in London, UK.
The City of London Corporation owns and manages almost 11,000 acres of public green spaces in and around London.
This includes wildlife habitats, nature reserves, sites of special scientific or historic interest, and outdoor spaces for
sport, recreation and enjoyment (BOP Consulting, 2013). The Pocket Park programme, run by the Greater London
Authority, aims to improve streets, squares, local parks, canal and riverside areas across the city and plans to deliver
100 new or improved areas of greenery within London’s urban environment. One of the key aims is to promote
collaboration between public bodies and local organisations, and to support volunteering, public participation and
social cohesion. More than 60 projects are already supported, ranging from community orchards to Green Gyms to
‘edible bus stops’ (areas of green space located around London’s transport network made up of flowers and vegetable
plants) (Balfour and Allen, 2014). The Angel Community Garden, Enfield, London, is one Pocket Park initiative. It aims
to develop a community food growing space within the new Angel Community Garden in order to provide
opportunities for local people from multiple ethnicities to come together and help each other to run the space as a
productive garden where fruit and vegetables can be grown (Project Dirt, 2013).
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Challenge 9: Public Health and Well-being
The urban environment significantly affects the health and well-being of residents (Barton and Grant,
2006). NBS are supposed to improve the health and well-being of urban residents through the provision of
ecosystem services by urban green spaces (Keniger et al., 2013). Many of the climate regulation ecosystem
services address threats to environmental health posed by urbanization and climate change (Haase et al.,
2014). Extreme weather events such as heat waves, exacerbated by the urban heat island (UHI) effect,
cause premature death and illnesses (Basagaña et al., 2011; Xu et al., 2016). The UHI-effect is most
significant in high-density built-up areas with impermeable surfaces and a low proportion of green space
(Oke, 1973; Rizwan et al., 2008). Urban trees and vegetation provide climate regulation services as they
reduce the UHI-effect through evapotranspiration, and shading and can thus prevent heat related
morbidity, and mortality (Chen et al., 2014). NBS may reduce exposure to environmental pollution through
mitigating the UHI (Alexandri and Jones, 2008; Bowler et al., 2010a) and reducing air pollution (Baró et al.,
2014) and noise (Madureira et al., 2015).
Nature-based solutions can contribute to a range of positive psychological and physiological outcomes.
Studies have shown the positive effects of urban green spaces on urban residents through psychological
relaxation and stress relief (Roe et al., 2013; Ward Thompson et al., 2012) and enhanced opportunities for
physical activity (Sugiyama and Ward Thompson, 2007). Studies have also identified positive health
associations between distance to urban green spaces and potential health benefits, suggesting that being in
proximity to urban green spaces (Maas et al., 2006) and viewing greenery (Dravigne et al., 2008; Ulrich,
1984; Ulrich, 2002) have positive health effects. Additional benefits include reduced depression (Bratman
et al., 2015a) and improved mental health (Hartig et al., 2014; van den Berg et al., 2015; Vries et al., 2003);
reduced cardiovascular morbidity and mortality (Gascon et al., 2016; Tamosiunas et al., 2014); improved
pregnancy outcomes (Dadvand et al., 2012); and reduced obesity (Kim et al., 2014) and diabetes (Maas et
al., 2009). Urban green space also provides opportunities for exploratory behaviour in children and
improved functioning of the immune system (Kuo, 2015; Lynch et al., 2014).
However, urban green spaces can also be related to negative health outcomes, such as allergic reactions, or
vector-borne diseases, because of increased exposure to allergenic pollen or increased disease vectors in
urban green environments (Bai et al., 2013; Calaza-Martinez and Iglesias-Díaz, 2016; Cariñanos and
Casares-Porcel, 2011). In addition, physical activity or play in green spaces may also be associated with
increased risk of injuries particularly with children (Kendrick et al., 2005). These potential detrimental
effects may be addressed through the adequate design, maintenance and management of urban green
spaces and species selection (Lõhmus and Balbus, 2015).
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Potential actions and expected impacts
Table 20 Potential public health and well-being actions and expected impacts

Potential actions
• Distribute various types of urban green
spaces as NBS across urban areas.
•

•

•

Provide adequate urban planning and design
mechanisms to ensure sufficient green space
provision for positive health effects.
Design of urban green spaces, such as parks
and playgrounds, should take in account the
needs of children and the elderly while
taking measures to minimize the risk of
injuries.
Provide proper urban green space design,
maintenance and recommendations to
minimize trade-offs (allergenic pollen,
transmission of vector-borne diseases).

Expected impacts
• Provision of health benefits and ecosystem services,
which are available to people from different age
groups and socio-economic backgrounds.
• A greater diversity and number of people having
the opportunity to benefit from the positive health
effects from urban green spaces.
• Improvement of opportunities for exploration by
children and improvement of immune system
already in children.

•

Decrease of detrimental effects of urban green
spaces.

Examples of indicators
Table 21 Examples of public health and well-being indicators and their applicability at different geographic scales

Indicators

Measurement scale
mesoscale
microscale
Regional

Psychological indicators (Relaxation and restoration,
sense of place, exploratory behaviour, socializing).
• Reduction in chronic stress and stress-related
diseases measured through repeated salivary
cortisol sampling (Roe et al., 2013; Ward Thompson
et al., 2012) and hair cortisol (Honold et al., 2016);
use cortisol slope and average cortisol levels as an
indicator of chronic stress.
• Cognitive and social development in children:
indicators related to improvement in behavioural
development and symptoms of attention
deficit/hyperactivity disorder (ADHD) related to
green space use; questionnaire indicators on sociodemographic and household characteristics, the
time spent playing in green and blue spaces, ADHD
symptom criteria, such as emotional symptoms,
inattention,
conduct
problems,
hyperactivity/inattention, and peer relationship
problems; and a strengths subscale for prosocial
behaviour (Amoly et al., 2014).
• Mental health changes measured through Mental
Well-being scales asking participants how they have
felt over the previous four weeks in relation to a
number of items (e.g., feeling relaxed, feeling
useful), with responses rated on a 5-point scale
from “none of the time” to “all of the time” (Roe et
al., 2013).
Health indicators related to physical activity (Sports
and leisure activities including e.g. walking, cycling).
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Metropolitan

Urban

Street

Building/
Park



















Indicators

Measurement scale
mesoscale
microscale
Regional

Metropolitan

Urban

Street

Building/
Park







•

Number and share of people being physically active
(min. 30 min 3 times per week).
• Reduced percentage of obese people and children;
reduced overall mortality and increased lifespan.
• Reduced number of cardiovascular morbidity and
mortality events (Tamosiunas et al., 2014).
Health indicators related to ecosystem service
provision (Buffering of noise and air pollution, reduced
heat, exposure to microflora).
• Reduced autoimmune diseases and allergies
(potentially) (Kuo, 2015).
• Reduced cardiovascular morbidity and mortality
(Tamosiunas et al., 2014).
• GIS related indicators: NDVI, proximity measures
(green space of min. 2 ha within 300m, (Maas et al.,
2006; Vries et al., 2003)), percentage of green space
(Kabisch and Haase, 2014; van den Berg et al.,
2010).












