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Urban nature projects are becoming increasingly common in cities as they contribute to reducing the impacts of
the climate crisis. In this study, we developed a conceptual framework based on ecosystem services (ESs) to
analyse how urban naturalisation actions (nature-based solutions, NBSs) included in urban nature projects
contribute to multifunctionality. Here, multifunctionality refers to the capacity to generate multiple simulta-
neous ESs, indicating the extent to which the challenges identified in a city have been addressed. A multi-criteria
analysis based on socioeconomic and environmental criteria, assessed using a series of descriptors linked to ESs,
was used to develop a Multifunctionality Nature Project (MuNaP) index. The framework identifies the level of
multifunctionality of NBSs and incorporates information for its improvement, if necessary. To validate this
proposal, we calculated the multifunctionality of an urban nature project in the World Heritage City of Sala-
manca, Spain. Among all NBSs used in the project, tree planting was the most multifunctional, whereas the
creation of bioretention sites was the least multifunctional. Increasing the values of certain criteria, such as
diversity and origins, increased the multifunctionality of the urban nature project. Finally, the MuNaP index has
a minimum value that ensures the multifunctionality of an urban nature project, that is, its contributions to

biodiversity conservation, provision of multiple ESs, and the well-being of citizens.

1. Introduction

Climate change is among the greatest challenges of our time, and its
consequences, including precipitation and temperature extremes, have a
major impact on cities (Masson et al., 2020). Therefore, policymakers
and urban planners are interested in renaturing cities (Keeler et al.,
2019) through the implementation of nature-based solutions (NBSs),
urban regeneration, rehabilitation, and sustainable development
agendas (Haase, 2017; Ferrari et al., 2019). NBSs are multifunctional
actions because they can simultaneously provide environmental, social,
and economic benefits while helping build resilience (Sarabi et al.,
2022). Thus, according to the World Health Organisation (WHO) Eu-
ropean Region (EURO) 2017 report, NBSs must provide multiple
ecosystem services (ESs), viz. provisioning (food) (Boada, 2005; Liang
and Huang, 2023), regulating (habitat for biodiversity, local tempera-
ture regulation, surface water management, and air quality regulation
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(Baro and Gomez-Baggethun, 2017; Key et al., 2022), and cultural
(aesthetics, recreation, and sense of place services (Pauleit et al., 2017),
improving health and well-being (WHO/EURO, 2017). Moreover, NBSs
represent a more efficient and cost-effective solution than the traditional
grey approaches (European Commission, 2015). The knowledge of ESs
provided by an NBS enables us to determine the degree to which a so-
lution is nature-based (White et al., 2021), as the ES-based approach
offers considerable promise for elucidating where and when NBSs will
deliver a suite of ESs (Keeler et al., 2019).

The multifunctionality provided by NBSs can be a useful approach to
city planning (Larondelle and Haase, 2013; Spyra et al., 2018). How-
ever, multifunctionality is an elusive concept, and little information is
available on how it is perceived and implemented by urban planners;
hence, scientists need to provide relatively more practice-oriented tools
and concepts (Hansen et al., 2019). In this context, different European
projects, such as URBAN GreenUP, NATURVATION, OPERAs,
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Nature4Cities, and REGREEN, have recently developed tools to identify
and assess NBSs, mainly using multi-criteria analysis (Liquete et al.,
2016; Raymond et al., 2017a; Croeser et al., 2021). The study of mul-
tifunctionality is an effective strategy to integrate multiple ES assess-
ments with other information on the costs and benefits of planning
scenarios, explore diverse stakeholder perspectives, and balance
competing objectives rationally and transparently (Cortinovis and
Geneletti, 2018). However, several studies have identified research
needs on the effectiveness, design approaches, and NBS implementation
(Albert et al., 2019; Frantzeskaki, 2019; Goodwin et al., 2023). The
International Union for Conservation of Nature (IUCN) has developed a
simple framework for the verification, design, and expansion of the use
of NBSs on a global scale (IUCN, 2020); however, at an urban scale, such
frameworks are scarce. In certain instances, these frameworks may refer
to a specific NBS, such as the green roof resilience framework (Saqib
et al., 2024) or the assessment of a few ESs (Liquete et al., 2016; Epelde
et al., 2022). Nevertheless, strong calls also exist for involving the local
population in different processes of co-planning, co-design, and co-
management to ensure environmental justice (Pauleit et al., 2017).
Some authors have prioritised NBS implementation based on their
effectiveness and association with socioeconomic variables using a
theoretical framework (Balzan et al., 2021). However, the success of an
NBS is contingent upon its adaptation to local conditions, the specific
wishes and ambitions of stakeholders (van de Ven et al., 2016; Berland
et al., 2017), and the utilisation of local scientific information, such as
that related to native species, targeted ESs, or in situ measurements
(Epelde et al., 2022).

World Heritage Cities differ in characteristics from those of other
cities and exhibit an extremely relevant cultural heritage; therefore,
most studies have focused on the cultural services provided by these
cities (Kosanic and Petzold, 2020). However, they also have a highly
impervious surface (Yinshuaia et al, 2024), which makes them
extremely vulnerable to the effects of climate change, indicating that
they must increase their urban greenspace to the minimum required
urban greenspace area recommended by various organisations. Thus,
the WHO establishes that having 20 %-30 % green area in relation to the
built-up urban area and an urban greenspace of greater than or equal to
0.5 ha at a maximum distance of 300 m from the dwelling is necessary
(WHO/EURO, 2016). Moreover, the Nature Restoration Law recom-
mends a minimum of 10 % tree canopy cover for European cities (Eu-
ropean Council, 2024). A recent study estimated that increasing tree
cover by 30 % could reduce deaths related to the urban heat island effect
(Iungman et al., 2023). Therefore, urban greenspaces are critical for
addressing sustainability challenges (Fang et al., 2023) related to
climate change and human well-being. However, aligning the efforts of
urban planners to identify viable solutions across multiple scales, issues,
and disciplines using a comprehensive approach is necessary
(McPhearson et al., 2022). The ES approach is a useful tool for bringing
different disciplines together to identify the heritage value of a land-
scape from different perspectives (Tengberg et al., 2012), including
methodological approaches that can be applied to various issues rele-
vant to city planning (Larondelle and Haase, 2013; Cortinovis and
Geneletti, 2018; Spyra et al., 2018). Nevertheless, elucidating which ESs
are targeted and which could solve the challenges will help determine
which NBSs are most appropriate in each context (Remme et al., 2024),
particularly those related to reducing the effects of climate change
(Ascenso et al., 2021). Furthermore, the active participation of stake-
holders contributes to solving social challenges (Brears, 2020; Dorst
etal., 2022) and leads to legitimate and informed planning as it includes
the interests and needs of society (Afzalan and Muller, 2014; Wilker
et al., 2016). NBSs will be readily accepted if people are informed in a
comprehensible manner regarding why and how they contribute to
meeting urban challenges (Sheppard, 2012; Sarabi et al., 2022).

