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Abstract: Cities face unprecedented demographic, environmental, economic, social, and spatial
challenges. In recent years, the implementation of nature-based solutions (NBS) is becoming more
relevant in cities to improve urban resilience and to cope with climate change. NBS represent cost
effective solutions that simultaneously provide environmental, social, and economic benefits and help
build resilience. A comprehensive and multi-dimension Resilience Assessment Framework (RAF)
to evaluate the NBS contribution to urban resilience, focused on NBS for stormwater management
and control, was developed. This RAF is aligned with the RESCCUE RAF and the main assessment
frameworks focused on NBS and urban resilience. This RAF for NBS is driven by the definition of
resilience objectives and is able to evaluate short- and long-term changes, considering a comprehensive
definition of the urban resilience and addressing the environmental, social, and economic capabilities.
Regarding the initial resilience maturity and the available information in the city, three analysis
degrees were proposed for the RAF application, namely, the essential, complementary, and comprehensive
degrees, for which a pre-defined selection of metrics is proposed. This paper aims to present the
application of the RAF essential analysis degree and its extensive validation regarding cities with
different resilience maturity and available information. The application to seven cities with different
resilience and NBS challenges allowed an in-depth validation of the pre-defined metrics included in
the RAF essential analysis. In this sense, the analysis of the resilience maturity of the participating
cities is presented, the main challenges and consolidated aspects in the cities are identified, and the
cities ready to apply the complementary analysis degree are recognized. To conclude, to validate the
essential analysis degree, the assessment of the main requirements of the RAF for NBS are verified,
based on the RAF metrics results for the cities. In this light, the main requirements of the RAF for
NBS were aggregated in three main categories, namely, NBS aspects, resilience capabilities, and the
performance, risk and cost analysis.

Keywords: incipient resilience maturity; nature-based solutions (NBS); resilience assessment
framework (RAF); stormwater management and control; urban resilience

1. Introduction

Over the last decade, the emergence of the urban resilience and nature-based solutions (NBS)
concepts has offered the opportunity to deal with the current challenges in cities from a sustainable
and resource efficient perspective. Building resilience represents a crucial challenge for governments
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and organizations [1], clearly identified and supported by the global long-term agendas, such as
the Paris Agreement on Climate Change, the New Urban Agenda 2030, or the Sendai Framework
for Disaster Risk Reduction 2015-2030. With focus on urban resilience, several studies have been
carried out to date [2,3], specially focused on the water sector and on water supply and urban drainage
approaches [4-6].

NBS play an important role to achieve the goals of the United Nation Agenda 2030 for sustainable
development [7,8] and of the other global long term agendas, such as the Paris Agreement on Climate
Change [9]. In European cities, the NBS implementation has been promoted over the past years as viable
solutions to urban challenges such as climate change, urban degeneration, and aging infrastructures [10].
NBS can be defined as living solutions inspired by, continuously supported by, and using nature,
which are designed to address several societal challenges from a resource-efficient perspective and to
provide economic and environmental benefits simultaneously [11].

Within stormwater management and control, some studies mainly focused on specific ecosystem
services or benefits provided by NBS implementation have been carried out to date [12-15].
Nevertheless, enhancing the evidence and knowledge base to support the identification of specific
strategies for NBS planning, designing, and implementing and its cost efficiency, related to the
conventional grey approaches, still represents a current need [16,17]. Regarding the NBS evaluation,
some assessment approaches focused on relevant aspects such as NBS effectiveness in the face of
climate change or supporting the NBS design and impact assessment for climate resilience [16,18,19]
have been published. In these assessment approaches, urban resilience is indirectly considered, but it
is not the main focus.

A broader analysis of the NBS contribution to urban resilience, along with assessment tools
able to demonstrate their long-term value, is needed [13]. A stronger evidence base, focused on
the multiple NBS benefits and co-benefits, and assessment frameworks to support its evaluation
are required [17]. Promoting the NBS application and increasing the evidence and knowledge base,
grounded on their implementation across different urban scales and contexts, helps to upscale NBS
interventions. To ensure the transference of successful approaches between countries, communities,
and case studies, the stakeholders’ involvement on NBS design, planning, and implementation is
crucial [19].

The methodology proposed in the present paper is based on the application of a specific RAF to
assess the NBS contribution to urban resilience with a focus on solutions for stormwater management
and control, previously developed in [20]. The RAF application can be adapted to cities with different
resilient maturity and available information. In this sense, different analysis degrees and a set of
corresponding pre-selected metrics are proposed, progressively providing a more in-depth assessment,
namely, the essential, complementary, and comprehensive degrees. To support the RAF in cities with less
resilience maturity and available information, the essential analysis degree was proposed, focusing on
the assessment of key NBS aspects that should be considered for any city. In this paper, the application
of the RAF essential analysis degree and its adequacy to cities with less resilience is demonstrated.

