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Abstract: The nature-based solutions (NBS) concept is an umbrella term that connects and organizes
previous concepts from the ‘green-concept family’. Therefore, interventions similar to NBS were
used for a long time before this term was first introduced. Such pre-existing actions, to be considered
as NBS, must meet the Global Standards formulated by the Union for Conservation of Nature
Global Standards. One of these standards refers to the challenge-orientation of NBS. The aim of
this study was to propose objective criteria that enable the assessment of the challenge-orientation
of such interventions. To this end, a set of criteria referring to the seven societal challenges was
presented. A Lublin city (Poland) case study was applied in relation to 24 types of interventions.
The results showed that all of the analysed pre-existing actions met at least two of the challenges.
The actions with the greatest challenge-orientation potential continuity for ecological networks are:
protecting surface wetlands, public parks, allotment gardens, restoring waterbodies and maintaining
floodplains, and the lowest potential are: creating nesting boxes for bats and insect hotels, installing
apiaries and below-ground rainwater collection systems. The analysed interventions responded, to a
greater extent, to challenges such as to human health, climate change adaptation and mitigation and
ecosystem degradation/biodiversity loss, and, to the least extent, to food security and socioeconomic
development Moreover, the study revealed that the scale of the pre-existing intervention type is too
general to draw conclusions regarding its challenge-orientation: each piece of the intervention should
be assessed separately in relation to the conditions in the local context.

Keywords: nature-based solutions; pre-existing interventions; societal challenges; urban areas

1. Introduction

Nature-based solutions (NBS) should be understood as solutions that are inspired
and/or supported by nature and cost-effective while providing environmental, social
and economic benefits [1]. Such solutions introduce natural values, components, features
and processes into cities and landscapes by adapting the implemented solutions to local
conditions [2]. This concept represents the synthesis of several well-established ideas
related to the global pursuit of sustainability. It is an umbrella term that connects and
organizes previous concepts from the ‘green-concept family’, such as ecological engineering,
ecosystem-based adaptation, natural capital, green and blue infrastructure and ecosystem
services [3]. NBS enable people to reconnect with nature through greening and ‘blueing’
strategies for the environment and society. NBS can be applied in relation to outstanding
areas (e.g., conservation actions), the everyday landscape (e.g., implementation of green
and blue infrastructure) and degraded areas (e.g., renaturalisation techniques), providing
policymakers useful tools to resolve a set of problems [4]. Therefore, NBS have recently
become a key instrument for reaching almost all of the Sustainable Development Goals
(SDG) and managing a diverse set of societal challenges [5]. Therefore, it is not surprising
that over the last seven years (since the first definition of NBS was published by the
European Commission in 2015 [1]), urban wetlands, urban forests, parks, gardens, green
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roofs and façades and many other forms of nature have found their way into mainstream
urban planning and policymaking [6].

In fact, actions similar to NBS have been used for a long time, before this term was
introduced for the first time in 2008 [1,2]. Examples of conservation actions taken to restore
degraded natural areas include the application of green and blue infrastructure (GBI) in
cities and the addition of permeable surfaces and ponds [7]. Of course, not all of the pre-
existing interventions from the ‘green-concept family’ can be automatically framed as NBS.
The actions with the greatest chance of becoming NBS include conservation, restoration
and sustainable use components [8]. To do so, these actions must meet the Global Standards
for NBS forlulated by Union for Conservation of Nature [2], which are as follows: (1) NBS
effectively address societal challenges; (2) the design of NBS is informed by scale; (3) NBS
result in a net gain in biodiversity and ecosystem integrity; (4) NBS are economically viable;
(5) NBS are based on inclusive and transparent governance processes; (6) NBS equitably
balance trade-offs; (7) NBS are managed adaptively; and (8) NBS support sustainable
development. The self-assessment sheet proposed by the Global Standards enables, among
other things, the assessment of whether pre-existing green interventions can be framed as
NBS. If the criteria are met in more than 75% of the aspects, pre-existing green interventions
adhere to the IUCN Global Standard for NBS and can be called as strong NBS candidates [2].

Challenge-orientation is one of the main pillars of NBS and enables the presentation
of these actions to policy planners and decision-makers as win–win or mutually beneficial
solutions that simultaneously provide different benefits [9]. Challenge-orientation refers to
the contributions of NBS to alleviating well-defined environmental, societal and economic
challenges [10]. For any intervention to be considered an NBS, in relation to both brand
new and pre-existing concepts, it is necessary to address, in an integrated manner, at least
one of the seven societal challenges defined by the IUCN [2], which directly affect a specific
group of people or indirectly impact society as a whole. They are also relevant to the
Sustainable Development Goals (SDG) [11]. The Global Standards for NBS also emphasise
that to differentiate NBS from pure conservation measures, an intervention that addresses
the ecosystem degradation challenge must also address at least one other challenge. For
example, renaturalisation actions should, besides improving the ecological state of water
ecosystems, include an additional challenge, such as flood protection or the creation of
a green area, thus enabling outdoor activities that support human health. Despite being
somewhat formal, the challenges listed by the IUCN [2] have been modified or detailed by
other authors. For example, Dumitru and Wendling [12] listed the following among societal
challenges that are oriented towards people: place regeneration, knowledge and social
capacity buildings; participatory planning and governance; social justice and cohesion; and
wealth and wellbeing. Next to these, there are planet-oriented challenges such as climate
resilience, water management, green space management, biodiversity and air quality, as
well as prosperity-oriented ones, including natural and climate hazards, new economic
opportunities and green jobs. Somarakis and Stagakis [5] also listed coastal resilience as a
separate challenge area.