Therefore, developing simple decision-support tools to assess the
potential of NBS based on their multifunctionality is essential for helping
World Heritage Cities evaluate the capacity of an urban nature project to
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meet urban challenges (Kremer et al., 2016; Babi Almenar et al., 2021).
However, assessing multifunctionality, maximising synergies, and
limiting trade-offs for the management, design, and planning of urban
ESs is challenging (McPhearson et al., 2022). In this study, we aimed to
present a simple methodological framework for assessing the multi-
functionality of different types of NBSs (tree planting, naturalising non-
tree greenspaces, greening buildings, and creating bioretention sites)
implemented within urban nature projects using a Multifunctionality
Nature Project (MuNaP) index. The calculation of multifunctionality
values (MFVs) for each NBS enables us to determine whether an NBS
ensures minimum performance, facilitates prioritisation for subsequent
projects, and helps identify and enhance an NBS with a relatively low
MFV. The proposed methodological framework is intended for uti-
lisation by designers and urban planners involved in the elaboration and
implementation of NBSs and was tested in the World Heritage City of
Salamanca, Spain.

2. Methods
2.1. Study area

According to the 2021 report of Instituto Nacional de Estadistica
(INE), Salamanca is a city with a population of 143,954 (INE, 2021) and
an area of 3,998 ha, of which 37 % is built-up urban and 12 % of that
area is protected by the Management Plan for the Old City of Salamanca
(Junta de Castilla y Leén and Ayuntamiento de Salamanca, 2017). In
turn, 51 % was declared as an Asset of Cultural Interest: A Historic
Complex by the Junta de Castilla y Ledn. In 1988, Salamanca was added
to the UNESCO Heritage List after being declared a World Heritage Site.
Since then, an evolution exists in the criteria for cultural asset man-
agement, requiring a new understanding of the value of a place from
both cultural and environmental perspectives. The heritage area is
characterised by a scarcity of green spaces, which is crossed from east to
west by the Tormes River and from north to south by the ancestral cattle
route Via de la Plata, the current Camino de Santiago, the most important
of the 14 cattle routes that cross the city. Salamanca was the first World
Heritage City to establish a Blue-Green Infrastructure network to
address climate change, as defined in its Special Plan for the Protection of
Green Infrastructure and Biodiversity (PEPIVB 2020-2035). To improve
this Blue-Green Infrastructure and the ES it provides, within the LIFE Via
de la Plata (LIFE19 CCA/ES/ 001188), six urban nature projects located
along the cattle route have been carried out in an area of 261 ha (Fig. 1).
The project implemented in the heritage area was selected for the vali-
dation of the framework. This project included four types of NBSs: tree
planting, naturalising non-tree greenspaces, greening buildings, and
creating bioretention sites (Table 1). In these NBSs, a variety of species
have been employed, exhibiting characteristics that are outlined in
Appendix 1, Table S1.1.

2.2. Development of the methodological framework for assessing
multifunctionality

The proposed methodological framework (Fig. 2) for assessing the
multifunctionality of each NBS type implemented in an urban nature
project is based on a multi-criteria analysis that includes socioeconomic
and environmental criteria. The multifunctional value of the urban
project is achieved by adding the weighted multifunctional value of each
NBS (MuNaP index, range 0-8).

In this case, the multifunctionality of an NBS is based on the capacity
of each NBS type to meet multiple socioeconomic and environmental
criteria, which help ensure that multiple ESs can be provided. The
criteria underpinning this multifunctionality were derived from a
comprehensive review of the extant literature and discussed with
municipal technicians for each type of NBS (Tables 2 and 3).
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Fig. 1. The geographical location of the study area and the location of the six zones where the urban nature projects were carried out in Salamanca.

Table 1

Type of NBS implemented in the selected urban nature project within LIFE Via de

la Plata in Salamanca.

Type of NBS

Description

Planting of Trees

Naturalisation of non-tree
greenspaces

Greening of buildings

Creation of bioretention
sites

Street trees planting: individual trees planted in rows
on a tree pit on the pavement. The planting distances in
rows ranged from 4 to 7 m.

Clustered trees planting: Group of trees planted in
green areas / meadows (stands).

They consisted on the replacement of small lawn
patches, which are frequently mowed and require large
volumes of water, with carpet plants or shrubs.

They consisted on the development of green walls with
climbing plants or vines naturally attached to the wall
that extract water and nutrients directly from the
ground (ground-based greening).

They are typically designed as shallow vegetated
depressions that can intercept, infiltrate, divert, change
volume and velocity, and treat stormwater flow (World
Bank, 2021). Two types were implemented: draining
paving (permeation of impermeable pavement in car
parks, zebra crossings or on pavements) and rain
gardens. To create these sites, the concrete was broken
up and structural ground was added. In the case of rain
gardens, a base of boulders was added with a mixture of
sand, compost and top ground on which vegetation was
planted.

2.2.1. Socioeconomic criteria

The socioeconomic assessment was based on three criteria and five
descriptors: challenge (challenge identification and objectives), impact
on the local economy (local employment and economic costs), and
active participation of citizens (type of participation) (Table 2). The
criteria for active citizens’ participation were based on those proposed
by Kiss et al. (2022). However, the five levels were reduced to the
following four forms of participation, considering the real difficulties of
including citizens’ proposals in the NBSs: None, when there is no
participation; Non-cooperative, the NBS is merely explained to the
public, that is, informed in public presentations; Cooperative, the NBS is
presented to and consulted with the citizens and inputs are registered
(notably, citizens are not involved in NBS implementation); and Co-
design, citizens collaborate on the design of the NBS. The designers
and urban planners are involved in co-decision-making. The final value
for socioeconomic criteria was obtained by summing up the results of
the five descriptors for each NBS type evaluated.