This paper aims to present the application of the RAF essential analysis degree to the participating
cities and to validate its application regarding cities with different resilience maturity and available
information. Seven cities with different challenges regarding urban resilience and NBS were involved
in this extensive validation. In essence, the assessment of the resilience maturity of the participating
cities is analysed. The main challenges and consolidated aspects are also identified and the cities ready
to apply the complementary analysis degree are recognized. Last, the main requirements’ assessment of
the RAF for NBS are verified in order to validate the essential analysis degree, based on RAF metrics
results to the cities.

In this sense, the RAF essential analysis degree is applied to seven participating cities with different
international and urban context and different challenges regarding urban resilience and NBS. These cities
were selected since they are closely engaged to urban resilience, greening development, and other
concerns related to stormwater management and control and NBS. These cities are, namely, Almada
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(Portugal), Barcelona (Spain), Bristol (UK), Coimbra (Portugal), Lisbon (Portugal), Porto (Portugal),
and Vancouver (Canada). The main contributions of this paper are to (i) identify the resilience maturity
of the cities; (ii) identify the main challenges to enhance the NBS contribution to urban resilience
and the consolidated aspects in the cities; and (iii) validate the adequacy of the RAF essential analysis
degree, based on its application to the cities.

2. Material and Methods

2.1. Background

A comprehensive and multi-dimension RAF to evaluate the contribution of NBS to urban resilience
was developed in [20], focused on NBS for stormwater management and control. This assessment
framework is grounded in the definition of resilience objectives and assessment criteria, based on
the structure proposed in the ISO 24,500 standards [21-23]. The several NBS contributions to urban
resilience are considered in the RAF by the objectives’ definition. Subsequently, the different points
of view of the resilience objectives are then evaluated through assessment criteria. The proposed
objectives are grouped in two resilience dimensions, namely, the integration of the NBS at city level
(Dimension I) and the operation and service of the NBS (Dimension II).

For an oriented assessment of the criteria, qualitative and quantitative metrics are defined.
Regarding the different information sources and complexity, three types of metrics were proposed,
namely: (i) data based (whenever determined considering usually available common data); (ii) procedure
based (when determined through the application of a specific straightforward procedure); and (iii)
model based (when determined through the application of a mathematical model or, alternatively for a
few metrics, based on in situ monitoring) [20].

After the calculation of the value for each metric, the proposed metrics are classified by associating
each answer to a resilience development level between 0 and 3. The correspondence between each
metric value and the resilience level was defined based on reference values from the literature
review. Resilience development levels reflect the maturity of the metric value achieved, namely:
(i) incipient [0-1], for non-existent aspects or those at an early stage of development; (ii) progressing
]1-2], when significant steps have already been taken; or (iii) advanced ]2,3], for consolidated resilience
results [24].

The RAF aims to support the diagnosis, decision-making, implementation, planning,
and management of the NBS and to identify solutions with potential to contribute to city resilience.
The application of the RAF for NBS also helps to identify the information maturity and the main
existing gaps in the city.

In this framework, urban resilience is defined as a city’s ability to absorb disturbances, learn from
the past, adapt, transform, and prepare for the future. In this sense, the resilience capabilities adopted
in the RAF for NBS correspond to absorb, learn, adapt, transform, and prepare. Moreover, the analysis
of the performance, risk, and cost is ensured in the RAF by the metrics’ definition, as established in [25].

2.2. Methodological Approach

The RAF application can be adapted to cities with different resilient maturity and available
information. In this sense, different analysis degrees and a set of corresponding pre-selected metrics
are proposed, progressively providing a more in-depth assessment. The proposed analysis degrees
are established in accordance with the classification of relevance recommended in [24]. In essence,
three analysis degrees are proposed, namely: (i) essential, when the assessment is focused on the key
NBS aspects for all cities; (ii) complementary, when the purpose is to make an intermediate assessment;
and (iii) comprehensive, when the purpose is to make an in-depth assessment of the city.

The RAF essential analysis degree represents the first assessment approach to evaluate the NBS
contribution to urban resilience in cities. This analysis degree includes the key NBS aspects that
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should be integrated in the assessment of any city. It is recommended for cities with an initial incipient
resilience level and is carried out based on the common data available for the city.

The RAF essential analysis degree was applied to the participating cities in order to identify the
main challenges and consolidated aspects. The application of the RAF essential analysis degree involved
the following steps:

i.  Determination of the pre-selected metrics for the essential analysis degree.

ii.  Analysis of the RAF application results, identifying the main challenges to enhance the NBS
contribution to urban resilience and the consolidated aspects and recognizing the cities ready to
apply the complementary analysis degree.

ili. Extensive validation of the essential analysis degree for cities with different initial resilience
maturity by verifying the main requirements” assessment of the RAF.

The essential analysis degree was applied to the participating cities in collaboration with the local
water utility or the municipality during the individual working sessions. These individual working
sessions were developed specifically for the RAF validation by the stakeholders. The RAF validation
included the following steps: (i) analysis of the RAF approach (objectives, criteria, and metrics)
and determination of metrics’ relevance and feasibility of application; (ii) thorough RAF application
(comprehensive analysis degree) to the case study; (iii) application of the essential analysis degree to the
cities; iv) extensive validation of the essential analysis degree, based on its application to the cities.
The present paper is focused on the results of the application of the essential analysis degree to the
cities and the extensive validation of the essential analysis degree.

