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ABSTRACT

Nature-Based Solutions (NBS) has come out as a plausible solution to issues linked with
environment and sustainable development while also yielding multiple benefits to the society.
Nonetheless, the application of NBS in the urban context is faced with some capacities with the
big issue of resource deployment. In this paper, a systematic and integrated MCDA model is
presented to support the identification of suitable strategies for promoting NBS projects in urban
context.

We conducted EI qualifying interviews (n=40), administered an online survey (n=1500), and
applied complex statistical analyses to define and assess different criteria affecting NBSs’
resource choices. Some of the criteria that need to be met include Climate adaptation,
Biodiversity, water, health, stakeholder, cost of implementation, and cost of future management.
Our studies employ samples gathered from various geographic areas, and, thus, cover various
urban environments to attain generalisability of the results.

Comparing the country’s urban settings, the research establishes stark contrasts in NBS
performance, affirming the value of tailored resource distribution approaches. We propose three
main resource allocation scenarios: In reference to climate, balanced, and cost consumption
strategies. In the following, each scenario is described in detail regarding the advantages it
provides and the trade-offs that come with it; this way, decision-makers can ensure that NBS
investments are made based on the local context.

From our results, it can be deduced that the green areas and SUDs offer the overall advantages
and entail the benefit cost ratios of 2. 9 and 3. 2 respectively. However, due to the differences in
local conditions as well as priorities, there exist differences in the kind of NBS types that need to
be integrated at optimal level. The study also finds that there are certain delicate tipping points
below/in which marginal changes in the performance scores or the criteria weights may greatly
affect the optimal distribution and thus stresses the necessity for proper evaluation and
consultation toward the planning of NBS.

The MCDA framework’s results indicate the overall utilization, cost, and impact patterns, and
sensitivity analyses and Monte Carlo simulations show their reliability while exposing sections
requiring further study. From our analysis, we can deduce that there is a need to adopt adaptive
management strategies and perform frequent reviews of the NBS portfolios to increase the
chances of attaining sustainable outcomes in the compound effect of climate change and an ever-
changing urban environment.

This research benefits both academic development of the theory of environmental decisions and
the provision of effective usage strategies for urban planners and policymakers. Thus, the results
of the study can help to improve the efficiency of urban greening through the more systematic
approach to NBS resource utilisation that would ultimately lead to the creation of the more
resilient, livable, and sustainable urban environments applying the principles of Nature-Based
Solutions.
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1. BACKGROUND AND RATIONALE INTRODUCTION

Nature-Based Solutions (NBS) are the concept that has been proposed to deal with numerous
complex environmental issues while positively impacting the society and economy. Such solutions
utilise natural occurrence to address challenges like climate change adaptation, loss of bio-
diversity and proper urban development. As the global population becomes more conscious of
environmental issues, NBS are becoming more appreciated as efficient and more economical than
engineered solutions.

NBS constitutes virtually any form of action, in other words, it ranges from green areas in cities,
SUDS and other green infrastructures, natural capital including large-scale restoration of
ecosystems. These solutions always demand a large amount of resources and fund to implement
and sustain, implying that adequate management of human, financial and material resources is
an important element of these solutions and henceforth the implementation of effective solutions.

The roots of NBS can be dated back to the early part of the 2000s, however it generally became
popular in the 2010s. IUCN and the European Commission have had central roles to play in the
practice and setting up of NBS. According to the [IUCN, NBS can be described as measures that
support the conservation of ecosystems, their restoration and maintenance, their effective
management so as to deal with social needs and meet them in a sustainable manner focusing on
the optimization of both human well-being, and that of the biological community.

Thus, NBS are based on or developed from similar notions like ecosystem-based adaptation,
green infrastructure, and ecological engineering. These approaches have a feature of handling
issues with the approach of nature instead of combating it with regard to environmental and
societal issues. Another benefit closely related to the mentioned one is that NBS is often
considered multifunctional as these solutions are able to deliver multiple integrate co-products
apart from being aimed at a specific use.

Examples of NBS include

I. Urban green spaces
Green duties for new developments that ensure the sustainable urban planning in tackling effects
of urban heat island, quality of air, and richness of biological diversity.

Il. Wetland restoration
Restoration of degraded wetlands for increased water quality, decrease flood hazard and to
enhance features for wildlife.

I11. Coastal ecosystem management

Creation and recreation of Mangrove, Salt marshes, coral reef ecosystems to reduce vulnerability
of coastlines of storms and storm surges while at the same time boosting marine ecosystem
function.

N



PTIMIZING RE RCE ALLOCATION FOR NATURE-BASED LUTI

IV. Agroforestry
Grow trees on agricultural lands so that ecosystems have improved capability to maintain
organic matter, bumper harvests, and CO 2 storage.

V. River restoration
Restoring channelized rivers for enhancing the qualities of flood control, water quality, and
aquatic habitats.

NBS implementation has really grown over the years with the acknowledgment of numerous
successful projects which have successfully addressed environmental issues. For example, the
“Sponge City” plan in China to prevent urban floods and water shortage relying on wider NBS
usage including permeable pavement, rain gardens, constructed wetlands. In Europe, the research
project called NATURVATION of the Horizon 2020 program has collected and described more
than one thousand cases of NBS in 100 cities of the continent, which is evidence of the versatility
and effectiveness of the approach.

Nevertheless, despite their effectiveness, the broad implementation of NBS is confronted with
some issues. They are limited awareness to the decision-makers about these methods, relatively
higher performance variability as compared to traditional solutions, and challenges in properly
estimating and putting a dollar sign on most of these advantages. Also, as a result, the actual
application of NBS typically involves addressing multiple sectors and disciplines, the functioning
of which within the framework of a particular institution can be far from unified.

Probably, the major issue on the implementation of NBS is on the aspect of resource allocation.
To obtain their funding, NBS projects frequently bid for money, which may be scarce, against
conventional infrastructure constructions and other environ-mental programmes. Mainly, it
supplements the resource allocation decisions exhausted by the cost-benefit analysis methods due
to the multiple objectives of NBS and the variety of their beneficiaries.

1.2 PROBLEM STATEMENT

And this is where the problem of modern trends in multiple NBs and their implementation
appears, the absence of a systematic approach to the distribution of resources for such projects.
Managers leading organizations and project may encounter difficulties in achieving different
goals for instance the environmental efficiency, the cost and the social attractiveness. Due to the
nature of NBS projects and the time and money constraint and other competing projects
priorities, the author provides a framework for decision making.

Utilised approaches to resource allocation for NBS projects rarely provide a clear and
hierarchically organised structure that would include multiple criteria and multiple stakeholders’
viewpoints. This gap may result in unsuitable decisions, poor project performance and reduced
possibility of optimization of the advantages of NBS interventions.Thus, resource allocation in
NBS projects is a complex issue consisting of several significant issues.

N
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I. Multidimensionality of benefits

NBS frequently deliver several ecosystem services and social values that are usually hard to
measure and thus possibly overemphasizing certain aspects. For instance, an urban forest project
may be effective in activities such as storing carbon, purifying the air, boosting the wildlife
variety and people’s health. The fact that resources needs to be applied across these various
benefit dimensions is not very clear.

Il. Temporal dynamics

The benefits of NBS may be distributed in various time horizons of the production process and
related to various types of costs. Thus, the positive effects, for example, on the appearance of the
area, occur in the short term, and the effects on the number of species or the stability of the
climate may occur in the long term — in years, let alone decades. This temporal aspect makes the
comparison of different options of NBS and the distribution of resources for receiving short-term
and long-term benefits more challenging.

I11. Spatial considerations

There are often regional differences in the efficiency and positive impact of NBS. For instance,
where a green infrastructure project is located will affect the impact it has on people and
communities; the impact may vary a lot when the project is situated in a central business district
as compared to a suburban neighborhood. As it is seen, spatial variations should be taken
seriously into account while making resource allocation decisions regarding the projects as well as
their outcomes.

IV. Stakeholder diversity

This implies that the NBS projects can have so many people with interest but different objectives
in the project. Such facilities may be from the native residents, conservation groups, state
departments, and firms in the private domain. Thus, it is indeed a delicate task to consider these
different views when dealing with allocation of resources.

V. Uncertainty and risk

The ability of NBS to perform can also be influenced by some uncertainties such as the effects of
climate change, the prevailing ecosystem states as well as the social attitude. The allocation
process of resources has to consider such a situation and embrace risk analysis plans.

VI. Integration with existing infrastructure

Quite often, NBS have to be incorporated into grey infrastructure or urban systems if these exist.
Combing and deciding the right proportion of how much investment to put in NBS and the
conventional solutions also poses another challenge.
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VII. Limited empirical data

General, the strength of evidence for NBS is increasing as the system develops, but most notable
is the actual quantitative long-term outcomes and costs in many of the interventions included in
its framework. Lack of sufficient data in regards to outcomes may cause problems in explaining
precedents for resource distribution against high-profile traditional alternatives.

VI1I1. Funding mechanisms

NBS is frequently a multisectoral concept, and the multiple and varied advantages of NBS make
strategic targeting and the combination of various sources of funding difficult. Finding new ways
to fund NBS so as to recover the total cost, which has remain another key a challenge.

Based on the above challenges, it is clearly evident that more procedural and systematic planning
is required in the management of resources in NBS projects. Specifically, Multi-Criteria Decision
Analysis (MCDA) can be considered as one of the suitable approaches which allows to provide a
comprehensive decision-making framework and take into account multiple objectives,
stakeholder’s preferences, and uncertainties.

1.3 RESEARCH OBJECTIVES

The main objective of this research is to design and implement a MCDA framework to
operationalize the decision-making for NbS investments. This research seeks to address the
following objectives:This research seeks to address the following objectives:

Determine objectives and important success factors

The most critical criteria and indicators determining the allocation of resources in NBS projects
will be revealed through a literature review and analysis of cases. It is expected that these criteria
will cut across the various facets which include environmental, economical, social, and technical
facets. In turn, these criteria will be prioritized based on the feedback from stakeholders and
consultations with NBs experts regarding the relevance of each criterion for different NBS cases.

Prescribe a detailed MCDA framework

Therefore, this research will advance MCDA methodologies used in addressing NBS
interventions by designing and implementing an appropriate framework. This framework will
also integrate ways of addressing the multiple dimensions of the benefits of NBS, temporal issues,
spatial analysis, and the existence of probabilities as shown in (Figure 2). This framework should
be easily generalized to other forms of NBS projects and other decision-making situations.

Applying the framework to case scenarios

As mentioned earlier, to prove the effectiveness of the developed MCDA framework, it will be
employed for the set of NBS scenarios or real-world example.
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This application will therefore entail the gathering of various forms of information related to the
different NBS options a given country may undertake, its implications, cost and other related
factors. The case studies will be chosen in such a way that they cover the main types and levels of
NBS, and their geographic contexts.

Perform the sensitivity and the scenario analysis

This resource will also entail the sensitivity analysis with the aim of investigating the changes that
may occur in the criteria weights, the parameters of projects and other inputs on the outcomes of
resource allocation. This will assist in establishing influence levels on the decisions and the
reliability of the allocation decisions. Moreover, the concept of scenario analysis will be used to
define how the future conditions can affect the rationale decision on resource allocation (e.g.,
climate change scenarios and funding availability).

Develop decision support tools

From the perspective of MCDA and culled from the analysis of the cases, the study will outline
policy guidelines and realise decision-aiding instruments for the promotion of NBS by NBS
practitioners. Such tools can consist of software applications, decision matrices, or even MCDA
guidebooks that can help the decision makers while applying the MCDA approach in real life
NBS planning and management.

Evaluate stakeholder perspectives

The study will involve the consultation of stakeholders in the study so as to obtain information
regarding the relevance and appropriateness of the MCDA approach. This evaluation will
involve perceptions from various subgroups of stakeholders like urban planners, environmental
managers, policymakers, and the community. The two stakeholder groups’ views will be
employed to enhance MCDA and related tools and methods.

Analyse complementarity with other approaches to decision making

Although this study will be centered on MCDA, it will also explore how the developed
framework can extend or interface with other decision-making methodologies applied in
environmental management and urban planning. This may entail linking with the ecosystem
services valuation, with the participatory planning processes or with adaptive management.

Assess scalability and transferability

The study will also explore the applicability of the developed MCDA approach from the project
level to the programme level or policy level. It will also evaluate the generalisability of the
framework across geographical, cultural, or institutional contexts conducive in determining
vulnerable populations in various areas.

N
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1.4 SIGNIFICANCE OF THE STUDY

In the following way, this research enriches the theoretical knowledge and the practical
application of Nature-Based Solutions:

Methodological Advancement

With this study, a coherent MCDA framework for NBS resource allocation has been created thus
filling the gap of decision-making theory in relation to environmental management practices. It
moves the research field forward by modifying and improving MCDA approaches for
applicability to the much broader context of NBS projects that are multi-functional and have
longer-term consequences. Thus, the methodological contribution discussed herein can be further
developed to help advance the contemporary line of research focused on environmental decision-
making and Sustainable Resource Management.

Enhanced Decision-Making

The predicted framework will equip the decision makers with a strengthened capacity to make
better, clear, evidence-based, and defendable resource allocation decisions to support NBS
projects. As the MCDA approach dependently integrates two or more criteria together with the
consideration of various stakeholders’ interest, it can ease the issues associated with the single
criterion decision models. This social enhancement in the decision-making processes can result in
better and conventional implementations of NBS.

Improved Resource Efficiency

Logical resource management means that money and resources can be well-spent promoting
more efficient use of a constrained resource base that will allow more projects to be conducted
under the banner of NBS. Thus, this research can be useful for decision-makers to understand
which NBS interventions will have the highest impact in the context of available funding. This
increase in efficiency is especially valuable because of the hikes in demands for environmental
solutions and because such schemes rarely come with a large budget.

Policy Implications

The given work can become a basis for policy decisions to develop better integrated and efficient
guidelines and action plans for NBS at different levels. Thus, the presented research can
contribute to the formulation of policies in relation to NBS integration into urban development
strategies, climate change mitigation, and sustainability when presenting a complex significant
and less significant factors affecting the effectiveness of various NBS options. Drawing from the
study, ideas could be obtained that will enable improvement on how funding and incentive for
NBS projects can be formulated.

N
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Contribution to Sustainability Goals

In this context, this research indirectly supports multiple sustainability goals related to climate
change, bio-diversity, and sustainable urbanism since it contributes to enhancing efficiency for
funding the resources of NBS procedures. The efficient use of NBS can increase the volumes and
quality of ecosystems, the efficiency of urbanization, and contribute to the SDGs. Thus, these
alignments with global sustainability themes suggest the broader societal contribution capabilities
of the research.

Interdisciplinary Integration

What this research has shown is the importance of cross disciplinary approach that combines
methods from decision sciences with concepts in environmental management hence championing
more cross disciplinary research in this field. Thus, the integration of these fields can help the
research align specialists who work in ecology, urbanism, economics, and decision-making. This
makes interdisciplinary work important in solving the multifaceted problems that arise in the
context of NBS implementation.

Practical Tools for Practitioners

Targeted at NBS practitioners, urban planners, and environmental managers, the decision
supports tools developed from the MCDA framework offer actual and valuable instruments.
These tools can help in transferring academic ideas on NBS planning and resource allocation to
reality by narrowing the existing gap between theory and practice.

Extension of Knowledge of NBS

Therefore, through its consideration of the criteria of NBS and evaluation of these in the context
of case studies, this research offers to increase the understanding in the area of NBS performance
and organisational implementation issues. The facts obtained from the study may contribute to
the existing disruption in the comparison of the comparative advantages of diverse forms of
NBSs and their effectiveness in different circumstances.

Stakeholder Engagement and Participation

Concerning the engagement of stakeholders’ opinion on MCDA, the research argues that the
consideration of people’s attitude towards environment increases the chances of embracing
people friendly approaches to environmental decision making. Such a focus on stakeholders can
encourage better and more suitable for the context, socially acceptable implementations of NBSs
— thus enhancing the interventions’ likelihood for long-term success and effectiveness.

N
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Adaptive Management Support

These are the strength of this study: There is a lot of value for the sensitivity and the scenario
analysis for the management of the NBS projects. Realising that different factors affect the
resource distribution, the decision-makers can modify their tactics in response to various
conditions or in light of new information, hence extending the strength of NBS interventions in
the long run.

Scalability of NBS Initiatives

That is why this research can contribute to scaling up the solutions from the level of individual
projects to large scale programs and strategies at the city level. Each of the stylized NBS options
may lend itself to systematic appraisal and ranking, thereby providing more holistic approaches
incorporated into environmental management at larger scales.

Another important aspect is the added economic value from the delivered benefits of NBS which
are hindered by the generalized approach to their assessment. Although not aimed at it, this
paper makes a contribution to the continuous process of refining the multiple value estimates of
NBS. It can therefore be seen that MCDA can enhance the economic valuation technique
because it offers a method of structuring quantitative and qualitative benefits within the decision-
making matrix.

Risk Management in NBS Projects

The identification of uncertainties and risks towards the MCDA framework fosters the
mitigation of prospects of the challenges in the implementation of NBS. This aspect of the study
is especially beneficial as many NBS activities take place within long-spanning projects, and the
outcomes of which depend on climate change.

Educational Value

This study has a pedagogical value as it embraces all the steps from the theoretical background
construction to the practical realization, and it can be suggested that students and professionals
in the field of environmental management, urban planning, and other related spheres can learn a
lot from it. The presented research may be used in the development of the case studies for
graduate courses that focus on the application of the decision-making sophisticated approaches
in sustainability fields.

In this context, this research will make a positive contribution to planning, execution, and
outcomes of Nature-Based Solutions by incorporating the findings on the above-discussed
aspects into the management of the environment.

N
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The findings of the study based on its multifaceted contribution expose the potential of the study
to transform multiple facets of future research discussions within scholarly fields and a range of
practical applications within the ascending field of Nature-Based Solutions.

2. LITERATURE REVIEW

2.1 Nature-Based Solutions (NBS)

Nature-Based Solutions or NBS have long become a promising concept in environmental
management and sustainable development, which seeks to offer new solutions to emerging
societal problems, related to the improvement of the wellbeing of communities and protection of
ecosystems simultaneously. NBS is based on the idea that natural processes if properly restored
and sustained can offer efficient and diverse solutions to a large number of environmental, social
and economic challenges.

According to the Europe Commission which is one the pioneer in propagating as well as using
NBS, these solutions are referred to as those derived from and influenced by nature and are
relatively low cost; which solve social, economic and ecological problems; as well as help in
constructing resilience. This definition at the same time touches on the recommendations
pointing to the fact that NBS can serve more than one societal need at the same time while also
stressing on the cost benefits of using NBS compared to traditional engineered solutions.

The International Union for Conservation of Nature (IUCN) provides another definition of
NBS; as activities that enhance the protection, restoration and proper management of ecosystems
that are natural or modified and can address all the societal issues in an efficient and sustainable
manner while at the same time supports human well-being as well as that of the ecosystem. This
definition also accentuates the aspect of ecosystem management and or restoration as a core
component of the NBS concept in a way that answers or addresses the broader aims of
conservation and sustainability.

NBS conceptual frameworks are based on the following theoretical fields: ecology, environmental
science, SES, and sustainability science. They note that the idea links, and expands on multiple
related strategies including ecosystem based adaptation, green infrastructure, and ecological
engineering. The very coursework of the NBS thus helps connect the dots between conserving the
environment and sustainable development and thus equips one with multi-disciplinary ways of
tackling problems affecting society.

N
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Eggermont et al. (2015) offer a classification of NBS that is grouped according to the degree of
engineering and management incorporated into them. This typology includes three main
categories: Type 1 solutions promote limited intervention with ecosystems, with the aim of
protecting and preserving existing natural habitats; Type 2 solutions include NBS for
sustainability and functionality of artificially managed ecosystems, including agroforestry and
SuDS; and Type 3 solutions are a deliberate creation of new ecosystems mainly, in areas with
secondary succession and urbanization.

Ecosystem services concept represents a theoretical basis of NBS and it involves a systematic
approach of organizing and estimating an array of resources that people obtain from ecological
systems. It is a key task for measuring and reporting on multiple NBS advantages and for
building sound assessment methods. The ecosystem services framework helps in using ecological,
social, and economic components into the planning and execution of NBS, which in turns aids in
the assessment of some of the possible effects and/or costs associated with these strategies.

Another typology that defines priorities for further research on the co-benefits of NBS is
presented by Raymond et al. (2017), who have outlined ten challenge areas that can be solved by
implementing such solutions. Some of these areas include; Climate change, water, coastlines,
greenspace, air, Cities renewal, inclusion and engagement, equity and inclusion, Health and Well
being, and Economic potential and green workforce. This framework shows that NBS can play a
role in practically all fields of sustainable development and in building resilience.

Thus, the idea of NBS has received a lot of attention in political discourse especially in relation to
strategies on tackling climate change. NBS has been championed by the EU with the stakeholder
including the concept in its research and innovation governance architecture. For example, the
Horizon 2020 program has made extensive provisions for funding the NBS research and
demonstration projects for establishing a conclusive efficacy and guidelines.

Nevertheless, the advancement in the concept of NBS has not come without criticism. A few
writers urge NBS to constantly avoid the danger of turning into a popularity phenomenon in the
absence of the appropriate definitions and principles. Thus, there is the need to incorporate more
scientific methods in approaching the implementation and evaluation of NBS in order to prove
their reliability and efficiency. Also, there is the criticism that with poor NBS implementations,
they can be a tool for green washing; in other words, an insincere effort to make a project
environmentally-friendly when in fact this may not be the case at all.

It is clear that the concept of NBS continues to progress, and therefore the need for further
investigation in order to strengthen the NBS theory, establish a detailed and effective
implementation tool for evaluation, and resolve the issues related to NBS implementation. One
of the existing trends in the development of NBS is the focus on the need to define development
standards of NBS and the frameworks for their assessments as well as with the intention of
creating conditions for interdisciplinary collaboration that would allow for the full potential of
NBS solutions.

N
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2. 1.1 Definition and Concepts

As an approach, the conceptual framework of the Nature-Based- Solutions (NBS) is developed in
the context of the interdisciplinary approach that comprises ecology, environmental science,
social science, and engineering perspectives. the key goal of the NBS approach is to use the
capabilities of natural process for solving the societal problems and therefore, it presents a shift
from the engineered solutions towards the ecosystems’ based solutions.

This definition of NBS provided by the European Commission as “approaches to design,
implement, and manage solutions for challenges by Drawing on the cycles of nature, which are
more cost-effective, sustainable and contribute to social, economic as well as environmental
capital and help to build resistance” includes several major conceptual aspects. First of all,
biomimetic nature is stressed, which means that NBS-solutions are based on and coexist with
natural processes. Secondly, it emphasizes that NBS can provide many returns in various sectors,
although this idea is not new. Fifth and last, it provides a definition of resilience to suggest that
NBS are instruments that increase the adaptive potential of social-ecological systems.

The IUCN’s definition builds on the ecological factor of NBS more explicate, where they are
defined as “ actions that enhance, restore or properly manage natural or altered ecosystems in a
way that addresses human issues and needs adequately and progressively; while contributing
positively to both people’s welfare and species’ stability. ” This definition adds another reflection
of ecosystem restoration and active management as an essential factor in NBS while pointing out
the possibility of achieving co-b

It will be appropriate to note that the concepts that underlie NBS are very similar to the
ecosystem services approach, which is a systematized set of tools for recognizing the values that
people obtain from ecosystems. It is about this context, Potschin et al., (2016) pointed out that
the concept of ecosystem services is pediatrics to understanding NBS because it provides a metric
used to value the multiple societal gains from such interventions. This link to ecosystem services
is critical to establish proper methods of assessment and have NBS as part of other
environmental and economic management systems.

Another conceptual characteristic of NBS is the fact that various NBS are designed to be
multifunctional, unlike conventional single-opposed treatments. NBS are intended to solve the
interconnected social issues that require a range of methods to be applied simultaneously. This is
the case with NBS, which is used in various ways and for various purposes, including UH |
regulation, flood prevention, protection of biological diversity, and health improvement.

NBS is also associated with the idea of sustainability and resilience at its core. Kabisch et al.
(2016) also assert the potentials of NBS for achieving the three dimensions of sustainability and
promoting the sustainability of social-ecological systems to disturbance. Such an integrated
management approach to sustainability and resilience is especially important when the situation
is considered with the background of global change, when there is a growing understanding that
more adaptive and transformative solutions are needed.

N
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The NBS concept is also characterized by another significant concept of scalar flexibility that has
already been mentioned above. NBS can be implemented at different levels and from micro level
that is at the individual plot to macro level that is at the landscape level. This versatility means
that NBS can be easily included in a broad range of planning and management situations, from
city planning to the management of a region’s ecosystems. However, it also poses some problems
in the aspect of governance and management because ecological processes are often large and
may not correspond to administrative or political divisions.

The concept of NBS also encompasses some principles of social — ecological systems thinking,
which defines how people interact with the ecosystems. This systems perspective is also important
for analyzing the impacts of NBS interventions and potential secondary effects, as well as for
designing management strategies that can be adjusted according to the changes in ecosystem and
society.

The last essential concept is the participatory dimension of NBS where it is considered that the
focus should be made on the stakeholders and their inclusion in the development and application
of the given schemes. Based on the information above, Raymond et al. (2017) affirmative that for
NBS to be effective, they should be co-produced based on the needs of the local users. They have
not only the advantage of improving the implementation and contextually grounded impact of
NBS, but also the facilitation of social learning processes and capacity development.

Thus, the definition of NBS is still being discussed and it is not yet clear what exactly should be
considered as its part. There are authors who advocate for a more liberal definition which
includes such things as preservation of ecosystems all the way to technological applications in
nature. Some support a more specific definition that is based on the circumstances that involve
the use of ecosystem-based strategies. This element can be said to be both a programme strength
and limitation, seeing that the NBS approach holds this conceptual pliability in high regard as it
operates as both an advantage and a disadvantage of a specific programmes’ adaptability and
focused progression.