2.2.2. Environmental criteria

The environmental assessment included seven environmental
criteria directly related to the provision of 17 ESs, based on existing
literature (Table 3): diversity, type of actions (how an NBS will be
implemented), environment, connectivity, size, origins, and compo-
nents. These criteria were aggregated into four groups: the character-
istics of the NBS, location, extension, and the characteristics of the
species used. The assessment of these criteria employed descriptors,
such as the number of species or individuals of each species, the per-
centage of NBSs that satisfy specific criteria, the area occupied by the
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NBS IN ORDER TO OVERCOME THE CHALLENGES

(developed by designers, urban planners and citizens)

NATURING CITIES WITH DIFERENT TYPES OF MULTIFUNCTIONAL

Planting of trees(P)

Type of NBS assessed Naturalisation of non-tree greenspace (N)

Greening of buildings (GB)

Multifunctionality value (MFV) of NBS is measured by a multi-criteria analysis:

Creation of bioretention sites(BS)

ENVIRONMENTAL CRITERIA:
SOCIOECONOMIC CRITERIA: Diversity
Challenge T,\p.e of action

—|— Environment
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Components

[ h Multifunctional NBS
f provide multiple

] Ecosystem Services
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(MuNaP index: with a minimum value)

CALCULATION OF THE MULTIFUNCTIONALITY FOR AN URBAN NATURE PROJECT

MuNaP index (0 - 8) = 4xMFVP + 2xMFVN + MFVGB + MFVBS

If MuNaP index > minimum value of MuNaP mmssm) Guarantees the multifunctionality of the project
If MuNzP index <minimum vale of MuNaP mssssd Suggestions for improvement for each type of NBS

Fig. 2. The methodological framework to assess the multifunctionality of the different types of NBS (planting of trees, naturalisation of non-tree greenspaces,
greening of buildings, and creation of bioretention sites) implemented within urban nature projects using a multifunctionality index called MuNaP (Multfi-

functionality of Nature Project).

NBSs, the species employed, and the proximity of the NBSs to an
educational centre (Table 4). The rating ranges for the different de-
scriptors were based on the literature (Table 4). The final environmental
value was obtained by adding the results of the descriptors for each type
of NBS evaluated.

2.3. Multifunctionality index of urban nature project

The MuNaP index was calculated by summing up the MFV of each
NBS type used in the project and weighted using Equation (1) as follows:

MuNaP index = 4MFVP + 2MFVN + MFVGB + MFVBS, (€D)]

where MFVP, MFVN, MFVGB, and MFVBS are the MFVs of tree planting,
naturalising non-wooded greenspaces, greening buildings, and creating
bioretention sites, respectively.

The different NBS types were assigned a weighting based on their
capacity to provide ESs. Tree planting was assigned the highest weight
due to its capacity to provide a substantial number of ES (Berland et al.,
2017; Davies et al., 2017; Pataki et al., 2021; Suchocka et al., 2023) and
to mitigate the negative impacts of climate change (Rotzer et al., 2019).
Moreover, they contribute particularly to the urban challenges in Sala-
manca, such as heat mitigation (Schwaab et al., 2021; Cortinovis et al.,
2022) and urban surface water runoff reduction (Armson et al., 2013).
The naturalisation of non-wooded greenspaces also contributes at a
relatively low level; however, its contribution exceeds that of greening
buildings and creating bioretention sites, thereby assigning it an inter-
mediate weighting value. Hence, the maximum attainable value for the
MuNaP is 8.

2.4. Ensuring the minimum performance of an NBS

To ensure that an NBS performs to the required standard for the
anticipated challenges, the following conditions must be fulfilled: 1)
socioeconomic criteria must reach a minimum value, which has been
calculated based on the minimum performance indicated in Table 2; and
2) to achieve improved self-sustainability (White et al., 2021), the
environmental criteria must be assigned a minimum value, which has
been calculated based on the minimum performance indicated in
Table 3. Therefore, diversity, origin, and certain descriptors of the
components directly related to the challenges identified in the city
should reach the value of 1. For the remaining descriptors, a minimum
value of 0.5 is proposed (Appendix 1, Table S1.3).

2.5. Validation of the methodological framework

The urban nature project implemented in the heritage area was used
for validation (Fig. 1). The area exhibited a high degree of waterproofing
on the surface, characterised by narrow pedestrian streets and modest
green spaces adjacent to the built heritage site, making it vulnerable to
the effects of climate change. The overarching objective of the project
was to mitigate the heat island effect and surface runoff, which were
identified as the main environmental challenges in the city. To achieve
this objective, four types of NBSs were implemented (Table 5).

Notably, these NBSs were designed before the validation of the
framework, although improvements were implemented based on feed-
back from a citizen-participatory process (Appendix 1, Table S1.5). This
process was carried out through seven workshops in 2021, involving 74
citizens from diverse neighbourhoods of Salamanca. Participants rep-
resented various stakeholder groups, including neighbourhood associ-
ations, university students, and businesses.
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Table 2

Socioeconomic criteria evaluated, the conceptual framework on which they are
based, the descriptors included in the methodological framework for each
evaluated criterion, and the assessment of each one. The minimum performance

value of multifunctionality within the framework is also included.

Socioeconomic Conceptual Descriptors Minimum

criteria framework performance

Challenge The first step in Challenge Challenges are
designing an NBS  identification:Have identified jointly
is to identify the the challenge(s) by urban planners
challenge you for which theaction  and citizens.

Impact on the

want to address,
orient your
design towards
it, and link
project
objectives to
specific actions (

has been designed
been identified?

Challenges have not
been identified: 0
e Challenges are

Raymond et al., identified jointly

2017b; Albert by urban

et al.,, 2019). planners and
citizens: 1

NBSs can boost

Challenges are
identified only by
urban planners:
0.5

No challenges
identified: 0
Objectives:

Have the objectives
of the NBS been
linked to the type of
action?

e Action is linked
to all the
objectives: 1
Action is linked
to at least one
objective: 0.5
Action is not
linked to the
objectives: 0
Local employment:

Action is linked to
at least one
objective.