2.3. Determination of the Pre-Selected Metrics for the Essential Analysis Degree

The pre-selected metrics for the essential analysis degree correspond to all data based metrics and
two procedure based metrics proposed in the RAF [20]. These metrics assess key aspects of the RAF
for NBS and correspond to the metrics with less information complexity. The selected procedure based
metrics were selected to complement the assessment, avoiding assessing a criterion based on only one
metric. In essence, the essential analysis degree involves 49 data based and two procedure based metrics.

In Dimension I, the following criteria are fully or partially assessed at city level: (i) NBS at planning
level (crit. 1.1), (ii) Stakeholders” awareness (crit. 1.2), (iii) Public finance (crit. 2.1), (iv) Economic opportunities
(crit. 2.2), (v) some aspects of the Citizens” engagements and accessibility to NBS (crit. 3.1), (vi) Social
co-benefits (crit. 3.2), (vii) Fresh water provision (crit.4.1), (viii) Water treatment (crit. 4.4), (ix) Erosion
prevention and maintenance of soil fertility (crit.4.5), and (x) Habitats for species promotion (crit. 4.6).

In Dimension II, the following criteria are fully or partially assessed at city level: (i) Hazard and
exposure mapping (crit. 5.1), (i) Land use and NBS inclusion (crit. 5.2), (iii) Service management and planning
(crit. 6.1), (iv) Resources availability and adequacy (crit. 6.2), (v) some aspects of the Flexible service
(crit. 7.1), (vi) Scenarios relevance for disaster response (crit. 7.2), (vii) Infrastructure assets criticality and
protection (crit. 8.1), (vii) some aspects of the Infrastructure assets robustness (crit. 8.2), (ix) Infrastructure
monitoring and maintenance (crit. 8.3), (x) some aspects of the Infrastructure preparedness for recovery and
buildback (crit. 9), (xi) Infrastructure dependence (crit. 10.1), and (xii) some aspects of the Infrastructure
autonomy (crit. 10.2).

The required information to determine these data based metrics was provided by the local water
utility and the municipality. Regarding the procedure based metrics for this analysis degree, these metrics
can be also determined based on the information usually available in the city, by applying a simple
defined procedure.

The essential analysis degree was applied to the participating cities during working sessions.
The proposed pre-selected metrics for this analysis degree were determined for the seven participating
cities. Table 1 presents the RAF objectives, criteria, and metrics of the essential analysis degree,
identifying the metric’s type. It should be noticed that the numbering of the objectives and criteria
was established for the complete RAF (comprehensive analysis degree). In essence, the numbering
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presented in Table 1 is not continuous and presents some numbering gaps, which correspond to criteria
not considered in the essential analysis degree. For example, the Local air quality regulation criterion
(crit. 4.2) is not presented here, given that its assessment is only proposed for the complementary and
comprehensive analysis degrees.

Table 1. RAF objectives, criteria, and metrics of the essential analysis degree, identifying the metric’s type.

Objectives Criteria Metric Type Metrics

1.1.1 Ecosystem services and

Data based protective infrastructure identification
1.1 NBS planning at the city 1.1.2 NBS plan or strategy alignment
level Data based } ‘
1. Governance and with ecosystem services
stakeholders’ Data based 1.1.3. Risk identification
involvement
Data based 1.2.1 Stakeholder service awareness
1.2 Stakeholders” awareness Data based 1.2.2 Civil society links
and involvement :
Data based 1.2.3 Awareness campaigns and
events
Data based 2.1.1 NBS budget
Data based 2.1.2 NBS financial support to

L community involvement
2.1 Public finance

. Procedure based 2.1.3 NBS annual cost
2. Economic

sustainability Procedure based 2.1.4 Scenario impact on NBS
annual cost
Data based 2.2.1 Greens jobs opportunities
E . . 2.2.2 Business and activities
8 2.2 Economic opportunities Data based with benefits
%)
E Data based 2.2.3 Tourism enhancement
% Data based 3.1.1 Citizens engagement to NBS
31 Clt.l Zens engagement and Data based 3.1.2 Public accessibility
accessibility to NBS
Data based 3.1.3 NBS distribution
3. Social 3.2.1 Citizens awareness of NBS urban
involvement and Data based heat island
co-benefits 322 Hoalth and wellb
X . .2.2 Health and well-being
3.2 Social co-benefits Data based co-benefits
Data based 3.2.3 Urban biodiversity
Data based ;5.2.4 Aesthetical and recreational
importance
4.1 Fresh water provision Data based 4.1.1 Groundwater recharge
Data based 4.4.1 Use of NBS for stormwater
treatment
4.4 Water treatment Data based 4.4.2 Use of NBS for wastewater
4. Environmental treatment
resilience Data based 4.4.3 Standing water quality
Data based 4.5.1 Regeneration of abandoned areas
4.5 Erosion prevention and - -
maintenance of soil fertility Data based 4.5.2 Land slide and erosion
prevention
4.6 Habitats for species Data based 4.6.1 Adequate living spaces