As pre-existing interventions can also be framed as NBS, under the IUCN Global
Standards, the question of how the challenge-orientation of these ‘historical’ solutions can
be determined to rise. On the one hand, conservation and management interventions that
were not explicitly designed or managed to deliver societal benefits may directly or indi-
rectly generate ancillary societal benefits and, thus, resolve a set of societal challenges [2].
On the other hand, the challenge-orientation of NBS means that they are directed at pro-
viding solutions to problem(s) detected a priori, meaning that challenges to be tackled
should be detected before an action is taken and constitute the main reason behind the
implementation of an NBS [13]. Therefore, post-implementation goal(s) should be treated
as criteria that exclude a given solution from the NBS set [4]. A helpful tool for assessing the
challenge-orientation criterion of NBS is the NBS handbook ‘Think Nature’ [5]. It presents
a matrix showing the relevance of the set of different types of NBS in relation to the set
of societal challenges. However, taking into account the general nature of the matrix, a
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lack of consideration for local differences among NBS interventions and the absence of
specific assessment criteria, it should constitute a starting point for the determination of
the challenge-orientation of a given solution type. The most effective way to accomplish
this is to use a set of qualitative and quantitative indicators that objectively reflect different
environmental, social, political and economic characteristics [8]. Such an approach, among
other things, is presented in the ‘Handbook for Practitioners’ published by the European
Commission [12], which includes a dozen indicators that help to assess the relevance of
existing and planned NBS solutions to the set of societal challenges. A study conducted by
Pirro et al. [14] adopted a different approach: The authors identified and differentiated NBS
according to their capacity to provide ES and their ability to address selected challenges by
adopting the performance assessment and ranging approaches. On the other hand, Croeser
et al. [15] adopted the Ecosystem Services Provision and Institutional Capability criteria to
determine the suitability of NBS to respond to urban challenges.

The present study aims to assess the challenge-orientation of one particular NBS type:
pre-existing interventions existed at the area of Lublin city (Poland). This statement is
based on the results of a Scopus database search conducted by the authors (search criteria:
pre-existing AND nature-based solution in ALL Fields, June 2022) which showed that there
are only 23 papers referring to those two keywords, or 6 papers if the search is limited
to title, keywords and abstract. None of these papers, however, explore the challenge-
orientation assessment of pre-existing solutions, and none of them refer to Polish case
studies. Therefore, the search results showed that the topic discussed in the paper is not
only novel and relevant to Polish conditions, but also that there is a lack of similar studies
worldwide. Of course, there are studies referring to Polish urban parks, allotment gardens,
urban waters, etc. in the context of considering them as NBS. Therefore, a second Scopus
search (search criteria: Poland OR Polish AND nature-based solution in ALL Fields, June
2022) was performed. Despite the fact that the search results showed 224 papers, including
only 2 referring to the city of Lublin [5,16], they usually referred to elements of GBI as being
NBS from the definition, without taking into consideration the fact that, to be framed as an
NBS, a given pre-existing intervention should meet the IUCN global criteria for NBS [2],
including challenge-orientation. Such research, however, is required to contribute to future
NBS implementation in Lublin and other cities facing current sustainability challenges.
To achieve the goal of the paper, a set of objective criteria referring to the seven societal
challenges formulated by the IUCN [2] is presented. As many of the challenge-orientation
indicators proposed in previous studies are difficult to calculate due to the lack of data,
the need for long-term assessment and high estimation costs [4]; the adopted approach
is based on the use of objective criteria that are simple to assess. They are based on open
spatial data, local documents and fieldwork. The case study on Lublin city (Poland) was
applied in relation to 24 types of pre-existing NBS interventions. This city was selected as it
has no solutions officially termed NBS—there are only strong NBS candidates based on
pre-existing concepts [16].

2. Materials and Methods
2.1. Study Area Description

The city of Lublin is located in eastern Poland and is the centre of the Lubelskie
Voivodeship, with important administrative, economic and cultural functions. The city is
located in the Lublin Upland of the Bystrzyca River Valley. The Valley divides the city into
two parts with different landscape features (Figure 1). The left bank is characterized by
varied terrain relief. There are deep valleys and old loess ravines. The right bank is flatter
and less varied in terms of relief. The ecosystem of the Bystrzyca Valley has been recognized
as a key ecological corridor (on the regional scale). The fragments of river valleys located
within the administrative borders of the city are situated in protected landscape areas
(OCKs): the Czerniejowski OCK and the Ciemięga Valley OCK. On the local scale, the
network of protected areas in the city and its nearby surroundings are complemented by
larger forest complexes, including the ‘Stasin’ nature reserve [17]. The structure of green
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and blue city infrastructure is completed by urban parks and squares, allotment gardens, a
green transport track and patches of trees of protective and/or recreational function [16].
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Figure 1. Localization of the study area and the main landcover forms of Lublin city.