Summing up, the concept of NBS can be considered as a new paradigm that clearly differs from
traditionally used approaches to environmental management and sustainable development, and is
based on the integrated, synergistic approach taking into account the variety of factors and
functions of the analyzed subject. Originating from the principles of ecology, environmental
science, and social sciences, NBS can be described as the theory behind the search for solutions
that actively rebuild the disrupted interactions between human and the natural environment.
Thus, further research and discussions in the field are required to strengthen the theoretical
frameworks for NBS and to progress in examining their best practices in terms of planning,
assessment, and application.
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2. 1.2 Types of NBS

The various types of NBS underline the applicability of this concept when in solving a myriad of
environmental and social issues and in a variety of ecosystems. Hence, the typology developed by
Eggermont et al. (2015) can contribute to the classification of NBS by dividing them by the
amount of engineering and management activities. This typology includes three main categories:
This involves Type 1 where there is no or minimal interference with the ecosystem, Type 2 where
NBS are used in order to enhance the sustainability and multifunctionality of the managed
ecosystems and Type 3 which includes the design of new ecosystems that are sustainable.

Type 1 NBS involve the defense of the current status of natural and semi-natural habitats. These
solutions presuppose that natural, healthy ecosystems produce a vast number of ecosystem
services and improve the quality of life in society. Some of the Type 1 NBS include the following;
protection and governance of tenured protected areas, conservation of intact forests, pallet
preservation of wetlands and peat lands. Such interventions are not usually very proactive:
instead, the aim is generally to minimize loss and to preserve the natural conditions.

This is exactly due to the simple and amplified fact that the natural and least disturbed
ecosystems are normally the most effective and sustainable sources of ecosystem goods and
services. For example, when it comes to coastal protection, natural mangrove ecosystems provide
better services than broken or otherwise, adjusted equivalents. Spalding et al. (2014) established
that mangroves can decrease the wave’s energy by as much as 66% in a distance of 100 meters
through the mangrove forest, thus attributing to their role in coast protection. And, likewise, the
salvage of old-growth forests is useful for carbon storage and species preservation that are part of
climate change and ecosystem solutions.

Type 2 NBS include measures focused on the improvement of the sustainability and versatility of
the ecosystems being managed. These solutions mostly entail the integration of ecological
principles that seek to enhance the protection and supply of ecosystem services in already
managed land. Some of the Type 2 NBS are; agroforestry, sustainable urban drainage systems,
integrated coastal management, and rehabilitation of the damaged natural ecosystems.

One of the most outstanding examples of Type 11 NBS is Agroforestry; it involves the
establishment of trees and shrubs in agricultural area for increased production, production
diversification and provision of other ecosystem services. Torralba et al. (2016) revisited the
existing data on AE in Europe obtaining the meta-analysis of the AS that demonstrates the
higher level of biodiversity and landscape diversity than conventional agriculture and forestry
while having the same level of production. This would show how Type 2 NBS can act as a model
for achieving production and environmental conservation objectives.
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SUDS can also be taken as the example of Type 2 NBS for solving the urban water management
issues and mimic the natural processes of water flow. SUDs refer to bio/swales, permeable
pavements and rain gardens among which are methods aimed at minimizing off site discharge of
runoff, increasing water quality and species diversity within the built environment. These systems
are some of the characteristics of NBS that serve a multipurpose of flood management, water
quality management and urban heat island impacts together with producing amenities and urban
wildlife habitats.

Type 3 NBS relate to designing of new ecosystems and / or reestablishment of ecosystems in areas
subjected to extreme degree of alteration and or degradation. Such interventions are normally the
most complex in terms of engineering and managerial involvement, the goal being to design new
ecosystems that will be able to support the delivery of certain ecosystem services where conditions
are rather unfavourable. Some of the Type 3 NBS include green roof and walls, water treatment
through constructed wetlands, and artificial reefs.

Green roofs and green walls are Types 3 NBS innovation that introduce natural elements into the
urban setting; still, they provide stormwater management, urban heat island effect reduction, and
increased habitation for local biodiverse species. Interestedly, a sum up study by Berardi et al.,
(2014) supported most of the environmental benefits for green roofs whereby the construction
stated that green roofs would help in reducing energy use in buildings, combating the urban heat
island effect, and enhancing air quality. The cross-cutting nature of these interventions depicts
the ability of Type 3 NBS to solve complex urban sustainability problems concurrently.

Some of the segment application of ecological engineering principles in Type 3 NBS include
constructed wetlands for water treatment. These systems replicate the features of wetland systems
to enable the cleaning of wastewater at a much lower cost than a conventional water treatment
plant. Constructed wetlands for wastewater treatment were reviewed by Vymazal (2011) to
established the actuality of constructed wetlands in the elimination of premeditated pollutants as
well as for resource recuperation of biomass production and nutrient recycling.

On the same note, classification of the NBS types can also be done based on an ecosystem or the
landscape point of view. The European Environment Agency (2021) has elaborated a detailed
typology of NBS focusing on the primary role of NBS and the type of ecosystem it encompasses.
Some of the subcategories include; Urban NBS, coastal NBS, watershed and river basin NBS,
agricultural NBS and forest and mountain NBS.

Urban NBS refer to a broad area of practices and measures aimed at improving the sustainability
and adaptive capacity of the urban environment. They include green spaces and corridors, trees
in urban areas, vegetation on buildings, production of food and other crops within the urban
setting and sustainable systems of draining water in urban setting. Urban NBS practices have
emerged as a topic of interest in the context of the contemporary rush towards increasing the
density of developed and developing metropolises to counterbalance unfavorable microclimatic
phenomena and air quality impairments that take place at the urban level.
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Kabisch et al. (2016) performed a large-scale meta-analysis of UGIS interventions and
acknowledged their virtues in solving the number of issues related to urban sustainability. The
authors identified definitive research support regarding the physical activity, obesity, mental
health, and birth outcomes related to using urban green space. But at the same time, they found it
necessary for further research on the effect of NBS implementation and the greater city, including
the assessment of outcomes over time as well as the discovery of any exchange factors related to
comparison implementation in greater cities.

Coastal NBS mainly aims at the increase of the coastal environment and communities’ ability to
cope with and adapt to climate change and other negative influences. Such solutions as the
reestablishment of mangrove and salt marshes, coral reef establishment and the concept of living
shorelines. The opportunities in Coastal NBS are meant to help in challenges for example
flooding caused by sea-level rise, coastal erosion and storm surge protection.

Coastal habitats Narayan et al. (2016) also showed the global analysis of the cost of coastline
protection through costal habitats and identified that there is a cost benefit of 2 to 5 times
cheaper than submerged breakwaters for the wave height up to 0.5 meters. For example, this has
illustrated the ability of coastal NBS in terms of cost when compared with grey infrastructure
therefore showing that they could be broadly implemented in strategies for coastal management.

Watershed and river basin NBS include activities that focus on water quality management, flood
mitigation, and general the health of the watershed. The possible solutions towards this problem
include river restoration, floodplain restoration, natural water retention solutions and riparian
buffer strips. It will also be found that the provision of watershed NBS would need to occur on
the system scale as it encompasses all of the terrestrial systems and the aquatic systems within a
catchment.

Recently, Oral et al. (2020) gave a detailed account involving NBS for water management and
how they are capable of giving other services all at once. They stressed on interaction and
connectivity of the whole water phase when addressing NBS and the fact of incorporating
flexibility into the NBS management due to the dynamic nature of watersheds.

Agricultural NBS denote the improvements of performance of agricultural systems and their
sustainability and resilience. Some of these solutions are, agroforestry, conservation agriculture,
integrated pest management and permaculture. NBS particularly in the agricultural sector
contributes greatly in the management of problems such as soil erosion, loss of bio-diversity and
effects of climate change on agriculture.

Wesel et al. (2014) synthesized the concept and application of agroecology that posited it as ideal
source of NBS toward practicing sustainable agriculture. They highlighted the ideas of putting
into practice the culture of implementing ecological principles in managing agricultural practices
and the issues relating to farmers’ participation in operationalizing of sustainable farming
systems.

19



PTIMIZING RE RCE ALLOCATION FOR NATURE-BASED LUTI

Forest and mountain NBS can include such actions directed towards the improvement of the
ecosystem functions and services provided by forests and mountainous territories. These
solutions consist of afforestation and reforestation, the sustainable cutting and regeneration of
forests, and vegetative conservation of the land’s structure. Both forest and mountain based NBS
have multiple direct and indirect climate change related services including mitigation, adaptation,
and biodiversity conservation, water regulation, and protection of soils.

Griscom et al. (2017) estimated a configuration of natural climate solutions which included
forest-based interventions in terms of climate change mitigation. They discovered that, natural
climate solutions can offer 37 percent affordable CO2 decrease through 2030 to stand a >66%
probability of limiting temperature rise to 2°C, a study on the opportunities of FBS on global
environmental crisis found.

The nature of NBS that are implemented shows that this approach is flexible and can be used to
solve various environmental and social problems. But it has to be mentioned that specifying the
efficiency of different NBS types depends on the context and the ways of applying. The authors
Seddon et al., 2020 note that right intervention is the corner stone of right place and right way to
apply NBS. This goes a long way to support the need to develop and apply NBS based on
ecological, social and economic conditions of the particular region under consideration.

It is also essential to take into account possible and actual positive interactions and conflicts
between various types of NBS and ecosystem services and societal goods. For instance, contrary
to the potential benefits of urban green spaces for air quality enhancement for instance, the same
green spaces can also enhance processes of gentrification if well managed. Likewise, afforestation
initiatives intended for carbon storage can also harm the framework if undertaken with or
nonindigenous monocultures of plant life.

Besides, there can be issues related to the scale of various NBS types which might affect the
effectiveness of corresponding NBS types. Some of the NBS like urban green spaces may work to
a certain extent but to have a greater impact across the city, may require network level initiatives.
Some interventions, including the watershed management interventions, naturally call for a
broad-based strategy to work in the manner in which they are intended. The scalability of NBS is
therefore a double edged sword in as much as implementation and governance is concerned.

The temporal dimension can also be considered as one of the primary aspects in determining the
design and assessment of the NBS types. Most of the NBS, especially those, which imply the
restoration or creation of ecosystem, can reach their functioning potential in several years or even
decades. This time delay between implementation and benefits realization often creates
difficulties in project appraisal and increases potential-stakeholders’ resistance; wherein,
extensive monitoring and management solutions are advisable.
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2. 1. 3 Benefits and Challenges

Nature-Based Solutions (NBS) signify a multitude of potential benefits concerning multiple
angles, including the environmental, social, and economic ones. However, the use of SWOT
analysis’s various implementations also has the following main challenges. Such information is
important to enable the development of appropriate strategies and techniques towards the
successful realization of NBS projects.

Environmental Benefits

Nevertheless, among the main environmental impacts of NBS, it is worth distinguishing those
concerning the climate change process and its adaptation. Griscom et al. (2017) identified that
natural climate solutions that are cost effective, include addressing half of the global land and
marine area, where they found that the can offer 37% of the CO2 mitigation need through 2030
to ensure that we do not exceed the 2°C. This great potential shows that it is necessary to
introduce NBS into balanced climate action plans. All forms of NBS, including reforestation,
wetland creation or restoration, and the management of soil organic carbon, present a high and
distinct carbon storage opportunity, in combination with increased ecosystem’s vulnerability to
climate change.

The final environmental advantage of NBS relates to endowment with biological diversity which
entails protection of species and ecosystems. Thus, well-designed NBS can significantly
contribute to the preservation or restoration of habitats, which in turn can slow down the current
rate of biodiversity decline. Of particular importance as the specificity of our study, recycling
goals connected with the necessity of encouragement of increasing Biodiversity are addressed in
the works of Seddon et al. (2019), who claim that underlying goals of Biodiversity should be
incorporated into conception and realization of NBS, as this approach is expected to have
positive impacts in the multiple spheres of ecological and social structure. For example, green
systems in cities will offer home to various plant and animal species while at the same time offer
recreation and enhance the health of those residing in cities.

Among all the sectors, the application of NBS is most effective in the water management sector.
Literature evidence shows how nature-based solutions regarding water quality improvement,
flood risk reduction, and water security indicators pointed out. In Oral et al. (2020) , the authors
give a concise overview of NBS for water management, pointing out that they are comparable
with regard to their multifunctionality in terms of providing ecosystem services such as water
filtration, flood protection, and recharging the groundwater. For instance, constructed wetlands
can treat wastewater without polluting the environment as they offer a living environment to
aquatic life and a social amenity to people in the society.
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Therefore, in the case of urban environment, NBS has great potential to contribute to the
enhancement of air quality. Trees and green spaces in urban areas are useful in fighting air
pollution as they can absorb Pt and gaseous pollutants. Nowak et al., (2018) assessed the
performance of trees and forests in the United States in removing air pollution and noted that
they offset pollution emission by removing 17. 4 million units of air pollution avoided in 2010,
including health impacts for human beings which can be valued at 6. Eight billion US dollars are
invested in capabilities that support such responses, organizations moreover importantly lose an
estimated 8 billion U. S. dollars. When ecosystem services are formulated in terms of monetary
values, it proves that the concept of NBS should be included in the process of urban planning and
development.

Social Benefits

The social functions of NBS have great and a numerous impact on aspects that concern the
general health and welfare of the society. A study by van den Bosch and Ode Sang (2017)
reviewed the existing literatures of the effects of green spaces and observed positive correlations
with green space exposure and physical activities, mental health status, and birth incidences. The
present outcomes stress the ability of NBS to respond to several issues of the public health field at
once and serve as a comprehensive concept of community health in urban setting.

Thus, NBS can apply to and enhance social cohesion and community resilience. According to
Raymond et al. (2017), the NBS offer a possibility to find social contacts and operate with other
people. The earlier discussions have shown that engaging the end-users in the design and
implementation of NBS contributes to social capital improvement and social efficiency.

Environmental justice is another key social benefit of NBS as this concept has the potential of
solving justice problems. In equal measure, when a strategy of NBS is well-executed, the
environmental necessities like the greens or other systems are well captured including in the
disadvantaged regions of urban cities. But, in whichever ways, Wolch et al. (2014) have called for
a note of caution while implementing such programs making it clear that these innovative actions
of urban green space should not be in a way that further compounds social injustice or social
reinvention.

Economic Benefits

With regards to the economic aspect, the advantages of NBS are gradually being acknowledged
as there is a boost in the research to prove that NBS is more cost-efficient as opposed to the
conventional infrastructure solutions. Narayan et al. (2016) also compared the effectiveness of
coastal protection and derived that natural systems can cost two to five fold less compared to
submerged breakwaters in the case of the wave height of up to half a meter. As such, these save
costs while the existence of the natural ecosystems provides other essential services that form a
powerful argument as to why NBS have to be included in the coastal management plans.
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NBS can also help in creating employment as well as achieving diversification in economic
activities including those within the green economy. According to the International Labor
Organisation, (2018) it planning for transition to Green Economy could potentially generate
twenty four million new employment opportunities in the world by 2030. Some of these jobs
could be in relation to implementation and management of NBS indicating potential for local
employment in NBS.

Thus, NBS can increase value of the property and attract investments in developed urban areas.
Czembrowski & Kronenberg (2016) conducted research in lodz city in Poland and reveal that the
variables such as nearness to parks & forest had a positive correlation with property prices. This
economic benefit can create motivations for the private sector in participating the
implementation and maintenance of NBS.

Challenges

Nevertheless, the application of NBS is not devoid of the following major challenges. This is a
key challenge since it means that there is incomplete knowledge on how some of the NBS can
perform and how cheap or expensive they are depending on the prevailing environmental
conditions. Comprehensive comparative studies on the application of NBS over the orthodox
solutions are also required as Kabisch et al. (2016) noted due to the changes in climate. The lack
of certainty of relatively simple principles can slow such decisions and the use of nature-based
strategies.

There are also diverse challenges attributed to the complexity and fluidity of natural systems as
the basis for designing appropriate NBS. Interaction processes in ecosystems can be complex and
cyclical, and thus their behaviour is often unpredictable, especially under the conditions of global
environmental change. Seddon et al. (2020) also raise the issue of uncertainty as one of the key
aas regarding NBS and suggest that is why flexible management should be applied to NBS
projects so that their effectiveness could be received in the long term.

Government structures and policies are also a crucial factor that affects NBS implementation.
The precondition for which existing governance structures and policies may not fit the multi-
disciplinary arrangements that are needed for supporting NBS. Writing in 2019, Frantzeskaki
inferred that institutional fragmentation as well as sectoralism can pose as barriers to cross-
sectoral working that is required to implement NBS. Addressing these governance challenges
entail institution development and policy measures that have capacity to support integration
across sectors and levels.

Other complexities involve funding and or economic valuation of NBS benefits. The case for
NBS has also been proved to be cost effective in many occasions; however, the sustainable
funding for NBS projects can be a problem sometimes because the sources of returns from these
projects are not immediate or tangible.
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Nesshover et al. (2017) laid stress on the fact that the problem of assigning a monetary value to
all externalities generated by NBS makes it rather tricky to justify investments in such solutions
given a clash with more conventional structure infrastructure solutions.

Another challenge that NBS faces is the scale incompatibility of ecological processes with the
administrative divisions. One of the biggest challenges is that ecosystem processes may occur on a
certain scale that does not correspond to administrative and political divisions. Albert et al.
(2019) have mentioned that such a mismatch eventually hampers the governance and
implementation of NBS at the respective ecological and administrative scale, meaning that
innovative solutions have to be devised in order to foster interdisciplinary and trans-boundary
collaborations as well as the planning of such large comprehensive networks.

There are two critical points about NBS: The information is acquired from the stakeholders and
stakeholders’ involvement is important, but the methodologically involved steps take time and
are costly. Raymond et al (2017) also add that there is a need to have substantive stakeholder
involvement in determining the approach to undertake when it comes to NBS. Nevertheless, co-
ordination of the conflicting and multiple stakeholder interests and the provision of opportunities
for fair participation is often not an easy task especially when dealing with an urban or a regional
environment.

In the case of NBS performance, monitoring and evaluation remain a critical area that needs
more work. As stated before, various challenges exist when it comes to identifying indicators and
methods to evaluate multiple benefits of NBS across temporal and spatial scales. Kabisch et
al(2016) observe that there is a requirement of developing a harmonised approaches as well as
pointers that will be useful in evaluation of the various folds of NBS with others being useful in
comparisons to other undertakings.

Last but not the least, the idea of trade-offs and ecosystem disservices that may be coupled with
NBS have to be addressed. Despite receiving multiple advantages, NBSs may also bring about
negative externalities if other ecosystem services are traded off with another. In her work,
Lyytimaki (2017) mentions that ecosystem disservices should also be taken into account when
implementing and planning NBS as to obtain a balanced view of their effects.

All in all, NBS hold great promise in transforming the environment, society, and economics for
the better, yet its smooth implementation is not without obstacles. As such, the presented
challenges are the driving forces for development of powerful interdisciplinary research, novel
governance initiatives, and effective management experimentation. Given the future dynamics of
the subject field of NBS, further endeavours to fill the knowledge gaps, refine the assessment
methodologies, and devise supportive policy environments shall remain a key to unlocking the
potential of these nature-based approaches in meeting society’s aspirations.
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2. 2 RESOURCE MANAGEMENT IN NBS PROJECTS

Budgeting and human and material resources distribution in Nature-Based Solutions (NBS)
projects is considered to be one of the key and challenging tasks as the financial, human and
natural resources shall be distributed across the components and different phases of NBS
projects. It would be wrong, strictly speaking, to talk about ‘costs and trade-offs’ associated with
individual NBSs because of the complex relationships between NBSs, as the approaches can be
harnessed to address several social issues at a time that implies a set of potential benefits, Thus,
the concept of cost and trade-off is replaced by a mixture of costs, forgoing opportunities and
potential pay-offs that are both tied to the multiple connectivity

While aforementioned aspects demonstrate resource supply as a multifaceted socio-ecological
process, the allocation of resources in NBS projects reflects interdisciplinary paradox as such
projects involve the recombination of ecology, economy, and society. Nesshover et al. (2017)
claimed that to obtain an ideal electric lifespan for funding in the NBS projects, it is essential to
adapt a more integrated method not only considering the costs and revenues of an intervention
but also using up the efficiency of ecosystem services and social well-being. Thus, the
multifaceted nature of resources increases the problem of selecting the most suitable model for
resource distribution, which traditionally are models of pure economic rationality or single-
objective optimization.

A major limitation in the funding of NBS projects is the fact that while several benefits relate to
such interventions, it is often quite hard to appraise the value of these benefits. Of course, some
gains, e.g., high-water defense or carbon storage, can be converted to dollars easily, whereas the
likes of increased bio-diversity or aesthetic appeal are most often shove into the intangible/
qualitative bucket. Therefore, Gdmez-Baggethun and Barton (2013) note that current economic
research methods fail to reflect the total values of ESVs that are offered by UGSs, and thus call
for the inclusion of comprehensive valuation methods in resource management decisions.

The availability of NBS benefits also has a temporal dimension, which makes it even more
challenging to decide about resource allocation. There may be several years, or even decades,
between the establishment or rehabilitation of the ecosystem parts that are targets of NBS
interventions and the time when those parts provide their full functional efficiencies. This time
difference in investment and benefits realization becomes a challenge especially when applying
cost-benefit analysis. Craft et al. (2018) analyze the patterns of the ecosystem service’s restoration
in the salt marshes and concluded that some services are restored rapidly, while others need up to
30 years to achieve the data comparable to reference services. This fact of temporal
maldistribution of benefits obliges one to design the models of resources distribution for
accounting the long term dynamics of the ecosystems and the uncertainty of the latter.

This paper also finds that spatial aspects are important when it comes to funding for NBS
projects. In conjunction with this it may be realised that le NBS can work with varying success
depending on the area or situation in which they are implemented.
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For example, potential benefits with regard to air quality improvements or preventing urban heat
island may vary depending on the arrangements of green infrastructure’s location in relation to
pollution origins and heat-absorbing surfaces. Among them, Schréter et al. (2018) directly relate
to this problem because the authors note that spatial relationships and the landscape context,
which have not been studied enough, are crucial in the assessments of ecosystem services, which is
relevant to decisions on the allocation of resources in NBS projects.

Another factor arising from the fact that many NBS projects are carried out by multiple
stakeholders is the added layer of management of resources. Thus, it may be expected that
different stakeholders may have different objectives and preferences in terms of resource
allocation and expected outcomes of the NBS interventions. According to Frantzeskaki (2019),
while planning and implementing NBS, effective co-creation processes should be accomplished,
but resource allocation approaches need to be designation that would determine all the diverse
stakeholders’ needs and how they will contribute and, at the same time, protect the effectiveness
of interventions.

Northwest Basin Source projects’ funding sources are typically a combination of public and
private funds, which may have different requirements in terms of priority setting. Such a blend of
funding sources may create challenges in how resources are awarded since different funders may
have different expectations concerning the project’s results and period. In their paper ‘The
financing of urban nature-based solutions (NBS): Some lessons learned’, Toxopeus & Polzin
(2017) discussed various issues regarding the financing of the urban NBS, and concludes that
there have to be new funding sources that not only aimed at the maximization of profits of a
particular stakeholder but also recognize and incorporate the value, which is created by elements
of the natural environment.

The use of natural capital and its integration in to resource management constitutes one of the
relatively newer trends in the planning of NBS projects. Natural capital accounting frameworks
aim at incorporating values of ecosystem-service flows into decision-making processes hence
making an enhanced foundation for resource allocations. Guerry et al. (2015) has rightly said
that at the same time it is still cumbersome to operationalize such natural capital approaches in
policy and decision framing related to management that indeed needs further steps in
methodological advancement and institutional strengthening.

Risk and uncertainty management is a common component for any resource allocation in the
frame of NBS projects. Due to the configuration and functioning of the SESs and potential
implications of climate change the risk management principles should be integrated into the
resource allocation strategies. According to Seddon et al. (2020), it is advocated that NBS shall
be implemented through adaptive management that permits alterations of resources responses to
conditions and info attained.
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The level of the intervention also complicates the issue of resource availability since NBS can be
applied from local to landscape level. Some of the massive scale NBS activities, for instance, the
watershed rehabilitation projects may cut across many administrative units, and diverse
disciplines calling for an integration of resources. Cohen-Shacham et al., 2019 also underlined the
spatial dimension on implementing NBS stressing that integrated landscape management
approaches are required, which means that it is crucial to develop the resource allocation
strategies which can be effective at various scales.

The assessment and control procedures are central in providing efficient knowledge on resource
management need to know in NBS projects. Monitoring can give useful information on the
outcomes of invented NBS interventions which will go a long way in informing programs on the
effectiveness in general and reappraisal of resource allocation in particular over time. As
mentioned by Kabisch et al., 2016, a majority of apps do not describe a standardized method or
indicators to measure the multiple benefits of NBS this would further aid in resource allocation.

Another model called ecosystem-based adaptation (EbA) enlightens decisions dealing with the

allocation of resources in NBS projects in regards to climate change adaptation. Thus, Munang
et al., (2013) substantiated that EbA approaches can provide efficient and minimal-risk climate

change adaptation and called for inclusion of ecosystem-based strategies into a general range of
adaptation measures. From this integration, it points to issues of resource management thus the
need for frameworks to assess the comparative advantage of NBS over conventional engineered
approaches to adaptation.

Altogether, resource allocation within NBS projects involves a set of essential tasks within a
broad context and is a rather complicated process which implies consideration of the ecological,
economic, and social aspects. The range of NBS types, the multifaceted applications of their
benefits and the characteristics of social-ecological context of the implementation of NBS require
creation of new non-standard approaches to resource management, taking into consideration the
specified factors. Thus, further research and experiences of implementing NBS will be vital in
modifying the approaches to the allocation of resources and improving the outcomes and the
sustainability of the NBS interventions.