Examples of methods for assessing the indicators
•

•
•

•
•

•

Self-assessment of perceived general health through on-site questionnaires or postal surveys using
Likert scales (for assessment of stress-levels, relaxation, etc.), e.g. asking participants to rate how
closely their mood matched certain statements of mood (Honold et al., 2012).
Questionnaire surveys with parents and teachers, e.g. on strengths and difficulties (SDQ), and
ADHD/DSM-IV (Amoly et al., 2014).
Mobile electroencephalogram (EEG) system outdoors and EEG-based emotion recognition software for
functional brain imaging to record any stress reduction as people walk into urban green spaces
(Aspinall et al., 2015).
Wearable sensors to demonstrate the effects of walking in a green space on brain activity (Aspinall et
al., 2015).
Spatial analysis of the relationships between accessibility, ecosystem services, park type and socioeconomic profiles (Cohen et al., 2012; Hughey et al., 2016; Kabisch and Haase, 2014, Annerstedt van
den Bosch 2016).
Assessing effects of nature experiences through assignment of participants to particular exercises (e.g.
walk in nature for a certain time) followed by psychological assessments and assessments of affective
and cognitive functioning (Bratman et al., 2015a, 2015b).

Potential success factors and limiting factors (including synergies and trade-offs)
•

•

A methodological combination of objective activity indicator measures such as cortisol measurements
or brain imaging with questionnaire surveys that are based on self-perceived health and well-being
assessments could be one option for obtaining transferable and objective results identifying the
relation between green space and health (Kabisch et al., 2015).
There are potential trade-offs between green space provision and negative health effects. Urban green
spaces provide a number of health benefits, but there can be negative effects, for example, urban trees
emit pollen which can cause allergic reactions in the population. Although there is a significant amount
of existing research, there is a need for more in-depth studies quantifying exposure to pollen with
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•

•

respect to potential confounding and characterizing mechanisms of age-specific adverse and beneficial
health effects. Estimating allergenicity of an urban green space may be done through the allergenicity
index, which is calculated using allergenic potential, pollination characteristics, tree size and number of
individuals per species in a green space (Cariñanos et al., 2014).
Evidence is inconsistent regarding the regulation potential of urban green space to reduce air pollution
levels. Some studies show significant effects (Baró et al., 2014; Nowak et al., 2013), while others show
no effect (Setälä et al., 2013) or even worsened pollution levels under street tree canopies (Jin et al.,
2014) with related severe health effects.
Linkages between residential proximity to a green space and health improvements in some studies
were inconclusive (Amoly et al., 2014) or weak because of a difficult and complex causal relationship
which is hard to cover in causal analyses (Lee and Maheswaran, 2011).

Case example: Green space and public health and well-being in Kaunas City, Lithuania
Tamosiunas et al. (2014) assessed the potential relationships between distance and use of urban green spaces and
prevalence of cardiovascular diseases and its risk factors in Kaunas City. The authors used a random sample of more
than 5,000 people, aged 45-72 years, screened at the end of the last decade. Multivariate regression models identified
no significant association between objectively measured distance to urban green and cardiovascular risk factors and
the prevalence of common chronic non-communicable diseases, such as stroke or diabetes mellitus. However, the
prevalence of self-reported or measured lifestyle-related and biological risk factors, such as smoking or obesity, and
the prevalence of diabetes mellitus and cardiovascular risk factors was significantly lower among park users than
among non-users. The authors plead for policies addressing public health and promoting healthy lifestyles in cities.
They suggest a balanced provision of green spaces on the neighborhood scale, which should take into consideration
population density, land use and other predictors of good health in urban environments.
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Challenge 10: Potential for Economic Opportunities and Green Jobs
Research shows that increasing the green areas in the urban environment has considerable co-benefits
through, for example, increased real estate values, positive health effects, improved water management or
recreational services (BOP Consulting, 2013; Elmqvist et al., 2015; McConnell and Walls, 2005; TEEB, 2011;
van den Berg et al., 2015), indicating that NBS strategies can cost-effectively address a diverse set of
environmental problems in urban areas. Thus as well as contributing to meeting direct challenges, NBS
generate co-benefits (Pearce et al., 2002) that can save money at household and government level and
create economic opportunities for “Green businesses” (OECD, 2013). Furthermore, the introduction of NBS
offers an opportunity for the creation of “Green-Collar Jobs”, from low-skill, entry-level positions to highskill, higher-paid jobs (Apollo Alliance, 2008; Falxa-Raymond et al., 2013).
Potential actions and expected impacts
Table 22 Potential actions for supporting economic opportunities and green jobs and their expected impacts

Potential actions
Expected impacts
• Encourage methods to transfer the benefits • Increased willingness to invest as more of the coof common goods provided by NBS to the
benefits accrue to the initiator.
initiators of NBS, e.g. through tax reductions • Increased competitive advantage for cities applying
or subsidies (Meulen et al., 2013).
NBS measures (OECD, 2008).
• Net additional jobs in the green sector fuelled by
new green investments.
• Support vocational training programs to • Increased knowledge on NBS and the appropriate
enhance skills in the design and delivery of
implementation of the NBS measures.
NBS measures (Falxa-Raymond et al., 2013). • Individual earnings uplift arising from skills
enhancement in the design and implementation of
NBS.
• Increase knowledge and awareness on NBS • Increase in implementation of NBS and associated
in the urban environment for stakeholders
employment as initiators become more familiar with
and policy makers.
NBS solutions.
• Policy makers will develop an active approach
towards NBS application within the public domain
and infrastructure.
• Policy makers will develop an active approach
towards NBS application and possible provision of
(co)financing arrangements for private properties.
• Increased knowledge base, as more implementation
of NBS will increase their application under diverse
circumstances.
• Develop online NBS impact calculation • Increased awareness of NBS solutions and their
effectiveness and (co)benefits.
tools.
• Increased knowledge base on values of NBS impacts.
• Restore or plant green spaces or other NBS. • Creation of green jobs relating to construction and
maintenance of NBS (Saraev, 2012).
• Benefits for work productivity including reduced
absenteeism (Saraev, 2012).
• Increased commercial (Gensler, 2011) and domestic
property prices (Eftec, 2013; Forestry Commission,
2005; Lutttick, 2000).
• Attraction of businesses (Eftec, 2013).
• Increased social interaction (see Challenge 8).
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Examples of indicators
Table 23 Examples of economic opportunity and green job indicators, and their applicability at different geographic scales

Indicators
Regional

Measurement scale
mesoscale
microscale
Metropolitan Urban Street Building

Number of subsidies or tax reductions applied
for (private) NBS measures (Meulen et al.,
2013).
Number of jobs created (Forestry Commission,
2005);
gross
value
added
(Forestry
Commission, 2005).
Change in mean or median land and property
prices (Forestry Commission, 2005).



