promotion Data based 4.6.2 Undesired species
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Objectives Criteria Metric Type Metrics
5.1.1 Presentation process for risk
5.1 Hazard and exposure Data based information
mappmng Data based 5.1.2 NBS on risk areas
5. Spatial planning
Data based 5.2.1 Land use planning
5.2 Land use and NBS - . .
inclusion Data based 5.2.3 Integration of NBS into city
policy and projects
6.1.1 Integrated management plan
6.1 Service management and Data based and NBS management
6. Service planning Data based 6.1.2 Service articulation
management Data based 6.2.1 Service management and
6.2 Resources availability and competences adequacy
adequacy Data based 6.2.2 Financial, operational and
technical resources
Data based 7.1.1 Ecosystem service improvement
7.1 Flexible service
7 Resilience Data based 7.1.2 Water reuse
; engaged service 7.2 Scenarios relevance for Data based 7.2.1 Scenarios definition
C disaster response Data based 7.2.2 Risk awareness in scenarios
%)
E 8.1 Infrastructure assets Data based 8.1.1 Critical components
% criticality and protection Data based 8.1.2 Protective buffer
8.2 Infrastructure assets Data based 8.2.5 Overall hydraulic performance
8. Infrastructure robustness Data based 8.2.6 Overall water quality
sai)ety and Data based 8.3.1 Monitoring program
robustness
Data based 8.3.2 Monitored variables and
8.3 Infrastructure monitoring relevant aspects
and maintenance Data based 8.3.3 Maintenance program
Data based 8.3.4 Variables and relevant aspects
for maintenance
Data based 9.1.2 Overall hydraulic performance
9. Infrastructure 9.1 Infrastructure under stress
preparedness prgp;redlr(less for recovery and Data based 9.1.3 Overall water quality
buildbac performance under stress
Data based 10.1.1 NBS dependency from other
10. Infrastructure 10.1 Infrastructure dependence services
dependence and Data based 10.1.2 Infrastructure of other services
autonomy dependent on NBS infrastructure
10.2 Infrastructure autonomy  Data based 10.1.3 Infrastructure autonomy

2.4. Analysis of the RAF Application to the City

The analysis of the RAF application was developed considering the RAF metrics’ results for the
cities aggregated at the objective level and at metric level. The classification of the RAF metrics results
allowed to identify the main challenges to improve the NBS contribution to urban resilience and the
consolidated aspects in the cities, either at the objective or metric level. This analysis also provided
the opportunity to identify the cities with the required resilience maturity and information to later
upgrade their diagnosis by applying the complementary analysis degree.

In addition, the analysis of the main challenges and consolidated aspects at the metric level also
allowed us to define specific recommendations and measures to enhance the NBS contribution to urban

resilience in the cities.
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2.5. Extensive Validation of the Essential Analysis Degree to the City

7

The validation of the essential analysis degree was developed through the analysis of the metrics
results of its application to the participating cities. To validate the pre-selected metrics, the capacity
of the cities to answer specific metrics that aim to address RAF’s main requirements, based on the
application of the RAF essential analysis degree, were analyzed. For this analysis, the main requirements
of the RAF were categorized in three main groups, namely, (i) the main NBS aspects; (ii) all resilience
capabilities; (iii) the performance, risk, and cost analysis.

2.6. Characterization of the Participating Cities

A representative group of cities with different challenges regarding urban resilience and NBS
participated in the application and validation of the essential analysis degree. This set includes cities
with different international and urban context, city dimension and management, NBS management,
social involvement, and awareness, among other factors. These cities were selected since they are
closely engaged to urban resilience and greening development and participed in several projects and
iniciatives focused on stormwater management and control, NBS, and asset management.

Seven cities have participated and contributed to the RAF validation during the working sessions,
namely, Almada (Portugal), Barcelona (Spain), Bristol (UK), Coimbra (Portugal), Lisbon (Portugal),
Porto (Portugal), and Vancouver (Canada). In Porto, two organizations were involved in the RAF
validation, namely, the local water utility and the municipality. Stakeholders from water utilities and
municipalities participated in the working sessions. A total of eight organizations validated the RAF.
Figure 1 presents the location of the cities.

S, }
) R Vorte
Vancouver : 9
2% X z ; 1
!.rﬂx‘ A
rﬁ‘/é}}';gar A
DA Extre
2 3 (]
L.‘ p Badaj: z
1 Ak X

Huelva

Jere
la Fre

Figure 1. Identification of the participating cites (adapted from google maps).