In Lublin, there is a strong emphasis on the revitalization and development of green
areas. Former projects include, but are not limited to, the modernisation and revalorisation
of the historical Saxon Garden, the creation of the urban John Paul II Park, pro-ecological
square development, and ongoing projects aiming, among other things, to introduce flower
meadows and rain gardens. The works and efforts carried out by municipal services have
been recognized by external institutions by being awarded several times with the titles
‘Environmentally Friendly Municipality’ and ‘Environmentally Friendly Local Govern-
ment’ [18]. Lublin also received first place in the 2021 Forbes Green Cities Ranking. It was
recognised for its financial contributions and involvement in the creation of green spaces
for residents as well as its general activities for the benefit of the green city (Figure 1).
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Despite the effort that the Lublin Municipality put into the management and develop-
ment of GBI, previous studies show that different types of NBS based on the elements of
GBI contribute in varied ways to sustainable development, including both ecological [16]
and socioeconomic aspects [7]. Furthermore, these elements may be regarded as a kind of
unsophisticated NBS, the effectiveness of which is limited. These solutions may be created
as independent structures, or (historical) green/blue infrastructure may be enlarged, fitted
out, linked, and improved to implement NBS projects [7]. Therefore, to fully exploit the
potential of these structures, it is necessary to, first of all assess, their challenge-orientation
in relation to challenges that are crucial to Lublin’s development, and, secondly, to detect
which aspects of pre-existing interventions (social, ecological, economic, management, etc.)
require changes or co-financing. For Lublin’s development towards a ‘green city vision’,
the same level of importance should be placed on resolving both challenges referring to the
socio-economic development, such as human health and neighbourhood security, as well
as to ecological challenges, such as biodiversity loss and disaster risk reduction.

2.2. Mapping of Pre-Existing Interventions

The typology of pre-existing interventions (level of NBS types) was based on the
division proposed by Eggermont et al. [19], which includes the level of human intervention
in ecosystems and landscapes. For the purpose of this study, the typology was modified
by extracting a fourth NBS type, which includes water-based interventions comprising
both natural and seminatural hydrological systems (Table 1, Types 1–4). The NBS subtypes
(Table 1, Columns A and B) were based on the list of potential NBS types proposed by
Dumitru and Wendling [12] (pages 123–125). From that list, the subtypes that are not
present in the study area due to natural conditions (e.g., mangroves, dune structures),
land functions (e.g., control of erosion through the management of grazing animals) and
management tactics and techniques (e.g., integrated pest/weed management, bioretention
basins) were removed. The list was enriched by the pre-existing intervention types that
are typical of Polish conditions (e.g., conservation zones around water intake stations and
around bird breeding sites, allotment gardens). The final list of pre-existing interventions
was checked on the basis of an online survey directed to the representatives of seven depart-
ments of the Lublin City Office (February 2022), who are responsible for the management
of green and blue infrastructure, nature protection, revalorisation actions and energy and
climate activities.

The data used to map pre-existing interventions include the Database of Topographic
Objects for the Lublin province, vector format (BDOT 2021), the Study of Conditions and
Directions of Spatial Development of Lublin, 2019 [17], the Lublin City Office (LCO) website
(https://lublin.eu/urzad-miasta-lublin/, accessed on 30 May 2022), data obtained from
the LCO through the online survey, data from the University of Marie Curie Sklodowska
(UMCS) and an Internet search for spatial data in case of a lack of comprehensive databases
for Lublin city (February–April 2022) (Table 1, Column C). The intervention was spatially
mapped using QGIS software to produce a map of pre-existing interventions. As a result,
24 types of pre-existing intervention were included in the subsequent assessment.

https://lublin.eu/urzad-miasta-lublin/
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Table 1. Analysed pre-existing interventions and the data source used for their mapping.

A
NBS Subtypes

B
List of the Pre-Existing Intervention

Analyses in the Study

C
Data Source Used

Type 1: Minimal interference with the ecosystem: protection and monitoring activities

Protection and
conservation strategies

• Establishment of protected areas; • BDOT 2021
• Conservation zones around water

intake stations; • Study 2019

• Protecting surface wetlands. • BDOT 2021

Urban planning strategies

• Ensuring the continuity of the
ecological network: ESOCh
Lublin;

• Study 2019

• Maintenance of agriculture areas
(plantations and orchards). • BDOT 2021

Type 2: The sustainable management and natural enrichment of existing elements of urban
green and blue infrastructure

Green space

• Urban parks; • BDOT 2021
• Botanical garden; • BDOT 2021
• Allotment gardens; • BDOT 2021

• Flower meadows; • Data from LCO

• Playgrounds with permeable
surfaces; • BDOT 2021

• Sport fields with permeable
surfaces; • BDOT 2021

• Pro-ecological square
development. • Data from LCO

Trees and shrubs
• Urban forests; • BDOT 2021
• Green transport tracks; • BDOT 2021
• Planting trees with protective and

recreational functions. • BDOT 2021

Sustainable management
protocols

• Nesting boxes for native bats; • Data from UMCS
Lublin

• Insect hotels; • Data from LCO
• Installation of apiaries. • Data from LCO

Type 3: The creation of new ecosystems

Green built environment

• Green roofs; • Internet list
• Green walls; • Internet list
• Green bus stops. • Data from LCO

Type 4: The implementation of natural or seminatural water storage and transport systems

Water restoration
measures

• Restoring degraded waterbodies; • BDOT 2021
• Maintaining floodplains. • Study 2019

Infiltration, filtration, and
biofiltration structures

• Rainwater collection systems
(absorptive wells, above-ground
tanks, ponds).