•

New businesses attracted and additional
business rates (Eftec, 2013).







•

Resource efficiency in the urban system (CO2
emissions per capita, CO2 emissions for
transportation per capita, etc.) (OECD, 2013).
Public-sector cost per net additional job (Tyler
et al., 2013).
Net additional positive outcomes into
employment (Tyler et al., 2013).
Net additional jobs (Tyler et al., 2013) in the
green sector enabled by NBS projects.
Gross value added per employees based on
full-time equivalent jobs (Tyler et al., 2013) in
the green sector.
Production benefit: earnings uplift arising from
skills enhancement (Tyler et al., 2013) in the
design and implementation of NBS.
Consumption benefits: property betterment
and visual amenity enhancement (Tyler et al.,
2013) resulting from NBS.











































•

•

•

•
•
•
•

•

•









Examples of methods for assessing the indicators
•
•
•
•
•

Cost Effectiveness Assessments (CEA), assessing the performance (non-monetary, single outcome)
of the measures against their costs (Pearce et al., 2002).
Multi-criteria Analysis (MCA), assessing the performance (non-monetary, multiple outcomes) of the
measures through public or expert opinion (Pearce et al., 2002).
Social Costs and Benefits Approach (SCBA), analysing the monetised costs and benefits from the
effects of the measures discounted over time (Pearce et al., 2002; Romijn and Renes, 2013).
GIS/Satellite/aerial imagery inventories (e.g. for green roofs, parks, public gardens) to assess
impacts of measures (e.g. on health, real estate values).
Land use changes from planning documents and maps (urban regeneration plans, including more
green spaces) to assess ambitions and plans.

Potential success factors and limiting factors (including synergies and trade-offs)
•

An analysis of the synergies and conflicts in natural capital investments shows a significantly
greater number of synergies, and potential synergies (e.g. water and temperature management),
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•
•

•
•
•

than conflicts (e.g. allocation of scarce available space) (Eftec, 2013). The synergies can be not only
economic (e.g. through reduced management and investment costs, or economies of scale), but
also include social (e.g. social/community interaction in parks; educational opportunities) and
environmental (e.g. increased biodiversity) benefits.
Trade-offs or conflicts can occur through competition for space or other resources, and sociopolitical conflicts can occur due to uneven costs and benefits (Eftec, 2013).
Additional research is needed to quantify benefits and standardize indicators and data collection
methods to better assess effectiveness of NBS; for example, impacts of green roofs through online
calculators (Berardi et al., 2014).
There is a need to identify and encourage policies for the restoration of planting of green space.
Little research has investigated the effects of working professionally in urban natural resources
management (Falxa-Raymond et al., 2013).
Methods for capturing the monetised multiple economic benefits of NBS are lacking.

Case example: Green roofs and decoupling of rainwater drainage from houses in the Netherlands
Green roofs and decoupling of rainwater drainage from (private) houses can be particularly effective actions for water
retention, limiting stormwater drainage in the urban environment. Furthermore, these measures can have positive
benefits through a number of additional effects, such as decreasing the urban heat island effect and reducing
household energy consumption through the insulating effect of green roofs (Gehrels et al., 2016; Pearce et al., 2002).
However, not all these benefits accrue to the same stakeholder, making investments from a single initiator
problematic (Gehrels et al., 2016; Meulen et al., 2013). A number of municipalities and water authorities in the
Netherlands have initiated subsidies to households for NBS measures like green roofs and decoupling of rainwater
evacuation from residential homes, which limit stormwater drainage into the sewer system and create substantial cobenefits for municipalities and wastewater treatment facilities. Programs providing a subsidy of up to 50 % of the
investment costs achieved a take-up of 80–95 % by households in the participating street, while few households
installed these measures without the subsidies, as the direct benefits are insufficient to cover the investment costs
(Meulen et al., 2013).
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Application Guide for the Assessment of the Effectiveness of NBS Projects
Background
This short application guide is intended to provide inspiration and indications for guidance for researchers,
practitioners and administrators during the entire process of designing, planning, assessing and monitoring
projects based on NBS. Addressing strategies for ex-ante and ex-post assessment of potential costs and
benefits and valuation and monitoring of the actual efficiency of NBS, this application guide is targeted at
different phases of a policy cycle, including the assessment of local needs, evaluation of alternative
solutions and monitoring of implemented measures. It is largely based on the findings of the short scoping
review of the literature presented in the earlier sections of this report. The guide starts with
recommendations on how to select and apply NBS indicators and methods. It then provides a roadmap for
the assessment of NBS impacts across the 10 climate resilience challenges, with a focus on the key
knowledge gaps, and future directions for NBS research and practice.