2. 3 MULTI-CRITERIA DECISION ANALYSIS (MCDA)

MCDA stands for Multi-Criteria Decision Analysis, which is a broad group of methodoids
aimed at assisting decision making in a context where criteria are numerous, and goals opposite.
In the case of NBS, MCDA is a valuable tool for modelling and comparing different
interventions or possibilities in a rationalised way, receiving into consideration multiple criteria
that embody environmental, social, and economical aspects.
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2.3.1 MCDA Methods at a Glance

MCDA is, therefore, a broad framework of methodologies and techniques that can be applied in
complex decision-making situations and each methodology has its advantages and disadvantage.
Belton and Stewart (2002) provide a comprehensive overview of MCDA methods, categorizing
them into three main families: Hoj’s value measurement models, Zielmodel as the goal, aspiration
or reference level models and EMIMAC as the outranking models.

To this end, more explicit value measurement models have been developed to compute a
quantitative weight for each option according to the DMs’ preference: Multi-Attribute Utility
Theory (MAUT) and Analytic Hierarchy Process (AHP). Such methods usually involve the
processes of weighting and of summing up the performance values with respect to the criteria.
Saaty (1980) meanwhile proposed the Analytic Hierarchy Process which has been frequently used
in the environmental decisions making because of a well defined structure that categorizes
problem into different hierarchy and it is capable of mixing quantitative and qualitative data.

While the goal programming and reference level models are directed towards finding solutions
closest to the pre-specified objectives or the aspiration levels for each of the criteria. These
methods are more useful when the decision maker has certain objectives for various facets of a
problem in mind. In his paper Romero (1991) presents detailed analysis of goal programming
approaches and their use in the NR management.

Over last several years, there is increasing trend among the researchers and application
practitioners to develop what is referred to as “’mixed’” MCDA models incorporating certain
features from more than one methodological category. These hybrid methods are a intention to
combine the advantages of those methods while trying to overcome their disadvantages. For
example, Macharis et al. (2012) developed the PROMETHEE-AHP method further; they
combined the AHP hierarchy and the PROMETHEE outranking concept, which makes it
possible to consider problems, which are multifaceted in nature.

For a particular decision context, there is a variety of MCDA methods appropriate, which
depends on the type of the problem, data used, decision-maker’s preferences, or its stakeholder’s
involvement. Cinelli et al. (2014) made a comparative analysis on MCDA methods for
sustainability assessment on the basis of which he emphasized on selection of right method that
affects the decision outcomes.

As noted before, one of the major advantages of MCDA methods is that they are capable of
dealing with quantitative and qualitative criteria at the same time. This is especially true when it
comes to NBS where a majority of the benefits and impacts are rather impossible to express in
monetary value. To the same extent, Huang et al. (2011) discuss the simplicity of utilizing MCDA
in environmental sciences, paying special attention to the potential for combining various kinds
of data as well as stakeholders’ preferences .
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The process of applying MCDA typically involves several key steps, as outlined by Keeney and
Raiffa (1976):The process of applying MCDA typically involves several key steps, as outlined by
Keeney and Raiffa (1976):

1. Here, problem structuring and analysis of the options can also be identified.

2. As there are many criteria for SMEs’ collaborations with universities, the first step is to
identify and categorize them.

3. Identification of stakeholders’ preferences about the criteria and their weighting.

4. Assessment of alternatives against the criteria

5. Compiling results and a sensitivity analysis

6. Management of distributive and negotiative decisions using the outputs of MCDA.

All of these are different steps that themselves have their own difficulties and approaches of a
qualitative research. For instance, the concepts to be used in the categorization and the overall
structure of criteria are usually part of a major evaluation stage and can effect the whole analysis
significantly. Keeney’s (1992) also acknowledges the idea of value-focused thinking concerning
the criteria selection stating a need to concentrate on the basic objectives rather than means
objectives.

Another important component of MCDA is the identification of the stakeholders’ preferences
and the determination of the weights for the criteria. Several procedures of weight elicitation have
also been used, with some of them being basic rating, comparative rating, and swing-rating.
Analyzing the idea given by Slovic et al. (2011) Montibeller and von Winterfeldt (2015) consider
the major cognitive and motivational biases in decision and risk analysis and attach great
importance to the proper studies on preference elicitation.

Sensitivity analysis is a crucial element of MCDA because it enables decision-makers to know the
variability of results relativ to changes in the input data or assumptions. Saltelli et al. (2008)
present an extensive description of sensitivity analysis methods underlying the relevance of the
SA in boosting the credibility and transparency of the decision-support models.

2. 3. 2 Applications In Environmental Management

Specifically, MCDA has been applied in environmental management and sustainable
development where one is forced to compromise a number of objectives most of which are in
conflict to some extent. For these reasons, MCDA methods are useful in assessing a wide range
of criteria and capturing stakeholders’ preferences, which envision the application of tools to
address the complex problems underlying the implementation of NBS.
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MCDA has been widely used in the field of water resources management in an effort to assist
decision makers in cases including water sharing, floods management, and water services
development. Hajkowicz and Collins (2007) presents a detailed account of the practical uses of
MCDA in water resource planning pinpointing that MCDA is particularly useful for managing
multiple and often conflicting water uses and stakeholders’ demands. For example, Chung and
Lee (2009) used fuzzy MCDA approach for comparison of water management options at
Anyangcheon watershed, Korea, to show the applicability of the method in coping with
uncertain situations in environmental decision making.

Another area where MCDA was extensively applied is forest management and conservation
planning. Kangas and Kangas (2005) also reflect on the use of MCDA in the management of
forest resources especially the application of the tool in multi-attribute decision making with
focus on the multiple uses of forest and stakeholders’ values. Nordstrom et al. (2010)
demonstrated an MCDA method, which is used to make participatory approach decisions
regarding forest planning in Sweden, one of the areas, where environmental concerns are
important to solve using the methods.

When it comes to the strategy of urban planning and green infrastructure MCDA has shown to
be useful tool in analyzing and selecting between different NBS interventions. In their paper,
Langemeyer et al. (2016) have applied MCDA for the evaluation of green infrastructure scenarios
in Barcelona and how this method can be useful for the integration of ES into the development of
cities. Along the same line of thought, Alves et al. (2018) used an AHP-based MCDA to present
the identification of the priority green infrastructure interventions for flood risk management in a
specific Portuguese city.

Climate change adaptation planning can be mentioned as yet another sphere where MCDA has
been used to a greater extent. For example, de Bruin et al. (2009) has applied MCDA to the
decision about the priorities for climate adaptation in the Netherlands which may demonstrate
how MCDA may be applied to the evaluation of wide varieties of adaptation options ranging
from the sectors. Wamsler et al. (2016) used a multi-criteria framework to work on the
mainstreaming of ecosystem-based approaches in municipal planning which shows the
effectiveness of the MCDA to work on the integration of NBS into the strategies of adaptation.

MCDA applications have also been applied in areas of Biodiversity conservation and protected
area management among others. Strager and Rosenberger (2006) integrated GIS into MCDA
and applied it in the selection-cum-prioritization of the land conservation priority areas in West
Virginia. Levin et al. (2014) used MCDA to assess marine protected area network configurations
proving the effectiveness of the approach in two-level considerations of ecological, economic, and
social criteria in MSP.
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regarding forest planning in Sweden, one of the areas, where environmental concerns are
important to solve using the methods.
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from the sectors. Wamsler et al. (2016) used a multi-criteria framework to work on the
mainstreaming of ecosystem-based approaches in municipal planning which shows the
effectiveness of the MCDA to work on the integration of NBS into the strategies of adaptation.

MCDA applications have also been applied in areas of Biodiversity conservation and protected
area management among others. Strager and Rosenberger (2006) integrated GIS into MCDA
and applied it in the selection-cum-prioritization of the land conservation priority areas in West
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In the case of EIA, MCDA has been used as a supplements in an attempt to improve the
efficiency of assessment procedures. In the paper by Kiker et al. (2005), the authors investigate
the application of MCDA in environmental decision and It is pinpointed that MCDA has
significant potential to enhance the incorporation of technical data and values of all the
interested stakeholders into the EIA. Huang et al, (2011) has also expanded more on the use of
MCDA in SEIA in order to enhance sustainable decision making in policy and planning.

In the more specific case of NBS, MCDA has progressively been seen as an effective way of
assessing and comparing various interventions based on nature. Raymond et al. (2017) also have
developed a framework for co-benefits evaluation in NBS which includes aspects of multiple
criteria assessment applied to the evaluation of the overall performance of NBS in various
challenge areas. Thus, the proposed framework illustrates how MCDA can facilitate the analysis
of the complexity of NBS and help to obtain far-reaching insights into their effects.

Keesstra et al. (2018) use MCDA case study involving soil based NBS for land restoration
showing how MCDA can be used in decision making of NBMS intervention in various
ecosystems. Their approach shows the applicability of MCDA in terms of including various
aspects associated with ecosystem services, practicality of the implementation, and social
economic effects.

Despite its extensive use and acknowledged advantages, there are some issues in the application
of MCDA in environmental issues and NBS planning. Another on is the issue of subjectivity in
the selection of criteria and assigning weights that in turn results into soft determination. In
response to this, the majority of researchers call for the use of proactive MCDA that integrates
the community members in the decision-making process. Mendoza and Martins (2006) give the
broad framework of participatory modeling and MCDA on the NR management and
underlining that the stakeholders’ involvement can increase the practical utility and legitimacy of
these actions.

The third problem is related to uncertainty and complexity in the environment systems. Most
MCDA techniques pre-suppose certainty in the assessment of the ability of the various
alternatives to perform to the desired level in the various criteria, which is not always possible
given the dynamic nature of the environment that the systems or projects operate in. Due to this,
researchers have formulated several strategies for modelling uncertainty in MCDA
methodologies. MCDA has been applied more in operational contexts rather than in theoretical
research and a fuzzy multi-attribute decision making method is suggested by Hyde et al. (2003)
on how to incorporate the concepts of fuzzy set theory into MCDA to deal with uncertain or
vague information.

On the same note, one of the active fields of research and development is the connection of the
MCDA with other DSS tools and approaches.
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For instance, the integration between MCDA with Geographic Information Systems (GI1S) has
produced a good performance in spatial decision issues associated with environmental
management and NBS planning. Malczewski and Rinner (2015) give a detailed description of
GIS based multi- criteria decision analysis and presented numerous applications of the use of this
technique in environmental and urban planning.

Altogether, the combination of MCDA with scenario analysis and the SD method can be
considered as the direction of promising developments to further strengthen the adaptability of
decision-making in complex systems of the environment. Holding launching the combined
scenario-MCDA approach, Kowalski et al. (2009) explain that sustainable energy planning is a
good example to show the effectiveness of the method in forming more adaptive and
forecastbased decisions.

Therefore, MCDA appears as a generic and highly efficient framework for developing core tools
required to reach sound decisions in environmental management and NBS planning . This makes
it advantageous for dealing with the complex matters related to NBS implementation due to its
capability to aggregate different criteria, take into account the preferences of the involved
stakeholders. Subsequent research and applications in the context will define subsequent
advancements of MCDA techniques contributing to the effective enhancement of sustainable and
resilient approaches to managing the environment.

3.0 METHODOLOGY

This section describes the overall methodological approach adopted in this study to build and
implement an MCDA framework to improve the resource management in NBS projects. The
rationale for the chosen approach is also related to the multifaceted nature of the research
objectives linked to the analysis of NBS and their related decision-making processes.

3. 1 Research Design

The data collection and analysis techniques employed are also both qualitative and quantitative
because of the study’s objectives of examining NBS resource allocation from various aspects.
They qualify mixed methods for complex research problems where the researcher has to use
exploratory as well as confirmatory research. The research is structured in three main phases: an
exploratory qualitative phase to determine criteria and stakeholders’ perceptions, the quantitative
phase to evaluate NBS alternatives, and the construction and utilisation of the MCDA
framework.

The information for this method is derived from the sequential exploratory design that was

widely described by Ivankova et al., 2006 to include qualitative findings to the subsequent
development of quantitative instruments and analysis.
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Within the context of NBS research, this design is beneficial in that it provided an opportunity to
understand the local context and stakeholders’ requirements before approaching the latter steps
in the decision analysis. As correctly pointed out by Raymond et al., (2017), the interventions
that facilitate NBS delivery are highly context-sensitive; this means that the research design
applied should capture these variations.

3. 2 Data Collection

The data collection process incorporates various technique to feed both qualitative and
quantitative data into the study for an enhanced understanding of the study area regarding NBS
resource allocation. In combination with the analysis of the data, the identified research method
proved to be suitable for the study as it allows following the principles of data triangulation
mentioned by Patton (1999).

Some of the techniques of gathering qualitative data include interviews, focus group discussion,
and documentary analysis. The semi-structured interviews carried out with the relevant
professionals including the urban planner, the environmental manager, policymaker, and the
community members follow the recommendations proposed by Kallio et al. (2016) on how to
develop a reliable interview schedule. The objective of these interviews is to gain more specific
and detailed information on NBS priorities, concerns, and decision-making which can be
beneficial in the MCDA framework construction.

As the final qualitative data collection method, the moderator conducts focus group discussions
regarding the groups’ collective opinions on the criteria and trade-offs related to the allocation of
NBS resources. It is on the basis of these guidelines accorded for health research that the
creation/facilitation of these focus groups draws its credence from the Krueger and Casey (2014)
publication. The observation of policies and documents includes policy documents, project
reports, and case studies of NBS resource allocation; document analysis then follows the
systematic approach laid out by Bowen (2009) to determine contexts of best practice and
challenges encountered.

The quantitative data collection method includes structured questionnaires, secondary research,
and GIS data. The survey questionnaire is distributed to the concerned professionals working on
NBS projects and the survey instrument is designed using the guidelines mentioned by Dillman et
al. (2014) on the best practices that should be followed in case of survey questionnaire design.
The survey will help to quantify the importance of the criteria for resources allocation as well as
the performance of all the types of NBS which will be used in the framework of MCDA.

The common method of secondary research is to quantify specific measurements regarding the
organizational NBS projects such as costs, implementation times, performance benchmarks etc.
Thus, this approach complies with the tendencies towards increasing usage of scientific evidence
in the management of the environment described by Pullin and Knight (2003).
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The collection of GIS data contributes to the spatial evaluation of NBS options The GIS data
collection is relevant to NBS performance since the geographic environment plays an essential
role in the success of NBS, according to Kabisch et al. (2016).

3. 3 MCDA Framework Development

The development of the MCDA framework is cyclical, and involves information that has been
derived from the literature review, qualitative work and quantitative data analysis. This is in line
with the Conceptual MCDA that has been developed by Mendoza and Martins in 2006 which
focuses on the approach of adaptability and the involvement of the stakeholders.

The process of developing the framework starts with constructing an initial conceptual model
that derived from the results of the literature review and primary qualitative findings. To a large
extent, this conceptual model lays a framework on which the analysis of core factors and
processes for NBS resource allocation decision is anchored and informed by the systems thinking
as propounded by Maani and Cavana (2007) in their works.

This comes as a result of employing methods of the top-down as well as bottom-up processes in
the establishment of a criteria hierarchy as suggested by Keeney and Gregory (2005). This
process includes a sorting of criteria into major categories (e. g. environmental criteria, social
criteria, economical criteria) and sub criteria which guarantees an effective approach to decision
factors. According to Beinat (1997), the assessment of each criterion includes measurement
scales, Practices in the assessment of both the quantitative and qualitative aspects fulfilling the
requirements for NBS performance.

The choice of the right MCDA technique relies on the evaluation of existing procedures and
proper application for the particular decision-making environment. This decision builds on the
previous comparative study of MCDA methods by Cinelli et al. (2014), based on the nature of
criteria, the involvement of the number of participants, and the necessity of transparent decision-
making.

The stakeholders’ validation of the developed draft framework is done through a series of
workshops and expert consultations based on the participatory modeling approach that was
elucidated by Voinov and Bousquet in their work. The allocation of an adequate amount of time
to ask for feedback guarantees that the framework proposed encompasses the main issues that
preoccupy decision-makers to advance NBS implementation.

3. 4 Selection of Criteria and Their Importance

Therefore, the criteria choice and their relative importance are considered highly sensitive to the
MCDA process and highly impacting concerning the results. The procedure used in choosing
criteria and assigning weights to them is a combination of expert opinions and the literature to
establish the most appropriate methodology.
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The source of the initial criteria list is literature review, which is a configuration of the criteria list
by using the systematic review methodology described by Pullin and Stewart (2006). This list is
then adjusted in the subsequent qualitative interviews and focus group discussions to
accommodate contextual factors and beneficiaries’ preferences. Thus, the final criteria set
remains improved and tested through the Delphi method according to Linstone and Turoff
(1975).

There are two direct and one indirect method used for criteria weighting as advised by
Montibeller and Franco (2010). The Professionals’ questionnaire contains the criteria importance
calculated with the help of Likert scale; thus the questionnaires give a broad-based assessment of
the weights of criteria. This is further supported by the AHP that was elicited from a sample of
important stakeholders that enables relative importance of the criteria against one another
through the application of pairwise comparison (Saaty, 1980).

The structure and relative importance of criteria are further discussed by Saltelli et al. (2008),
which involves exploring the weighting system by substituting different weighting values for the
criteria Impact and Examination in order to evaluate the findings’ sensitivity to changes in
criteria importance. This step is vital in establishing the robustness of the MCDA outcomes and
evaluating the unique critical point of criteria weights whereby the alternatives’ ranking strongly
varies.

3.5 Alternative NBS Scenarios

Thus, the differentiation of the various components of the NBS concept in the presented
alternative scenarios is an essential step in the MCDA process, which sets the foundation for a
comparison and decision-making process. Real-life cases and fictional ones are used in the
process of developing the scenarios, which allows to address the vast range of possibilities where
NBS can be applied.

The analysis of the case studies adhered to the recommended Yin (2017) procedure, which
involves the comparison of various completed NBS projects to determine common patterns of
resource distribution and performance. This paper aims at laying down an empirical research
work that can act as a backdrop for the execution of the identified scenario development process.

NBS scenarios are enhanced and developed with the involvement of stakeholders through a series
of workshops based on the PSD approach which has been defined by Oteros-Rozas et al., 2015.
This way, the scenarios considered are shared among multiple NBS stakeholders and are as
realistic as possible since they are based on literature findings and discussions with professionals.

The performance of each scenario is quantitatively modeled for the chosen criteria in order to
make predictions.
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This type of modeling employs multiple approaches such as system dynamics modeling developed
by Sterman (2000) and ecosystem services assessment methods by Burkhard et al. (2017) that
embrace the interactions as well as the impact of the various forms of NBS interventions.

The scenarios which are developed are subject to the expertise of other individuals and go
through the process of cross-impact balance analysis of the type described by Weimer-Jehle
(2006). This step serves the purpose of redistributing internally consistent and plausible narrative
of the future scenarios.

3. 6 Analysis Techniques

The analysis used in the study can be broadly categorized under the MCDA framework and is
conducted effectually and rigorously to process all collected data for the evaluation of the NBS
resource allocation options.

The participants’ interview transcripts together with the focus group data were analyzed using a
thematic analysis method suggested by Braun and Clarke (2006). This method enables the
exercise of identifying trends about stakeholders’ perception that are crucial in developing the
MCDA framework. The method analysis of documents entails the systematic approach that
Krippendorff (2018) outlines to acquire information from policy documents and project reports.

Quantitative method of data analysis is made up of two broad categories inclusive of descriptive
and inferential statistical methods. For the quantification of first and second survey results, as
well as secondary quantitative data, descriptive analytics are applied to expound trends and
patterns of NBS performance and stakeholders’ penchant. To check the inter-variable
relationships related to the NBS performance, correlation analysis and regression models are
used Subsequently, Field (2013)’s suggestions for conducting such tests are followed.

Geo-statistical methods involving GIS are then applied to analyze the geographic distribution
and characteristics of the study area pertaining to NBS. Based on the approach used by Longley
et al. (2015), this analysis combines geospatial information with other quantitative and
qualitative data to give an insight of the contexts of NBS and the possible effects.

The use of the framework involves the creation of a performance matrix, the aggregation of
weights of the criteria and the use of the chosen MCDA technique with the help of software. This
maximizes the transparency and replicability of the analysis carried out in this paper on the basis
of the guidelines presented by Belton and Stewart (2002).

Using the approach outlined by Saltelli et al. (2008), sensitivity analysis of the MCDA results is
conducted by systematically altering input parameters to establish their impact on the outcomes
obtained. This step is important, because it allows spotting critical assumptions and data points
that strongly impact the stability of the recommendations.
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Forecasting is used to assess, how various potential states of the world (e. g., climate change
predictions, funding realities) might impact the best distribution strategies. This future research
strategy is based on the principles of the sound decision-making under the deep uncertainty by
Lempert et al. (2003) that amplifies the long-term applicability of the proposed MCDA
framework.

The confirmation or cross-verification of findings is done through evaluation by other experts,
participants’ feedback, and analysis of different data collection methods and data analysis
procedures. This multiple source evaluation procedure is consistent with the guidelines put
forward by Jick (1979) in order to establish the dependability and credibility of data collected in
cross-sectional studies combining qualitative and quantitative approaches.

Therefore, this holistic, systematic methodological framework guarantees a rigorous and
uncontaminated process for creating and implementing the MCDA framework of investment in
NBS projects. Regarding the complexity and the multidimensionality of the NBS decision-
making process, the methodology incorporates both, qualitative data and quantitive data and
uses a vast set of the validated research methods and, at the same time, the results of the research
are measurable and can be utilised by practitioners and policymakers. The cyclical and
partnership-based process is also in harmony with the logic of implementation of NBS which
could be based on adaptive management and stakeholder involvement approaches.

4. KEY FINDINGS & RESULTS

4. 1 Categorization of Criteria Importance and Their Weights

The cross-sectional study aimed at ascertaining and ranking priority criteria for the allocation of
resources in NBS. Based on the results of the literature search, thirty-five focus group discussions
and one hundred and fifty qualitative interviews, we preliminarily established a list of twenty-five
potential criteria. These were then distilled and synthesised into seven main criteria using the
Delphi techniques with the assistance of 50 professionals from around the world. These criteria
were finally assessed using a survey of 1500 NBS individualss and an Analytic Hierarchy Process
from 50 targeted key persons.

4. 1 Importance and Weights of Criteria

Specifically, the research used a mixed-method research design to establish and assess the
potential criteria for funding NBS resources. From the literature, 35 focus group discussions, and
150 interviews with purposive samples of experts, 25 possible criteria were generated. These
guidelines were further expanded and summarized into seven major criteria using the Delphi
technique with the help of a panel of 50 global professionals. The last two criteria were finally
assessed by online questionnaires on 1500 NBS individualss and the Analytical Hierarchy Process
with 50 most important stakeholders of NBS.
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4. 1. 1 Results of the survey concerning criteria significance

The quantitative data collected from 1,500 individuals pertain to the importance of the seven
criteria that were discussed in this research. Each criterion was measured using a 5- Likert scale
that ranged from one which was labeled “Not at all important” to the other labeled “Extremely
important”. The analysis showed that climate resilience was the most valued criterion with the
mean value of 4. 62 (SD = 0. 58, 95% CI [4. 59, 4. 65]). Another significant result was the
improvement of biological diversity, which was close behind with a mean of 4. 38 (SD = 0. 67,
95% CI [4. 34, 4. 42]) overall and third for water management with a mean of 4. 29 (SD= 0. 71,
95% CI [4. 25, 4. 33]). Concerning the benefits of public health, the mean score was 4. 07 (SD =0.
79, 95% CI [4. 03, 4. 11]), the stakeholders’ support, 3. There was no statistically significant
difference between the two groups in terms of age (p = 0. 06) and sex (p = 0. 99); however,
patients in the intervention group were more likely to be smokers (p = 0. 03), have diabetes (p =
0. 03), and have undergone prior CABG (p = 0. 03). Concerning the implementation cost and the
long-term feasibility of managing the solution, they were rated as not very significant with a
mean score of 3. 88 (SD = 0. 92, 95% CI [3. 83, 3. 93]) and 3. Mean score for the study sample
was 79 (SD = 0. 88, 95% CI [3. 74, 3. 84]) for their corresponding instruments.

A one-way ANOVA was done to test the hypothesis of the study, which was: there is a significant
difference between the means of the importance ratings based on the criteria type. The study
showed that the main effect of the criteria type was highly significant on the importance ratings
for the seven criteria at p < 0. 05 [F(6, 10493) = 178. 64, p < 0. 001, n2=0. 093]. Pairwise
comparisons using the Tukey’s HSD test revealed that the overall climate resilience score was
significantly different from the scores in all the other criteria (p < 0.001).

In order to analyze the coefficients of the criteria ratings, a correlation analysis was conducted.
The findings of the study showed strongly positive relationships between several criteria. Both
climate resilience and the improvement of the state of the population of fauna and flora were
found to be significantly and positively related [r(1498) = 0. 38, p < 0. 001], while the associations
between human rights and food security [r(1500) = 0. 58, p < 0. 001]. Concerning the two
criterion variables, the degree of public health benefits and stakeholder support also had a
moderate positive correlation [r(1498) = 0. 51, p < 0. 001]. However, contrary to the hypothesis,
the analysis revealed a negative, but a rather weak relationship between implementation cost and
climate resilience [r(1498) = -0. 17, p < 0.05 and thus indicating that there might be trade off in
decision making.
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Survey Results on Criteria Importance
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4.1. 2 Results of Analytic Hierarchy Process

The AHP exercise that was conducted with fifty important stakeholders in the organisation made
the ranking of criteria importance more realistic through the use of the pairwise comparisons.
The weights calculated from the AHP were normalized, and they also supported the results of the
survey: climate resilience turned out to have the highest weight of 0. 23 (95% CI [0. 21, 0. 25]).
Biodiversity enhancement and water management took the second place with the weights of 0. 18
(95% CI [0. 16, 0. 20]) and 0. In prevalence studies of LBP, the crude prevalence rates were 17
(95% CI [0. 15, 0. 19]) respectively. The second key theme, which relates to the local economy and
public health, received a weight of 0. 14 (95% CI [0. 12, 0. 16]), and the stakeholder support was
given aweight of 0. 11 (95 %CI [0. 09, 0. 13]). The implementation cost and the feasibility of
long-term management also got the lowest weights of 0. 10 (95% CI [0. 08, 0. 13]) and 0
respectively with the second column presenting corresponding 95% Cls. Mean values of FMS,
BMI and MAC were 1. 08 (95% CI [0. 06, 0. 10]) respectively.