• Data from LCO

2.3. Challenge-Orientation Assessment

The assessment was conducted in relation to the seven societal challenges (SCh)
listed by the IUCN [9], which are briefly described in Table 2, referring to their link to
the Sustainable Development Goals (SDG). The challenge-orientation criteria (Table 2,
Column A) were based on an on-systematic review of both peer-reviewed research pa-
pers [4,7,8,11,12,16,20–36] and relevant reports published by the EC [1,13,37], IUCN [2,11]
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and UNEP [38]. Each criterion was selected on the basis of the following principles: (1) rele-
vance to the topic under study, which is how to meet a given societal challenge; (2) universal
character, so that NBS featuring different levels of human intervention in the ecosystem of
different spatial extents and located in various areas can be assessed; and (3) measurability,
meaning the availability of data or ease of data collection. The challenge-orientation criteria
were determined in close collaboration with the representatives of different departments of
the Lublin City Office (LCO) (e.g., emails, telephone interviews). The data used to assess
each criterion are presented in Table 2, Column C. During the assessment, the strength
(scope) of the intervention to meet a given challenge was not taken into account, as criteria
are not indicators. It was only determined whether a given pre-existing intervention met
a given challenge. For example, wetlands are more effective carbon sinks than flower
meadows, but both biotopes provide carbon sequestration benefits and thus contribute
positively to the climate change adaptation and mitigation challenge.

Table 2. Challenge-orientation criteria.

Description of Societal Challenges (SCh)

A. Challenge-Orientation
Criterion B. Criterion Description C. Data Used in Relation to

the Case Study Example

Climate change adaptation and mitigation (SCh1) via the implementation of NBS can both
provide resilience to the impacts of climate change through the provision of ecosystem services
(ES) and enhance social awareness and political actions to combat climate change [12,20,26–30].
Especially effective are solutions that serve as natural carbon sinks, including forests, wetlands
and oceans. NBS to climate change are addressed by SDG 13: climate change.

SCh1_I1: Function of natural
carbon sinks

• Existence of ecosystems
that serve the function of
a natural carbon sink;

• Map of pre-existing
interventions;

SCh1_I2: Enhancement of
social awareness regarding
climate change

• Existence of climate
awareness educational
actions.

• Fieldwork in relation to
the presence of
educational boards on
climate change issues;
screening of intervention
websites; telephone
interviews with LCO
employees.

Disaster risk reduction (SCh2) can be achieved via a combination of infrastructures such as flood
protection levees and dams with elements of natural infrastructures that provide regulatory
services, especially large-scale ecosystems such as wetlands, forests, large parks, riverbanks, lakes
and coastal systems, which can reduce physical exposure to natural hazards by serving as
protective barriers or buffers [4,11,21,31–33]. NBS to disaster are addressed in part by SDG 11
(sustainable cities and communities) and by SDG 13 (climate action).

SCh2_I1: Function served
• Buffer and/or protected

barrier functions;

• Map of pre-existing
interventions; screening
of local documents;

SCh2_I2: Power of disaster
risk reduction

• Area (mean) of the
intervention patches
(more than 1000 m2 or
more than 10 points).

• Map of pre-existing
interventions.

Socioeconomic development (SCh3) in relation to the social dimension includes diverse aspects
such as building knowledge and social capacity through educational initiatives, strengthening the
participatory planning and governance of green areas, reducing environmental injustice,
supporting the cocreation process and providing opportunities for social transformation [7,22,23].
NBS support economic development by providing cost-effective solutions at all stages of the
solution life cycle: implementation, maintenance and transformation; creating resilient buildings;
and generating jobs in the green sector [4]. Socioeconomic development is addressed by SDG 8
(decent work and economic growth) and SDG 12 (responsible consumption and production).
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Table 2. Cont.

Description of Societal Challenges (SCh)

A. Challenge-Orientation
Criterion B. Criterion Description C. Data Used in Relation to

the Case Study Example

SCh3_I1: Reduction of
environmental injustice

• Localization in the city
structure (even
distribution in municipal
districts);

• Map of the pre-existing
interventions;

SCh3_I2: Use of alternative
sources of energy

• Solution equipment in
solar panels.

• Fieldwork; screening of
intervention websites;
telephone interviews
with LCO employees

Human health (SCh4) results from the fact that natural and seminatural ecosystems affect human
health, wellbeing and social cohesion [4,16,34–36]. NBS may have many positive effects on both
mental and physical health by reducing depression; improving social cohesion; providing
community support; promoting outdoor activities; creating new recreational areas and sports
facilities; reconnecting people with nature, thus improving their involvement in restoration
actions; and raising social awareness [7,24]. NBS to human wellbeing are addressed by SDG 3
(human health and wellbeing), SDG 11 (sustainable cities and communities) and SDG 13 (climate
action).

SCh4_I1: Offer public space
and free accessibility

• Ownership structure of
the preintervention; • Data from the LCO;

SCh4_I2: Provide recreational
opportunities

• Recreational possibilities
and infrastructure.

• Data from the LCO;
fieldwork.

Food security (SCh5) means the availability of food that is accessible to all, safe and locally
appropriate and reliable all the time regardless of location [11]. Solutions to this challenge will
need to be multifaceted, comprising food provision from both rural and urban areas. These
include, for example, protecting wild genetic resources; managing wild species (e.g., fish);
providing irrigation water; and introducing urban agriculture, including commune, allotment and
vertical gardens [7]. Food security is addressed by SDG 2: zero hunger.

SCh5_I1: Food production
service

• Provision of food from
agriculture, fishing, wild
berries and mushrooms.

• Map of pre-existing
interventions; fieldwork.