Types of NBS indicators and methods
Given that NBS seek to address societal challenges, they need, by definition, to address economic,
environmental and social challenges. There are a range of potential actions that can be taken and indicators
are an important means of assessing the potential performance and the actual effectiveness of particular
NBS actions. The EWG has identified a selection of quantitative and qualitative indicators that can be used
for such assessments within and across the various climate resilience challenges presented in this report.
These lists present examples of some of the most important indicators which can be used for assessing the
key impacts of NBS related to the different challenges. They are thus indicative and far from being
exhaustive.
The selection of appropriate indicator(s) will depend on a number of factors including:
• Objective of the action — which challenge(s) it is seeking to address;
• Type of action — all NBS will involve some element of biodiversity, but will differ in their attributes
and thus appropriate methods for measurement;
• Potential expected impacts, both direct and indirect, and both positive (synergies) and negative
(trade-offs or disservices);
• Resources and skills available for measurement of the impacts;
• Scale of analysis, which influences the availability and relevance of data for specific indicators.
Once the overarching aim of a project has been established, decisions will need to be made about:
• Which components of each challenge are relevant and will be addressed;
• Which alternative solutions could address each of the challenges identified;
• The geographical and temporal scale of the action and its effect;
• Which indicator(s) will be appropriate to measure the effectiveness of individual actions in
addressing each challenge;
• Which methods are available, suitable and feasible for the measurement of the indicators;
• What baseline will be used, considering the scale, and including measurements that should be
taken prior to the commencement of any action, so that effectiveness can be measured;
• How to identify interactions between actions and how to maximise opportunities presented by cobenefits (synergies) and minimise trade-offs between conflicting desired effects.
These aspects are developed and described below.
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Spatial scale of NBS and impacts from NBS
The spatial scale over which impacts from NBS can be assessed varies with the type of NBS adopted, the
scale at which it is implemented and the kind of impact considered: while the capacity of vegetation on a
single green roof or a bioretention structure to store rainwater can be measured at the micro scale of the
single building or structure, benefits in terms of reduced run-off and, as a consequence, reduced flood risk,
can be recorded at micro (street) or meso (urban) scale (Challenges 1 and 2). Similarly, the impact of NBS
on urban temperatures can be measured at the micro scale of a single building and translated directly into
economic benefits from reduced energy demand for heating and cooling at household level (Challenge 4),
while the carbon emissions accounting from such an action occurs at the meso (urban, regional) and macro
(national) levels.
The scale of environmental impacts from NBS in many cases depends on the physical dynamics acting at the
micro (street/neighbourhood) or even meso (metropolitan, urban) level: water flows, heat and pollutant
fluxes need to be considered when environmental impacts from single measures (e.g. green roofs or pocket
parks) are up-scaled to the street, urban or metropolitan scale. For example, for measures aiming at
reducing urban temperatures, the impacts from enhanced evapotranspiration and increased shading will
depend on the dimensions of the NBS implemented, but also on heat fluxes determined by the street or
urban morphology (Challenges 1, 4, 5 and 9).
In many cases, the measurement of impacts may not be reasonable or even feasible at an urban scale
because the change caused by a single measure is too small; while the amount of pollutants captured by
vegetation may be important at the micro scale, a single project will hardly affect the quantity of pollutants
at the meso (urban) level. The same holds for water quality, the urban heat island effect and the carbon
storage capacity, as the impacts of spatially limited individual NBS projects (or actions) may be very small,
but in aggregate they can make a difference.
Social impacts can be assessed mostly at the neighbourhood (street) level, paying attention to the aspect of
accessibility. For ecological connectivity, the accessibility of structures created as NBS, for example green
areas, is not necessarily identical to physical proximity, due to the existence of different kinds of barriers to
movement (Challenges 4, 8, 9). However, there is also the potential for interactions in social impacts across
geographic scales, which requires further consideration in future NBS studies.
Temporal scale of NBS
There is little information available in the literature on the time for individual NBS actions to become fully
effective, thus three broad categories have been selected (Table 24): short (within 5 years), medium (5-10
years) and long-term (over 10 years). The temporal scale over which a NBS becomes effective varies, so
some indicators, such as changes in salinity (Challenge 2) or quantitative changes in the percentage of
accessible public green space per capita (Challenge 4), can alter over the short-term, while the
effectiveness of others may take longer to be realised. For example, air quality may change more gradually
(Challenge 5) and while the presence of or access to green space can lead to immediate behavioural
changes, often it takes time to change habits relating to exercise and thus derive the health benefits
(Challenge 9) or build up attachments to places (Challenge 8). Therefore, while many NBS actions will start
to have an effect once implemented, there may be a time gap between this initial effect and the point at
which they become fully effective. The timing and maintenance of effectiveness can also depend on the
quality of the habitat, and assessment of timing assumes that the nature-based components become and
remain in a favourable condition.
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The temporal scale can also be affected by the type of the NBS components. For example, given that NBS
involve the use and enhancement of nature, CO2 capture and carbon sequestration (Challenges 1, 5) should
be enhanced, but the amount and timing will depend on the ecosystem involved. Given the variety of
factors that can affect the temporal scale of the effectiveness of individual NBS actions, any assessment
should consider the length of time for particular actions to become effective in relation to the challenge to
be addressed and its urgency.

Methods
Single impacts
The assessment of environmental impacts will depend primarily on the measurement and description of
physical parameters, such as temperature, pollution concentration or morphological characteristics. These
measures are, in many cases, not available or difficult and expensive to undertake. Similarly, some of the
health indicators require specialist equipment to measure cortisol levels (Challenge 9). The use of models
can be a strategy for assessing potential impacts based on parameters measured in other contexts, as, for
example, in the iTree Eco model, which provides a database with values on ecosystem services produced by
trees species in different climatic zones.
Aggregation of impacts
In order to support decisions and choices between different options for NBS or alternative investments, the
costs and benefits of each option need to be aggregated. The most common approach to this aggregation is
based on economic (monetary) assessment methods which aggregate all monetary costs and expected
benefits of the investment.
While a CBA approach normally considers the costs and benefits directly connected to single (or a group of)
investors (e.g. a local authority or utility), the Social Costs and Benefits Approach (SCBA) includes wider
societal costs and benefits in the assessment, such as tax revenues, subsidies, increased real estate values,
etc. Also, a wealth of experience has been developed for the assessment of non-economic values in
monetary terms for CBA or SCBA assessments, either using proxies for the values (e.g. the increased quality
of life in an urban area will easily translate into increasing real estate prices using the hedonic pricing
approach) or using approaches that translate individual preferences into monetary values (e.g. willingness
to pay).
Many of the environmental and social benefits and costs connected to the impacts of NBS actions are
measured in terms of physical parameters or qualitative judgements of individual and aggregated
preferences, which can only partly be translated into monetary terms (e.g. pollution-related health effects)
and are thus difficult to aggregate. Consequently, such benefits are often excluded from NBS impact
assessments. Researchers and practitioners, therefore, need to recognise the importance of a range of
assessment processes including qualification, quantification, aggregation and standardisation. Assessment
strategies which allow for assessments based on mixed methods can support the consideration of different
scales and measures. In particular, methods based on multi-criteria analysis allow for an assessment of the
performance of alternative solutions built on group preferences. Considering the performance of solutions
with regard to different potential benefits, both qualitative and quantitative values can be used for the
assessment. Multi-criteria analysis allows for the representation of different outcomes of the assessment
process according to different group (or individual) preferences. Rather than producing a single result
indicating the “optimal” solution, these approaches allow for visualising the impact of different preferences
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on the assessment results. There is a need for participatory tools and processes that consider diverging
values and preferences, contributing to more transparent processes for deliberation and decision-making.
Long-term measurement and monitoring
Considering the great range of uncertainty connected to the behaviour of NBS in complex urban systems,
the continuous monitoring of impacts from NBS represents an essential element for keeping NBS efficient,
as impacts unfold on longer time frames and external conditions may change, for instance in relation to
climatic change. Also, monitoring can provide new insights into the functioning of NBS and activates a
learning process which can help improve subsequent implementations.
Thresholds
A large variety of thresholds for specific indicators are present in the legislation and regulations at various
spatial and administrative scales. Thresholds related to NBS efficiency should be considered in relation to
the local context, which is better suited for defining them, especially when no legal standards exist. From
the perspective of adaptive strategies, the definition of “critical thresholds” with respect to key indicators
can help identify situations in which changes in the design of NBS or new solutions are needed.
Interactions between NBS actions, and synergies and trade-offs within and across NBS projects
Many of the NBS actions, while having a direct effect on a specific challenge, may have indirect effects on
other aspects of the same or different challenges. Table 25 provides examples of how selected indicators
may interact with other challenges, although once again issues of scale, implementation and local context
may be important. For example, property prices (Challenge 10) may have positive or negative effects on
social justice and equity, depending on location. Table 25 also recognises that some of these interactions
represent co-benefits or synergies across challenges, while others can have trade-offs.
Which types of expertise are required to make assessments and comparisons?
Assessing the effectiveness of NBS actions is a complex process requiring (i) the engagement of a range of
different actors including academics, practitioners and businesses, (ii) a range of disciplines and
transdisciplinary working, and (iii) the employment of a variety of different indicators and methods, in
order that the economic, environmental and social challenges can each be addressed.
Comparison across NBS projects could be undertaken by, for example, the use of some common indicators,
such that evidence and knowledge is built up on the effectiveness of particular actions under different
contexts. NBS projects also could be linked, such that certain actions which may have already been take in
one case study are replicated and tested further in a different context in another project.
How to ensure NBS assessments are effective over the long-term
Some NBS actions, as indicated, will unfold their full benefits (and costs) only over a longer period of time,
when the restored natural flows and functions are fully operational. Especially in the context of financed
projects for the implementation of NBS it is thus necessary to plan for monitoring beyond the end of the
action. This can involve institutional actors extending and adapting their monitoring programmes, but also
non-academic project partners and local communities designing strategies for citizen science activities,
NGOs or local statutory organisations.
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Summary of the associations among indicators, methods and scale
Table 24 summarises the different aspects of indicator and methods selection and application discussed
above. By way of example, it is shown that there is a range of indicators for Challenge 4, and they are each
applicable at different geographic and temporal scales. Similarly, a range of indicators can be used to assess
the impact of NBS that address cross-cutting challenges like Challenge 8 (social justice and social cohesion).
For additional examples refer to Appendix 1.
Examples of the possible range of co-benefits and costs as identified in the 10 challenges are given in Table
25. For example, flood peak reduction actions are likely to have co-benefits for coastal resilience and green
space management, but also for social justice (lower income households are more vulnerable to flood risk
and often also more exposed, e.g., Brown and Damery, 2002). There are also opportunities for urban
regeneration and social justice and social cohesion from actions aimed at reducing flood peaks. In contrast,
increases in property prices stemming from actions to improve economic opportunities and green jobs in
urban areas may adversely affect social justice and social cohesion by displacing groups of socioeconomically disadvantaged residents. Nevertheless, as potential costs, benefits and trade-offs need to be
assessed in the specific local context, this table can only indicate some of the interactions between the
challenges, including opportunities to build synergies.
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Table 24 Examples of associations between indicators and methods of assessment, and their applicability at different geographic and temporal scales