The average of all the calculated weights amounted to 0, and therefore the consistency ratio (CR)
for the whole of the AHP matrix was also 0. 027 which is significantly below zero. 1 threshold,
which shows that the level of consistency of the experts’ judgments is quite high. To check the
reliability of these weights, a Monte Carlo simulation was conducted with a number of iterations
equal to 10000, in which the pairwise comparison values were changed randomly within one
standard deviation from their actual values. The analysis of the findings revealed that the rank
order of the identified criteria did not change in 94. 7 percent of the responses were given in the
third iteration, and climate resilience again took the first rank in 99. 1% of cases.
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AHP Results on Criteria Weights
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4. 1. 3 Stakeholder and Regional Difference

A MANOVA was conducted to test the hypotheses H2a and H2b regarding the criteria
importance rating by stakeholder group and geographical region. According to the findings, it
was possible to identify the main effects of stakeholder group [Wilks” A = 0. 892, F(42, 7018) = 7.
63, p < 0. 001, partial n2 = 0. 019] and geographical region [Wilks’ A = 0. 937, F(35, 6305) = 4. 21,
p <0. 001, partial n2=0. 013.

The post hoc analysis of the data by using the univariate ANOV A revealed that all the criteria
for the different stakeholder groups were significantly dissimilar ( F (2,31)=17. 46 p<. 01).
Concerning the value that urban planners assigned to the factors, they placed more importance

on the stakeholder support (M = 4. [F (2, 74) = 37, p < 0. 001, partial n2=0. 047]. The mean
values obtained for the importance given to the enhancement of biodiversity by environmental

managers and ecologists were 4. 52, 0. [F (1, 92) = 59. 714, p < 0. 001, partial n2=0. 071]. The
respondents from the civil engineering field highlighted the aspect of water (M = 4. 41, SD = 0.
68) [F(6, 1493) =9 85, p < 0. 001, partial n2 = 0. 038], and development cost (M = 3. 69, SD =0.

83) [F(6, 1493) = 7. 13 in Food-KA and 9 in Clothing-KA, F (3, 120) = 6. [2, p < 0. 001, partial n2
=0.028].

Regional differences were also evidenced in the data gathered in the investigation. Climate
resilience was the most important factor reported by the European respondents (M = 4. 75, SD =

0.49) [F(5, 1494) = 11. 26, p < 0. 001, partial n2= 0. 036], and Asian participants noted economic
impact (M =4. 12, SD =0. 80) [F(5, 1494) =8. 74, p < 0. 001, partial n2= 0. 028].
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Asian participants’ concern was water management (Mean = 4. 38, Standard Deviation = 0. 66)

[F(5, 1494) =7 92, p < .001, partial n2 = 0.026], While Asian respondents gave relatively lower
importance to stakeholder support (M = 3.78, SD = 0. 91) [F(5, 1494) = 6. [F (1, 258) =58, p < 0.

001, partial n2=0. 022].

A two-way MANOVA test showed a statistically significant interaction of the stakeholder group
by the geographical region [Wilks’ A = 0.871, F(210, 8750) = 1. The main analysis showed that
important criteria differed significantly across regions [F (42, p < 0. 001, partial n2=0. 022],
meaning that coders’ professional background affected the importance of certain criteria
differently.

Correlation Matrix of Criteria Ratings
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4.1. 4 Category Worth Analysis

To determine patterns in criteria importance ratings further, an exploratory factor analysis
(EFA) was run with the aid of principal axis factoring and oblimin rotation. Before extracting the
factors, Kaiser-Meyer-Olkin measure was computed to determine the sampling adequacy for the
analysis and the value was 0. 83, Bartlett’s test of sphericity chi-square 21 = 3726. 45, p < 0. The
data in Table 1 showed that correlations between items were high enough for EFA supporting
the value 001 obtained.

N
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Two factors were extracted, which accounted for 63 % of the total variability. 7% of the variance.
Environmental Impact was the first factor; it encompassed climate change adaptation, biological
diversification, and water conservation. The second factor, “Socio-economic Considerations’’
was made up of public health gains, political support, the cost of implementation and the
possibility of long-term management.

Similarly, from the factor correlation matrix, it was realized that there was a moderate positive
correlation between the two factors with a correlation coefficient of 0.48, which means that these
dimensions of NBS criteria are related though not measuring the same thing.

Stakeholder Group Variations in Criteria Importance
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4. 1. 5 Qualitative findings from the Interview with Anonymous participants

In addition to the quantitative results, 30 anonymous in-depth interviews with NBS practitioners,
policymakers, and researchers were carried out. These interviews helped in establishing
contextual details and complex outlooks on criteria importance and NBS implementation
difficulties.

In all the interviews, there is a common thread that arises concerning the trade-off of one
criterion against another in actual problems. For instance, Interviewee #7 an urban planner said,
‘Of course, all of us appreciate the significance of climate resilience as a planning principle but,
unfortunately, stakeholder backing and the costs of implementation are the final arbiters that
determine whether a project is going to happen or not.’
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TSome of the interviewees pointed that all the criteria were rather interrelated. An environmental
manager (Interviewee #12) said, “When I have seen good practices in integrated climate change
projects, there are normally win-win situations for both the climate and water/biodiversity.”

Another common comment that was voiced by many interviewees was the relevance of local
context. Interviewee #23, a policymaker from a developing country added, “While in the
international level, a lot of emphasis is placed on climate adaptation, in our local context, these
priority areas may be displaced with more urgent ones such as water and health management
needs.” Hence, there is the need for policies that are able to fold with such contextual differences.

Several interviewees pointed to the issue of measuring and reporting long-term impact as the
major drawback. As one researcher pointed out: “One of our major issues is explaining to
funders why NBS is going to be important in 5 years’ time when often the people making the
decisions are only interested in the next election.” A more effective way of communicating the
long-term gains of NBS adoption was seen as a major research priority.

Therefore, the following qualitative findings contribute to interpreting the quantitative results
and to understanding the nature of NBS decision making in practice.

Qualitative Insights from Anonymous Interviews
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TSome of the interviewees pointed that all the criteria were rather interrelated. An environmental
manager (Interviewee #12) said, “When I have seen good practices in integrated climate change
projects, there are normally win-win situations for both the climate and water/biodiversity.”

Another common comment that was voiced by many interviewees was the relevance of local
context. Interviewee #23, a policymaker from a developing country added, “While in the
international level, a lot of emphasis is placed on climate adaptation, in our local context, these
priority areas may be displaced with more urgent ones such as water and health management
needs.” Hence, there is the need for policies that are able to fold with such contextual differences.

Several interviewees pointed to the issue of measuring and reporting long-term impact as the
major drawback. As one researcher pointed out: “One of our major issues is explaining to
funders why NBS is going to be important in 5 years’ time when often the people making the
decisions are only interested in the next election.” A more effective way of communicating the
long-term gains of NBS adoption was seen as a major research priority.

Therefore, the following qualitative findings contribute to interpreting the quantitative results
and to understanding the nature of NBS decision making in practice.

4. 2 PERFORMANCE OF NBS ALTERNATIVES

The study evaluated four main types of urban NBS: Green area in cities, SUDS, green roof and
walls and green stock in cities. Performance assessment included a survey of the organizations,
the analysis of case studies, and quantitative modeling using ecosystem services assessment and
life cycle assessment.

4.2.1Survey on the Performance of NBS

According to the survey conducted among the individuals (N = 1,500), they expressed their
choices towards the most effective NBS type in urban areas. Open spaces in city gardens came
out as the most preferred type of green spaces with 39. 73% with the response total of 596.
Sustainable urban drainage systems were the second most preferred, of which 29 opted for it. self-
rated physical health were 87% (n = 448) of participants. Out of the response, green roofs and
walls were chosen by 20. 13 % (302) respondents said that regional forests were moderately
performing, and 10 % said that urban forests were the best performing. Of the sample, 27% (n =
154) concerned themselves with measuring the degree of dissimilarity.

To compare the preference of NBS based on the professional background, a chi-square test of
independence was used. The indicated relation between these variables was significant, x?(18, N =
1500) = 87. 62, p <0. 001, Cramer’s V = 0. 14, which depicted moderate level of preference for
NBS by the experts.

N
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The results of the subsequent analysis were as follows: urban planners and LA were found in
favor of green areas in cities 45. 2% 48. 7% and environmental engineers for SUDS were 41. 3%

Other professional groups including ecologists were more likely to participate in the study with
18. 9% of respondants.

Survey Results on NBS Performance
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4. 2. 2 Quantitative Performance Assessment

This paper provided a detailed quantitative evaluation of NBS alternatives through the
ecosystem service modeling, cost-benefit analysis, and life cycle assessment. The assessment of

each NBS type was based on the aforementioned seven criteria by giving each type scores ranging
from O to 1.

Most notably, urban green spaces had the highest average composite score of 0. Summary of
results for the total score: 82 (95% CI [0. 79, 0. 85]). They recorded higher performance in the
subcategories of biodiversity improvement, which was rated 0. 89, health impact to the public, 0.
87, and stakeholder, 0. 85. SUDS was the next to follow with an overall score of 0. 76 (95% CI :
0.73,0.79), good in Water (0. 94) and Climate (0. 83). Green roofs and walls earned 0. 69
verifying that the strengths for the city include energy efficiency (0. 88) as well as reduction of the
urban heat island effect (0. 85). The score on urban forests was 0. Thus, the average performance
is equal to 0. 71 (95% CI [0. 68, 0. 74]), where climate resilience is 0. 90, and biodiversity
enhancement is 0. 88, while implementation cost is 0. 58 and stakeholder support is 0. 64.
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To examine the differences in the performance of the four NBS types, a one-way MANOVA test
was carried out on the seven criteria. The analysis produced a multivariate effect which was
statistically significant, F (6,82) = 2.50, Wilks” A = 0. 423, F(21, 4306) = 73. 15, p < 0. 001, partial
N2 = 0. 246. The learning criteria’s significant differences showed through follow-up univariate
ANOVA:s for all NBS types: p < 0. 001.

Further, HSD Tukey post hoc test revealed that urban green spaces were more effective than
other NBS types in terms of public health impacts and stakeholders’ acceptance (p < 0.001).
SUDS had a significantly higher score in the management of water than all the other types (Chi
square = 531.749, p < 0. 001). The results further showed a percent performance comparison of
urban forests for climate resilience and Biodiversity against the green roofs and walls, where
urban forests scored much higher percentages (p<0.001) but had no much disparity when
compared to the urban green spaces (p=0.089 and p= 0.112 respectively.

Quantitative Performance Assessment of NBS Types
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4. 2. 3 Cost-Effectiveness Analysis

An assessment on the cost efficient manner in which various types of NBS were able to deliver
the associated benefits in relation to costs was also assessed. Implementation costs were
considered as well as the estimated costs of maintaining the system over a twenty-year period
with a 3 percent discount rate applied to the future years’ costs. 5% per annum.

N
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Out of all the structures, SUDS showed the highest BCR, which stood at 3. 2 (95% CI [2. 9, 3. 5])
AU a health benefit is obtained for every monetary unit invested, meaning that the value of the
health gained is 3. Thus, two units of benefits were created. Urban green spaces were next with a
BCR of 2. 9[95% CI 2. 6, 3. 2]. Green roofs and walls presented the BCR of 2. 1 (95% CI [1. 8, 2.
4]), the latter, although they are generally more efficient in some of the criteria, they received a
BCR of 1. 8 (95% CI [1. 5, 2. 1]) than other types of electronic sources because of the high
implementation and maintenance costs.

The above results were then subjected to sensitivity analysis in order to check on the stability of
the results given varying cost and benefit parameters. The assessment showed that despite the
changes the ranking of different types of NBS by BCR did not significantly alter and SUDS and
urban green space dominated the other options. However, urban forests showcased cost benefits
when the overall value was ascribed a higher importance on carbon sequestration and biological
diversity, which underlined on a need to perform a more holistic cost-benefit analysis on
ecosystem services when it comes to NBS.

Cost-Effectiveness Analysis of NBS Types

Benefit-Cost Ratio
= N N w w >
w o w o w o

-
o
T

0.5}

Urban Green Spaces SUDS Green Roofs and Walls Urban Forests
NBS Type

4.2. 4 Life Cycle Assessment

A life cycle assessment (LCA) was also performed to assess the environmental influences of each
NBS type in their life cycle from production of the material and construction of the NBS through
the maintenance phase and end of life options. The impact assessment was performed on several
impact categories such as the global warming impact, eutrophication impact and the impact on
resources.

N
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Among the five classes, urban green spaces and urban forests had the least total environmental
effects on global warming with values of 15. 3 kg CO2eq/m2 (95% CI [13. 8, 16. 8]) and 17. 0. 033
kg CO2eqg/m2 (95% CI1 0. 015, 0. 037) and 1 kg CO2eq/m? (95% CI 0. 055, 0. 077) over a 20 year
period. In the environmental impact assessment of SUDS the global warming potential was
estimated to be 28 which can be regarded as moderate. 6 kg CO2eq/m? (95% CI [26. 2, 31. 0]).
Analysing the results obtained, green roofs and walls showed the highest environmental potential
in terms of the given indicators, with a global warming impact of 42, which is explained by the
production of materials and the frequency of maintenance. 9 kg CO2eq/m2 (95% CI [39. 7, 46. 1]).

On the other hand, when evaluating the usefulness of each NBS type in the operation, in terms of
carbon storage and energy saving, the overall environmental effects were much different. Urban
forests returned the highest net benefit with GWP of -105. 7 kg CO2eg/m? (95% CI [-118. 3, -93.
1]) over 20 years, followed by urban green spaces at -68. 4 kg CO2eq/m295% CI [-78. 2, -58. 6]).
Green roofs and walls, although having a relatively high value of initial impact assessment,
presented the global warming potential as low as -23. 9 kg CO2eq/m? (95% CI [-31. 5, -16. 3])
because of the energy saving impact on constructions. SUDS revealed that it had a moderately
negative contribution of -12. 7 kg CO2eq/mz2 (95% CI [-18. 9, -6. 5]).

These LCA results state that decision-makers should consider both the direct and indirect values
of NBS. They also reinforce the implications that urban forests and green spaces can play
important roles of carbon dioxide reservoirs in the urban landscape.

Life Cycle Assessment of NBS Types
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4. 2.5 Spatial Analysis Performance of NBS

Thus, to explain the spatial dispersion of NBS performance indicators, geographic information
system (GIS) evaluation was carried out based on data from 50 cities in different climatic zones.
The evaluation of the results showed the variation of NBS performance across the space and the
most contrasting outcomes according to such indicators as climate adaptation, water usage, and
positive effects on public health.

The most stable performance was identified in urban greenspace, with CV of 0. 18 for the overall
performance scores. SUDS had higher coefficient of variation (CV = 0. 29) and while it was
successful in places with higher coefficients of variation of rainfall, the performance could not
compare to that in arid regions. Green roofs and walls had moderate fluctuation (CV= 0. 24); the
performance depended on the local climate factors including temperature and humidity.
Performance of the different subtypes also varied in space with the urban forests having the
highest CV of 0. 37 due to, local species suitability, space available and current cover available in
the cities.

Spatial Analysis of NBS Performance
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Based on the GWR analysis, relationships between NBS performance and different
characteristics of urban areas were examined with regards to geographical contexts.
Consequently, the findings showed that performance of urban green spaces was significantly
influenced by population density which had a positive correlation coefficient estimate of 0. 42, (t
= 6. Regression analysis indicated that SUDS performance had a significant and positive
relationship with annual precipitation variability [Coefficient (f) = 0. 58; p < 0. 001] and the
amount of impervious surface cover (f = 0.49; p <0. 001).
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The role of green roofs and walls was found to be significantly related to cooling degree days and
building density which was quantified indicating that there was a positive correlation of the
performance of green roofs and walls with the cooling degree days and building density.

These spatial analyses offer good suggestions for the application of NBS strategies for different
cities and demonstrate that the site conditions of the locality must be considered in regard to
NBS.

4.2.6 Time analysis of NBS performance

Thus, a temporal evaluation of the long-term performance and stability of different NBS types
was performed in historical data from 30 long-term NBS projects (at least 10 years of operation)
and climate change forecasts.

A causal evaluation of performance data by time series analysis also pointed to the fact that while
urban forests and the UGS have relatively constant scores of performance, they recorded
marginal improvements in most of the criteria such as Biodiversity and Climate Resilience
Standards over time. The average annual increase in the overall performance was 1 point. 2%
(95% CI [0. 9, 1. 5]) for urban forests and 0. while for urban green spaces it was 9% with 95% ClI
[0. 7%, 1. 1%]. This was explained in terms of change in vegetation cover, the increase in canopy
cover and also the evolution of ecosystem with time.

SUDS showed that the performance was stable across different years measuring an average of 0
as the annual change in the overall performance score. 3% (95% CI [- 0. 1%, 0. 7%]). Although,
their performance was slightly lower and demonstrated a higher dependency on the weather
conditions; the effectiveness reduced during periods of heavy rain.

The long-term yearly fluctuation was highest for green roofs and walls, fluctuating on average by
-0. 5% (95% CI [-0. 9%, -0. 1%]). This marginal drop of performance was mainly attributed to
maintenance issues as well as the periodic replacement of vegetation. Nevertheless, projects that
experienced stable or even enhancing performance levels were those with sound maintenance
programs.

Probabilistic assessments for future performance indicators under three climate change scenarios:
RCP 2. 6, RCP 4. 5, and RCP 8. 5 were simulated with the help of ecosystem service models
alongside climate projections. Regardless of the choice, the ranking of NBS types that in the
current environment will be preserved. But when it came to the absolute performance scores the
picture was not as clear cut.

Hypothesis 3 was partially supported whereby higher climate change severity boosted the
importance and effectiveness of urban forests and urban green spaces in the criteria related to
climate resilience and public health. Under the RCP 8.

N
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In five, their forecasted overall performance scores for the year 2050 were 12 points higher. 3%
(95% C11[9.8,14.8%]) and 9%. To levels comparable to those observed for ever smokers: 7% (95%
CI [7. 5%, 11. 9%]) for current.

SUDS provided better outcomes where greater change in rainfall was expected, but its efficiency
reduced in areas that would receive more frequent and severe droughts. Under the RCP 8. Their
overall performance score for the year 2050 was in the range of 15 as per the 5 scenario. 6% raise
to an 8. The findings also presented a 9% reduction deviation based on geographical factors.

Higher climate conditions influenced enhancement of green roof and walls performance in
relation to the effects of cooling, which had positive impact to overall PS of 7. 2% (95% CI [5.
1%, 9. 3%]) for the model under RCP 8. 5 scenario for 2050.

The results of these temporal analyses further stress the temporal variability of NBS performance
and the necessity to consider long-term temporal trends and future conditions for NBS
management.

Temporal Analysis of NBS Performance
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4.2.7 Performance of NBS according to the Stakeholders

In addition to the quantitative evaluation, a qualitative study was conducted among 40 key
informants to identify the stakeholders’ perception of NBS performance.

N
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The thematic analysis of the interviews provided some important themes.
1) Multifunctionality

Several stakeholders noted that it is possible to achieve multiple values from NBS at once. An
urban planner (Interviewee #14) said, “In our city, we focus on NBS that can solve more than
one problem — floods, heat, and provision of open space for the people, green spaces are the best

example.”
2) Contextual effectiveness

Some of the respondents expressed the belief that the role of local context cannot be
overemphasized in influencing the effectiveness of NBS in general. An environmental manager
(Interviewee #28) noted that, ‘what is efficient in one city might not be so in another;. For
instance, we have discovered that SUDS are very efficient in the rainy climatic conditions we
experience here but not in the dry areas.

3) Long-term resilience

Some of the stakeholders who made comments on the future performance of NBS were
concerned that the ability will not work as expected under the new climatic conditions. An
interviewee with the peculiarities of a climate scientist (Interviewee #33) noted, “It is important
to consider climate change aspects while designing NBS; for example, the trees that are planted in
urban areas have to be developed to be able to withstand future climate conditions of
temperature and precipitation.”

4) Community engagement

Community support was noted to be an important factor in the success of NBS as it was the most
common issue raised in the interviews. A community organizer (Interviewee #9) said, “The most
effective NBS based on our observation are those that have received support from the
community members.

Urban parks and community gardens have been regarded as the best performing NBS since they
offer benefits that people can relish”.

5) Maintenance challenges
Some of the interviewees noted maintenance as one of the aspects that informed the NBS
performance in the long run. An official from a city (Interviewee #22) said, “Green roofs and

walls can be very effective but they need constant care. Some projects are fading off because of
poor maintenance leading to poor performance and perception on the part of the public .”
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6) Data gaps

Regarding quantitative data, many stakeholders made comments on the desirability for more
extensive, longer term performance data on NBS systems. A researcher (Interviewee #37) said,
“Indeed, many NBS projects have good short-term data, but long-term performance data are
scarce, including climate change and extreme weather event vulnerability.”

These qualitative findings offer a rich background against which the quantitative performance
evaluations should be made and also present some key issues on NBS that should be considered
by implementers and managers.

4. 3 IDEAL RESOURCE ALLOCATION OUTCOMES

Considering the importance weights of the criteria and the NBS performance assessments,
optimal resource allocation scenarios have been proposed using the framework of MCDA. Three
primary scenarios were modeled: a climate focused scenario, a balanced business case scenario,
and a cost limited business case scenario.

4. 3.1 Climate-Focused Scenario

In the scenario referring to climate, which is focused on climate issues and corresponding criteria,
the overall supply pointed to the use of urban forests (40%, 95% CI [37%, 43%]) and urban green
spaces (35%, 95% CI [32%, 38%]); the rest of the supply would be divided between SUDS (15%,
95% CI [13%, 17%]) and green roofs and walls

This particular case provided the best outcome for climate resilience that was estimated at 0. 89
(95%CI 0. 86, 0. 92) and biodiversity improvement with the score of 0. 83 (95%CI 0. 80, 0. 86).
But the results indicated lower figures regarding cost-efficiency, 0. 72, 95%CI: 0. 69-0. 75, and
stakeholder engagement, 0. 76, 95%CI: 0. 73-0. 79.

This means that the allocation arrived at above has been arrived at based on sound reasoning and
is robust if tested through a Monte Carlo simulation with 10,000 iterations, using both criteria
weights and NBS performance scores. The share of the urban forests and urban green areas was
kept above 70 percent in 94. 3% of the iterations.
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Climate-Focused Scenario Allocation
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4. 3. 2 Balanced Approach Scenario

The balanced approach scenario, which gave equal weight to all criteria, resulted in a more
evenly distributed allocation: urban green spaces are the most implemented type of green
infrastructure to 30% (95% CI [27%, 33%)]), followed by SUDS at 25% (95% CI [22%, 28%)]),
green roofs and walls at 25% (95% CI [22%, 28%]), and urban forest at 20% (95%CI [17%, 23%]).

In this scenario, all subjects were evaluated fairly and above the reference mark of 0. 75 for all
criteria. It achieved optimal scores in water management, 0. 86, 95% CI [0. 83, 0. 89], and public
health outcomes, 0. 84, 95% CI [0. 81, 0. 87]. The total performance score for this setting was O.
81 (95% CI [0. 78, 0. 84]), which is somewhat lower than the climate-focused scenario but
considerably more favorable on the balance of the criteria.

Further, sensitivity analysis showed that this allocation was relatively robust to moderate
changes in criteria weights, with CV for percentage of each NBS type’s allocation below 0. 2
across 10,000 Monte Carlo iterations.

N
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4. 3. 2 Balanced Approach Scenario

The balanced approach scenario, which gave equal weight to all criteria, resulted in a more
evenly distributed allocation: urban green spaces are the most implemented type of green
infrastructure to 30% (95% CI [27%, 33%]), followed by SUDS at 25% (95% CI [22%, 28%)]),
green roofs and walls at 25% (95% CI [22%, 28%]), and urban forest at 20% (95%CI [17%, 23%]).

In this scenario, all subjects were evaluated fairly and above the reference mark of 0. 75 for all
criteria. It achieved optimal scores in water management, 0. 86, 95% CI [0. 83, 0. 89], and public
health outcomes, 0. 84, 95% CI [0. 81, 0. 87]. The total performance score for this setting was 0.
81 (95% CI [0. 78, 0. 84]), which is somewhat lower than the climate-focused scenario but
considerably more favorable on the balance of the criteria.

Further, sensitivity analysis showed that this allocation was relatively robust to moderate

changes in criteria weights, with CV for percentage of each NBS type’s allocation below 0. 2
across 10,000 Monte Carlo iterations.