All cities are localized near to a river and most of them are in coastal area. Cities are characterized by
marine west coast (Cfb), dry-summer subtropical (Csb) or Mediterranean (Csa) climates, according to the
Koppen'’s climate classification. In this light, cities present significant differences regarding the average
temperatures and annual rainfall, even between cities with the same climate classification. For example,
Vancouver’s average annual rainfall is ranging between 1200 and 4000 mm [26]. However, Porto’s
annual rainfall, with the same climate classification, varies between 1000 and 1200 m. Table 2 presents
the characterization of the cities, identifying the location, total area, green area, resident population,
and population density. Hereafter, for confidentiality reasons, the cities are coded by a number in the
presentation of the RAF application results (from #1 to #7, with no specific order).
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Table 2. Characterization of the participating cities.

. . Resident Population
City Location Total Area Green Area Population Density
Units [-] [km?] [km?] [hab.] [hab./km?]

Almada Coastal area and 70.0 No available data 174,030 2486
near to river

Barcelona ~ Coastalareaand 101.4 36.1 1,619,337 15,873
near to river

Bristol Coastal area and 110.0 187 449,300 4085
near to river

Coimbra Near to river 58.7 No available data 143,396 2485

Lisbon Coastal area and 85.8 23.3 547,733 6446
near to river

Porto Coastal area and 414 3.0 237,591 5739
near to river

Vancouver ~ -oastalareaand 114.0 205 631,486 5493
near to river

Sources: [27-35].

Overall, the cities’ areas vary between 41 and 110 km?. Regarding the urbanized areas, involved cities
range from dense and compact settlement to less consolidated. In essence, involved cities present
different population contexts, from high densely populated cities, such as Barcelona (with a population
density of 15,873 hab./km?), to more intermediate populated ones, like Lisbon and Vancouver (with a
population density of 6446 and 5493 hab./km?, respectively).

The participating cities are aware of the importance of the NBS and its essential role in enhancing
the urban resilience. In line with this, several projects and strategies are being implemented with a
focus on progress toward greener cities and on their importance to face to climate change challenge,
such as the “City of Vancouver’s Greenest City 2020 Action Plan” [36] and the “Bristol’s Parks and
Green Strategy” [37]. Overall, green areas in the cities vary between 35% and 6% of the city’s area.

3. Results and Discussion

3.1. Analysis of the Resilience Maturity and Available Information

The resilience maturity and the available information in the cities are analyzed in this section.
Figure 2 presents the overall metrics’ results of the essential analysis degree for the cities, identifying
the resilience development level. The overall RAF metrics’ results correspond to the percentage of
metrics within incipient, progressing, and advanced levels obtained for every city through the application
of the RAF essential analysis degree. Moreover, the pecentages of not answered and not applicable
metrics are also detailed.
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Figure 2. Overall percentage of RAF metrics results for the cities, within each development level,
regarding the essential analysis degree.

The RAF metrics results allow to identify a differentiated maturity in the cities in terms of
resilience and available information. In five cities (#1, #2, #3, #4, and #6), the metrics with advanced
resilience level represent less than 35% of the answered metrics. Additionally, these cities present a
significant percentage of not answered metrics (>10%). On the other hand, in two cities (# 5 and #7),
the metrics with advanced level represent more than 55% of the answered metrics. Regarding the
available information, these cities present a low percentage of not answered metrics (<10%).

In this sense, the cities can be aggregated into two main groups, in function of the resilience maturity
and available information. Group I considers the cities with a lower (#1, #2, #3, #4, and #6) and Group
II involves the higher (#5 and #7) percentage of metrics with advanced resilience development level.

3.2. RAF Application to the Participating Cities

3.2.1. Analysis of the RAF Metrics Results

The classification of the RAF metrics results is an opportunity to identify the main challenges to
improve the NBS contribution to urban resilience and the consolidated aspects in the cities. This analysis
also allows us to identify the cities with the required resilience maturity and information to later
upgrade their diagnosis by applying the complementary analysis degree.

Overall, regarding all the assessed metrics: (i) 37% of the cities present with an advanced level;
(ii) 21% with a progressing level; (iii) 24% with an incipient level; (iv) 16% are not answered; and (v) 1%
are not applicable, given the city’s context. A significant percentage of metrics with advanced level
is obtained. The percentage of consolidated aspects is significantly higher than the main challenges
to improve the NBS contribution. The percentage of metrics within each development level varies
from city to city. Figure 3 presents the RAF metrics results for each city regarding each objective in the
essential analysis degree. Each tone of green corresponds to a resilience development level.
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(f) City #6
Objectives

1. Governance and stakeholders’ involvement
2. Economic sustainability

3. Social involvement and co-benefits

4. Environmental resilience

5. Spatial planning

6. Service management

7. Resilience engaged to service

8. Infrastructure safety and robustness

9. Infrastructure preparedness

10. Infrastructure dependence and autonomy

(h) Objectives description

BWADVANCED mPROGRESSING DINCIPIENT [EINOT ANSWERED m NOT APPLICABLE

Figure 3. RAF metrics results for the cities, aggregated at the objective level, namely, (a) City #1;
(b) City #2; (c) City #3; (d) City #4; (e) City #5; (f) City #6; (g) City #7; (h) Objectives description.
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Figure 3 highlights that some common challenges and consolidated aspects have been identified
in the cities of Group I and of Group II. In Group I (cities #1, #2, #3, #4, and #6), the Governance and
stakeholders” involvement (obj. 1) and Economic sustainability (obj. 2) represent the main challenges for
almost every city. Furthermore, other common challenges come up in several cities of Group I, namely,
the Environmental resilience (obj. 4) and Infrastructure preparedness (obj. 9) objectives.