Ch1

Net carbon
sequestration by urban
forests (including GHG
emissions from
maintenance activities)

Environmental
(chemical)

t C per ha /year

Ch5

Annual amount of
pollutants captured by
vegetation

Environmental
(chemical)

t pollutant per ha
/year

Ch8

Security against violent
assault, including
indicators of crime by
time of day
Being able to participate
effectively in political
choices that govern
one’s life, including
indicators on level and
quality of public
participation

Social
(physiological)

No of cases / year

Numerical methods calculating or
estimating the interactions between
vegetation and pollutants at the micro
scale; allometric equations that predict
vegetation growth; Forest Inventory
Analysis
“Tiwary method”, map air purification
using spatially-explicit data on ecosystem
types and characteristics (particularly
LAI), and pollution distribution; Forest
Inventory Analysis
Statistics and perceived levels of crime
and safety.

Social

Number of
connections
/threshold for the
definition of sufficient
levels of connections

Ch7

Actor-Network Analysis to better
understand how different stakeholders
can bias management towards certain
ecosystem services

< in some cases the indicator and/or method can be applied at this scale

49

•

•

•

•

•

•

•

•

•

•

Long

With reference to a baseline situation, the
energy not consumed can be accounted
for as a reduction of CO2 Emissions

Medium

CO2 emissions
reduced

Short

Environmental
(chemical) benefit

Building

Reduced energy
demand for heating and
cooling

Temporal scale
Street

Ch1

Geographic Scale
Urban

Examples of method(s) of assessment for
indicator

Metro
politan

Unit of measurement

Region

Type of indicator
(which determines
the way it can be
used for
assessments)

Challenge

Indicator description

•

•

<

•

•

•

<

•

•

•

•

•

•

•

•

<

•

Table 25 Examples for indicators of potential co-benefits and negative impacts across the challenges
Ch

Indicators

Ch 1
Climate
Resilience

+

O

*
*

+

+
+
+
+
+
+

+
+

*

+

*

O

O

+

+

*

O

+

*

+

Ch 4
Ch 5

Increased species richness
Amount of pollutants captured by vegetation

Ch 5

Premature deaths and hospital admissions averted

Ch 6
Ch 6

Urban food production
Increased ecological connectivity

O

Ch 6

Energy efficiency: building layout and design

O

Ch 7

Legitimacy of knowledge in participatory processes

Ch 7

Social values for urban ecosystems and biodiversity

Ch 8

Being able to move freely and safely from place to
place
Attachment to neighbourhood

Ch 9

Reduction in chronic stress and stress-related
diseases
Reduced percentage of obese people

Ch 10
Ch 10

Number of jobs created
Increase in property prices

Ch 7
Particip
planning &
governanc
e
O

Ch 5 Air
quality

Carbon sequestration
Temperature reduction
Flood peak reduction
Increasing ground water quality
Erosion protection
Enhanced recreation
% of citizens living within a given distance from
accessible, public green space

Ch 9

Ch 6 Urban
regenerati
on

Ch 4 Green
space

Ch 1
Ch 1
Ch 2
Ch 2
Ch 3
Ch 3
Ch 4

Ch 8

*
*

Ch 2
Water

Ch 3
Coastal
Resilience

*
*
O

+

O
O

O

+
+

+

+
+

+

O

Ch 8 Social
justice &
cohesion

Ch 9 Public
health &
well-being

Ch 10
Economic
opps &
green jobs

O

O
+
+

+

+

+
O

+

+

O

+

O

+/-

+

O

+

O

O

+

+

O

O

O
O
O
O

O
O
O

O

+

+
*

O

*

O

*

O

O

+

+

*

*

O

O

O

*

*

O

O

O

*

O

*

+

O

*

O

*

O

+

*
*

+

O
O

O

O
+
+

O
O

-

Key: Ch = challenge; * Main challenge addressed; + Co-benefits that will follow; O Opportunities that could be taken; - Potentially negative impacts or disservices
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Roadmap for the assessment of NBS impacts
Research and practice into NBS to support climate resilience in urban areas is still in its infancy. For this
reason, there are many knowledge gaps and associated directions for research and practice. Here some of
the major gaps and directions stemming from this quick scoping review of the literature are presented. The
list of knowledge gaps in Table 26 is designed to guide future research and practice and, therefore, should
be seen as an opportunity for researchers and practitioners from a range of disciplinary backgrounds to
work together on NBS. This list has not been prioritised because the relative importance of each gap is
likely to vary across different types of NBS and urban contexts in Europe and beyond.
Knowledge gaps
Table 26 Summary of knowledge gaps related to the assessment of NBS impacts

Area
Actions and
impacts

Short description
Design NBS actions which are
cost effective and give rise to
a range of social and
environmental benefits.