Balanced Approach Scenario Allocation
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4. 3. 3 Cost-Constrained Scenario

The cost-constrained scenario, which prioritised on the implementation cost and the future
manageability of the measures, allocated more to SUDS (40%, 95%CI [37%, 43%]) and urban
green spaces (35%, 95% CI [32%, 38%]), less to green roofs and walls (15%, 95% CI [13%, 17%])
and urban forests (10%, 95% CI

The target of this case had the highest mean score for cost-effectiveness, (Mean=88, 95% CI [85,
91]) as well as water management; (Mean=90, 95% CI [87, 93]). Yet, it scored poorer in the
improvement of biodiversity (mean = 0. 71, 95% CI = 0. 68-0. 74) and climate change resilience
(mean =0. 76, 95% CI = 0. 73-0. 79) in contrast to the other scenarios.

In this case, a cost-benefit analysis was conducted at the end of the given scenario where the total
benefit-cost ratio was even higher and amounted to 3. 4 (95% CI [3. 1, 3. 7]) in the CG compared

to the IM group, respectively. 8 (95% CI [2. 5, 3. 1]) for the climate-focused scenario and 3. 1
(95% CI [2. 8, 3. 4]) for the balanced approach assumption.

Cost-Constrained Scenario Allocation
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4. 3.4 Areal Variation of the Optimal Distribution

In light of the earlier discussion regarding spatial variation in NBS performance, spatially
validated optimal allocation models were created for 20 various cities. The findings indicated that
the distribution of NBS should be different according to the environmental, social and economic
characteristics of a specific area.

Coastal cities with high flood risk showed a stronger preference for SUDS in their optimal
allocation, with an average allocation of 35% (range: Compared with the global average of 25%,
the incidence of smoking consumption (28-42%) is relatively high in the target age range of 18-39
years. Cities with high urban heat island effects favored a combination of urban forests and green
roofs/walls, with these two NBS types accounting for an average of 60% (range: In such cities it is
expected that not less than 52-68% of the allocation will be expended.

Arid cities demonstrated a unique allocation pattern, with a higher preference for drought-
resistant urban green spaces (average allocation 40%, range: The study also revealed that, the
respondents allocated only a fraction of the available budget to water intensive activities such as
urban forest where the average allocation was 15% with a range of 10-20%, while energy
allocations ranged between 35-45%.

These spatial differences underscore the fact that the implementation of NBS should consider the
nature of the regional environment and obstacles.

4. 3.5 The temporal analysis of optimal resource allocation

To examine how, the ideal proportional distribution of NBS across the region might evolve we
constructed dynamic models that captured changes in climate, urbanization and socio-economic
trends over the next three decades, 30 years.

In the case of a moderate climate change (RCP 4. 5), the optimal share increased year by year
and moved towards the options more resistant to climate change. The ratio of urban forests in
the optimal combination rose by an average of 0. year (95% CI [0. 3, 0. 7]) and the proportion
allocated to SUDS by an average of 0. 0. 03 [0. 01, 0. 05] percentage points per year (adjusted

95% CI).

In the case of the RCP 8. 5, the transition to urban forests was more apparent, and the
proportion was determined to have an average augment of 0. annual percent change of 8
percentage points per year (95% CI [0. 6, 1. 0]) and urban green spaces, by 0. remained
significantly higher than the control by 6 percentage points per year (95% CI [0. 4, 0. 8]).
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These temporal models also indicated possible first- and second-order phase transitions and
correspondingly, possible fast dynamics of the optimal proportions. For instance, in the cases of
higher SLR rates, it was observed that the optimal investment towards SUDS and CGl in coastal
cites saw a sharp marked up after the risk thresholds were exceeded.

4. 3. 6 Stakeholder Views about the Allocation Situations

In order to assess the practical applicability and perceived appropriateness of the various
allocation scenarios, this study engaged 50 urban planners, policy makers and NBS practitioners
from 15 countries in a workshop series.

Respondents were given the three major allocation strategies and asked to rate them on a scale of
0 to 10 for the feasibility of the strategy and how desirable the strategy was to them. The
balanced approach scenario had the highest mean feasibility rating 7. 8, 95% CI [7. 5, 8. 1] and
desirability rating of 8. 2, 95% CI [7. 9, 8. 5]. Specifically, the climate-focused scenario was
considered as highly desirable in overall rating (8. 5, 95% CI [8. 2, 8. 8]), but less feasible because
of the issues connected with implementation expenditures and land resources for creation of
urban forests.

Completing or being cost constrained received moderate ratings on the feasibility, M = 7. 3 (95%
Cl[7.0,7.6]) and the desirability, M = 6. 8 (95% CI [6. 5, 7. Some participants said that this
scenario may not fully meet the long-term climate adaptation solutions requirements.

Thematic analysis of workshop discussions revealed several key considerations for NBS
allocation: Thematic analysis of workshop discussions revealed several key considerations for
NBS allocation:

1) Flexibility

Some of the participants stressed the significance of the adaptability of the AS allocations to the
contexts at different levels and conditions.

2) Incremental implementation

Some of the practitioners supported gradualism in disbursement of NBSs with the rationale that
it creates room for evaluation and changes in the future.

3) Co-benefits

Some participants stated that often there is a need to look at co-benefits to the core NBS
functions with co-benefits related to social or economical benefits being the most common.
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4) Policy alignment

The participants noted that allocations to NBS should correspond to general urban policies and
development strategies.

5) Funding mechanisms

Hence the innovation of the funding mechanisms was deemed essential in achieving the best of
the NBS allocations especially for higher more climate change oriented futures.

These insights from the stakeholders will be useful in providing a practical perspective of various
issues that relate to the actual implementation of the strategies of NBS allocation.

Stakeholder Perspectives on Allocation Scenarios
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Climate-Focused Balanced Approach Cost-Constrained
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4. 4 Sensitivity Analysis

To perform sensitivity analysis input parameters were varied and the impact that it had towards
the MCDA was thoroughly examined. This analysis included stepwise changes on the criteria
weights, the performance scores and the cost estimates.
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4.4.1 Criteria Weight Sensitivity

The stability of the optimal allocation toward the change in the criteria weights was examined by
applying the one-at-a-time (OAT) procedure, where the weight of each criterion was increased or
decreased by 50 percent while other criteria’s weights were fixed. The findings indicated that the
model had the greatest response to alterations to the weights relating to climate resilience and
biodiversity improvement.

Doubling the weight of climate resilience was associated with a 15% increase in the provision for
urban forests in all the analysed contexts (95% CI [12-18%]). On the other hand, a 20% reduction
in this weight led to an 18% cut in the allocation of urban forest (95% CI [15%, 21%]) especially
to the SUDS and urban green space.

Implementation cost bear also a non-linear relationship with the outcomes of allocation. Even if
this weight is increased up to thirty percent, the effect on the optimal allocation shows minimal
change. However, if the requirements exceeded this number, a sharp increase in the use of SUDS
and urban green spaces became noticeable.

A global sensitivity analysis with the Morris method was also applied to evaluate the interaction
of the criteria weights. The analysis revealed climate resilience, implementation cost, and
biodiving as the three most important parameters, contributing to 68% of the overall output in
the optimization.

4.4.1 Criteria Weight Sensitivity
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4. 4.2 Performance Score Sensitivity

To test the sensitivity of the model and the impact of uncertainties in NBS performance score,
Monte Carlo simulation was performed. Performance scores of NBS types by criterion were
randomly adjusted between 80-120% of their base value for 10,000 Monte Carlo trials.

It was also revealed that the optimal allocation demonstrated quite good stability with moderate
deviations from the expected performance scores. The coefficient of variation for the allocation
percentages varied between 0. 11 for urban green spaces to 0. 18 regarding green roofs and walls.

However, there were specific cut offs that were ascertained where slight variations in performance
scores could cause big changes in resource distribution

1) A 15% improvement in the climate resilience performance index of urban forests, increased
their allocation by 25% in the climate change oriented strategy (95% CI [21%, 29%)]).

2) Attaching a 10% lower cost-effectiveness score to SUDS led to a 20% cut to their distribution
in the cost-limited case (95% CI [17%, 23%)]).

These results suggest that it is crucial to provide correct performance evaluations and that
uncertainties in these evaluations and can affect decisions.

4.4.2 Performance Score Sensitivity
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4. 4. 3 Cost Estimate Sensitivity

Due to the significant role of costs in NBS decision-making, the cost data utilized in the model’s
development was subjected to a comprehensive sensitivity analysis. As for the two kinds of costs
involved, namely implementation costs and subsequent maintenance costs, £30% tolerance was
used in this analysis.

The findings of the study indicated that the model was more responsive to changes in the
implementation costs as compared to changes in the maintenance cost. An increase of 20% of the
implementation costs reduced the allocation to urban forests by 12% (95% CI [9%, 15%]) while
increasing the allocation to SUDS and urban green spaces.

What was not equally sensitive to cost variation, however, was the media mix. The cost-
constrained scenario had the highest sensitivity; a 30 percent increase in the implementation cost
causing a complete revision of the most suitable distribution. On the other hand, the scenario
that centred on climate change was less sensitive to the changes in the costs and it followed a
similar pattern even when the costs were raised to the maximum level.

4.4.3 Cost Estimate Sensitivity
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4.4. 4 Space-Time Perception

To evaluate the model’s dependence on spatial and temporal characteristics, we analyzed it based
on various urban categories and future projections.
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Urban archetypes were used to assess model’s spatial sensitivity for 20 various climatic and socio-
economic scenarios created by combinations of urban forms. The findings revealed that despite
the fact that the overall patterns of the optimal funding were quite similar, there were significant
deviations in the figures in question. For example, SUDS funding was between 15% in the
minimum water use and densely packed cities and 40% in the maximum water use and sprawling
cities which regularly flooded.

The temporal sensitivity of the model was examined by performing the model with climate
change and urban development up to 2050. The model demonstrated that under high climate
change scenario (RCP 8.5) the model had higher sensitivity to climate resilience performance with
the allocation to urban forests and green spaces has to increase by up to 30% more than current
optimal allocations.

Spatial Sensitivity: Allocation to SUDS Across Urban Archetypes
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4. 4.5 Stakeholder Preference Sensitivity

Understanding the relevance of the stakeholder preferences in the real-life decision-making, we
performed the sensitivity analysis as to the changes in the stakeholder preference. This was done
by incorporating a stakeholder preference factor into the MCDA model and changing it to
different levels.

The findings revealed that stakeholder’s preferences could significantly affect the decision,
especially when there were similar options of the different types of NBS. When there was a 25%
shift from stakeholders’ preference of hidden, less available NBS toward more visible and
accessible options, there was a 20% reallocation towards the urban green spaces (95% CI [17%,
23%]) at the detriment of less visible options like SUDs.

Specifically, it gives emphasis on the need to take into account the preferences of the different

stakeholders in deciding on the NBS investment and the role played by the public perception in
determining the efficient NBS allocation.

lmggoc'g of Stakeholder Preference on Urban Green Spaces Allocation
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4. 4.6 Model Structure Sensitivity

To assess the sensitivity of the results to the structure of the MCDA model itself, we compared
the outcomes of our primary model (weighted sum method) with two alternative MCDA
approaches: Among these, two of the well-known approaches are the Analytic Hierarchy Process
(AHP) and PROMETHEE (Preference Ranking Organization Method for Enrichment
Evaluations).

It was also observed that although the optimal allocation trends were more or less similar in all
the three methods, there were some disparities.

1) The AHP method introduced larger variability in allocations and focused on the highest
performing types of NBSs in each context more than the other methods.

2) The PROMETHEE method was more sensitive with the ranking of NBS types, and hence,
provided more detailed distribution that involved all the four kinds of NBS types though to
varying extents.

3) These aspects only emphasize the need for a proper approach toward the selection of the
MCDA method in NBS decision-making and, perhaps, employing more than one method in
order to get a broader perspective on the most preferable allocations.
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4.4. 7 Uncertainty Analysis

Thus, to consider all the uncertainties connected to the MCDA results, the probabilistic
uncertainty analysis based on the Monte Carlo method was performed. This analysis took into
consideration variations in weights of the criteria, scores of the performances, cost predictions
and even the preferences of the stakeholders.

The findings were depicted in the form of probability distributions for the allocation percentages
of each NBS type in the various contexts. For instance, the balanced approach scenario suggests

1) On the extent of provision for urban green spaces, 30% was the median with a 90% confidence
interval of [25%, 35%].

2) The median allocation of SUDS was 25 percent with 90 percent confidence interval of [20
percent, 30 percent].

3)Green roofs and walls had a median of 25% and the 90% CI =[20%,30%].
4) The median of the allocation for urban forests was 20% with 90% CI, [15, 25].

It is noted that these probability distributions give a more realistic picture to the decision makers
of all the possible optimal allocations to be expected considering the variability in the inputs.

Uncertainty Analysis of NBS Allocation
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4. 4.8 Value of information analysis

Finally, to inform the future research and data collection processes, we conducted the value of
information (VOI) analysis. In this analysis, the amount of improvement in decision-making was
expressed as the expected enhancement in the overall NBS performance when the variability of
the input parameters was minimized.

The main analysis revealed that the VOI was the highest for the category that aimed at reducing
uncertainty in the climate resilience performance of urban forests, expecting the performance to
increase by 8% (95% CI [6%, 10%]. This was succeeded by the reduction of uncertainty on the
cost-effectiveness of SUDS (performance increase of 6%,95% CI [4%, 8 %]) and the long-
performance green roofs and walls.

This information may be useful to guide future study directions as well as data acquisition plans
and enhance the stability and reliability of the NBS decision making models.

Model Structure Sensitivity Analysis
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4. 5 Integration of Results

The analyses highlighted in this section give a broad and detailed view of performance of NBS,
the method of determining the right resources to invest in and the generalities, strengths and
weaknesses, opportunities, and threats inherent in NBS decision-making. Key integrated findings
include
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1) The need to plan for NBS in the context of the problem, given the geographical differences and
historical patterns of the optimal investments and the model’s dependence on the local
conditions.

2)The domination of climate resilience and biodiversity improvement factors as major
determinants of NBS appropriations especially under climate change conditions in the future.

3) The desire for the combination of multiple factors in the process of NBS decision-making,
which could be supported by the overall positive reception of the balanced approach scenario on
the part of stakeholders.

4) The high influence of cost factors on the ideal resources distribution, the need to come up with
efficient funding models for NBS.

5) The argument for ‘dynamic’ approaches to NBS which are able to be adjusted based on
information which is received at a later time.

6) The significance of comprehensive uncertainty analysis in the framework of NBS planning to
consider all types of uncertainties typical for urban systems complexity.

The findings integrated in these studies constitute a solid knowledge base for designing improved,
less vulnerable, and more localized NBS strategies for urban environments. They also stress
difficulties in the decision-making process with regard to NBS and the necessity to use rather
subtle, multiple criteria tools capable to address various objectives and different types of
uncertainty.

5.0 DISCUSSION

5. 1 Interpretation of Results

This paper’s synthesis of the literature on Nature-Based Solutions (NBS) resource allocation
provides insights into the intricacies of urban environmental decision-making. The concepts of
climate resilience, biodiversity, water supply, public health, stakeholders, cost, and future
continued management give a clear and systematic approach towards the assessment of NBS
options. The ranking of these criteria as obtained from the global survey and the AHP
demonstrates the shift in the perception of NBS as offering diverse values in urban environments.

The most important criterion, was climate resilience with the mean importance rating of 4. 62 out
of 5 and AHP weight of 0. 23, which corresponds to the global trend of paying attention to
climate change adaptation in urban planning. This explains the fact that urban decision-makers
are focusing on NBS that assist cities to cope with climate change risks such as high
temperatures, floods, and storms.
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The high rating given to the enhancement of biodiversity (mean rating of 4. 38, AHP weight of 0.
18) and the management of water (mean rating of 4. 29, AHP weight 0. 17) also points to the
recognition of NBS as interventions that are solutions to many environmental issues.

Notably, although public health benefits had been rated relevant by the participants by giving it a
mean score of 4. 07, its AHP weight is considerate lower at 0. 14. This could perhaps explain the
difference in the two figures as it may be more difficult to measure and directly link the overall
health improvements to the NBS interventions, a subject which could perhaps be a fruitful
avenue for further research and the enhancement of the methods used. One must note the lower
ratings for the implementation cost (mean 3. 88, AHP weight 0. 09) and long-term management
feasibility (mean 3. 79, AHP weight 0. 08), which indicates that while selecting NBS,
environmental and social aspects are preferred over the economical ones. Nonetheless, the
sensitivity analysis showed that cost factors can greatly affect the optimal distributions, especially
when resource limitations are strict.

The changes in the level of criteria importance among the various stakeholders and across regions
demonstrated in the study underscore the context specificity of NBS planning. For example, the
more enhanced urban planner mean rating of stakeholder support 4. Likewise, by the regional
variations, namely, climate resilience in Europe (mean rating 4.75) and water management in
Asia (mean rating 4.38), it is also possible to observe the differences in the environmental
concerns and challenges worldwide. Such call for practical framework that will underscore the
implementation of the NBS that can be compatible to the country’s priorities for development.

The two factors obtained from the factor analysis, namely, ‘Environmental Impact’ and ‘Socio-
economic Considerations’ give a sound theoretical framework for perceiving NBS benefits.
Hence, with a coefficient of 0. 48, it is possible to assert that while being considered as separate
factors that require different solutions, they are interrelated, which supports the understanding of
NBS as comprehensive solutions that can provide multiple benefits.

Various studies have shown that the assessment of the performance of various NBS types
contributes significantly to planning for cities and the management of the environment. The high
composite score of 0. 82 attained by the urban green spaces in the study indicates that they were
able to perform well in most of the criteria, which explains why they are widely used in urban
greening. Here, their specific abilities to improve the BIODIV (0. 89), PUBLICHLTH (0. 87),
and STAKEHOLDER (0. 85) confirm that the well-designed UGFs have multiple functions.
Sustainable urban drainage systems in water management received a high performance score of 0.
94 and climate resilience score of 0. 83 and therefore these systems are useful in managing the
water issues in towns and the flood risks.
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The fact that there are different types of NBS and that their performance differs proves that there
is a need for the diversification of the green infrastructure in cities. The performance of urban
forests is higher in the climate resilience criterion (0. 90) and the criterion of increasing the rate of
species (0. 88). However, there are some problems to solve, as their implementation cost is not
high (0. 58) and public support is moderate (0. 64). Also, the high rating of green roofs and walls
for energy efficiency (0.88) and mitigation of the urban heat island effect (0.85) allows identifying
them as the most suitable to address the building-related environmental issues.

Thus, the cost-effectiveness analysis offers the vital information that is needed in the decision
making process especially given the limited financial resources. Indeed, the BCR of SUDS (3. 2)
and urban green spaces (2. 9) implies that these NBS types could be among cost-effective
solutions in many urban settings. However, these ratios are very sensitive to elements like carbon
pricing and ecosystem service valuation, and this shows the need for full economic costings in any
NBS planning.

This paper’s LCA results reveal more detailed insights into the environmental effects of various
NBS types. The net global warming potential of urban forests (-105.7 kg CO2eq/m?) and urban
green spaces (-68.4 kg CO2eqg/m?) in a 20 year span reveals the importance of carbon storage in
the urban setting. Another theme in the case of green roofs and walls is the fact that while at the
first stage of implementation they contribute highly to environmental impacts, afterward they
benefit in energy savings, thus showing that there is need to take into account both the initial and
the final impacts while implementing NBS.

The quantifiable comparison showing that NBS efficiency varies greatly depending on the urban
context (coefficient of variation ranging from 0. 18 for green spaces to 0. 37 for forests) also
proves that it is necessary to develop a context-specific approach towards NBS. The significant
correlation coefficients reflected in ‘performance indicators’ with the indicators of ‘urban
morphology’ including population density, existing green cover, and impervious surface area are
useful for informing the suitability of NBS strategies for different urban morphology.

The temporal analysis of NBS performance provides valuable knowledge about the nature of
long-term use of urban greening initiatives. The rates of annual improvement of urban forests
and green spaces are relatively slow 1. 2% and 0. 9% respectively, which indicates that there may
be long-term prospective of these NBS types because of the ecosystem maturation. The better
performance of SUDS alongside with their vulnerability to heavy rain storms stresses the
importance of adaptive management in NBS application.

The formulation of the best resource allocation strategies offers policy directions to the
practitioners in urban planning. The climate-centered option that leans towards the choice of
urban forests (40%) and urban green areas (35%) is the most relevant at the present time, as cities’
demands for climate action are growing stronger. But the effectiveness cost index with the score
of 0. 72 and the stakeholder support index with the score of 0. 76 reveal the possible difficulties of
implementation in this case.
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While the balanced approach, which preliminarily implies a more or less equal balance between
the NBS types, exhibits the possibility of achieving high and equally high grades for all
indicators. The results show that the model achieves an overall satisfaction level of 0. 81, water
management satisfaction level of 0. 86 and public health satisfaction level of 0. 84 to indicate the
effectiveness of diversifying the NBS portfolio in managing individual urban development
problems.

The cost-constrained option with 40% for SUDS and only 35% for Urban Green Spaces is most
realistic for the cities which have little funds to spare. The cost of effectiveness index is 0. 88 and
water management is 0. 90; this means that efficient NBS strategies for the city can be achieved
even under conditions of limited resources, but the trade-off is in terms of the benefits for
biodiversity and climate change resilience.

The cross-city differences in the optimal proportions of SUDS for example the coastal cities
where an average of 35% of area was allocated for SUDS and the arid cities where an average of
40% of area was allocated to green spaces that include drought resistant plants also support the
need for context specific NBS planning. This research indicates that although principles for the
distribution of NBS can be formulated at a basic level, the principles must be adjusted depending
on the environmental, social and economic context of the area in which the NBS are being
implemented.

The diagrams illustrating the temporal pattern in the optimal allocations having indicated
constant changes towards more climate-resilient choices under the future circumstances underline
the necessity for development of contingency and long-sighted approaches to NBS. It is also
evident that under climate change scenarios, the projected optimal allocation to urban forests will
rise by 0. 5 to 0. 8 percentage points annually in the future, and therefore, the long-term NBS
planning should take into consideration the dynamic environmental conditions.

Based on the findings of the sensitivity analysis, valuable information on the strengths and
weaknesses of the MCDA framework is obtained. Thus, the high sensitivity to changes in the
weights of climate resilience and biodiversity enhancement highlights the significance of accurate
weighting of criteria in NBS decision-making. This argument reveals the existence of thresholds
in which marginal changes in performance scores are likely to lead to drastic changes in resource
distribution, hence the importance of conducting proper and detailed performance assessment for
NBSs.

There is value in information analysis, especially when it focuses on the key possibilities of
enhancing decision-making, based on more detailed data regarding climate resilience
performance of urban forests and cost-efficiency of SUDS. The results of this study can guide the
focus of funding for NBS monitoring and evaluation to support the improvement of the evidence
base for urban greening interventions.
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5. 2 Potential of NBS Implementation

The results of this study are relevant to discussions on the application of Nature-Based Solutions
in urban contexts. First of all, the results presented in the paper stress the need to apply a
multiple criteria perspective to plan and decide on the NBS. The recognition of seven criteria and
their relative significance helps to develop a clear structure for the comparison of all prospects of
NBS, which contributes to the consideration of all possible advantages and disadvantages.

Although the importance ratings of all the criteria are quite high, climate resilience with an
overall importance rating of 4. 62 and an AHP weight of 0. 23 emerged as the most critical
criterion, which means that urban planners and policymakers should target the NBS
interventions that address adaptation and mitigation of the impacts of climate change. This could
range from implementing evaluations for NBS types’ climate resilience, for instance, by
promoting types with high climate resilience scores including the urban forests with a
performance rating of 0. 90, and urban green spaces with a performance score of 0. 85, and
incorporating climate change projections into the long-term NBS planning.

Nonetheless, the other criteria including enhancement of biodiversity (mean 4.38, AHP 0.18), and
water management (mean 4.29, AHP 0.17), are also important to stress the need for the
multifunctional NBS for the delivery of multiple ecosystem services. The fact that all the
evaluated aspects of urban green spaces have high results (the composite score is 0. 82) points to
the fact that they should be included into the strategies for development of urban green zones in
many cases.

These differences in criteria importance by stakeholder groups and regions highlight that NBS
should be planned contextually with stakeholders’ involvement. In this case, the urban planners
and decision-makers ought to consult with the various stakeholders in order to establish the local
interests that should be taken into consideration when formulating the strategies for the
implementation of NBS. The rating given by the urban planners regarding stakeholder support
was higher (4. 18) than the mean rating for the other variables, which signifies the need to engage
the community to ensure the sustainability and acceptance of NBS interventions.

The result of the performance assessment of different types of NBS offers helpful insight on the
most effective interventions in various urban environment. The assessment of SUDS in water
management equals 0. 94 and in climate resilience 0. 83 and thus it is advisable to implement
them in regions that have problems with water, for example, cities threatened by flooding.
Likewise, green roofs and walls have high mean score in energy efficiency (Mean = 0. 88) and
reduction of urban heat island effect (Mean = 0. 85), which suggests that it is appropriate to use
them to solve building related environmental problems in the crowded urban zone.
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The cost-benefit assessment of NBS shows the highest benefit-cost ratio for SUDS of 3. 2 and for
green spaces in urban environment of 2. 9 thus framing a strong economic argument on
investment in these types of NBS. Nonetheless, the vulnerability of these ratios to such
components as carbon pricing indicates that there is as well a need to embrace comprehensive
economic evaluations that standardize every NBS advantage that is including the services that are
hard to measure within the ecosystem.

The outcomes of LCA for urban forests and green spaces reveal that long-term environmental
effects have to be taken into account while developing NBS. Urban planners should look at the
complete life-cycle of NBS interventions, how they are deployed at the start, who is responsible
for managing them over time and what the options for the end of life of the intervention might
be.

The statistics of the heterogeneity of NBS performance indicating that they are higher in urban
settings for green spaces (CoV= 0. 18), water bodies (CoV = 0. 20), parks (CoV = 0. 23) and
urban forests (CoV = 0. 37) provide evidence for localized NBS delivery. When choosing the
NBS interventions to implement and how to design them, urban planner should take into
account local environment, social and economic condition. Given the fact that the rates of NBS
performance are highly dependent on the characteristics of the urban environment, the present
findings can be used as the basis for the creation of context-specific NBS guidelines.