In Group I, the main consolidated aspects correspond to the Infrastructure dependence and autonomy
(obj. 10). Some other consolidated aspects, identified in at least in two cities simultaneously, are Spatial
planning (obj. 5), Social involvement and co-benefits (obj. 3), Service management (obj. 6), and Infrastructure
preparedness (obj. 9).

With regard to Group II (cities #5 and #7), the main common challenge to improve the NBS
contribution corresponds to the Environmental resilience (obj. 4). Regarding the consolidated aspects in
the cities, the cities of this group present several well developed aspects, namely, the Governance and
stakeholders” involvement (obj. 1), Spatial planning (obj. 5), Service management (obj. 6), Infrastructure safety
and robustness (obj. 8), and Infrastructure preparedness (obj. 9).

Overall, the Environmental resilience (obj. 4) stands out as the main challenge to improve the NBS
contribution in the cities. This challenge is common to both groups of cities. On the other hand,
the Spatial planning (obj. 5), Service management (obj. 6), Infrastructure safety and robustness (obj. 8),
and Infrastructure preparedness (obj. 9) are consolidated aspects in both groups.

Lastly, Group I presents not only many NBS aspects that can be improved to increase the NBS
contribution to urban resilience, but also significant knowledge and information gaps. As expected,
Group II has a significant higher number of consolidated aspects when compared to Group I. Moreover,
the knowledge and information gaps in Group II are reduced. In essence, the cities of Group II meet
the required resilience maturity and information to apply the RAF’s complementary analysis degree.

3.2.2. Main Challenges, Consolidated Aspects, and Recommendations

In order to identify the specific recommendations to enhance the NBS contribution to urban
resilience, the analysis of the main challenges and consolidated aspects at the metric level is performed.
Figure 4 presents the main metrics with incipient level. These metrics presented an incipient level
in at least 30% of the cities. The first two digits in the metric’s identification number relates to the
corresponding objective and the criteria, respectively. The percentages in the graph depict the cities
with incipient development level in every metric.

8.1.2 111

42.9% | 42.9%
1.23
42.9%

2.1.1

Metrics

D 1.1.1 Ecosystem services and protective infrastructure identification
01.2.2 Civil society links

0 1.2.3 Awareness campaigns and events

[02.1.1NBS budget

0 2.1.2 NBS financial support to community involvement

[2.2.1 Green jobs opportunities
DIMENSIONII

02.2.3Tourism enhancement

DIMENSION| D 4.4.1 Use of NBS for stormwater treatment

04.4.2 Use of NBS for wastewater treatment

D 4.5.1 Regeneration of abandoned areas

[5.2.2 Integration of NBS into city policy and projects
07.1.2 Water reuse

D 7.2.2 Risk awareness in scenarios

[08.1.2 Protective buffer

Figure 4. Identification of the main metrics with incipient resilience development level.

Regarding the Governance and stakeholders” involvement (obj. 1), the main identified challenges
are the Ecosystem services and protective infrastructure identification (1.1.1), the Civil society links
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(1.2.2), and the Awareness campaigns and events (1.2.3) metrics. In this sense, the main recommendation
to enhance the NBS contribution corresponds to the identification ecosystem services and the protective
infrastructure provided by the NBS in the city and the promotion of stakeholders’ involvement in
several stages of decision-making (planning, monitoring, and maintenance of NBS). For example,
public consultation of the NBS projects may be a way to involve stakeholders or community associations.
Furthermore, implementing awareness events for a better understanding, by the community, of the
NBS contribution for resilience and for ecosystem services (e.g., through the distribution of flyers,
installation of billboards on NBS) should also be implemented.

The Economic sustainability (obj. 2) presents important challenges, namely, regarding the NBS
budget (2.1.2), the NBS financial support to community involvement (2.1.2), the Green jobs opportunities (2.2.1),
and the Tourism enhancement (2.2.3). In this sense, developing a specific budget in the financial plan of
the city or the entity in charge, focused on the NBS implementation, maintenance, and monitoring,
represents an adequate measure to improve the economic sustainability. Additionally, the creation of
green jobs and the tourism in the NBS (e.g., advertising and awareness campaigns) should be promoted.