Promote the positive impacts
of NBS which are not likely to
have negative impacts in
other challenge areas.
Relate different elements of
environmental and social
impact to ecosystem service
stocks and flows.
Adapt the monitoring of the
effectiveness of NBS over
time and readapt the NBS
management accordingly.
Indicators

Develop indicators that crosscut challenges and are
applicable within and across
geographic scales.

Assess the validity and
reliability of indicators across
space and time.
Develop specific ecological
indicators and methods to
relate ecosystem status to
ecosystem service supply.

Explanation
Researchers and practitioners have good understanding of the
environmental impacts of NBS, but it remains unclear as to
whether specific actions are cost effective and give rise to a
range of benefits. This gap points to the need to better
understand the interface between environmental, economic
and social dimensions of NBS.
Also, the impacts stemming from socio-cultural and ecosystem
interactions require further consideration. For example, how
NBS contribute to social justice, social capital and social
cohesion, and the inter-economic and inter-cultural
partnerships necessary to address these climate resilience
challenges.
While substantial research has investigated the potential for
synergies and trade-offs in ecosystem service flows related to
green space management, the potential for positive and
negative impacts are rarely considered across challenge sets.
NBS take into account a broad array of environmental, socioeconomic and socio-cultural impacts. How to relate the
ecosystem service framework to a range of social and
economic impacts within and across climate resilience
challenge areas (as noted here) remains an important
knowledge gap.
NBS are usually implemented to be part of the urban
environment for a long time. In several cases, their
effectiveness is going to change, because of the growth or the
aging of the NBS itself, necessitating changes to the accounting
and monitoring methodology.
This report has shown that indicators are context-sensitive.
Some indicators are pertinent to one scale whereas others are
pertinent across scales. However, few empirical studies have
assessed the sensitivity of indicators across geographic scales,
or the relevance of indicators across different climate resilience
challenges.
Questions associated with the internal and external validity of
indicators across space and time and their reliability in the face
of different socio-ecological pressures have not been
considered.
Identify ways in which the supply of environmental, social, and
cultural services can be related to specific aspects of
ecosystems.
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Area

Short description
Compare standardised and
non-standardised indicators.

Methods

Assess the adaptability and
flexibility of NBS actions to
new stressors, such as climate
change.
Evaluate the links between
NBS impacts and adaptation
to climate change.

Assess changes in
environmental impacts
resulting from NBS
interventions across existing,
modified and new natural
areas.
Integrate climate, social,
demographic and economic
trends and patterns into NBS
impact assessments.
Balance qualitative and
quantitative aspects in NBS
impact assessments.

Governance,
communication
and
engagement

Develop stakeholder
engagement and governance
processes to actively engage
academics, practitioners,
policy makers, NGOs and local
residents in the design and
assessment of NBS.
Continuously monitor urban
climate systems and tailor
NBS to different types of
stakeholders at the local level.
Improve literacy about global
NBS and climate change
impacts at the local scale, to
motivate resident
involvement in NBS
implementation.

Explanation
While it was attempted to standardise all indicators in this
report, it was not possible to standardise all, particularly those
in the social domain.
Existing NBS actions and impacts are often assessed under
current conditions, without considering the projected impacts,
such as climate change and biodiversity loss.
There is an absence of methods for translating regional level
climate information to the local level. Existing methods of NBS
assessment often do not consider individual and community
capacity to adapt to climate change. For example, extreme
climate events warning systems often do not consider the
thermoregulation profile of local residents, and their
adaptation to daily climatic variability.
It is often assumed that NBS provide for the establishment of
new nature, but the connectivity among existing, modified and
new natural areas is often overlooked.

NBS impacts need to be considered within a wider context of
climate, social, demographic and economic trends and
patterns. Few methods link primary data on NBS impacts with
secondary data on such trends or vice versa.
Interdisciplinary, mixed-method research designs that balance
the need for qualitative and quantitative assessment of NBS
impacts are missing from the NBS literature. Assessments
which balance these are crucial to appreciating and
understanding the complex linkages between elements of the
socio-economic, socio-cultural systems and ecosystems.
NBS impact assessments often draw upon expert knowledge
embedded in western science traditions. However, there are a
range of other types of knowledge (e.g., indigenous, local,
tacit) which require consideration in NBS impact assessments.
The relationship between different types and systems of
knowledge are an important gap in current research and
practice.
While there is substantial knowledge and information on urban
climate systems, there is an important knowledge gap
concerning how to communicate NBS and climate information
(e.g. thermal comfort data) to a range of local stakeholders in a
meaningful way.
How to translate complex knowledge and information about
climate change and NBS into meaningful implications at the
individual level is often missing from current scholarly
discussions. Emphasis is being placed on the design,
implementation and monitoring of NBS by planners,
researchers and decision makers. Local residents are an
important NBS stakeholder, and new techniques are required
to motivate their involvement in NBS initiatives.
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Future directions for research and practice
In this section, some of the future directions for NBS research and practice are summarised (Table 27). The
guidance offered here is based on the aforementioned knowledge gaps.
Table 27 Summary of future directions for NBS research and practice