The water security challenge (SCh6) results from the fact that built infrastructure alone is
increasingly unlikely to provide future water security and resilience against changing climate
conditions [11]. NBS can serve to resolve water quality and management problems that derive
from anthropogenic impacts on the water cycle. These may include reducing groundwater and
surface water levels, recharging aquifers and managing storm water [12]. NBS for water security
are addressed by SDG 6: clean water and sanitation.

SCh6_I1: Impact on water
quality

• Existence of water sav-
ing/purification/infiltration
infrastructure, rainwater
collectors.

• Map of pre-existing
interventions; fieldwork;
Screening of intervention
websites.

Ecosystem degradation and biodiversity loss (SCh7) derives from changes in land and sea use,
overexploitation, climate change, pollution and invasive/alien species [12]. NBS refer to the
abovementioned driving factors by introducing, particularly in urban areas, biologically active
areas that support native and heat-resilient plant species, including greenery to buildings, as well
as urban apiaries and hotels for insects [2,12]. NBS contribute to the regeneration of sustainable
places by connecting people with nature using fewer environmental resources and fostering
collective participation and social cohesion [25]. NBS for ecosystem degradation and biodiversity
loss are addressed in SDG 14 (life below water) and SDG15 (life on land).

SCh7_I1: Impact on
biodiversity

• Plant selection, creation
of habitats.

• Fieldwork; screening of
intervention websites.
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3. Results
3.1. Mapping of Pre-Excited Interventions

The results showed that the structure of Lublin city can be distinguished by 24 types of
pre-existing interventions, among which 20 are of the patch character and 4 are of the point
character. Patch types cover 44.67% of the city area (without overlapping interventions),
and 72.8% include overlapping interventions (Figure 2). Overlapping interventions mainly
include the maintenance of floodplains and conservation zones around water intake sta-
tions/urban forests, as well as patches of trees with protection/recreational functions and
ensuring the continuity of the ecological network.
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The largest area and, thus, the highest percentage of the city, is covered by Type
1: minimal interference with the ecosystem (45.61%) (Table 3). This type contains five
pre-existing intervention types that are located in different city districts. In this type, the
largest area is occupied by an intervention called ‘Ensuring the continuity of the ecological
network’ (24.69%). This type consists of 63 patches that differ significantly in their area—the
larger patch is 579.21 ha, whereas the smallest is only 0.06 ha. Therefore, the standard
deviation is equal to 113.49 (median, 5.58), wherein the mean patch area is 579.21 ha. The
smallest share is occupied by the ‘Establishment of protected areas’ (0.17%), as, in Lublin,
only one nature reserve exists—the ‘Stasin’ forest reserve, which is located at the south part
of the city at constating part of the urban forest.

The smallest area and, thus, the smallest percentage of the city, is covered by Type 4:
‘Implementation of natural or seminatural water storage and transport systems’ (9.44%). It
derives from the fact that one out of three of the pre-existing types that belong to this type
are of the point character. Among this type, the largest area is occupied by the ‘Floodplain
maintenance’ intervention (7.18%, NP = 45), and the smallest is occupied by ‘Restoration
of degraded waterbodies’ (2.26%, NP = 9). Both interventions are characterised by an
uneven distribution, as, due to their character, they are located along the Bystrzyca River.
In addition, Type 4 includes 32-point solutions representing different rainwater collection
systems, such as absorptive wells, aboveground tanks and ponds that have been installed
on private plots at single-family houses. Therefore, they are mainly located in the district
with the predominant share of this kind of estate.

Type 2, ‘The sustainable management and natural enrichment of existing elements
of urban green and blue infrastructure’, occupies 17.83% of the city area and stands out
as the large-scale solution of the urban forest, which occupies 11.87% of the city’s area
(1756.280 ha) and numerous playgrounds (413) and sport fields with permeable surfaces
(130). Another important part of this type constitutes urban parks of relatively large mean
area (23.63 ha) as well as 70 patches of allotment gardens with a mean area of 55.57 ha,
which are located in almost all the city districts. As such, they continue the important
element of GBI structure of the city.

Solutions belonging to Type 3, ‘The creation of new ecosystems’, are less numerous, as
they are composed of only nine points of green buildings, including green walls, rooves
and bus stops. Because of the way they were mapped as point spatial features, they were
not included in the total sum/percentage of pre-existing interventions. Type 3 is mainly
located in the city centre, where most of the innovative solutions have been recently im-
plemented. The spatial composition of all the detected pre-existing intervention types is
irregular. They are concentrated in the south end of the city (urban forest, urban lagoon,
conservation zones), along the Bystrzyca River Valley (e.g., maintenance of floodplains,
allotment gardens, nesting boxes for native bats) and close to city borders (e.g., the main-
tenance of the agriculture areas). As a result, on the northwest and east sides of the city,
there are large areas (max 2.81 km2) without any implemented green and blue solutions.
Of course, some intervention types are connected to a particular natural condition, for
example, conservation zones around water intake stations connected to underground water
reservoirs; therefore, their localizations are predetermined.
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Table 3. Spatial characteristics of pre-existing solutions.