At least 50 % of

local business Does the action suppliers must be
economy development by have an impact on local.
creating new jobs  the local economy
(ILOetal., 2022). by generating local
In addition, using ~ employment or
local raw using local raw
materials to materials?
boost the local e % local suppliers
economy (<100 km of
important. Salamanca)
NBS contribute Economic costs: Action must entail
to reducing Does the action a reduction of at
economic costs, contribute to least one economic
e.g. sanitation reducing the cost.
costs due to economic costs of
extreme heat ( water and energy
Borg et al., 2023; consumption in the
Chen et al., city?
2023) or e Action reduces
pollution due to energy and water
increased urban consumption: 1
vegetation ( e Action reduces
Hirons and energy or water
Sjoman, 2019). consumption: 0.5
e Not calculated: 0
Active The active Type of Citizens included
participation participation of participation: in the

of citizens

citizens,
particularly in
the design of the
NBS, is essential
for its success (
Laurenz et al.,
2021) as the local

What type of citizen
participation has
been included?

e Co-design: 1

e Cooperative: 0.75

implementation of
the NBS
(cooperative).

Ecosystem Services 74 (2025) 101746

Table 2 (continued)

Minimum
performance

Socioeconomic
criteria

Conceptual
framework

Descriptors

community must
be aware of the

e Non-cooperative
(just informed):

relevance of the 0.5
NBS to be e None: 0
implemented.

Two technicians from the Salamanca City Council validated the
framework, one agricultural technical engineer from the urban planning
office specialising in green areas and another from the environmental
department. The validation process involved completing Excel-based
questionnaire addressing the socioeconomic and environmental criteria.

3. Results
3.1. Multifunctionality of each NBS type

In terms of the socioeconomic criteria descriptors, the challenges
identified by the technical staff were as follows: increasing biodiversity,
mitigating heat, and reducing urban surface water runoff. However,
objectives of the project were not linked to the type of NBS. Thus, its
value was the lowest (0.25) for all NBS. In relation to the impact on the
local economy, some suppliers have been contracted out to local com-
panies, although not all of them. Nonetheless, no economic costs have
been calculated for any NBS regarding their environmental impact in the
city. Therefore, the greening of buildings exhibited the highest value for
this criterion (0.50), with all providers being local (Table 6 and Ap-
pendix 2, Table S2.1), whereas tree planting exhibited the lowest value
(0.30) as most of the suppliers were not local. Finally, the type of citi-
zens’ participation was cooperative as some of the citizens’ proposals
were incorporated into the implementation of NBSs, and all NBS types
exhibited the highest value (0.75) for this criterion.

The socioeconomic criteria values for the greening of buildings and
the other NBS types were 0.50 and 0.46, respectively (Table 6). How-
ever, the minimum performance value for these criteria was estimated to
be 0.67 for all NBS types (Appendix 1, Table S1.3), and none of the
different NBS types touched the minimum value.

In the case of environmental criteria descriptors (Table 6 and Ap-
pendix 2, Table S2.2), diversity and connectivity showed the highest
values for the naturalisation of non-wooded greenspaces (0.5 and 0.71,
respectively) as they exhibited a high diversity of species. Many of these
species boasted showy flowers and fleshly fruits or possessed aromatic
characteristics. Regarding the types of actions, the greening of buildings
exhibited the highest value (1.00), considering the high level of vege-
tation cover; nonetheless, it exhibited null values for species diversity,
origin, and components as it employed only the naturalised species
Hypericum calycinum. For environment, origin, and components, tree
planting exhibited the highest values (1.00, 0.95, and 0.55,
respectively).

The estimated values for the environmental criteria were 0.62, 0.53,
0.37, and 0.36 for tree planting, naturalising non-wooded greenspaces,
greening buildings, and creating bioretention sites, respectively
(Table 6). None of these values touched the minimum performance
value for these criteria, that is, 0.74 for tree planting, 0.68 for natural-
ising non-wooded greenspaces, and 0.71 for greening buildings and
creating bioretention sites (Appendix 1, Table S1.3). Although tree
planting exhibited the highest value, it was not enough to achieve the
minimum performance value.

Finally, the highest MFV corresponded to tree planting (0.53), fol-
lowed by those for naturalising non-wooded greenspaces (0.49),
greening buildings (0.44), and creating bioretention sites (0.41) in
decreasing order (Table 6), and none of them reached the minimum
multifunctionality (0.71, 0.67, 0.69, and 0.69, respectively). Therefore,
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Table 3
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Conceptual framework of the environmental criteria for each NBS type (P: Planting of Trees; N: Naturalisation of non-wooded greenspaces; GB: Greening of buildings;
and BS: Creation of bioretention sites) and ES that help deliver based on the Common International Classification of Ecosystem Services (CICES v5.1 code) (Appendix 1,
Table S1.2). The minimum performance value of multifunctionality within the conceptual framework is also indicated.

Environmental
criteria

NBS type

Conceptual framework

Ecosystem Services Minimum performance
(CICES
v5.1 code)*

Characteristics of the
NBS

Location of the NBS

Diversity

Types of
actions

Environment

All

GB

BS

All

Diversity is a determinant of multifunctionality (Hector and
Bagchi, 2007; Isbell et al., 2011). Higher plant species
diversity increases habitat for faunal species, improves pest
and disease resistance (Johnston et al., 2011; Vogt et al.,
2017), and enhances landscape aesthetics (Pena et al.,
2015). Santamour (1990) recommends the 10/20/30 rule
(no species should exceed 10 %, no genus 20 %, and no
family 30 % of the urban tree population). To maximally
mitigate the risks associated with environmental stress,
other authors suggested the 5/10/15 rule (Galle et al.,
2021).

Street trees: Planting must be individual, and tree pits must
be as large as possible to allow for ample growing space for
the roots of a tree (New York City, 2016). Moreover, it helps
to reduce surface runoff if the area occupied by a tree pit is
more than 4.8 m? (Grey et al., 2018). For example, in New
York City, the standard size of a street tree pit is 4.5 m>.
Hard (impermeable) materials, such as paving, disturb the
tree environment and make them susceptible to pests and
diseases (Sjoman and Busse Nielsen, 2010). Thus, the most
optimal choice would be tree pits that are uncovered and
with a permeable ground that provides habitat for
beneficiary insects for pest control (Alonso Martinez et al.,
2019) and pollination (Lundquist et al., 2022), increases the
amount of water available for trees, and assists in
stormwater capture and management (New York City,
2016). Planting of trees can be in single (street trees) or
double row (boulevards). The canopies of the opposing trees
often form an almost closed canopy, which favours the area
between the double row of trees to be shaded, cooling the air
temperature (Dubovik et al., 2022).