Area
Actions and impacts

Indicators

Research or practice direction
Assess the synergies and trade-offs of NBS for specific objectives within and across climate
resilience challenges. Take note of the full range of synergies and trade-offs across socioeconomic, socio-cultural, climate, biodiversity and ecosystem domains using both
ecosystem service assessments and other forms of environmental and social science
enquiry.
Identify and assess the co-benefits and costs of NBS within and across climate resilience
challenges, also taking into account of the inter-relationships between elements of the
socio-economic, socio-cultural, biodiversity and ecosystems. This includes elements of
inter-economic partnership between economy and biocultural diversity, intercultural
partnership between biocultural diversity and ecology, interspecies partnership between
ecology and social justice and social cohesion and inter-generational partnership between
justice/cohesion and economy (see Williams and Brown, 2012 for further information).
Model and quantify the potential for positive and negative NBS impacts within and across
challenge sets, and across different temporal and geographic scales, including how their
effectiveness changes over time.
Focus on the co-production of NBS to move beyond a narrow understanding of the
instrumental benefits of the ecosystem for human well-being to a more holistic
understanding of the role of NBS in restoring and managing elements of socio-ecological
systems.
Develop, together with the NBS plan, an adaptable management strategy which takes into
account the changes over time of the implemented NBS, the society and the urban
ecosystem.
Make a socio-spatial assessment of residents who benefit the most and the least from NBS
projects to address possible unforeseen or unexpected disservices, also considering social
exclusion or inequalities.
Assess the relevance and sensitivity of indicators across geographic scales in order to
inform the upscaling of NBS.
Develop multi-metric indicators able to assess the potential impact and co-benefits of NBS
on multiple challenges either from the quantitative and/or qualitative perspective possibly
to be also used as proxies for overall change in resilience (environmental, social and
economic).
Where NBS integrate natural and artificial tools, develop indicators of how the living
component contributes to enhance the function and resilience of the built systems and
vice versa.
Undertake longitudinal studies in order to assess the internal and external validity of
indicators across time, and their reliability in the face of different socio-ecological
pressures, such as climate change and migration.
Where possible adopt standardised indicators per unit of space and/or unit of time which
can be easily compared among different projects and different case studies, as well as
being used to up-scale impacts over wider areas and/or different time scales.
Combine indicator systems, whenever possible, to map and assess co-benefits of NBS
projects.
Consider combining qualitative indicators with quantitative indicators to assess trade-offs
across challenges of NBS projects.
Consider elements of quantity and quality in NBS assessments by drawing upon both
exploratory and explanatory indicators. Consider the external validity of indicators across
climate resilience challenges and cross-cultural contexts.
Identify the relation between thresholds imposed by legislation and regulations and the
performance of indicators related to NBS development projects.
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Methods

Governance,
communication and
engagement

Develop new modelling techniques for assessing the projected impacts of NBS across
different challenge scenarios, and across time.
Create models able to predict the status of NBS and their expected impacts in the future
(long-term) taking into account also the changes of the surrounding environment.
Develop new methods to bridge qualitative and quantitative indicators and their valuation
that can be transferable across different urban contexts.
Develop new connectivity analysis techniques to understand how NBS contribute to the
conservation and enhancement of existing, modified and new natural areas.
Employ interdisciplinary, mixed-methods research designs to explore and explain NBS
impacts within and across climate resilience challenges.
Using the urban-rural gradient as a unique tool to test NBS implementation across different
environmental, socio-cultural conditions, as well as to test their effectiveness on improving
the initial degraded status.
Develop new participatory planning and governance processes in order to engage multiple
stakeholders in NBS assessment and to weave multiple types and systems of knowledge
into NBS assessments.
Develop new participatory planning and governance processes to bring to the surface
perceptions, values and elements of ecological memory that can enable the creation of a
sense of place through a NBS project in neighbourhoods and city areas.
Create multi-stakeholder international networks on NBS planning and implementation with
the scope of transferring successful approaches from one country to another or from one
case study to a wider community.
Develop new education and learning initiatives for promoting literacy about NBS impacts
and climate resilience among citizens.
Introduce specific thresholds in international or national legislation about the requested
investment in NBS for climate resilience in urban areas.

Conclusions
The following conclusions can be drawn from this report:
1) Each climate resilience challenge area can be addressed by multiple individual actions, and
indicators can be used to assess the effectiveness of individual actions in addressing each climate
resilience challenge. However, there is potential for interactions between NBS actions which
require consideration in NBS assessments;
2) Indicators for assessing specific types of NBS impacts can be relevant to multiple climate resilience
challenges. It is, therefore, important to assess the impacts of NBS across aspects of multiple
systems, including socio-economic, socio-cultural and ecosystems, although geographic and
temporal scale may be relevant to the interactions;
3) The applicability of indicators can vary across geographic scales, highlighting the importance of
considering regional, metropolitan, urban, street/neighbourhood and building impacts separately;
4) There is a need for assessing the impacts of NBS over the short, medium and long-term, and thus
mechanisms are needed for monitoring NBS effectiveness beyond the end of the project;
5) Synergies and trade-offs can be associated with NBS impacts, including across elements of the
ecosystem and socio-cultural system. NBS impacts are, therefore, likely to be multi-directional and
complex;
6) Investment in NBS can maximize the benefits for provision of environmental, socio-cultural and
economic services if multiple challenge areas are considered concurrently and the different
stakeholders are involved in the planning and implementation process.
Each of these elements needs to be considered prior to implementing NBS in relation to the specific
challenges of the area under investigation and in addition to the evaluation stage.
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Furthermore, important areas for future research and practice have been identified. The geographic and
temporal dimensions of NBS impacts remain poorly considered in the peer-reviewed and grey literature
and are important directions for future research. While substantial attention has been dedicated to
assessing the environmental impacts of NBS, little research and practice has assessed the potential for cobenefits, synergies and trade-offs across elements of the socio-cultural and socio-economic systems and
ecosystems, as well across different attributes of biodiversity and climate. Interdisciplinary techniques are,
therefore, required to address these gaps. Co-benefit assessments will require the development of new
tools for assessing synergies and trade-offs outside of the ecosystem services domain, and a commitment
to managing ecological and social complexity by drawing on knowledge co-production processes that
engage multiple types and systems of knowledge.
Despite this report mainly addressing the issue of evaluating the effectiveness of NBS, the importance of
including the concept of NBS in the strategic and planning documents at the international, national or
regional level is strongly recognized. By adopting an appropriate strategy for NBS, different targets could be
set up, first for promoting the use of NBS across Europe and afterwards for their implementation via
existing legal, policy and financial instruments.
In fact, how to integrate NBS impact assessment with NBS implementation remains another important
research gap. Impact assessment and implementation have traditionally occurred separately, but coproduction processes are needed for bridging these two fields. This may involve considering the specific
types of capitals (e.g., natural, built, financial), capabilities and agency that are required to implement
specific types of NBS alongside the environmental, social and economic co-benefits of NBS.
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Appendix 1 – Summary of the Types of Indicators and Methods to Consider in NBS Impact Assessments

House

Short

•

•

•

•

• •

CEA Number of jobs created from public •
employment records, number of jobs in specific
sectors
Nutrient abatement, abatement of Environmental
% of mass removal
(laboratory) experiment measuring of water •
pollutants
(physical)
quality, estimation of biomass/abatement
capacity across different vegetation types)
Estimation of biomass across different vegetation
types)
Reduced energy demand for
Environmental
CO2 emissions reduced With reference to a base line situation, the energy •
heating and cooling
(chemical) benefit
not consumed can be accounted for as a
reduction of CO2 emissions

•

•

Ch 5

Reduced energy demand for
heating and cooling

€ /kwh

Ch 10

Jobs created

Ch 1

Economic
(Monetary)
Economic (Nonmonetary)