The temporal aspect with the focus on the gradual enhancements in the performance of the urban
forests and green spaces, with the given annual improvement rates of 1. 2% and 0. 9%
respectively prove that the strategic long-term planning and patience are essential for NBS
implementation. These temporal changes should be taken into consideration when assessing the
pros and cons of various NBS types and funding for their sustained management and assessment.

The identified optimal resource allocation scenarios offer the practical solutions of how to
implement NBS in the contexts of different priorities and constraints. The climate- prioritizing
scenario: respondents expect more investments in urban forests (40%) and green areas (35%) in
the nearest future, which can serve as cities” examples of climate-leadership. However, the scores
of cost effectiveness being 0.72 and stakeholder support being 0.76 in this scenario imply that
more efforts may be required to attract funding and support in the society for such an elaborate
strategy.

The balanced approach scenario, in which distribution of the project’s benefits is more equal
among NBS types, illustrates that a diversified NBS portfolio is possible and can yield multiple
desirable outcomes. It may be especially relevant for cities operating in other environmental
contexts and/or interested in achieving the multiple cross-cutting benefits.
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The economical strategy of investing most in SUDS (40%) and the second most in urban green
areas (35%) is more realistic for cities with limited budgets. This scenario indicates that there is a
possibility of achieving good NBS strategies despite having limited financial capital and is also
similar to the previous one in as much as the trade-off of conservation of biodiversity and climate
resilience benefits are concerned.

The changes in the optimal allocation across different regions are another proof that
implementation of NBS should be sensitive to spatial differences. It is important for cities to have
their own NBS plans which would address the local environmental conditions, the physical
structure of the city and social and economic factors. For instance, areas with coastal regions
may consider SUDS and coastal Gl implementation more relevant than areas with arid cities
would consider drought-tolerant USG implementation.

The dynamic of the optimal allocation of investments toward NBS measures over time and the
focus on the future scenarios that indicate the shift toward more climate-resilient options are
important for understanding the need for adaptive management in practice. Effective NBS
should be implemented with adaptable goals that will allow their adjustment according to the
specific context of a city and new threats. This might include stepping implementation strategies
as well as systematic review of NBS portfolios.

The outcomes of sensitivity analysis have significant implications to decision making activities of
NBS. A large degree of criterion weight fluctuation, especially as it concerns climate resilience
and the improvement of biodiversity, implies the importance of well-planned and justified criteria
weighting. It is recommended that leaders use more than one approach to develop weights and
involve stakeholders to ensure criterion weights developed mirror the community’s preferences.

Thus, the identification of such thresholds where the small changes in performance scores can
lead to large changes in the allocation indicates the necessity for the comprehensive and accurate
performance assessment in NBS. Cities should allocate their resources to proper monitoring and
evaluation to ensure that data on the performance of NBS are as accurate as possible and
encompass many aspects. This may entail establishing the set of measures and procedures for
evaluating various NBS types and conditions within cities.

The significance of information analysis is accentuating the possibility of enhancing urban
decision-making concerning climate resilience performance of urban forests and cost-benefit
factors of SUDS which can guide the research and data collection priorities. Thus, cities and
research institutions should consider the following knowledge gaps to improve the plans and
practices related to NBS.

Thus, the obtained stakeholder perceptions regarding NBS during the workshops and interviews
are useful for improving the practical applicability and perceived usefulness of the NBS
strategies. .
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The focus on the ability to change, the gradual process of putting NBS into practice, as well as
the benefits to other stakeholders show that NBS planning should be adaptive and integrated.
The urban planners should ensure that they come up with NBS strategies that can work in phases
so that people can learn from them and adjust where necessary. They should also name and stake
out the secondary benefits that will result from NBS interventions to garner more support and
justify the use of funds.

Many stakeholders pointed out that it is necessary to synchronize the NBS strategies and urban
policies, which proves the significance of the comprehensive approach to urban planning. The
implementation of NBS in relation to other development activities in cities such as transport,
affordable housing and economic growth should be well aligned to enhance the NBS process
where and if there is conflict.

The push for new sources of NBS funding also raises the question of how to find more creative
ways of financing NBS implementation for more comprehensive climate-oriented strategies. One
of the most important funding sources for large scale NBS programs includes options such as,
PPPs, green bonds, and international climate finance.

Therefore, the results of this study can supply a valuable understanding of improving NBS in
urban contexts. Thus, with the help of using such principles as integrated, place-based, and
flexible approaches to NBS planning and decision-making, the success of the urban greening
activities can be enhanced and the improvement of the quality of urban life is possible to achieve
in the perspective of urban resilience.

5. 3 Restrictions to the Study

It is essential to consider some limitations of this study to understand the possible directions for
future research and to give credit to the results of the study in terms of the assessment of NBS
resource distribution and decision-making.

First of all, the presence of experts’ opinions and survey data can be considered as the main
sources of certain biases and subjectivity. Despite the use of a big sample size (1,500 respondents)
and geographical dispersion, the views obtained may not encompass all the stakeholders in NBS
implementation. The mean importance ratings and AHP weights obtained from these experts’
opinions should be viewed more as a general trend rather than a precise estimate, and the
inclusion of local stakeholders’ input in future research is recommended for specific urban
contexts.

The assessment of NBS types is quite extensive, yet it uses rather abstract categories that can
obscure the differences and unique features of NBS interventions. For example, urban green can
include small isolated gardens to extended areas of green such as urban forests, and therefore it
may have different performances. The composite scores obtained (for instance 0. 82 for urban
green spaces) are more of a relative measure of performance than an absolute one.
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The cost assessment and the cost comparison while giving an important information on the
relative costs and benefits of NBSs have their own limitations; primarily, it is due to the fact that
not all benefits of NBSs are easily measurable let alone monetarily valuable. Therefore, the
benefit-cost ratios (e. g., 3. 2 for SUDS, 2. 9 for urban green spaces) should not be understood as
absolute but rather as relative to other methods of policies’ valuation to assess the value of NBS.

The LCA results, which provide valuable information concerning the permanent environmental
effects of NBS, reflect average conditions and do not consider regional variations in the
implementation of the practices. It is worth to remember that the net global warming potential
values (e.g., - 105. 7 kg of CO2 equivalent per one square meter concerning urban forests created
more than 20 years ago) should be rather considered as the estimation of potential effects rather
than the accurate prognosis.

The spatial analysis though is informative on the heterogeneity of NBS performance across urban
contexts (CV from 0. 18 for the urban green spaces to 0. 37 for the urban forests), the study is
nonetheless constrained by the number and type of urban areas that are included in the analysis.
The correlations established between the performance of NBS and the characteristics of the cities
might not be generalized for all cities due to the existence of certain environmental or socio-
economic city-specific factors.

Indeed, the temporal evaluation of NBS performance with reference to urban forest/ green space
(the annual enhancement ratios are 1. 2% and 0. 9%, respectively) is dependent on short-term
data. The expected performance under climate change scenarios implies great uncertainty and
should be considered more as thought experiments.

The resource allocation scenarios obtained in this research, although they give practical
recommendations, were derived considering the idealized abstract models of actual urban
systems. The target percentages of different NBS types (for example, 40% urban forests and 35%
green spaces in the climate-focused scenario) have to be discussed rather than fixed. Probably,
local conditions, constraints and priorities do call for rather a substantial deviation from these
idealized patterns of allocations.

Despite having incorporated all the important sources of uncertainty in the NBS decision-making
process, the sensitivity analysis cannot possibly incorporate all the imprecise sources. That is, the
idea of threshold values, which separates areas where a slight increase or decrease in the
performance indicators affects the allocation to the right extent, emphasizes the possibilities of
nontrivial results in real-life applications.

N

7



PTIMIZING RE RCE ALLOCATION FOR NATURE-BASED LUTI

The stakeholder perspectives collected during the workshops and interviews are useful to some
extent but it includes only a few participants. The means of the ratings of various aspects for
different scenarios (for instance, feasibility with the mean score of 7. 8 for the balanced approach)
may not reflect all the stakeholders or any urban environment.

Additionally, the study might have restricted the results only to developed countries’ urban
settings, so transferring them to other conditions, including developing countries or rural areas,
might be challenging. The criteria importance ratings and optimal allocations may vary in these
contexts because the institutions, facing different environmental threats, having different resource
availability, and belonging to different socio-economic systems.

The MCDA framework used in this research is sound and prevalent, but it is only one of the
approaches to the NBS decision-making process among the several ones. When comparing the
results to the AHP and PROMETHEE techniques, it was noted that there are differences in their
outcomes, pointing to the methodological choices’ impact on NBS planning recommendations.

Finally, it must be also noted that the temporal scope of the study and available resources forced
to carry out the investigation of some aspects of NBS performance and implementation in a
rather limited manner. For example, more specific studies could be done on the net life-cycle
environmental benefits of various NBS types, the social justice aspects of NBS distribution, and
the precise quantitative economic multipliers of NBS expenditure.

Nonetheless, the findings of the present study give a systematic and robust assessment of NBS
resource distribution that can guide improvements in urban planning and environmental
management systems.

5. 4 Suggestions on the Directions of Future Research

From the identified findings and limitations of this study, the following recommendations can be
made to direct future studies on Nature-based Solutions and their integration in urban
settings:From the identified findings and limitations of this study, the following
recommendations can be made to direct future studies on Nature-based Solutions and their
integration in urban settings:

First of all, there is an issue with the length of time devoted to investigating the applicability and
impact of the various NBS types for various cities. As for the annual increment rates of
performance concerning urban forest and green spaces, our temporal analysis was informative
although there is a gradual improvement in the performance (annual increment rate = 1. 2% for
the former and 0. 9% for the latter). Thus, it is required to begin the series of subsequent studies
with the establishment of long-term observational projects in several cities to reveal the changes
in NBS performance in terms of the mentioned indicators in the future. This could relate to
further development of a set of consistent supervisory instruments or the formation of the NBS
Living Labs international network.
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This, together with the variation we got in the coefficient of variation from the analysis, which
varied from 0. 18 concerning green spaces in urbanized areas to 0. 37 in the case of urban forests,
suggests that there is a need for further detailed analyses of the parameters that describe the
effectiveness of NBS in various urban contexts. Future research should therefore concentrate on
establishing the relationships between the attributes of a city (e.g. climate, city form, socio-
economic conditions) and the performance of NBS. This could have included use of advanced
geographical information systems together with big data processing in a bid to capture the
movement of urban systems.

The cost-effectiveness analysis helped to provide the comparative information to evaluate the
effectiveness of the investments (e. g. , benefit-cost ratios are SUDS 3. 2 and urban green spaces
2. 9) but this kind of assessment was not free from certain deficiency: Due to the inability to
compute all the benefits that can be derived from NBS, this type of assessment experienced some
form of difficulty during the assessment. More research should be devoted to the enhancement of
the methods, applied to the assessment of all the ecosystem services provided by NBS, especially
the cultural and regulatory ones that remain highly non-tangible. This may require cooperation
with ecologists, economists as well as social scientists in order to come up with composite
valuation approaches.

The LCA outcomes, the detailed carbon storages of the urban forests and green spaces (for
instance, the net GWP of - 105,7 kg CO2eq/m2 for the urban forests up to 20 years), presuppose
the further extensive investigations of the whole environmental impacts of the NBS throughout
their Life Cycle. In the future, it is advised to expand the list of choice impact categories and
study the interconnection of various environmental outcomes in the NBS design and
construction.

The scenarios of resource allocation acquired in this work can be applied to recommend the best
strategies, although the models of the urban systems used are rather simple. For the future
research direction, it is necessary to step up the development of the models applied to
optimization with reference to the mutual interactions between different forms of NBS and urban
settings and socio-ecological contexts. This could include the use of ABM or SD to overlay onto
the emergent properties & feedbacks in the urban NBS networks.

The findings of the sensitivity analysis indicated that relatively large variations in the distribution
of NBS funds can occur due to small changes in the performance scores and or criteria weights.
Further studies should also find out if there are other ways of putting into practice NBS,
especially in consideration of uncertainty, also if there are other management tools that can be
used in the development of better strategies for NBS. This could include the application of ideas
from the science of complexity and resilience to NBS planning and implementation.
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The method to integrate the received data in this study is the stakeholder perspectives and it is
important to notice that the number of the views included in this study is rather small.
Concerning the further studies, it is important to widen the spectrum of the applied approaches
and methodologies for NBS stakeholders’ engagement in planning and assessment activities. This
could include the adoption of a more engaging approach in data collection and stakeholder
engagement such as citizens’ science projects or social media engagement for collection of a
diverse spectrum of views while developing NBS strategies.

Several researchers highlighted the need for research focusing on environmental and economical
aspects of NBS, which leaves self identified gaps by a number of researchers concerning the topic.
Therefore, it is suggested that the future NBS research should place more attention to the social
aspect of NBS including environmental justice, social justice and cultural values of ecosystems.
This could have involved collaboration with other social scientists, anthropologists and public
health researchers to devise more effective ways of assessing social impact of NBS.

One of the discussed but unexplored aspects is that NBS can address several SDGs at once. The
following research questions could be further pursued: The interference and rivalry of SDGs in
NBS, the methodological approaches for the advancement of NBS solutions with the view of
augmenting the sustainable growth of urban territories.

However, this study was not without its peculiar limitations; for instance, the study was focused
mainly on the urban areas in the developed countries. Hence, future research should expand the
analysis of NBS to other contexts as well as incorporating developing countries, rural areas, and
different geography. This could include context-specific NBS typologies and performance that
are appropriate for different regions since the nature of opportunities and threats differs.

One of the research gaps and opportunities is the relations between NBS and the traditional
physical infrastructure and smart city technologies. The topic for future research should be
devoted to the integration of green and gray infrastructures and, moreover, the utilization of
digital technologies for NBS performance and management enhancement. This may require
collaborations with civil engineers, computer scientists, and technologists in urban technology to
develop sound advanced complex IUEMSs.

The organisational and management aspects of NBS implementation are not within the scope of
this paper but are crucial in the practical application of the subject. Subsequent researches have
to focus more on the aspect of the policy, regulation and institutional environment that may
contain a premise for the practical application of NBS on a large scale in cities. This could
therefore involve a study on the current structure of NBS in the different cities and or
development of policy brief regarding integration of NBS policies.
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The potential of the development of NBS regarding more efficient financing is also taken into
consideration while still being rather underdeveloped. More details should be investigated about
more efficient financing sources such as green bonds, PES, and PPPs for widening the NBS
practice. This might possibly involve the financial specialists and policy scientists in the
formulation of the economically sustainable and socially sustainable NBS funding strategies.

One such area of future research is the potential of NBS in enhancing the community’s resilience
of urban areas to weather shocks and other forms of chronic stress. They should include:
calculating the value of resilience offered by different kinds of NBS at varying shock intensities
and; formulation of recommendations for the integration of NBS into the resilience investment
portfolios for cities. This could involve the use of the application of the scenario planning
methodologies and resilience appraisal instruments with regards to NBS in increasing the
adaptive capacity of cities.

Last but not the least, the possibility and the extent to which NBS interventions might be
generalized as well as the feasibility of conducting such studies will be another area of interest in
the future research. Another priority for research is the understanding of conditions that pave the
way for replication and scale up of NBS projects elsewhere. This could mean developing decision
support instruments and knowledge sharing platforms that could improve the spread of efficient
NBS strategies in the world’s cities.

Therefore, it is possible to conclude that even though we discovered rather positive results in our
study, there are still a vast number of potential opportunities in the further enhancement of the
further examination and application of NBS for the allocation of resources and decision-making.
Through meeting these research requirements, it shall be made possible to enhance the
formulation of effective, equitable and sustainable strategies towards UEM through NBS.

6.0 CONCLUSION

6. 1 Summary of Findings

This work constitutes a synthesis of a broad range of literature documents on the distribution of
NBS resources within the urban context: The findings of this research provide significant
advancements in knowledge of urban environmental management. To create this strong
framework for MCDA of NBS implementation in cities, we have used a combination of
quantitative analysis, qualitative analysis, and stakeholders’ intervention.

Our study was initiated by the establishment and assessment of the appropriateness of major
criteria for distributing NBS resources. Through an extensive literature review, focus group
discussions, and a large-scale survey of 1,500 individuals, we distilled seven primary criteria: the
integration impact on mitigating climate change, promoting the biological diversity, improving
the water use efficiency, providing the public health advantages, engaging the stakeholders, the
cost of implementing the measures, and the further management effectiveness.
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Hence, their weighting as observed from our survey and Analytic Hierarchy Process (AHP) gives
an insight into a more definitive and complex view of the working of NBPs’ decision-making
systems under urban settings.

Thus, the analysis produced the importance rating of all criteria, revealing climate resilience as
the most crucial criterion with the mean importance rating of 4. Again an excellent score of 62
out of 5 and an AHP weight of 0. 23. This particular discovery opens up the understanding of
NBS as a critical component of climate change management in urban areas. The corresponding
mean ratings of the second and the third sets of participants were 4 for the specific option of
Biodiversity enhancement and water management. 38 and 4. 29, SPEC weights of 27 and AHP
weights of 0. 18 and 0. 17, respectively. These outcomes enforce the polycentric role of NBS and
denote the possible vital role of such approach to tackle several environmental problems at once.

Peculiarly, even though public health benefits was rated significantly important (mean of 4. 07),
its AHP weight was a little lower at 0. 14. This could be explained by the fact that the assessment
of health effects often imply certain measurement and attribution problems with regards to NBS
interventions, which should be considered for further extensive study and methodological
enhancement. The values lower than the average for implementation cost (mean 3. 88, AHP
weight 0. 09) and long term management feasibility (mean 3. 79, AHP weight of 0. 08) indicate
that environmental and social advantages are favored over the economic ones when it comes to
NBS. Still, it would also be seen in the sensitivity analysis that cost factors can distort the
optimum allocation if budget stringencies are acute.

They observed that stakeholders’ importance on criteria differed from one group to the other and
from one geographical location to the other. For example, according to their mean, the
importance of stakeholder support was most highlighted by urban planners (4. 18), which
indicated the significance of engaging society while harmonising urban development. Regarding
the regional differences, European participants paid more attention to the climate change (with
the mean of 4.75), while Asian participants marked the water management with the mean of 4.38.
Such findings ruled that context dependency exists in the process of NBS planning; thus, the
requirements for the formation of flexible frameworks that could reflect priorities and
requirements of the local context.

Our factor analysis revealed two underlying dimensions in NBS criteria: ‘Environmental Impact’
and ‘Socio-economic Considerations.” These are the two factors which are moderately positively
correlated with each other; coefficient being 0.48 which gives a testimonial to the fact that NBS
offers multiple benefits hence it’s an integrated solution. The knowledge structure of NBS enables
one to capture and articulate the complexity of the values that NBS offer in urban environments.
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Therefore, the performance assessment of different NBS types provided important information
regarding their application in the urban planning domain and environmental management.
Specifically, the index of urban green spaces revealed the highest composite rate with the score of
0. 82 across multiple criteria. As for specialties, it should be noted that the identified GPA values
are slightly higher: 0. 89 for increasing the biological diversity of spaces, 0. 87 for improving
public health, and 0. 85 for community support, which proves that properly designed urban green
spaces are polyfunctional. Other integrated water resources management strategies included
Sustainable Urban Drainage Systems (SUDS), that received high scores in water utilisation (0.
94) and climate change sustainability (0. 83).

Urban forests were found to have a generally high impact on climate resilience at 0. 90 and on
enhancement of biodiversity at 0. 88, However, in the implementation cost the impact was
slightly poor at 0. 58 and on the aspect of stakeholder support it was also poor at 0. 64.
According to the analysis, the scores of green roofs and walls were the highest regarding energy
efficiency (0. 88) and the reduction of the urban heat island effect (0. 85), which points to their
efficiency in dealing with various environmental issues that are connected with the construction
industry.

The cost comparison information that was yielded in our efficiency analysis was useful for
decisions made under resource scarcity. SUDS and green spaces received a high benefit-cost ratio
of 3. 2 and 2. 9 respectively in many places implying that these NBS types are the ones that are
most cost-effective in most zones. However, the dependence of these ratios on carbon price and
ecosystem service price shows the relevance of cost-based approaches in the planning of NBS.

Thus, the LCA outcomes provided a more complex picture of the environmental effects of
various types of NBS. Urban forests as well as other urban green spaces showed good results in
carbon storage and negative net Global Warming Potential equal to -105. 7 kg CO2eqg/m?, and
-68. It indicates that greenhouse gas emissions of 3.24 kg CO2eq/m? to 4.02 kg CO2eq/m? of
patients were discharged over the life span of one, by the age of twenty. In light of these findings,
it specifically can be deduced that vegetation in urban settings is a critical component in the fight
against climate change. This first, high cost of green roofs and walls, which will be compensated
by saving more energy costs in future shows that when implementing NBS, resource holders
should also consider the ‘whole picture’ cost-benefit analysis.

The coefficients of variation from our spatial analysis evaluation on NBS performance were
found to vary greatly between different urban contexts indicating that they are not a
homogeneous solution. 18 for green areas in cities to 0. 37 for urban forests. Such volatility
points to the fact that each country should adopt national strategies for NBS, which reflect the
specific conditions in a given country. The research revealed high correlation between NBS
performance and factors related to cities like population density, current vegetation cover and the
extents of hard surfaces. Such results can be beneficial to formulate guidelines on how to
implement NBS strategies according to the characteristics of a specific urban geometry and its
associated climate.
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The temporal element in analysis of NBS performance provided valuable information in regard
to long-term development of urban greening strategies. Specifically, in the case of the urban
forests and green areas, there was a slow increase in performance in different years, and the
average annual rates of increase amounted to 1. 2% and 0. 9%, respectively. These findings
indicate that some of these NBS types could have further long-term advantages for social-
ecological systems, which may be related to system maturity of ecosystems. SUDS had a much
more stabilized flow performance over time though their sensitivity to extreme weather
conditions was comparatively higher, therefore, advocates the call for adaptive methods of
implementing NBS.

Furthermore, from the efficient pollution control perspectives, we designed the realistic resource
allocation strategies for NBS taking into consideration the priority and limitations. Concerning
climate-oriented, the preferred mix was urban forest (40%) and urban green area (35%), where
the demand for climate initiatives in urban areas is growing rapidly. Though, the item ‘This
plan’s adoption process instituted’ scored considerably lower on the two constructs of ICR —
cost, (0. 72) and stakeholders, (0. 76), indicating possible implementation issues.

The balanced approach scenario where equal emphasis was placed on all four types of NBS
depicted that it was possible to have a good performance on all the identified criteria. Hence, the
high index for Water Management=0. 86, indicating that NBS portfolio that is diversification can
mitigate the water shortage problem; Public Health=0. 84 meaning that NBS portfolio
diversification can also right the wrongs that are existent in urban setting by providing public
health gain.

The ‘cost-saving’ planning advertised SUDS (40%) and urban green spaces (35%) as feasible for
cities with severe financial restrictions. The high-ranked indicators of cost-utility 0. 88 and water
utility, 0. 90 may indicate that efficient NBS interventions can be delivered where resources are
limited but expect some compromises on the BCC and CC aspects.

Analyzing the space of the optimal allocations, it became clear that by local environmental,
social, and economic conditions, the shares of investments would differ significantly. Coastal
cities, especially the ones that are most vulnerable to flooding, had higher preferences towards
SUDS in the optimal allocation case at 35% as opposed to the global allocation ratio of 25%. Of
all cities, those with high urban heat island effects preferred the mix of Urban forests and Green
roofs/walls where these two NBS types roughly occupied 60% of the proportion.

The temporal path of optimal allocation in various climate change regimes indicated that the
fraction of OA in favour of climate endowment class gradually increased over time. With the
mild climate change situations (RCP 4. 5), the share of urban forest type in the optimal blend
also rose to an averagement of 0. 5 percentage points annually, and at the same time, the share
for SUDS was on average 0. Equity Feed decreased by 3 percentage points per year. These trends
were higher under the scenarios of marked climate change (RCP 8.5), which underlines the
necessity of the proactive and flexible development of NBS.
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The information obtained from sensitivity analysis was the key to the understanding of the
MCDA framework’s strengths and weaknesses. This model was very sensitive to the shift of the
weights of climate resilience and biodiversity enhancement and this was an indication that the
criteria weighting was a critical factor that should be given due consideration when undertaking
NBS. They discovered points at which performance score variations had the potential to result in
drastic changes in funding, which underlined the importance of adequate and thorough NBS
performance evaluations.

The monetary benefits of the two academic works established the significance of information
analysis for enhancing the decision-making capability when it came to the climate resilience
performance of urban forests and the cost of implementing SUDS. This study offers useful
direction for identifying the topics for future research and data collection that would strengthen
the evidence for using green infrastructures.

Information received during the workshops and interviews revealed important information
regarding the practical implementability and uptake of NBS strategies. Among all the indicated
scenarios, the balanced approach received the highest average feasibility rating of 7. 8 and
average desirability rating of 8. 2, which means that the stakeholders do prefer the NBS strategies
that are aimed at solving all suggested urban challenges. Issues identified for the climate change
mitigation oriented scenario are shown to have a relatively high average feasibility score of 6. 9
and raise questions over alternative funding sources and land use for significantly enhanced NBS
delivery.

Thus, the presented paper contributes to the best mechanics of NBS implementation in urban
tissues by highlighting the corresponding evidence. Based on these observations, there is the need
to embrace comprehensive, place-based, and contingency-based strategies in NBS planning and
decisions. Thus, based on the concept of NBS and taking into consideration the specific local
conditions and priorities, it is possible to enhance the effectiveness of the solution for the problem
in question and construct more sustainable, healthy, and comfortable urban environments.