Clustered trees: Trees planted in groups within 6 m of each
other provide relatively more shade and available ground
volume and cause less evapotranspiration, ground
compaction, and exposure to reflective heat (New York City,
2016). Thus, clustered trees provide a high contribution to
cooling and runoff mitigation (de Manuel et al., 2021).
Non-compacted ground: Compacted grounds, as opposed to
non-compacted, reduce ground infiltration and drainage,
increasing the likelihood of waterlogging, even after minor
rainfall events (Hirons and Sjoman, 2019).

Permeable ground: Sealed grounds, as opposed to
permeable grounds, have a strong negative effect on the
richness of bird species as they hinder the movement of
birds within the urban landscape (Schiitz and Schulze,
2015). Such grounds have relatively less surface moisture
available for evapotranspiration than available in natural
grounds, contributing to high surface and air temperatures (
EPA, 2008). However, permeable grounds can absorb and
store considerable amounts of rainwater (Pataki et al.,
2021).

Presence of vegetation in buildings implies several potential
benefits, such as reducing the temperature, increasing water
retention, habitat provision, and improving aesthetics (
Eisenberg and Polcher, 2019).

Presence of vegetation at these sites increases their capacity
to provide ESs (Mak et al., 2017). The type of vegetation is
among the factors determining the efficiency and treatment
capacity of a bioretention site (World Bank, 2021).
WHO/EURO (2016) recommends that greensapces must be
accessible to children within a proximity of 300 m to
facilitate their healthy development. In addition, the
proximity of NBSs to educational centres or cultural or
environmental trails helps the environmental education
service (Davies et al., 2017). NBSs are an opportunity to add
value to assets of cultural interest (Coombes and Viles,
2021) as they can provide a cultural identity service or sense
of belonging and enhance the landscape if located in
environments of cultural interest. NBSs enhance outdoor

2.2.2.3 High species diversity.
2.2.3.1
2.2.3.2
3.1.2.4

2.2.1.3 Trees in doubled rows or in groups and on
2.2.2.1 continuous living pits.

2.2.2.3

2.2.3.1

2.2.6.2

2.2.1.3 Non-compacted and permeable grounds.
2.2.2.3
2.2.6.2

2.2.1.3 Presence of abundant vegetation.
2.2.2.3
2.2.6.2
3.1.2.4

2.2.1.3 Presence of trees and abundant vegetation.

3.1.1.1 Proximity to educational centres, a cultural
3.1.1.2 heritage site, and a natural/cultural route.
3.1.2.2

3.1.2.3

(continued on next page)
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Environmental
criteria

NBS type

Conceptual framework

Ecosystem Services
(CICES
v5.1 code)*

Minimum performance

Extension of the NBS

Characteristics of the
species used in NBS

Connectivity

Size

Origin

Components

All

All

All

P

recreation opportunities (Cortinovis and Geneletti, 2018).
The proximity of NBSs to recreational routes facilitates
social cohesion (Babi Almenar et al., 2021). NBSs contribute
to making cities relatively more liveable and attractive to
tourists and visitors (Rice, 2019).

Loss of connectivity through landscape fragmentation or
habitat loss has detrimental effects on biodiversity and ES
delivery, both in quantity and quality, such as pollination
and pest control (Mitchell et al., 2013; Pal et al., 2021).
Vega and Kiiffer (2021) classified urban greenspaces into
three groups based on their size, that is, small (<20 m?),
medium (20 — 300 m?), and large (>300 m?), and indicated
that connecting them is essential to exploit their potential as
habitats. In addition, they pointed out that spaces occupying
more than 4 m?, such as street trees, can support a high
diversity of species, particularly in areas where large
greenspaces cannot be created, as patch richness is
positively affected by surrounding habitats within 50-200
m distances. The boulevards favour connectivity as they can
act as greenways (Walmsley, 1995). The development of
corridors (greenways) or stepping stones can improve
connectivity in urban environments, with corridors being
relatively more efficient in supporting biodiversity but more
costly to implement (Lynch, 2019). Urban trees are stepping
stones for the movement of birds across the urban matrix (
Han and Keeffe, 2021). Increasing the area of habitat
patches and creating a network of corridors is the most
crucial strategy for maintaining high levels of urban
biodiversity (Beninde et al., 2015). Therefore, the
implemented NBSs act as a greenway or stepping stone to
facilitate the mobility of bird species, thus contributing to
their connectivity with other urban greenspaces. Moreover,
the NBSs considered greenways must be at least 10 m wide (
Dean Austin, 2012), and the stepping stones must be
evaluated following Vega and Kiiffer (2021).

WHO proposed 0.5-1 ha as the minimum size of greenspace
required to generate the expected benefits (WHO/EURO,
2017), and English Nature proposed a minimum size of 2 ha
(Natural England, 2003).

Native plants increase biodiversity by providing resources
for urban animals (Berthon et al., 2021), particularly for
pollinators (Paudel and States, 2023), improve pest and
disease control efficacy (Buckland et al., 2020) and ground
quality (Rojas et al., 2022), contribute to the distinctiveness
of a place by favouring a sense of place (Forristal et al.,
2014), and generally need relatively less irrigation (
Lehmann, 2021). However, non-native trees can produce
undesired effects, such as fire proneness or pollen
allergenicity (Castro-Diez et al., 2019).

Tree crown: Trees with large and dense canopies are the
most effective for cooling and rainfall interception (Brink
et al., 2016) and filtering of fine particulars (Pretzsch et al.,
2015).

Tree leaf: Deciduous trees are very effective for cooling as
they provide shade during the summer and not blocking
light in winter (EPA, 2008; Lee and Mayer, 2018).

Flower: Trees with flowers in the urban landscape are a
favourable habitat for pollinators (Melathopoulos et al.,
2020). The presence of large flowers improves the aesthetics
of the urban landscape (Goodness et al., 2016).