Related to the Environmental resilience (obj. 4), the main challenges are focused on the use of
NBS for stormwater treatment (4.4.1), Use of NBS for wastewater treatment (4.4.2), and the Regeneration of
abandoned areas (4.5.1). Specific measures to promote the NBS for the stormwater treatment of surface
runoff and to help in the pollution treatment in the city’s wastewater treatment plants should be
adopted. Additionally, the NBS implementation in derelict areas and brownfield lands supports the
regeneration of these areas.

In Dimension II, the integration of NBS into city policy and projects (5.2.2) metric represents the
main challenge to improve the NBS contribution with regard to the Spatial planning (obj. 5) objective.
The creation of new requirements to promote NBS on major urban development and infrastructure
projects by local policy can be enhanced. For example, the municipal master plan may establish that
new constructed areas should include a specific area (e.g., 15% of the total area) for NBS.

The main challenge identified in the Resilience engaged to service (obj. 7) objective is the Water reuse
(7.1.2). Reusing water retained in the existing NBS for other purposes should be implemented in the
cities, such as for irrigation or urban cleaning.

With regard to the Infrastructure safety and robustness (obj. 8) objective, the main aspect to be
improved corresponds to the Identification of protective buffers (8.1.2) for specific NBS. Protective buffers
are spatially delimited areas surrounding the infrastructure, where activities are restricted to protect
the structural integrity of the assets or their ecosystem services [38]. In specific NBS, a surrounding
area may be already defined as a protective buffer. For example, when the NBS is located on a water
course, several restrictions related to land use and building construction, among others, may have
been established in the water course’s protective area.

To identify the most consolidated aspects in the cities, the metrics with advanced resilience
development level are analyzed. Figure 5 presents the main metrics with advanced level. These metrics
presented an advanced level in at least 70% of the cities. The percentages in the graph depict the cities
with advanced level in every metric.
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Figure 5. Identification of the main metrics with advanced resilience development level.

In Dimension II, the main consolidated aspects correspond to the Risk identification (1.1.3) and
the Standing water quality (4.4.3) metrics. Regarding Dimension II, the main consolidated aspects
are Presentation process for risk information (5.1.1), Integrated management plan and NBS management
(6.1.1), the Scenarios definition (7.1.2), the program (8.3.3), NBS dependency from other services (10.1.1),
and Infrastructure of other services dependent on NBS infrastructure (10.1.2).

Regarding the challenges, most of them are to Dimension I. In this sense, as expected,
most consolidated aspects were identified in Dimension II

3.3. Validation of the Essential Analysis Degree

3.3.1. Overview

To validate the proposal of pre-selected metrics for the RAF essential analysis degree, the ability to
answer specific metrics that aim to address RAF’s main requirements was analyzed, namely metrics
related to (i) the main NBS aspects; (ii) all resilience capabilities; and (iii) the performance, risk, and cost
components. Figure 6 presents the answered and not answered essential metrics by cities, aggregated
for each resilience objective. Additionally, not applicable metrics were also identified by each city.
Each shade of blue corresponds to a different city.

Overall, the main difficulties in Dimension I corresponds to the assessment of the Social involvement
and co-benefits (obj. 3), regarding the not answered metrics. In Dimension II, the difficulties are mainly
identified in the Service management (obj. 6), Infrastructure safety and robustness (obj. 8), and Infrastructure
preparedness (obj. 9).
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Figure 6. Percentage of the (a) answered, (b) not answered, and (c) not applicable metrics by cities,
aggregated for each resilience objective.

3.3.2. NBS Aspects

All relevant NBS aspects identified in a previous literature review have been considered in the
RAF through the assessment criteria and, more aggregately, the resilience objectives. In this section,
the NBS aspects assessed by the cities are analyzed based on the answered metrics for every resilience
objective. This analysis allows us to identify the main difficulties in NBS aspects assessment regarding
the essential analysis degree. Figure 7 presents the summary of the answered metrics for the resilience
objectives by the cities, based on the application of the RAF essential analysis degree. In the box plots,
the bottom and top of the box correspond to the percentile 25 and 75, respectively.
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Figure 7. Box-plots for the answered metrics for the resilience objectives, based on the application of
the RAF essential analysis degree.

All NBS aspects considered are evaluated by almost all cities, based on Figure 7. In essence,
for almost all resilience objectives, the cities answered at least 50% of the proposed metrics, except for
the Service management (obj. 6). The percentile 25 for this objective corresponds to 25%. In essence,
even for this resilience objective, at least 25% of the proposed metrics were answered by almost all cities.
Regarding the minimum percentage of answered metrics, it should be noted that the Infrastructure
preparedness (obj. 9) was not assessed completely by one city.

In this sense, it is possible to conclude that all NBS aspects were assessed by almost all cities
based on the essential analysis degree application. Although some difficulties have been identified,
the assessment of all relevant NBS aspects can be ensured in the application of the RAF essential analysis
degree. Moreover, given the importance of Infrastructure preparedness (obj. 9) to evaluate the NBS
contribution to urban resilience, its assessment continues to be proposed in the essential analysis degree.