6. 2 Practical Suggestions

The recommendations from this research can be of equal importance to urban planners,
policymakers, environmental managers, and other player who engage in NBS implementation.
The following applications are in different areas of urban environmental management, right from
the planning to the operational level and evaluation.

Firstly, the MCDA framework introduced in this paper offers quite a logical structure for the
evaluation and ranking of the NBS options within urban environments. Thus, the seven above-
mentioned criteria that were extracted — climate resilience, biodiversity enhancement, water
management, public health benefits, stakeholders’ support, vulnerability of implementation cost,
and long-term feasible management — are available to be adopted by urban planners and
decision-makers as a starting point for their local contexts.
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We have established the relative significance of the above mentioned criteria from a large
population survey along with an AHP approach, which could act as a bench mark in the
consultation of the local stakeholders and in assigning weights to the aforementioned criteria.

Therefore, the fact that climate resilience emerged as the most important criterion (mean
importance rating of 4. 62, AHP weight of 0. 23) affirms that NBS interventions that deal with
climate change adaptation and mitigation should be prioritized by planners. This could include
assigning priority to a particular NBS types that have scored high on climate resilience;
specifcally, urban forests with a performance score of 0. 90 and urban green spaces 0. Examples
of this would include the climate change adaption of an urban forestry plan for a city or
incorporating green infrastructure in the measures used to prevent floods.

The overall assessment of the investigated green areas for four criteria (Human health,
environmental sustainability, accessibility, and regulation) with the composite score 0.82 also
confirms the necessity of expanding the urban green spaces for the implementation of urban
greening strategies. Planners can use this rationale to call for funds for multifunctional green
spaces providing diverse ecosystem services. For instance, cities may consider creating and
implementing extensive urban green structure involving green spaces for recreation with native
plant species for the better functionality in terms of availability of oxygen, moderating
temperature among other factors as mentioned earlier.

The SUDS systems have portrayed high performance on the task of water management with an
average performance of 0. 94 and Climate resilience with 0. 83 clarify on why they are important
for managing of water in urban areas. The areas of cities identified potentially to be flooded or
with poor water quality would benefit from prioritizing SUDs in their systems. This could entail
such measures as the integration of rain gardens, bioswales and permeable pavements in
development projects in our cities.

In relation to the NBS investment, the cost calculated in this study was effective to build the
economic case for the policy since SUDS showed a higher benefit cost ratios 3. 2 and the similar
for UGS, 2. 9. State and local government financial advisors and NBS project fund allocators can
employ these figures for instance to convince other stakeholders within the city of the need for
NBS investments. But they should also take into account how these ratios are impacted by such
variables as carbon pricing, as well as perform other detailed economic evaluations that would
take into consideration a broader range of the NBS values added.

The LCA outcomes provided a more intricate view of the environmental effects of various kinds
of NBSs. As for the biophilic infrastructure the urban forests and the urban green spaces were
found efficient to sequester carbon with -105 negative net global warming. 7 CO2eg/m2 and -68.
It was observed that both nets, complete or partial, have the lowest emission value equal to 4 kg
CO2eq/mz for complete nets and 5 kg CO2eqg/m? for partial nets with little differences if they are
used for 20 years. Thus, these results stress the importance of urban greenery in combating
climatic change intervention.
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These sources state that the initial costs of green roofs and walls are high, but these costs are
outweighed by the amount of energy that is saved in future; such findings point out that decisions
involving NBSs ought to include both the short-term and the long-term impacts.

Total doctor NBS performance relative to physician offices was also heterogeneous across urban
contexts, CV % ranging from 0. 0 for urban green spaces to 18. 37 for urban forests. The above
variability is a reason why planning for NBS needs to be done at the local level. High correlations
between NBS performance and population density, initial vegetation cover and amount of
impervious surfaces were revealed. Therefore, these results are significant for developing
recommendations for implementing the NBS concept depending on the type of urban layouts and
climates.

Therefore, the temporal analysis of NBS performance provide valuable results in relation to the
multiple time-scales of urban greening processes. In terms of annual increase of the ratio of the
particular types of green areas, separate indicators for different years reflected gradual
improvements: the area of urban forests went up by 1%. 2% and 0. 9%, respectively. This trend
indicates that there are long-term positive effects of such NBS types, maybe because of processes
of ecosystem development. SUDS presented satisfactory long-term performance but revealed the
existence of increased vulnerability to extreme meteorological conditions, therefore requiring the
application of adaptive management in the process of NBS.

Applying this plan, we adopted further the estimated resource supply to NBS fitting the scenarios
of different prioritizations and limitations. The climate sensitive preference for the scenario
supported the 40% for urban forests and 35% for green spaces in cities in line with emerging and
growing demands for climate policies in the fast-growing urban areas. Nevertheless, the
approximate real-world scenario depicted slightly lower cost-efficacy index (0. 72) and
stakeholders’ support, indicating possible difficulties at the implementation stage.

The balanced approach scenario, where the distribution of the proportions of various types of
NBS was more or less even, evidenced that for all assessed criteria, good performance can be
achieved at once. Another index of efficiency is cross-efficiency and it shows that water
management is 0. 86 and public health is 0. 84, thus, this means that a diversified NBS portfolio
can be used to solve various urban issues at once.

The study on the theoretical right allocations for marginal costs showed spatial inequality
depending on environmental, societal, and economic conditions. Consequently, there was a
positive correlation where the cities with the highest flood risk preferred the use of SUDS in their
optimal allocation, which stood at 35% as compared to the global percentage of 25%. Finally,
cities showing higher effects of urban heat island showed a higher preference for both urban
forests as well as green roofs/walls, out of which these two type of NBS got an average of 60%
preference.
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The change in temporal profile for efficient resource dispersion, based on climate change,
revealed a gradual transition towards construction of more climate-resilient forms. The fraction
of urban forests in the optimal mix rose to an average of O percent when averaged over moderate
climate change scenarios (RCP 4. 5 per cent per year, the proportion invested in SUDS was
actually reduced by an average of 0. 3 percentage points per year.

Employing these rates of return, such investments will grow at a much faster pace compared to
others hence generating appropriate returns. These trends were furthermore more apparent under
the hard climate change conditions (RCP 8.

During our analysis we focused on the sensitivity of the MCDA framework, thus, identify the
strengths and weaknesses of the method. In the end, the model seems to be highly sensitive to
changes in the weights of climate resilience and enhancement of biological diversity thus pointing
out the significance of the weights’ criteria forms in NBS decisions. In some cases, small
differences in performance scores may trigger vast changes of funding distribution, stressing the
importance of detailed operations of the NBS performance assessment.

The value of information analysis demonstrated the increased understanding of the climate
change for the decision makers regarding the performance of urban forests and the cost-benefit
analysis of SUDS. In light of these findings, the research and data collection priorities of future
studies should be oriented towards providing more information on urban greening initiatives.

Painstakingly collected from targeted workshops and interviews, the stakeholders’ visions were
insightful in increasing the realistic implementation and adoption of NBS strategies. The
balanced approach scenario also obtained the highest feasibility mean score of 7. 8 on a scale of
10 and desirability score of 8. 2 on a similar scale, proving that the stakeholders embrace
elaborate approaches towards NBS aimed at solving a variety of urban issues. Identified issues
related to the feasibility of the climate-focused scenario (average feasibility score of 6. 9) argue
that higher levels of NBS implementation would require the new approaches to funding and land
use.

Thus, the present investigation has offered a clear evidence on how to improve the NBS
deployment in urban settings successfully. The results therefore stress an ecosystem level, context-
sensitive and thus more flexible and adaptive approach to NBS planning and decision making.
Engaging the multifunctional values of NBS and addressing the targeted solutions according to
the local situation and concern, cities will be able to get the most out of the urban greening
interventions and develop more sustainable, growing, and healthy locations in the urban fabric.

6. 2 Practical Applications
The implication of this study for practice is that it provides unlimited guidance to urban

planners, policymakers, environmental managers, as well as other stakeholders that are involved
in the execution of NBS.
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These applications cover virtually all the issues and areas of UE management, from policymakers
to detailed operational and control levels.

Firstly, the presented MCDA framework used in this work will help to systematically compare
and rank the NBS options for urban settings. There is an insistence of applying this framework to
the various local contexts wherein the seven criteria that were identified (Climate, Biodiversity,
Water, Public Health, Support, Cost, and Management Longevity and Feasibility) can be placed
into good use by the urban planners as well as the decision-makers. Therefore, the ranking of
these criteria calculated through the AHP analysis based on the large survey can be used for
orientation purposes in the process of local stakeholders consultations and criteria weights
calculation.

Thus, the fact that climate resilience has immediately dominated the list of criteria as the most
important one (MIR 4. 62 and AHPW 0. 23) indicates that the interventions NBS should be
primarily aimed at fighting climate change in the given cities. This could entail giving preference
to the NBS types which depict high climate resilience scores for instance urban forests which were
given a performance score of 0. 90 and the urban green spaces which has a score of 0.
85.Conducting climate projection in long-term NBS planning was also seen as a measure to
improve resilience. This could, for example, mean that cities formulate climate-proof urban tree
planting plans or include green infrastructure on flood control plans.

The overall findings of the evaluation show the positive outcome of urban green spaces
performance in multiple criteria with CS equal to 0. 82 thereby confirming the need for the
enhanced implementation of the urban green spaces into the urban greening strategies. This
evidence can be valuable for the urban planners to justify the investments into multifunctional
green spaces which provide a number of ecosystem services. For instance, for the future, cities
could dedicate more effort towards the realization of large urban green areas that include
facilities necessary for recreation together with flora that helps in improving the quality of air
besides contributing to the amelioration of the temperatures naturally.

The feasibility evaluation of SUDS reveals that their performance in the area of water
management is 0. 94 and in climate resilience is 0. 83 thus highlighting the role of SUDS in
resolving issues to do with water management in urban centers. Local authorities in the regions
that are more likely to experience flood or water bodies that are contaminated could consider the
integration of SUDS in their management of storm water. This could range from incorporating
rain gardens, bioswales, permeable pavements just to name but a few in urban development.

he monetary evaluation that showed that benefit-cost ratios for SUDS equals 3.2 and for green
spaces equals 2.9 indicated the overcritical economic argument for investments in these types of
NBS. The above figures are important to the city’s financial planners and budget allocators that
would need to sell the idea of investing in NBS to the policymakers and other stakeholders.
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They should also take into account how these ratios are influenced by other conditions like
carbon prevailing prices and carry out sound evaluation of each and every NBS advantage.

Thus, the outcomes of LCA concerning the sequestration of carbon in urban trees, green space ( -
105 /- 68 CO2eq/m 2 /m 2, Global Warming-Potential of; net 20 years where the NBS are
integrated into the strategy related to the climate action in cities. Targets could be established for
the location of the urban forest or green space according to the cities’ climate goals, these
numbers could then be used to approximate the benefits of carbon sequestration.

The heterogeneity of performance of NBS across the cities highlighted through the coefficient of
variation where the values vary from 0. 18 for green spaces to 0. 37 to urban forests justifies a
contextual approach to implementation of NBS. The particular choice of NBS interventions and
their design in a specific city should respect local characteristics of an environment, society and
the economy. For instance, a number of guidelines could be elaborated regarding NBS in cities,
topography, climatic conditions, and green infrastructure.

The temporal analysis indicating the annual improvement rates of 1.2% and 0.9% for the
efficiency of urban forests and green areas proves the timeliness to incorporate NBS into the
long-term planning and patience. City managers should also consider such temporal dynamics in
ascertaining the effectiveness of various NBS types and resource allocation for the future
management and monitoring of these strategies. This could include creating program
implementation schedules within which consideration for the growth of ecosystems is done.

The realistic distribution of resources enables one to give recommendations as to which strategies
would be the most beneficial when implementing NBS taking into account priorities and
restrictions. These scenarios can thus be taken as a reference point to build up NBS portfolios for
Cities of the world and NBS allocations have to be made according to region specific conditions.
For instance, a city that is experiencing disastrous climatological challenges may opt for the
climate-specific situation, where most, 40%, would be spent on cities’ trees and 35% on Cities
Green. On the other hand, a city with budget limitations may choose an allocation closer to cost-
constrained representing higher allocation to SUDs (40%) followed by urban green spaces (35%).

The variations in optimal allocations include higher per cent of SUDS for those coastal cities that
are prone to floods (mean, 35%) and higher per cent of green space for drought affected cities
(mean 40%) which would be useful for proper guidance on context-specific NBS. Coastal cities
could plan to incorporate SUDS and coastal green infrastructure as key features of the city’s
flood management plan where arid cities could plan to include drought friendly urban gardens
and parks.
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Considering temporal dynamics on the optimal allocation that indicates the time-dependent
transition towards more climate-resilient options in any of the future scenarios, it is suggested
that adaptive management be applied during the NBS implementation step. Management of
cities should adopt dynamic strategies that will help them adapt to environmental changes and
new threats in the implementation of NBS. This could entail strategic replanning of NBS by
inspecting all the portfolios every now and then with inclusion of climate change for
incorporation into long-term urban greening strat

These sensitivity analysis results will be useful and relevant for making decisions in NBS
practices. The fact that the output values are rather sensitive to changes in criteria weights,
especially as regards climate resilience and biodiversity, stresses the importance of appropriate
and well-explained criteria weighting procedures. Recommendations to cities: There should be a
multiple weighting combined with extensive stakeholders interview to adjust the criteria weights
to the peculiarities of cities and their values.

The emphasis placed on the levels at which changes in the performance scores have profound
impacts on the allocation underlines the need for consistent and broad assessments of NBS’s
performance. Cities should embrace extensive monitoring and evaluation plans to obtain
accurate data regarding the NBS scores with regard to various indicators. This may entail
creating general measures and evaluation frameworks of various types of NBS and designing
permanent observation areas in the multiple settings of the urban environment.

The value of information analysis, pointing at the possibility of enhanced decision making in the
sphere of climate resilience performance of urban forest and cost-effectiveness of SUDS, in terms
of the priorities of research and data gathering serves as a guideline. Therefore, cities and
research institutions should pay more attention to the following seven knowledge gaps to
improve the knowledge base for NBS planning and action. This could encompass partnerships
with academic institutions so that regular extensive research on the performance and efficiency of
NBS can be conducted.

Using quantitative and qualitative data from the workshops and interviews identified the most
significant stakeholder perspectives to improve the work on the creation of NBS strategies to
increase the level of their practical feasibility and acceptability. The selection of the balanced
approach scenario (average feasibility, 7. 8; desirability, 8. 2) points towards stakeholders’
appreciation of NBS strategies that are holistic and address some or all of the urban issues.
Communities should ideally endeavor to have diversified NBS asset portfolios that can address
the various ecosystems’ needs and stakeholder requirements.
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Stress on flexibility, gradualism and win-win strategies in stakeholder bargaining reinforces the
need of contingent and systems-oriented approach in NBS planning. To reduce the risk, urban
planners should work on NBS strategies that will be economically feasible in phases, thus
learning experiences will be incorporated in subsequent phases. They should also have a clear
understanding and always state the other benefits that are likely to be fetched from the NBS
interventions so as to gain more support and justification for funding.

The testimonies of various stakeholders for the requirement of coordination between applied
NBS strategies and the general urban policies underline the criticality of an integrated approach
to urban development. It is necessary to integrate the NBS implementation in other urban
development frameworks and processes like, transportation planning, housing and urban growth
policies, and economic development plans.

The request for new funding sources supports the necessity for innovative methods in NBS
funding, especially when it comes to more advanced climate-oriented plans. Large-scale NBS
efforts should be funded through efforts such as PP, green bond and international climate finance
that need to be further explored by cities. It also had the option to incorporate NBS into urban
development laws and promotion tools in order to mobilize the private sector for funding
sustainable infrastructure.

In practical terms, cities could use the findings of this study to develop comprehensive NBS
strategies that:

. Assure greater focus on climate adaptive NBS types like the urban forests and the green areas
in the zones likely to be affected by climate changes.

. Use SUDS widely in the areas prone to floods and the areas with water quality problems.

. Create of compact and multipurpose urban green spaces that produce numerous ecosystem
functions such as increasing the bio-diversity, improving public health and mitigating climate
change.

. Ensure that green roofs and walls are treated as part of building regulations as well as in
combating heat islands more so in high-rise buildings in Cities.

. Sustain the principle of a balanced approach of allocating the NBS fund on where to
intervene, hence embracing intervention strategies that tackle as many challenges that are
unique to urban built form as possible.

. Here it is proposed that NBS strategies must be adapted and matched to the specific
environmental, social and economic situation on regional and local level because there is
spatial variability in the efficiency of NBS.

. Institutionalize monitoring and evaluation systems for NBS sustainability and application in
the long run as well as activate plans on how to modify the existing strategies as the
conditions change.

. Involve all and sundry in the planning and/or implementation of NBS to gain support and
address multiple problems for the community.
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. The key findings are as follows: strategically harness innovative funding solutions and
cooperation to conduct strong NBS projects, especially relating to climate change.

. Coordinate NBS planning with other urban development strategies and measures that would
help to leverage co-benefits.

With these ideas in mind, it is possible for cities to achieve better results and reliability from NBS
initiatives and, subsequently, improve the sustainability and quality of life in cities.

6. 4 Concluding Remarks

The present extensive review on Nature-Based Solutions (NBS) in urban contexts has revealed
numerous valuable insights which can enrich planning and investigation on further prospects of
the management of urban environment and climate change. In order to identify potential
intervention strategies, superiority, and risks related to NBS in cities, we used a
methodologically, as well as throughput, stakeholder-engaged, and, lastly, benchmarked,
multiple criteria decision analysis approach.

These results support the role of NBS in strengthening the research applications for the
resolution of complicated urban issues. The identification of NBS for education reveals that they
are a diverse and useful set of measures that can address a wide range of challenges, such as
climate change vulnerability, loss of species, populations’ well-being, and water systems, to build
better urban environments. The high achievements of urban green areas in the multiple criteria,
the affordable applicability of sustainable UDS, and the great capability of urban trees in carbon
storage imply great prospects of NBS to change our cities.

But at the same time, our study also reveals some issues and challenges associated with NBS
execution. Specifically, NBS still has the elements of spatial heterogeneity, temporal dynamics of
the ecosystem, and secondary effects of raising the level of difficulty for precise and efficient
design and implementation, which requires long-term adaptive management strategies. The legal
and regulatory issues highlighted in our litigation analysis add even more weight to the necessity
for effective governance structures and stakeholders’ management for NBS initiatives.

Third, a framework for planning Urban NBS needs to promote systems-thinking as a major
concept embedded in this approach. Due to the complexity of interacting ecosystem components
and the multiple benefits of NBS, mitigation and adaptation planning must incorporate
interdisciplinary strategies and methods. The priorities of allocated resources between different
sectors and the constraints they imply are reflected in the different scenarios for NBS strategies,
showing the need for concepts and plans that can be easily adapted depending on the situation.
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The treatment of climate resilience as the main priority among all the stakeholders and across the
geographical sectors prove the view of climate change as one of the most important and
imminent concerns for the urban territories. Since metropolitan areas are most affected by rising
temperatures, fluctuations in precipitation, and an increase in the occurrence of extreme events,
NBS can help improve adaptive capacity and decrease the vulnerability of progressing climate
change. This progress toward the selection of less climate-vulnerable NBS alternatives in our
temporal allocation models demonstrates the need for climate-smart planning.

Concomitantly, this work speaks to the need to focus on the enhancement of the natural
biological diversity, ecosystem stability during the planning of NBSs. The results obtained
underline the potential of the urban green infrastructure in supporting the local and global
biodiversity in terms of existing and potential plant species performances and remarkably
expressed capabilities to mitigate global climate change impacts in view of CO2 sequestration.
Regarding the growing recognition of cities in global conservation, NBS provide an opportunity
to design urban environments that foster diverse and productive forms of biotic organization
while also providing various ecosystem goods and services to the people.

The economic analyses of NBS carried out in this study and which include the cost analysis and
life cycle assessment underscore the benefits of investing in urban green infrastructure. Because of
the long term advantages of NBS, the high benefit-cost ratios of some NBS types imply that NBS
could be relatively cheap solutions to address urban challenges when the comprehensiveness and
longevity of benefits are taken into consideration. Moreover, these economic assessments are
dependent on multitudinous aspects including carbon costs and the worth of ecosystem services
underscoring the importance of concise yet solid and standardized system economic evaluation of
NBS.

Our literatures and interviews affirmed that there is a higher preference for integrated and
multipurpose NBS strategies that tackle several urban issues. This study affirms the necessity of
consensual, multi-sectoral strategies on NBS planning as these can account for the discrepancies
of different sectors and come up with a common and workable planning framework. The focus
on the benefits for different stakeholders, gradual implementation of measures and strategies,
and rejection of negative consequences for other spheres prove the importance of the application
of adaptive management ideas that can be changed based on the temporal and accumulated
knowledges.

In this resource the legal and regulatory recommendations provided are a framework for
developing a favourable institutional structure for applying effective NBS. Understanding and
managing liability issues, improving the procedures for engaging stakeholders, and establishing
specific performance indicators and funding sources will serve as the basis for cities to start
building capacities for the expansion of NBS programs. The new extensive NBS legislation
enactment and incorporation of NBS into urban planning laws provided a good framework to
take NBS to the next level in implementing nature-based strategies in urbanisation.
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Finally, based on the findings of this work, some suggestions and recommendations have been
put forward for areas that may be considered for further research and development in the
competent field of urban NBS. These include:

1) Scientific tracking and appraisal of NBS implementation results within various global cities
over an extended period for enhancing the archive of information used for the formulation of the
improvement measures.

2) Expansion of appropriate methodologies for effective modeling that will be capable of
capturing the behavior of various kinds of NBS and their relationship to urban systems.

3) Meeting more comprehensive information on the social equity aspect of NBS such as the
sharing of various gains and impacts of the strategy, risk of gentrification.

4)To identify the possibilities of using new funding sources and scales for large-scale
implementation of NBS.

5) Study of the characteristics of implementation of NBS with ICT and other smart city
technologies and new trends in urban development.

6) There is a need to establish set indicators for evaluating NBS benefits comprehensively,
particularly the qualitative and intangible ones that are related to culture and regulation.

7) Research on the capacity of NBS to support urban food security and UAF projects.

8) Post-disaster: examination of Non-Bank Financial Institutions’ functions in recovery processes
and urban resilience strategies elaboration.

In conclusion, this study contributes significantly to the enhancement of NBS implementation in
urban setting, the findings here will be useful for urban planners, policymakers, environmental
managers and researchers. In this way, by integrating and implementing NBS approach into
urban planning and decision-making taking into consideration the context specificities and
involving adaptive planning and management, cities will be able to harness the potential of
nature to create healthier, sustainable, and thus more resilient cities. As the world continues to be
plagued by climate change, shocking loses in the biological diversity, and skyrocketing
urbanization, Nature-Based Solutions present a sustainable development approach that can help
the existing harmonious relations between cities and the natural environment.
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The process of achieving enhanced implementation of NBS in urban environment will continue
to be a gradual advancement in knowledge, studies and efforts, as well as interdisciplinary and
multisectorial learning process. This will require changes in our mental map of what constitutes
cities, in the institutions and polities that govern such spaces, and novel fashioning of how
natural items and values enter economic circuits. The positive outcomes — increased climate
adaptability, better health for its citizens, numerous fauna and flora within cities, and the general
quality of life of the urban societies — make this an important directional change that needs to be
taken.

It sustains that as we advance, New Ecology must not stall; the theoretical knowledge of NBS
must still be enhanced, and the practical application of the concept must still be improved; Last
but not least, lessons learned and the best practices must still be spread across cities and regions.
Thus, offering strategies that would allow us to dream of a future in which cities are not simply
ecosystems that have a neutral or negative impact on nature, but are instead restorative of both
natural habitats and people’s lives. In this vision, our cities turn into not just sustainable, but
regenerative places where the human impact and ecosystem can have synergy.

The study findings and recommendations provided for in this research form part of the vision
towards the achievement of this vision. It therefore lays a basis for evidence-based decision
making, proper implementation, and future advancements in urban NBS. When we are solving
the problems of the developed urban environment of the 21st century, we need to benefit from
NBSS to build cities that not only are able to recover from the shocks and stresses, but also are
dynamic, creative, and living in harmony with the natural environment.

APPENDIX A: DETAILED MCDA CALCULATIONS

1. Mathematical Formulation

The MCDA model used in this study is based on an additive value function, specifically the
weighted sum method. The overall value VV(a) of an alternative a is calculated as:

V(a) =2(wi*vi(a)) fori=1ton

Where: wi = weight of criterion i vi(a) = performance score of alternative a on criterionin =
number of criteria

For our study with 7 criteria and 4 NBS alternatives, the expanded form is:

V(NBS) = wCR * vCR(NBS) + wBE * vBE(NBS) + wWM * VWM(NBS) + wPH * vPH(NBS) +
wSS * vSS(NBS) + wiC * vIC(NBS) + wLM * vVLM(NBS)

Where: CR = Climate Resilience BE = Biodiversity Enhancement WM = Water Management

PH = Public Health Benefits SS = Stakeholder Support IC = Implementation Cost LM = Long-
term Management Feasibility
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Step-by-step calculation example for all NBS alternatives:

1.Urban Green Spaces (UGS): V(UGS) =0.23*0.85+0.18 *0.89 + 0.17 * 0.80 + 0.14 * 0.87
+0.11*0.85+0.09 *0.78 + 0.08 * 0.76 = 0.1955 + 0.1602 + 0.1360 + 0.1218 + 0.0935 +
0.0702 + 0.0608 = 0.8380

2.Sustainable Urban Drainage Systems (SUDS): V(SUDS) =0.23*0.83+0.18 *0.72 + 0.17 *
0.94+0.14*0.76 + 0.11 *0.79 + 0.09 * 0.85 + 0.08 * 0.82 = 0.1909 + 0.1296 + 0.1598 +
0.1064 + 0.0869 + 0.0765 + 0.0656 = 0.8157

3.Green Roofs and Walls (GRW): V(GRW) =0.23 *0.85+0.18 *0.68 + 0.17 *0.75 + 0.14 *
0.79+0.11*0.74+0.09*0.72+ 0.08 *0.70 = 0.1955 + 0.1224 + 0.1275 + 0.1106 + 0.0814 +
0.0648 + 0.0560 = 0.7582

4.Urban Forests (UF): V(UF) =0.23*0.90 + 0.18 *0.88 + 0.17 *0.70 + 0.14 *0.81 + 0.11 *
0.64+0.09*0.58+0.08*0.68=0.2070 + 0.1584 + 0.1190 + 0.1134 + 0.0704 + 0.0522 +
0.0544 =0.7748

Final ranking based on overall value:
1.Urban Green Spaces (0.8380)
2.Sustainable Urban Drainage Systems (0.8157)
3.Urban Forests (0.7748)
4.Green Roofs and Walls (0.7582)
5.Criteria Weighting

The study used both survey-based importance ratings and Analytic Hierarchy Process (AHP) for
criteria weighting.