Pre-Existing
Intervention

Number of
Patches/Points

NP

Total Area
(ha)

Mean/Max/Min
Area
(ha)

Area
Standard
Deviation

SD

Median Area

% of
Interventions
in Relation to

the Lublin
Area

Type 1

Establishment of
protected areas 1 25.06 25.06 - - 0.17

Conservation zones
around water intake

stations
39 229.34

5.88
6.92 3.96 1.5638.40

1.31

Protecting surface
wetlands

107 53.72
0.50

1.44 0.08 0.360.50
0.0005

Ensuring the continuity
of the ecological network 63 3640.89

57.79
113.49 5.58 24.69579.21

0.06

Maintenance of
agriculture areas 407 2775.92

6.82
35.02 0.40 18.83472.42

0.0002

Sum for Type 1
(patch forms) 211 6724.92 - 45.61

Type 2

Urban parks 13 108.34
8.33

6.19 5.75 0.7323.63
1.24

Botanical garden 1 12.88 12.88 - - 0.09

Allotment gardens 70 416.24
5.86

8.08 5.86 2.8555.57
0.09

Flower meadows * 3 0.30
0.10

0.04 0.12 0.0020.14
0.04

Playgrounds with
permeable surfaces 413 27.23

0.07
0.10 0.04 0.181.71

0.006

Sport fields with
permeable surfaces 130 37.39

0.29
0.42 0.12 0.253.32

0.10

Pro-ecological square
development 6 0.59

0.10
0.17 0.02 0.0040.48

0.006

Urban forest 8 1756.28
219.54
1169.11
0.0046

385.89 219.54 11.91

Green transport tracks 168 121.38
0.72

1.07 0.36 0.826.99
0.002
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Table 3. Cont.

Pre-Existing
Intervention

Number of
Patches/Points

NP

Total Area
(ha)

Mean/Max/Min
Area
(ha)

Area
Standard
Deviation

SD

Median Area

% of
Interventions
in Relation to

the Lublin
Area

Planting trees with
protective and

recreational functions
229 151.76

0.66
8782.92 3560.67 1.035.64

0.05

Sum for Type 2
(patch forms) 1085 2626.72 - 17.83

Nesting boxes for native
bats 104 - - - - -

Insect hotels ** 18 - - - - -

Installation of apiaries
(including public lands)

**
4 - - - - -

Sum for Type 2
(point forms) 126 -

Type 3

Green rooves 3 - - - - -

Green walls ** 4 - - - - -

Green bus stops 2 - - - - -

Sum for Type 3
(point forms) 9 -

Type 4

Restoring degraded
waterbodies

9 332.66
36.96

91.44 0.76 2.26294.99
0.19

Maintaining floodplains 45 1057.96
23.51

31.35 15.64 7.18177.20
0.01

Sum for Type 4 (patch
forms) 86 1390.63 - 9.44

Rainwater collection
systems 32 - - - - -

Sum for Type 4
(point forms) 32 -

Sum % of Lublin area
(including overlapping

interventions)
72.8%

Sum % of Lublin area
(without overlapping

interventions)
44.67%

* state for year 2022; ** database is not complete as there is a lack of the city level register.

3.2. Challenge-Orientation Assessment

The challenge-orientation assessment showed that in 7 out of the 24 pre-existing
solutions in the study area, the level of each intervention type was too general to draw
conclusions about its challenge-orientation. Therefore, in the assessment matrix, in relation
to the selected interventions, the levels of assessment for the following types were included:
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(1) landcover (LC) forms—semi-natural (greenery, water) and paved surfaces; (2) access
type—open (public areas) and with restrictions (private areas, entrance fee required); and
(3) construction type—above- and belowground construction. Moreover, the seven criteria
of challenge-orientation could not be determined in relation to all the solution types because
both reference levels (the type and level of assessment) were too general: the assessment
should be performed in relation to each intervention patch/point. Therefore, in the matrix,
the PL (patch/point level) symbol was used to indicate that only (a) selected solution(s)
from a given type meet a given challenge-orientation criterion (e.g., a given park, a given
complex of the allotment gardens). As a result, the total number of societal challenges that
a given pre-existing intervention met (Figure 3), as well as the sum of intervention types
attributed to a given challenge (Figure 4), was provided in reference to two scales: patch
level (PL), which includes intervention types from which only selected patches/points
meet a given criterion, and type level (TL), which includes intervention types from which
all patch/points meet the criteria.
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The results of the matrix showed that all of the analysed pre-existing NBS met at least
two of the societal challenges formulated by the IUCN [2] (Table 4). The solutions with the
highest challenge-orientation potential were: ensuring the continuity of the ecological net-
work, meeting four challenges at patch level and seven at type level (4PL-7TL); protecting
surface wetlands (5PL-6TL); maintaining public parks (4PL-7TL) and allotment gardens
(6PL-7TL); planting trees with protective and recreational functions (4PL-6TL); restoring
degraded waterbodies (5PL-6TL); and maintaining floodplains (4PL-6TL) (Figure 3). Their
high potential, in relation to pre-existing interventions representing Type 2, mainly resulted
from their positive impact on human health and positive impact on biodiversity, and in re-
lation to Type 4, the water security challenge and disaster risk reduction. Among them, the
most promising NBS are those interventions that met a similar high number of challenges
both at the patch and type level. Taking into account this criterion, allotment gardens
constitute one of the strongest NBS candidates. Nesting boxes for native bats, insect hotels
and the installation of apiaries (3PL/TL) and belowground rainwater collection systems
(2PL/4TL) showed the lowest potential (Table 4). This resulted from their point character
and their targeting of one specific goal, such as biodiversity protection or water security.
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Therefore, taking into account the adopted criteria, they lack the impact on other challenges.
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Table 4. Matrix of pre-existing intervention orientations to societal challenges.