Fruit: A few species provide food for animals and people (
Boada, 2005; Liang and Huang, 2023) and feeding on them
helps seed dispersal (Egerer et al., 2018).

Drought tolerance: Periods of drought and ground moisture
deficits can lead to high mortality among species (Owuor
et al., 2022).

Pollen: Allergies caused by urban vegetation have a negative
impact on human health (Escobedo and Seitz, 2009);
however, exposure to airborne pollen can be reduced using
plant species and genotypes with low allergenic potential (
Ogren, 2000).

2221
2.2.2.3
2.2.3.1

Contribution to the greenway or stepping-
stone connectivity: a minimum size of 20 m?
and maximum distance of 200 m between
the spaces.

Has a positive Minimum mean size: 0.5 ha
impact on all the

identified ESs

2.2.2.1
2.2.3.1
2.2.3.2
2.2.4.2
3.2.1.1

Native species

1.1.5.1
2.2.1.3
2221
2.2.2.2
2.2.2.3
2.2.3.2
2.2.6.2
3.1.2.4
3.2.2.1

Selecting species with dense crowns.

Deciduous tree promotion.

Encouraging the presence of different types

and sizes of flowers.

Promoting trees with fleshy fruits.

Selecting drought-tolerant species.

Selecting species with low allergenic
potential.

(continued on next page)
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Environmental NBS type Conceptual framework Ecosystem Services Minimum performance
criteria (CICES
v5.1 code)*
N Flower: Diverse flower patches can be an effective tool to Selecting species with diverse, aromatic
GB  attract a higher diversity of beneficial insect groups, which ~ 2.2.2.1 flowers and fleshy fruits.
BS provide crop pollination and pest control services (Campbell ~ 2.2.2.3
et al., 2012). Floristically diverse swards favour the 2.2.3.1
abundance of pollinators, food resources, and pest 3.1.2.1

predators, among other benefits (Melathopoulos et al.,

2020).

Aromatic species: The use of aromatic species could be
important for increasing pollination functions (Semeraro
et al., 2022) and also as part of traditional knowledge (

Youga et al., 2022).

Fruits: Fruits are a food resource for wildlife (Jordano,
2014), particularly wintering birds (Hernandez, 2007).

the implementation of future NBSs must be improved from a socioeco-
nomic and environmental perspective.

3.2. Multifunctionality of an urban nature project: MuNaP index

The calculated MuNaP index was 3.95 (Table 6), indicating a range
of improvement from 4.05 to a maximum of 8. This value did not touch
the minimum value proposed for the index, which is 5.52 (Appendix 1,
Table S1.6), as neither the socioeconomic nor environmental criteria
reached the minimum value proposed for the project to be multifunc-
tional, that is, to provide multiple ESs and contribute to the identified
urban challenges.

4. Discussion
4.1. Improving multifunctionality in an urban nature project

The MuNaP index, easily understandable by urban planners, enables
improving the multifunctionality of NBS in an urban nature project by
identifying which aspects of the NBS design do not meet the minimum
values needed to generate multiple ESs. In our case, the value of MuNaP
is 3.95 and does not reach the minimum of 5.55, which creates a
warning to the designers and urban planners to make improvements in
the design of the NBS to make the project truly multifunctional. Other
studies use models or mapping methods to assess ESs and multi-
functionality, which are difficult for urban planners to understand and
use (Balzan et al., 2021; Sciuto et al., 2025).

The socioeconomic criteria valuation was low as the objectives of
this urban nature project have not been linked to the different NBS types,
essential actions required to evaluate the effectiveness of the NBS have
not been taken (Raymond et al., 2017b), and the economic costs have
not been considered. For example, trees can reduce costs associated with
stormwater management infrastructure, health impacts of air pollution
(Pataki et al., 2021), energy consumption (Roy et al., 2012; Mullaney
et al.,, 2015), and impacts related to the promotion of mental and
physical health (Tyrvainen et al., 2005). Other NBSs could also provide
relevant economic benefits, for example, by creating green jobs
(Raymond et al., 2017b) and even improving local economies through
nature-based tourism by rewilding gardens (Lehmann, 2021). These
economic aspects (cost-benefits) are poorly recognised and documented
in the case of NBSs (Debele et al., 2023). On the contrary, the collabo-
rative participation of citizens was notable, as citizens’ proposals were
considered in the implementation of all NBSs studied, addressing social
equity issues (Goodwin et al., 2023); however, the level of co-design was
not reached. In addition, the framework includes an environmental
criterion, the location of the NBS, which helps to achieve an equitable
distribution, that is, easier access to urban green areas for children and
elderly (Wolch et al., 2005). Higher levels of citizen participation could
address the social inclusion challenges in NBS but are difficult to achieve

because of various constraints, such as inherent institutional structures
owing to the scarce communication among the departments involved or
lack of trust among stakeholders (Kiss et al., 2022).

In the case of the environmental assessment, none of the NBS reached
the minimum values of the proposed environmental criteria. The NBSs
exhibited the minimum values for diversity and size, indicating that
these descriptors need to be improved in these NBSs to increase species
diversity and the size of new greenspaces (Anguelovski et al., 2018).
Therefore, unlike previous frameworks (IUCN, 2020; Saqib et al., 2024),
the framework proposed herein identifies improvements that can in-
crease multifunctionality. Particularly, for tree planting, using a similar
number of individuals per species would have resulted in a diversity
value of 0.5, and replacing Taxus baccata with Sambucus nigra would
have improved values for leaf type and cooling capacity (Lee and Mayer,
2018). Furthermore, the cooling effect and connectivity would have
been relatively high if the trees had been planted preferably in groups
and double rows (Walmsley, 1995; Dubovik et al., 2022). This possi-
bility implies that the proposed methodological framework can help
identify the combination of tree species with the highest multi-
functionality, thereby facilitating improvement in multifunctionality
even before an urban nature project is conducted. Species selection is
essential, and care must be taken to avoid planting invasive species that
could spread and outcompete native species in surrounding natural
habitats (Vogt et al., 2017) or cause allergic reactions (Castro-Diez et al.,
2019). Therefore, tree species should be selected to ensure long-term
ecological well-being rather than merely short-term aesthetic appeal,
although potential risk factors must also be taken into account
(Cimburova and Berghauser Pont, 2021). The NBS with the highest
range of improvement in the environmental criteria was the greening of
buildings and bioretention sites, particularly in terms of diversity,
origin, and species characteristics, as they only used one species.
Moreover, if the creation of bioretention sites had been combined with
the planting of trees, the values would have been relatively high and
multifunctionality would have increased (Stevens et al., 2023). For long-
term sustainability in urban planning, an analysis of the characteristics
of the trees to be planted is necessary to integrate species-specific ben-
efits into the urban design process, and urban planners should be able to
select appropriate tree species to maximise specific ES (Xie et al., 2011;
Amini Parsa et al., 2019).