3.3.3. Resilience Capabilities

The consideration of all resilience capabilities (e.g., absorb, learn) represent an important
requirement in the RAF. The essential analysis degree proposes a set of 51 metrics to assess all resilience
capabilities, namely, (i) four absorb metrics (8.2%), (ii) eight learn metrics (16.3%), (iii) 11 adapt metrics
(22.4%), (iv) 12 transform metrics (24.5%), and (v) 16 prepare metrics (32.7%). Figure 8 presents the
summary of the answered metrics for the resilience capabilities by the cities, based on the application
of the RAF essential analysis degree. In the box plots, the bottom and top of the box correspond to the
percentile 25 and 75, respectively.
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Figure 8. Box-plots for the answered metrics for the resilience capabilities, based on the application of
the RAF essential analysis degree.
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According to the Figure 8, the answered metrics allow us to conclude that most cities answered (i)
from 50% to 100% of the absorb metrics, (ii) at least 87.5% of the learn metrics, (iii) from 50% to 70%
of the adapt metrics, and (iv) at least 80% of the transform and prepare metrics. In the learn metrics,
it was not possible to represent the box plot. The percentiles 25, 50, and 75 of the answered metrics,
for this capability, have equal value (87.5%). For all resilience capabilities, the cities answered at least
50% of the proposed metrics. Therefore, it is possible to conclude that all cities assessed every resilience
capability in the application of the RAF essential analysis degree.

3.3.4. Performance, Risk, and Cost Analysis

The risk, cost, and performance analysis is recommended for service performance assessment,
as detailed in the European Standard EN752:2008 [25]. In this sense, these different sorts of analysis
should be ensured by the essential analysis degree of RAF for NBS. The essential analysis degree
proposes a set of 51 metrics that includes (i) 23 performance metrics, (ii) 22 risk metrics, and (iii) six cost
metrics. Figure 9 present the summary of the performance, risk, and cost metrics answered by the cities.
In the box plots, the bottom and top of the box correspond to the percentile 25 and 75, respectively.
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Figure 9. Box-plots for the performance, risk, and cost answered metrics, based on the application of
the RAF essential analysis degree.

Based on this summary (Figure 9), the performance, risk, and cost analysis is ensured in the RAF
application of the essential analysis degree. Cities presented a percentage of answered metrics higher
than 80%, 77%, and 67% for the performance, risk, and cost metrics, respectively.

3.3.5. Final Considerations

The essential analysis degree allowed us to assess the main requirements for the RAF for NBS
by the cities. Even for cities with lower resilience maturity, the essential analysis degree ensured the
evaluation of the main requirements for a comprehensive assessment of the NBS contribution to urban
resilience in almost all cities.

It should be noted that it was not possible to engage in the RAF validation phase all entities
related to the NBS processes in every participating city. In this sense, some difficulties or information
gaps identified may be solved through the involvement of other local entities. The RAF determination
should involve a multidisciplinary team composed by human resources of the entities in charge of
NBS management, stormwater management services, and green space management.

4. Conclusions

The application of the RAF essential analysis degree to the participating cities and its extensive
validation regarding cities with different resilience maturity and available information were presented.
Seven cities, comprising eight organizations, with different international and urban contexts and
challenges regarding urban resilience and NBS have been involved in this process. The essential
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analysis degree was applied to the cities in collaboration with the local utility or the municipality
during working sessions.

The analysis of the resilience maturity and available information in the cities was presented,
allowing us to identify two main cities” groups. Group I (cities #1, #2, #3, #4, and #6) and Group 1II
(cities #5 and #7) involve the cities with, respectively, a lower and a higher percentage of metrics
with advanced resilience development level, respectively. Given the different resilience maturities and
information, the cities are fit to validate the essential analysis degree. The analysis of the resilience
maturity and the identification of the cities’ groups provide an interesting opportunity for benchmarking
between cities with similar resilience maturity and available information.

The main common challenges to improve NBS contribution to urban resilience and the consolidated
aspects across the participating cities were identified, based on the application results of the RAF essential
analysis degree. Overall, the Environmental resilience was identified as the main challenge, including both
cities’ groups. Regarding the consolidated aspects, the Spatial planning, Service management, Infrastructure
safety and robustness, and Infrastructure preparedness presented a well-developed level in both groups.

In addition, it may be concluded that the cities within Group II meet the required resilience
maturity and information to progress and apply the RAF complementary analysis degree. In relation to
Group [, several aspects should be improved.

Some specific recommendations to enhance the NBS contribution to urban resilience were proposed,
based on the main challenges identified at the metric level. At this level, the main consolidated aspects
were also identified.

To conclude, the essential analysis degree was applied to the cities in order to validate the proposal
of pre-selected metrics. In this sense, the assessment of the main requirements of the RAF for NBS were
verified, namely, all relevant NBS aspects; all resilience capabilities; and the performance, risk, and cost
components. It was possible to conclude that the essential analysis degree allows us to assess the main
requirements based on its application to the cities, even for the cities with lower resilience maturity.
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