Pre-Existing
Intervention Type

Level of
Assessment

Case Study
Level

SCh1 SCh2 SCh3 SCh4 SCh5 SCh6 SCh7

I1 I2 I1 I2 I1 I2 I1 I2 I1 I1 I1

Type 1

1.1. Establishment
of protected areas - - x x x x - - x x PL - x

1.2. Conservation zones
around water intake
stations

LC
forms

Greenery x - x x x - PL PL PL PL
x

Paved
surfaces - -

1.3. Protecting surface
wetlands - - x x x x - - x x x PL x

1.4. Ensuring the continuity
of the ecological network - - x x x x x - PL PL PL PL x

1.5. Maintenance of
agriculture areas in urban
structure

- - - - - PL x - PL PL x PL PL

Type 2

2.1 Urban parks Access type Open x PL PL x x - x x - PL x
With

restrictions -

2.2. Botanical garden - - x x - x - - - x - x x

2.3. Allotment gardens - - x PL - PL x PL - x x x x

2.4. Flower meadows - - x x - PL x - x x - - x

2.5. Playgrounds with
permeable surfaces

Access type Open x PL - PL x - x x - x PL
With

restrictions -

2.6. Sport fields with
permeable surfaces

Access type Open x - - x x - x x - x -
With

restrictions -
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Table 4. Cont.

Pre-Existing
Intervention Type

Level of
Assessment

Case Study
Level

SCh1 SCh2 SCh3 SCh4 SCh5 SCh6 SCh7

I1 I2 I1 I2 I1 I2 I1 I2 I1 I1 I1

2.7. Pro-ecological square
development - - x PL - PL x - x x - x PL

2.8. Urban forests - - x x x x - - x x x - x

2.9. Green transport tracks - - x PL x x x - x PL - - PL

2.10. Planting trees with
protective and recreational
functions

Access type Open x PL x PL x - x x PL - PL
With

restrictions -

2.11. Nesting boxes for
native bats - - - - - x - - x - - - x

2.12. Insect hotels - - - - - x - - x - - - x

2.13. Installation of apiaries - - - - - - - - x - x - x

Type 3

3.1. Green rooves - - x PL - - - - x x PL x x

3.2. Green walls - - x PL - - - - x - - x x

3.3. Green bus stops - - x x - - - PL x - - x x

Type 4

4.1. Restoring degraded
waterbodies - - x x x x - - x x x PL x

4.2. Maintaining
floodplains - - x x x x - - x x PL PL x

4.3. Rainwater collection
systems

Construction
type

Aboveground
tanks x - - x - - - x - x x

Below
ground

structures
- - -

Sum of intervention type
(PL/TL) 18-20 14-20 11-12 20-24 6-12 9-16 17-24

In reference to the societal challenges assessed, pre-existing interventions responded
with the broadest scope to human health (SCh4) and ecosystem degradation and biodi-
versity loss, which were met by all 24 solution types (20 and 17 at the PL, respectively)
and to climate change adaptation and mitigation (SCh1), which were met by all 20 so-
lution types (18 at the PL). The analysed solutions that met the lowest scope were the
challenge of food security (SCh5), which was met by 12 solution types (6 at PL), and
the challenge of socioeconomic development (Sch3), which was met by 11 solution types
(12 at PL) (Figure 4).

4. Discussion
4.1. Pre-Existing Interventions as NBS Candidates: A Case Study Example

The study showed that, in relation to Lublin city, pre-existing interventions belong-
ing to all four analysed NBS types exhibited a high potential for challenge-orientation.
Among them, allotment gardens, which do not fully correspond to only one of the societal
challenges, stand out. The potential of Polish allotment gardens to be considered NBS
was also reported in a previous study, with a reminder that they lack a clear governance
process and are of limited economic efficiency [7]. Urban, open parks also make a great
contribution to all of the analysed challenges. This results from the fact that they pro-
vide a set of environmental, social and economic benefits, such as contributing to carbon
sequestration, erosion prevention, water and air purification, habitat creation, economic
development and nature-based recreation promotion, which help to reduce many urgent
problems [7,14,39,40]. A high challenge-orientation potential was also revealed in relation
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to different types of interventions connected to the protection, maintenance and restoration
of urban waters and floodplains. These pre-existing interventions are recognized as com-
bining ecological, social and, if well managed, economic benefits and being of high value
to hydrological balance, climate regulation, energy production and the drinking water
supply [2,41]. Nesting boxes for native bats, insect hotels, the installation of apiaries and
belowground rainwater collection systems were revealed to have the lowest challenge-
orientation potentials. The same was proved by Castellar et al. [39] in relation to offering
good performance addressing challenges and providing ES by NBS. This mainly derives
from the point character of such solutions, as interventions must be sufficiently large to
successfully respond to challenges [22,42]. It does not mean that the positive contribution of
these pre-existing interventions to tackling ecological problems should be underestimated.
The study revealed that they are designed to respond, specifically, to a given challenge:
biodiversity loss in the case of boxes, hotels and apiaries, and water security in the case
of rainwater collection systems. The same was also reported by Pirro et al. [14] in relation
to retention ponds and infiltration basins and the challenge of water management with a
flood hazard.