4.2. Sustainable practices in NBSs in a World heritage City

Over the last century, urban nature projects have become increas-
ingly common in cities because they are particularly vulnerable to
extreme weather events, which are predicted to increase with climate
change (Masson et al., 2020). For example, Amsterdam (Netherlands)
and Barcelona (Spain) are greening schoolyards (Cartalis Constantinos,
2021; Giezen and Pellerey, 2021), and Friedburg (Germany) has made
considerable progress in urban design improving accessibility to public
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Table 4
List of descriptors used to assess the environmental criteria for each NBS type.
*Species belonging to the Lamiaceae family are considered aromatic.
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Table 5
Interventions performed for each NBS type within the heritage area urban nature
project inside the LIFE Via de la Plata in Salamanca.

Environmental Descriptors Type of NBS Intervention
criteria . . . . . . .
Planting Naturalisation of Greening Creation of Planting of trees Number of interventions: 24
of trees non-wooded of bioretention A total of 94 individuals of 12 tree and shrub species
greenspaces buildings sites were planted in an area of 0.04 ha. All species except
Syringa vulgaris were native (Appendix 1, Table $1.4).
Characteristics of the Diversity Number of individuals of Number of yringa vulg o (Appendix )
p . . They were located within less than 300 m of an
NBS - each species species .
educational centre.
Type of %NBS in a %NBSs on non- %NBSs covered Naturalisation of non-tree Number of interventions: 8
actions continuous pit compacted ground by vegetation greenspaces Approximately 0.052 ha of meadows have been sown.

%NBSs on
permeable ground

%NBSs in a living
pit/natural ground
%NBSs in double
line or a group

Location of the Environment NBSs close to an educational centre
NBS @ NBSs in the surroundings of a cultural
heritage site
NBSs in a cultural or natural or both kinds of
tours
Connectivity " Acts as a corridor
Acts as stepping stones
Distance to the nearest green neighbour
Extension Size * Area of NBS
Characteristics of Origins * Native/Naturalised %Native species
NBS Components Crown density % of species with
species used = Leaf type showy flower

Presence of showy
flowering species
Presence of fruit as
food for wildlife
Drought tolerance
Allergenicity

% of species with
fleshy fruit

% of aromatic
species*

The assigned values are:

£, Planting of trees: if it meets the 5/10/15 rule = 1 (Galle et al., 2021), if it
meets the 10/15/20 rule = 0.5 (Santamour, 1990), and if it does not meet any
rule = 0. Naturalisation of non-wooded greenspaces: high diversity (16-21 spp.)
=1, medium diversity (9-13 spp.) = 0.5, low diversity (3-4 spp.) = 0.25, and no
diversity (<3 spp.) = 0 (Norton et al., 2019). Greening of buildings: high di-
versity (15 spp.) = 1, medium diversity (7 spp.) = 0.5, low diversity (3—-4 spp.) =
0.25, and no diversity (<3 spp.) = 0 (World Bannk, 2021; Dubovik et al., 2022).
Creation of bioretention sites: high diversity (26 species) = 1, medium diversity
(13 spp.) = 0.5, low diversity (6-7 spp.) = 0.25, and no diversity (<6 spp.) =
0 (Bjgrn and Howe, 2023).

§ : Mean value of descriptors.

£ : Yes = 1; No = 0. Mean value of descriptors.

P . Stepping stones were classified by size as follows: small (<20 m?) = 0.25,
medium (20-300 m?) = 0.5, and large (>300 m?) = 1. In addition, the distance
between the NBS and the nearest green neighbour was considered as follows:
>200 m = 0, 200-50 m = 0.5, <50 m = 1. This criterion is described in detail in
Appendix 2. The final value was the mean value of the characteristics
considered.

¥ : Low size (<0.25 ha) = 0.25, medium size (0.25-0.5 ha) = 0.5, high size
(>0.5ha) = 1.

“ : Native species = 1, naturalised species (non-invasive species adapted to the
conditions of the environment and frequently used in the area) = 0.5, and
allochthonous species = 0. For tree planting, the value was multiplied by the
number of individuals per species.

® : Mean value of descriptors. See Appendix 1, Table S1.2 for assessing the
characteristics of the tree species based on the bibliography and Appendix 1,
Table S1.3 for different valuation options for tree planting according to the
selected species in the heritage area. Each value was multiplied by the number of
individuals of each species.

transport (Lin et al., 2021). Other World Heritage Cities also need to
address this issue by developing urban nature projects, as exemplified by
the case of Salamanca. Thus, they need to improve multifunctionality,
both regulatory (habitat maintenance, cooling, runoff reduction, polli-
nation, and pest control) and cultural services, which are very relevant
in World Heritage Cities (Hilbert et al., 2019; Kosanic and Petzold,
2020). These projects should be carefully designed to create synergies

Nine species have been planted (four native and three
naturalised) in these meadows (Appendix 1,

Table S1.6). Approximately 0.028 ha was on non-
compacted ground and 0.023 ha was on permeable
ground.

Number of interventions: 3

Two green walls and one pergola were installed within
an area of 0.004 ha. Parthenocissus tricuspidata was the
only used species, which is non-native (Appendix 1,

Greening of buildings

Table S1.6).
Creation of bioretention Number of interventions: 33
sites Approximately 0.034 ha of the area were intervened,

creating rain gardens with Hypericum calycinum (68
m?), a naturalised species (Appendix 1, Table $1.6), and
installing permeable pavements (281 m?) on zebra
crossings and parking areas. They were located within
less than 300 m of an educational centre. Areas without
vegetation are considered unsuitable for connectivity
(0).