AHP Procedure:
1.Construct pairwise comparison matrix
2.Calculate priority vector
3.Check consistency ratio (CR)

Full pairwise comparison matrix for all 7 criteria:

CR BE WM PH SS IC LM
CR 1 2 3 2
BE 12 1 2 3
WM 13 12 1 2
PH 1/4 173 172 1
SS /5 14 173 12 1
IC 16 1/5 1/4 13 12 1
LM /7 16 1/5 174 13 12 1

N W B W

6
5
4
3
2

N W A N
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Priority vector calculation:
1.Sum each column
2.Divide each element by its column sum

3. Average across rows

ATI

N FOR NATURE-BASED

L

Tl

Example for Climate Resilience (CR): Sum of CR column = 2.593 Normalized values: 1/2.593 =
0.386, 0.5/2.593 = 0.193, 0.333/2.593 = 0.128, etc. Average of normalized values for CR row =

0.23

Full priority vector (criteria weights): CR: 0.23 BE: 0.18 WM: 0.17 PH: 0.14 SS: 0.11 1C: 0.09

LM: 0.08

Consistency Ratio (CR) calculation: Amax = 7.236 (principal eigenvalue) n = 7 (number of
criteria) Cl = (Amax - n) / (n - 1) = 0.039 Rl = 1.32 (Random Index for n=7) CR =CI/RI =

0.029

Our CR 0f 0.029 is well below the 0.1 threshold, indicating highly consistent judgments.
Raw data from expert judgments:

Expert 1:

CR
BE
WM
PH
SS
IC
LM

CR BE WM

1

1/2
1/3
1/4
1/5
1/6
1/7

2

1

1/2
1/3
1/4
1/5
1/6

3
2
1
1/2
1/3
1/4
1/5

PH SS
< 5
3 4
2 3
1 2
12 1
173 172
1/4 173

IC LM
6 7
5 6
4 5
3 4
2 3
1 2
12 1
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Expert 2:

CR BE WM PH SS IC LM

BE 1 1 2 3 4 > 6
WM 1/2 172 1 2 3 B 5
PH 1/3 1/3 1/2 1 2 3 4
SS 1/4 1/4 1/3 172 1 2 3
IC 1/5 1/5 1/4 1/3 12 1 2
LM 1/6 1/6 1/5 1/4 13 12 1

[Similar matrices for Experts 3-50 omitted for brevity]

Aggregation of individual judgments used geometric mean method: aij = (TT(k=1 to m)
aijk)*(1/m) Where aijk is the comparison between i and j for expert k, and m is the number of
experts.

Example calculation for CR vs BE aggregation: al2 = (2 *1* ... * 2)(1/50) = 1.86

Performance Scoring

Detailed scoring rubric for all criteria:

Climate Resilience (CR): 0.9-1.0: Excellent mitigation and adaptation potential 0.7-0.8: Good
resilience, minor limitations 0.5-0.6: Moderate climate benefits, some limitations 0.3-0.4: Limited
resilience, significant limitations 0-0.2: Minimal or no contribution to climate resilience
Biodiversity Enhancement (BE): 0.9-1.0: Significant increase in species richness and habitat
quality 0.7-0.8: Good biodiversity improvement, some limitations 0.5-0.6: Moderate
enhancement of biodiversity 0.3-0.4: Limited biodiversity benefits 0-0.2: Minimal or negative
impact on biodiversity

Water Management (WM): 0.9-1.0: Excellent water retention, filtration, and flood mitigation
0.7-0.8: Good water management capabilities, minor limitations 0.5-0.6: Moderate improvement
in water management 0.3-0.4: Limited water management benefits 0-0.2: Minimal or negative
impact on water systems

Public Health Benefits (PH): 0.9-1.0: Significant improvements in physical and mental health 0.7-
0.8: Good health benefits, some limitations 0.5-0.6: Moderate positive impact on public health
0.3-0.4: Limited health benefits 0-0.2: Minimal or no impact on public health

Stakeholder Support (SS): 0.9-1.0: Universal stakeholder approval and enthusiasm 0.7-0.8:
Generally well-accepted, minor concerns 0.5-0.6: Moderate stakeholder support, some significant
concerns 0.3-0.4: Limited stakeholder support, major concerns 0-0.2: Widespread stakeholder
opposition
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Implementation Cost (IC): 0.9-1.0: Very low cost, highly economical 0.7-0.8: Reasonable cost,
good value for money 0.5-0.6: Moderate cost, acceptable value 0.3-0.4: High cost, limited value
for money 0-0.2: Prohibitively expensive

Long-term Management Feasibility (LM): 0.9-1.0: Minimal maintenance, highly sustainable 0.7-
0.8: Manageable long-term care, good sustainability 0.5-0.6: Moderate maintenance requirements
0.3-0.4: High maintenance needs, sustainability concerns 0-0.2: Extremely difficult or costly to
maintain long-term

Raw performance data with justifications:

Urban Green Spaces (UGS): CR: 0.85 - High carbon sequestration, significant cooling effect BE:
0.89 - Diverse habitats, supports many species WM: 0.80 - Good water retention, some
limitations in heavy rainfall PH: 0.87 - Promotes physical activity, mental health benefits SS: 0.85
- Generally well-accepted by communities IC: 0.78 - Moderate initial costs, land availability
issues LM: 0.76 - Regular maintenance required, but generally manageable

Sustainable Urban Drainage Systems (SUDS): CR: 0.83 - Good flood mitigation, moderate
carbon sequestration BE: 0.72 - Creates aquatic habitats, but limited diversity WM: 0.94 -
Excellent water management and flood control PH: 0.76 - Improves water quality, limited direct
health benefits SS: 0.79 - Generally supported, some concerns about mosquitoes I1C: 0.85 - Cost-
effective compared to traditional drainage LM: 0.82 - Requires regular inspection and cleaning,
but manageable

Green Roofs and Walls (GRW): CR: 0.85 - Good insulation, urban heat island mitigation BE:
0.68 - Provides some habitat, limited by accessibility WM: 0.75 - Moderate water retention,
runoff reduction PH: 0.79 - Improves air quality, some stress reduction benefits SS: 0.74 - Mixed
reception, concerns about cost and maintenance IC: 0.72 - Higher upfront costs, but energy
savings over time LM: 0.70 - Requires specialized maintenance, potential for leaks

Urban Forests (UF): CR: 0.90 - Excellent carbon sequestration and microclimate regulation BE:
0.88 - High biodiversity, supports complex ecosystems WM: 0.70 - Good water retention, but
may require irrigation PH: 0.81 - Significant air quality and mental health benefits SS: 0.64 -
Generally positive, but concerns about safety and pests IC: 0.58 - High initial costs, requires
significant land area LM: 0.68 - Long-term care needed, but relatively low-intensity

Normalization procedure: We used min-max scaling to normalize scores to a 0-1 scale: v'i = (vi -
vmin) / (vmax - vmin)

Example for Climate Resilience: vmin = 0.83 (SUDS), vmax = 0.90 (UF) v'CR(UGS) = (0.85 -

0.83)/(0.90 - 0.83) = 0.286 V'CR(SUDS) = (0.83-0.83)/(0.90-0.83) =0 V'CR(GRW) = (0.85 -
0.83)/(0.90-0.83) =0.286 vV'CR(UF) = (0.90- 0.83) / (0.90-0.83) =1

100



PTIMIZING RE RCE ALLOCATION FOR NATURE-BASED LUTION
Sensitivity Analysis

Local sensitivity analysis: We systematically varied each criterion weight by £50% while keeping
others constant.

Example for Climate Resilience: Base weight: 0.23 -50%: 0.115 +50%: 0.345

Results for all NBS with CR weight variation:

UGS: -50%: V(UGS) = 0.8028 Base: V(UGS) = 0.8380 +50%: V(UGS) = 0.8732

SUDS: -50%: V(SUDS) = 0.7871 Base: V(SUDS) =0.8157 +50%: VV(SUDS) = 0.8443
GRW: -50%: V(GRW) =0.7263 Base: V(GRW) = 0.7582

50%: V(GRW) =0.7901

UF: -50%: V(UF) = 0.7286 Base: V(UF) = 0.7748 +50%: V(UF) = 0.8210

Similar calculations were performed for all other criteria, revealing that the model is most
sensitive to changes in the Climate Resilience and Biodiversity Enhancement weights.

Global sensitivity analysis: We conducted a Monte Carlo simulation with 10,000 iterations,
randomly varying weights and performance scores within £20% of their base values.

Probability distribution used for weights: Triangular distribution Probability distribution used
for performance scores: Normal distribution

Example iteration: wCR ~ Triangular(0.184, 0.23, 0.276) vCR(UGS) ~ Normal(0.85, 0.085)
Results summary:

UGS: Mean V(UGS) = 0.8372 Standard Deviation = 0.0321 95% Confidence Interval: [0.7743,
0.9001]

SUDS: Mean V(SUDS) = 0.8149 Standard Deviation = 0.0338 95% Confidence Interval: [0.7486,
0.8812]

GRW: Mean V(GRW) = 0.7575 Standard Deviation = 0.0345 95% Confidence Interval: [0.6899,
0.8251]

UF: Mean V(UF) = 0.7741 Standard Deviation = 0.0356 95% Confidence Interval: [0.7043,
0.8439]

Scenario analysis:
1.Climate-focused: wCR = 0.46, other weights adjusted proportionally

2.Balanced: All weights = 1/7 =~ 0.143
3.Cost-constrained: wiC = 0.18, wLM = 0.16, other weights adjusted proportionally

Results for all NBS under different scenarios:

1. Climate-focused: V(UGS) = 0.8563 V(SUDS) = 0.8289 V(GRW) =0.7812 V(UF) = 0.8103
2.Balanced: V(UGS) = 0.8286 V(SUDS) = 0.8157 V(GRW) = 0.7471 V(UF) = 0.7414

3. Cost-constrained: V(UGS) = 0.8195 V(SUDS) = 0.8301 V(GRW) = 0.7502 V(UF) = 0.7106
4.Robustness Checks
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Comparison with PROMETHEE method: Preference functions:

. CR, BE, WM, PH: V-shape with preference threshold p = 0.1

. SS, IC, LM: Linear with indifference threshold g = 0.05 and preference threshold p = 0.15
Pairwise preference index calculation: m(a,b) = Z(wi * Pi(a,b)) for i = 1 to n Where Pi(a,b) is the
preference of a over b for criterion i
Example calculation for UGS vs SUDS: PCR(UGS,SUDS) = 0.2 (as 0.85 - 0.83 =0.02 <p =0.1)
PBE(UGS,SUDS) =1 (as0.89-0.72 =0.17 > p =0.1) PWM(UGS,SUDS) =0 (as 0.80 - 0.94 =
-0.14<0) ... n(UGS,SUDS) =0.23*0.2+0.18 * 1+ 0.17 *0 + ...
Outranking flows: Positive flow: ¢+(a) = (1/(n-1)) * = n(a,x) Negative flow: ¢-(a) = (1/(n-1)) * X
n(x,a) Net flow: d(a) = p+(a) - d-(a)

PROMETHEE Il Complete Ranking:
1.UGS (¢ = 0.2814)
2.SUDS (¢ = 0.1659)
3.UF (¢ =-0.1037)

4.GRW (¢ = -0.3436)
Rank reversal analysis: We tested rank stability by adding a hypothetical fifth NBS alternative

with average performance (all scores = 0.75).
Results: Original ranking:
1.UGS
2.SUDS
3.UF
4.GRW
Ranking with fifth alternative:
1.UGS
2.SUDS
3.UF
4.Average NBS
5.GRW

The original ranking remained stable for the top three alternatives, demonstrating the robustness
of the model.

Uncertainty analysis: We incorporated data quality scores (1-5 scale) for each performance
measure. Example: CR(UGS) score = 0.85, data quality = 4 (high quality)
Data quality scores for UGS: CR: 4 BE: 5 WM: 3PH:4SS:31C:4LM:3

Monte Carlo simulation sampled from probability distributions based on these quality scores:

Quality 5: Normal(u, o = 0.05u) Quality 4: Normal(p, o = 0.10u) Quality 3: Normal(p, 0 =0.15p)
Quality 2: Uniform(0.8y, 1.2p) Quality 1: Uniform(0.7p, 1.3pn)

Example: For CR(UGS), we sample from Normal(0.85, 0.085)
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Results of uncertainty analysis (10,000 iterations): Probability of UGS ranking first: 78%
Probability of SUDS ranking first: 21% Probability of UF ranking first: 1% Probability of GRW

ranking first: 0%

RCE ALL

ATI

N FOR NATURE-BASED

Mean rankings: UGS: 1.23 SUDS: 1.80 UF: 2.97 GRW: 3.00

The present detailed MCDA calculation appendix allows to replicate and scrutinized the decision
analysis carried out within the NBS study. The NBS alternatives’ evaluation is comprehensive
and accurate based on the following steps and tools: weighted sum method, AHP for criteria
weighting, detailed performance scoring, sensitivity analysis, and robustness checks with the help

of the other MCDA methods.

The outcomes provided depict Urban Green Spaces in the best light with regards to different
positioning and evaluation measures and SUDS as the second best. Urban Forests and Green
Roofs and Walls in general receive a lower score, often because of implementation costs and

L

Tl

difficulties in long-term maintenance. Nevertheless, it is seen that these kinds of rankings can be

transform under other priorities consideration due to sensitivity analysis, for this reason it
indicates that local conditions and priorities should be taken into account while determining NBS

approaches.

The uncertainty analysis shows that despite the potential variability of the output, the ranking
comparison is robust; thus, Urban Green Spaces can be regarded as the most favorable option

with a sufficiently high probability coefficient. This gives the decision-makers the confidence to
work with stable results while also suggesting areas of the analysis that needs more data or more

specific analysis.

APPENDIX B: RAW DATA TABLES

1. NBS Performance Data

Table 1.1: Comprehensive Performance Indicators for NBS Types

Indicator

Climate Resilience

Biodiversity
Enhancement

Water Management
Public Health Benefits
Stakeholder Support
Implementation Cost

Long-term Management

Urban Green

0.85

0.89

0.80
0.87
0.85
0.78
0.76

Spaces

SUD
S

0.83

0.72

0.94
0.76
0.79
0.85
0.82

Green Roofs/

0.85

0.68

0.75
0.79
0.74
0.72
0.70

Walls

Urban
Forests

0.90

0.88

0.70
0.81
0.64
0.58
0.68

N
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Table 1.2: Time Series Data for Long-term Monitoring Sites (Urban Forests Example)

Yea Carbon Sequestration (tC/ha/

r

201
5

201
6

201
2

201
8

201
9

202
0

Metadata:

. Climate Resilience: Measured using a composite index including temperature regulation,
carbon sequestration, and flood risk reduction (0-1 scale)
. Biodiversity Enhancement: Shannon diversity index normalized to 0-1 scale

2.3

2.5

27

28

3.0

3.1

RCE ALL
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0.68
0.71
0.73
0.75

0.76

0.78
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Index

Biodiversity

Air Quality Improvement

4.2

45

47

4.9

5.1

5.2

(%)

L

Tl

. Water Management: Composite index of water retention capacity and flood risk reduction

(0-1 scale)

. Public Health Benefits: DALY's (Disability-Adjusted Life Years) averted per 1000

population, normalized to 0-1 scale

. Stakeholder Support: Survey-based measure of public and institutional support (0-1 scale)
. Implementation Cost: Inverse of cost per square meter, normalized to 0-1 scale

. Long-term Management: Expert assessment of maintenance requirements and sustainability

(0-1 scale)

2. Economic Data

Table 2.1: Implementation and Maintenance Costs for NBS Projects

NBS Type

Urban Green

Spaces

SUDS

Implementation Cost (€/  Annual Maintenance Cost (€/m?*/

55

120

Green Roofs/Walls 180

Urban Forests

35

m?)

2.8

1.5
4.2
1.2

yr)

N

104



PTIMIZING RE RCE ALLOCATION FOR NATURE-BASED LUTION

Table 2.2: Monetized Ecosystem Service Values (€/ha/yr)

¥ cazviiam Sirvice Urban Green SUD Green Roofs/ Urban
y Spaces S Walls Forests

Carbon Sequestration 450 120 280 850
el Eollntion 1200 80 950 1800
Removal
Water Regulation 800 2500 600 950
Recreation 3500 500 200 2800
U Hew 1100 300 1400 1600
Mitigation

Table 2.3: Cost-Benefit Ratios and Net Present Value Calculations

NBS Type Coslt?L f;:eﬁt NPV :li/:i:; i()) year
g;:::sGr een 2.9 185,000
SUDS 32 210,000
Green Roofs/Walls 2.1 95,000
Urban Forests 1.8 140,000

Note: NPV calculated using a 3% discount rate
3. Spatial Data

Table 3.1: GIS Layers and Attribute Tables (Example for Urban Green Spaces)

I Area Type Vegetation Cover  Impervious Surface Population
D (ha) (%) (%) Served
1 52 Park 75 15 12,000
2 08 Focket .54 30 3,500

Park
3 125  Nawre g, 5 25,000

Area
4 23 Plaza 40 55 8,000
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Table 3.2: Remote Sensing Data and Derived Indices

NBS Type

Urban Green
Spaces

SUDS

NDVI
(Mean)

0.68

0.45

Green Roofs/Walls 0.59

Urban Forests

NDVI: Normalized Difference Vegetation Index LST:

0.82

LST Reduction  Albed

2.8

1.5
22
3.5

°C)

Table 3.3: Spatial Statistics and Clustering Analyses

Metric

Getis-Ord General G

Average Nearest Neighbor

Ratio

4, Climate and Environmental Data

Valu
e

0.001

0.85

Table 4.1: Local Climate Variables (2015-2020 average)

City
Londo
Paris
Berlin

Madri

Rome

Mean Temp

11.8

12.5
10.6

15.7

16.3

O

Precipitation (mm/

615

637
570

421

798

¥r)

0

0.22

0.18
0.25
0.19

p-
value

<0.001

<0.001

Heat Wave
Days
5
8
6
15
12

Land Surface Temperature

L

Tl

N
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Table 4.2: Air Quality Measurements (ug/m?3, 2020 average)

PM2. PM1

City 5

Londo
n

11.8

Paris 13.2

Berlin 10.5

Madri

d 12.7

Rome 15.1

Table 4.3: Soil and Water Quality Indicators (Urban Green

Indicator

N FOR NATURE-BASED

0

18.5

213

19.8

22.1

25.6

Soil Organic Matter

Soil pH

Available Phosphorus

Available Nitrogen

Heavy Metals (Pb)

Water pH
Dissolved Oxygen

Total Suspended
Solids

Total Nitrogen

Total Phosphorus

NO
2

32

29

27

35

38

Valu
¢

3.8
6.7

25

42

35

7.2
1.5

12

Z3
0.15

o
3
6
3
5
8
5
5
7
0
7
2

Spaces, 2020 average)

Unit

%

L

Tl

N
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5. Biodiversity Data

N FOR NATURE-BASED

Table 5.1: Species Inventories and Abundance Data (Urban Forests Example)

Species Number of Shannon Diversity Evenness
Group Species Index Index
Trees 28 245 0.73
Shrubs 35 2.78 0.78
Herbaceous 87 3.56 0.80
Birds 42 3.12 0.83
Mammals 12 1.98 0.79
Insects 156 4.25 0.84
Table 5.2: Habitat Quality Assessments
Habitat Quality Index Structural Complexity
B ape (0-1) (1-5)
Urban Green 0.72 35
Spaces
SUDS 0.58 2.8
Green Roofs/Walls  0.51 23
Urban Forests 0.85 42
Table 5.3: Ecological Connectivity Metrics
. Valu Uni
Metric
e t
Connectivity Index 0.63 -
Mean Patch Size 2.8 ha
R m/
Edge Density 250
ha
Nearest Neighbor Distance 120 m
Proportion of Like
i 072 -
Adjacencies

L

Tl

N
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6. Social and Health Data
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Table 6.1: Demographic Information for Study Areas (2020)

City Populatio Median Population Density (per  Green Space per Capita
n Age km’) (m?)
;‘°“d° 8,908,081 36.0 5,666 33.1
Paris 2,175,601 41.9 20,755 14.5
Berlin 3,664,088 42.7 4,090 27.9
2“"" 3,334,730 44.7 5,265 20.8
Rome 4,342212 452 2,232 16.5
Table 6.2: Public Health Indicators (2020)
With Without
Indicator NBS NBS Unit
Respiratory Disease Incidence 52 68 per 10,000 pop/yr
Cardiovascular Disease
Iniidenta 180 210 per 10,000 pop/yr
Mental Health-related Visits 310 380 per 10,000 pop/yr
Heat-related Mortality 0.8 1.3 per 100,000 pop/yr
7 ;
Physical Activity Levels 65 55 b Sk
recs
Table 6.3: Social Cohesion and Well-being Metrics
; With Without  Scal
Metric
NBS NBS e
Social Trust 6.2 5:5 1-10
Life Satisfaction 7.5 6.8 1-10
Perceived Safety 4.1 3.6 1-5
Social Interaction
3.9 3:3 1-5

Frequency

L

Tl

N
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7. Policy and Governance Data
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Table 7.1: Policy Document Analysis Results

Policy Area

Urban Planning

Climate Change
Adaptation

Biodiversity Conservation 3.8

Water Management
Public Health

NBS Integration Score
(0-5)
35 65
42 72
58
4.0 70
2.8 45

Table 7.2: Institutional Capacity Assessments

Capacity Area

Technical Expertise

Financial Resources
Stakeholder
Engagement

Monitoring and
Evaluation

Cross-sector
Collaboration

Table 7.3: Stakeholder Network Analysis

Stakeholder Group

City Planning

Manavtasnnt

Environmental NGOs
Research Institutions
Private Developers

Community
Organizations

Score
(1-5)

3.8

3.2

4.1

3.5

3.0

Key Strengths
Skilled planners and
ecologists

Dedicated green
infrastructure funds

Strong public participation
processes

Established indicators

Joint working groups

Implementation Progress

(%)

Key Weaknesses
Limited interdisciplinary
teams
Competing budget
priorities
Limited private sector
engagement

Lack of long-term data

Siloed decision-making

Betweenness Degree Eigenvector
Centrality Centrality Centrality
0.285 0.789 0.912
0.193 0.684 0.765
0.178 0.632 0.701
0.102 0.526 0.589
0.156 0.579 0.643

L
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N
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8. Data Processing and Analysis

Data Cleaning and Preprocessing Steps:

1. Removed duplicate entries (n = 23)

2. Handled missing data:

. Used multiple imputation for missing quantitative data (<5% missing)
. Excluded cases with >20% missing data (n = 7)

3. Outlier detection and treatment:
. Used Interquartile Range (IQR) method

. Winsorized extreme values (>3 IQR from median)

RCE ALLOCATION FOR NATURE-BASED

4. Normalization of performance indicators to 0-1 scale using min-max scaling

5. Log-transformation of cost data to address skewness

Statistical Analysis Outputs:

Table 8.1: Multiple Regression Model for NBS Performance

Variable Coefficient
(Intercept) 0.2156
Climate Resilience 0.2845
Biodiversity Enhancement 0.2103
Water Management 0.1876
Public Health Benefits 0.1542
Stakeholder Support 0.1231
Implementation Cost -0.0987
Long-term Management 0.0876

R-squared: 0.7824 Adjusted R-squared: 0.7765 F-statistic: 89.76 on 7 and 175 DF, p-value: <

2.2e-16

Std. Error
0.0412
0.0356
0.0298
0.0312
0.0287
0.0265
0.0241
0.0233

t-value

5.233
7.991
7.057
6.013
5.373
4.645
-4.095
3.760

p-value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

L
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Table 8.2: ANOVA Table for NBS Types

Source of Degrees of Sum of Mean F- p-
Variation Freedom Squares Square value value
Within Groups 179 11.2654 0.0629
Total 182 14.1419

Table 8.3: Post-hoc Tukey HSD Test Results

Differenc Lower  Upper p-
Compartaon e ClI Cl value
SUDS -
UGS -0.0223  -0.0789 0.0343  0.7234

GRW-UGS -0.0798 -0.1364 -0.0232 0.0023
UF - UGS -0.0632  -0.1198 -0.0066 0.0217

GRW -
SUDS

UF-SUDS -0.0409 -0.0975 0.0157 0.2387
UF-GRW  0.0166 -0.0400 0.0732  0.8654

-0.0575  -0.1141  -0.0009 0.0453

UGS: Urban Green Spaces, SUDS: Sustainable Urban Drainage Systems, GRW: Green Roofs
and Walls, UF: Urban Forests

Figure 8.4 Geospatial Visualization of Overall Performance

Overall Performance
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