Net carbon sequestration by urban Environmental
forests (including GHG emissions
(chemical)
from maintenance activities)

Number of jobs

t C per ha

-1
/year

Numerical methods calculating or estimating the
interactions between vegetation and pollutants at
the micro scale allometric equations that predict
vegetation growth, Forest Inventory Analysis
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•

•
•
<

•

• •
•

Long

Street

•

Cost of sewerage
treatment by volume
(€/m3)

Medium

Urban

•

Economic benefit of reduction of
Economic
stormwater to be treated in public (Monetary)
sewerage system

Ch 5

Temporal
scale

Geographic Scale

CBA: the avoided cost of run – off water in the •
sewerage treatment system can be used as one
benefit created by the measure in a CBA (Xiao and
Mc Pherson 2002; Soares et al. 2011; Deng et al.
2013))
With reference to a base line situation, the costs •
of energy not consumed (= saved) is accounted
for as a benefit

Ch 2

Ch 2

Examples of method(s) of assessment for
indicator

Metropolitan

Type of indicator Unit of measurement
(which determines
the way it can be
used for
assessments)

Region

Challenge

Indicator description

•

•

• •
<

•

•

House

Street

Urban

•

Long

“Tiwary method”, map air purification using •
spatially-explicit data on ecosystems types and
characteristics (particularly LAI), and pollution
distribution, Forest Inventory Analysis

Medium

Temporal
scale

Geographic Scale

Short

Examples of method(s) of assessment for
indicator

Metropolitan

Type of indicator Unit of measurement
(which determines
the way it can be
used for
assessments)

Region

Challenge

Indicator description

<

•

•

Ch 5

Annual amount of pollutants
captured and removed by
vegetation

Environmental
(chemical)

Ch 2

Increased evapotranspiration

Environmental
(physical)
Environmental
(physical)

ET

Estimation based of coefficients for plant types

•

•

•

•

min. and max C° / day

Measurement (modelling) of day and night mean •
max and min. temperatures, with respect to
baseline values

•

•

•

•

•

Ch 1, 2 Heatwave risks

Environmental
(physical)

persons / ha

Number of persons living in areas with x of days •
above threshold day and night temperatures.
Temperature thresholds defining risk are slightly
varying across regions; source: local health
information systems

•

•

•

<

•

Ch1, 3, Temperature
6

Environmental
(physical)

(Changes) in mean and Measurements
daily min and max
temperatures (°C)
mm/h
Surface and extent of flooded areas, analysis of
soil and vegetation characteristics
Qualitative or €
Mapping of user values using qualitative surveys •
on user preferences or contingent valuation

<

•

<

•

Ch 1, 2 Temperature reduction in urban
areas

Ch 2

infiltration capacities

Ch 2

Environmental
(physical)
User values attached to green/blue Social (benefits)
areas
(qualitative or
monetized)

Ch 6

Index of biodiversity

Environmental
(biological)

Ch 4

Number of users and public
awareness

Social (benefits)

€, n of visitors/year

•

•
•
•

•

•

•

Document and analysis of the best replicable •
practice of NBS with multidisciplinary teams,
LIDAR, spatial analysis and ES mapping

•

•

•

•

Contingent valuation method, , travel cost,
counting visitors, qualitative approaches

•

•
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•

•

Ch 4

% of accessible public green space Social (benefits)
per capita

Ch 4, 6 % of citizens living within a given
distance from accessible public
green space

Social (benefits)

m2/person

GIS mapping and analysis, including nearest
neighbour analysis

persons

GIS mapping using network analysis in order to •
take into account existing barriers and access
ways, statistics,

Ch 8, 3 The availability and distribution of Social (benefits)
different types of parks and/or
ecosystem services with respect to
specific individual or household
socioeconomic profiles and
landscape design

e.g. mean distance (or Statistics GIS, definition of criteria for park types
time to reach) parks per index for spatial distribution, network analysis
inhabitant,.
using GIS for assessing accessibility of parks

Ch 8

No of cases / year

Statistics and perceived levels of crime and safety.

Ch 7, 8 Being able to participate effectively Social
in political choices that govern
(physiological)
one’s life, including indicators on
level and quality of public
participation in environmental
management

Number of
connection/threshold
for the definition of
sufficient levels of
connections

Actor-Network Analysis to better understanding •
how different stakeholders can bias management
towards certain ecosystem services

Ch 8

Number of
connection/threshold
for the definition of
sufficient levels of
connections

Network analysis, survey, questionnaires and
interviews, sampling

Security against violent assault,
including indicators of crime by
time of day

Structural aspects - family and
friendship ties

Social
(physiological)

Social
(physiological)
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•
•

•
•

•

•
•

•

•

•

•

•

•

•

•

•

•

<

•

•

Long

House

Street

Urban

Medium

Temporal
scale

Geographic Scale

Short

Examples of method(s) of assessment for
indicator

Metropolitan

Type of indicator Unit of measurement
(which determines
the way it can be
used for
assessments)

Region

Challenge

Indicator description

Temporal
scale

<

•

•

<

•

Number of deaths per Assessing effects of nature experiences through
1000 individuals per
assignment of participants to particular exercises
(walk in nature for a certain time) followed by
year
psychological assessments and assessments of
affective and cognitive functioning

•

<

•

Number of deaths per Composite tools for measuring health and
1000 individuals per
detailed psychometric testing
year; morbidity scores

•

<

•

Increase in number and percentage Social
of people being physically active
(physiological,
((min. 30 min 3 times per week)
benefits)

Days with physical
activity (n)

Ch 9

Reduced percentage of obese
people and children,

Social
(physiological,
benefits)

%

Ch 9

Reduction in overall mortality and
increased lifespan

Social
(physiological,
benefits)

Ch 9

Reduction in number of
cardiovascular morbidity and
mortality events

Social
(physiological,
benefits)

< in some cases the indicator and/or method can be applied at this scale
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House

•

Ch 9

Measured through repeated salivary and/or hair
cortisol sampling assessing effects of nature
experiences through assignment of participants to
particular exercises (walk in nature for a certain
time) followed by psychological assessments and
assessments of affective and cognitive functioning
Questionnaires to ask for the number of days on
which physical activity (of sufficient exertion to
raise breathing rate) reached or exceeded 30 min
(e.g. over the past 4 weeks) (self reporting)
Baseline needed for rate of obesity in
population/eventually: reference to median city
/regional /national percentage

Street

•

Chronic stress and stress-related
Cortisol slope and Social (physiological,
diseases as shown in cortisol levels average cortisol benefits)
levels

Urban

<

Ch 9

Metropolitan

Medium

Geographic Scale

•

Long

Examples of method(s) of assessment for
indicator

Short

Type of indicator Unit of measurement
(which determines
the way it can be
used for
assessments)

Region

Challenge

Indicator description
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