All They were in a cultural heritage site or on the cultural
route Via de la Plata, and they acted as stepping stones.

and reduce or avoid trade-offs among ESs, as well as multiple aspects of
ecosystem health should be considered (Key et al., 2022). To this end,
the proposed methodological framework is useful as it helps select the
NBS type that will be more effective in addressing the identified chal-
lenges, such as coping with the impacts of climate change in the present
case, during the design and planning phase. Moreover, monitoring and
evaluation of the NBS are crucial to ensure its success (Ascenso et al.,
2021) and to identify the most efficient NBS that can be extrapolated to
other World Heritage Sites. However, to ensure its success, imple-
menting sustainable management practices, such as using recycled
water for irrigation, reducing fertiliser use, limiting the frequency of
annual mowing, reducing pruning, pruning at the right time, and pro-
moting the recycling of organic residues via composting, is necessary.

The NBS carried out in the heritage area of Salamanca clearly
increased multifunctionality, particularly cooling and runoff reduction.
However, they could be improved by considering the environmental
criteria proposed in this study, as it is clear that greenspaces and trees
provide cooling to mitigate urban heat (Schwaab et al., 2021); however,
considering size, type, and structure (Park et al., 2017) in their design is
relevant. In addition, the implemented NBSs will help manage storm-
water at its source, focusing on infiltration-based technologies that
include rain gardens and tree or shrub planting (Berland et al., 2017), as
opposed to traditional stormwater management that relies on grey
infrastructure. According to a study conducted in the USA, the removal
of 2,990 m? of urban tree cover resulted in an increase in runoff volume
of 198 m? (Selbig et al., 2022), highlighting the need to plant trees in
cities. Various studies have shown that urban tree planting and proper
management are relevant for securing, maintaining, and supporting the
provision of a wide range of urban ESs (Amini Parsa et al., 2019; Rotzer
et al., 2021; Cortinovis et al., 2022) in cities, where space is, by defi-
nition, at a premium (Vogt et al., 2017).

4.3. Strengths and limitations

The proposed framework for calculating the MuNaP index, based on
multi-criteria analysis (socioeconomic and environmental criteria), is a
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Values for socioeconomic criteria, environmental criteria and the multifunctionality value (MFV) for each type of NBS and the value for MuNaP index of the urban

nature project in the heritage area of Salamanca.

Type of NBS

Planting of trees

Naturalisation of non-tree greenspaces

Greening of buildings Creation of bioretention sites

Socioeconomic criteria

Challenge 0.25 0.25
Impact on the local economy 0.30 0.37
Active participation of citizens 0.75 0.75
Environmental criteria
Characteristics Diversity 0.22 0.50
Types of actions 0.69 0.50
Location Environment 1.00 0.67
Connectivity 0.65 0.71
Extension Size 0.25 0.25
Characteristics of species Origin 0.95 0.61
Components 0.55 0.44
Final values
Values for socioeconomic criteria 0.43 0.46
Values for environmental criteria 0.62 0.53
Multifunctionality value (MFV) (0-1) 0.53 0.49
MuNaP index (0-8) 3.95

0.25 0.25
0.50 0.37
0.75 0.75
0.00 0.00
1.00 0.19
0.67 1.00
0.67 0.23
0.25 0.25
0.00 0.50
0.00 0.33
0.50 0.46
0.37 0.36
0.44 0.41

simple tool for assessing the multifunctionality of an urban nature
project, which includes the NBS types evaluated in this proposal.
Moreover, it defines the minimum value of multifunctionality to be
achieved by the project. In this way, designers will know if they need to
improve the multifunctionality of the project. In such cases, the MuNaP
index identifies which aspects of the NBS require modification.
Contrarily, as the framework assesses each NBS individually, it allows us
to know the multifunctionality of each one of them.

The framework includes criteria related to biodiversity and habitat
connectivity, which are not usually considered in the design of NBS (Key
et al.,, 2022), that contribute to the protection and enhancement of
ecosystems and biodiversity (Remme et al., 2024; Stuhlmacher and Kim,
2024). It allows us to select the most appropriate species for each site,
which can have a profound impact on ES provision as the selection of
native species can help support and enhance biodiversity (Dubovik
et al., 2022), whereas non-native species can have negative impacts,
which is not always considered in the design of NBS (Key et al., 2022).
On the contrary, the framework considers disservices, namely allergies
and excessive water demand by trees, which is an important aspect
when designing an NBS (Perera et al., 2024).

The main limitation of the proposed framework is the imbalance
between the socioeconomic and environmental criteria. Future research
should include additional descriptors to assess the extent to which citi-
zens’ and stakeholders’ inputs are incorporated into NBS design and
implementation, such as the percentage of associations or social groups
involved or the percentage of actions wherein citizens’ proposals have
been incorporated. Clearly distinguishing stakeholders and their
different roles in different aspects of NBS is imperative (Kiss et al.,
2022). Furthermore, the framework does not link socioeconomic criteria
to ESs, which would aid in planning relatively more inclusive and
equitable cities (Calderon-Argelich et al., 2021). By contrast, the eco-
nomic cost descriptors are straightforward as this type of assessment is
rarely conducted in NBS (Debele et al., 2023) but remains an area for
future research.

5. Conclusions

Nowadays, urban renaturation through the implementation of
multifunctional NBS is becoming increasingly adopted as a solution to
addresss the impacts of climate change and biodiversity loss. However,
the extent to which such NBSs are efficient in performing these tasks is
often unknown. In this study, we present a methodological framework
that facilitates the identification of those aspects of the four NBS types
commonly used in urban restoration projects that can be improved from

10

a socioeconomic and environmental perspective to increase multi-
functionality. Furthermore, this framework makes it possible to calcu-
late whether the NBS proposed in the project meets the minimum MFVs,
thus ensuring that each type of NBS can contribute to the enhancement
of biodiversity and ESs. It also considers the connectivity of NBS, an
aspect not usually considered in this type of project.

Finally, this framework has been validated by the municipal tech-
nical staff in Salamanca, a World Heritage City. This validation supports
its applicability in other cities of this type that face different urban
challenges, such as climate change and biodiversity loss. As a result,
urban planning can be enhanced to promote achieve urban resilience,
increase sustainability, and improve citizen’s well-being.
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