The study also revealed that, among the seven societal challenges formulated by the
IUCN, the analysed pre-existing interventions respond, in a broader scope, to human
health and climate change adaptation and mitigation challenges. This is consistent with the
research of Castellar et al. [39] or López et al. [26], which revealed that these challenges are
responded to by several NBS types, such as gardens, parks and green corridors. Health and
wellbeing have also been recognized as two of the urban (sub)challenges most frequently
assessed in the literature [43] and as being in high demand by urban society [15,33]. The
pre-existing NBS interventions analysed in the paper met the challenges of food security
in the narrowest scope. The first results from the fact that the main food production
functions have only one of the analysed types: the maintenance of agriculture areas in urban
structure. Other types that meet this challenge serve the food production function as an
additional benefit: wild fruits and mushrooms from urban forests, fish from urban waters,
vegetables and fruits from allotment gardens and honey from urban apiaries. The fact that
only 11PL/12TL of the analysed pre-existing interventions respond to the socioeconomic
development challenge is surprising. The reason behind this finding lies in the fact that,
due to their uneven distribution in city districts, they deepen the environmental injustice
connected to the accessibility of green/blue areas by all citizen groups. Furthermore, both
public and private green infrastructure are poorly equipped with renewable sources of
energy, including solar panels [7].

4.2. Challenge-Orientation of Pre-Existing NBS Solutions: Scale of Assessment Implications

The present study clearly shows that the combination of local environmental, socio-
political, management and economic conditions results in a level of solution type that is
not enough to conclude whether a given pre-existing NBS intervention can be farmed as an
NBS. For example, converting historical gardens and parks to NBS, e.g., by introducing
recreational infrastructure, generally refers to the social justice/social cohesion challenge,
provided that they are open access [8]. If an entrance fee is mandatory, the relevance
to the societal challenge is questionable [32]. Another example deals with the dominant
landcover type of pre-existing NBS interventions. Diverse types of conservation zones and
controlled urban expansion strategies generally respond to climate change mitigation and
human health challenges [5], provided that they are covered by seminatural landcover
forms. Paved surfaces not only do not respond to these challenges but cannot be framed
as NBS, as these actions must be inspired and/or powered by nature to enhance natural
capital [1] and result in a net gain in biodiversity and ecosystem integrity [2]. The lat-
est requirement is directly connected to the ecosystem degradation and biodiversity loss
challenge, the fulfilment of which strongly depends on plant selection (this aspect was
included in criterion SCh7_I1) [30]. Green actions based on ‘copying’ existing ecosystems
into surrounding areas, such as enlarging a forest area by implementing monocultural tree
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plantations or planting grass in a place with favourable conditions for a flower meadow, do
not fulfil the requirements posed by NBS [13]. Another vital level of challenge-orientation
assessment (included in criterion SCh2_I2) deals with the scale of the solution. To be
considered an NBS, a pre-existing solution should be sufficiently large to successfully
respond to challenges [22,42]. To address global challenges, such as climate adaptation and
mitigation or ecosystem degradation, large-scale initiatives such as ECCA 30 (which aims
to restore 350 million hectares of the world’s deforested and degraded land by 2030) are
required [13]. Local problems, such as environmental injustice at the city scale, may be
tackled by small-scale or even point actions aimed at the creation of pocket gardens in green
playgrounds [8]. The larger the intervention scale, however, the greater the contribution
to the successful application and operation of NBS, and more positive outcomes for biodi-
versity, human wellbeing and the economy are expected [2]. Therefore, if the intervention
type is composed of different spatial patches, such as surface wetland protection or the
maintenance of agricultural areas in the present study, each patch of the intervention should
be analysed separately in relation to the spatial configuration of patches on a landscape
scale, which affects the ecological quality of a given area [16].

4.3. Limitations of the Adopted Approach and Future Outlook

The results of the matrix showed that all of the analysed pre-existing NBS solutions
meet at least two of the societal challenges formulated by the IUCN [2]. As a result, in terms
of the challenge-orientation, they can be considered strong NBS candidates. Of course,
the paper assessed only one out of the eight criteria to frame pre-existing interventions as
NBS. The adopted criteria, however, are partially connected to other IUCN criteria that
refer to the appropriate scale (SCh2_I2) and a net gain in biodiversity (SCh7_I1). Of course,
the analysed aspects do not fully refer to these criteria. Appropriate scale also refers to
the illusion of dependencies between the area under the action and the adjusted areas,
including complementary interventions, in terms of ecological and socioeconomic impacts,
as NBS cannot be managed in isolation [8]. In terms of biodiversity, the IUCN criterion
also includes positive impacts on ecosystem integrity, which was not assessed in this study
but may be determined on the basis of the use of landscape metrics [16], and stresses the
need to identify clear and measurable biodiversity conservation outcomes. Therefore, the
next stage of the research is to, on the basis of the self-assessment sheet [2], assess the
relevance of the analysed interventions, especially for criteria referring to the following
aspects: synergies and trade-offs on the landscape scale, ecosystem integrity, economic
viability, governance processes and management practices. The latter two aspects are of
specific significance, as only adaptive landscape planning management and governance
may ensure the effective implementation of NBS [29,44]. Only when the result of assessing
all eight criteria shows that the criteria are met in more than 75% of these aspects do
pre-existing green interventions adhere to the IUCN Global Standard for NBS, and only
then can they be called strong NBS candidates.

5. Conclusions

The study showed that the mapping technique and the use of objective criteria are
helpful to assess the challenge-orientation of pre-existing NBS. Therefore, such approaches
can be used to assess whether different types of blue and green interventions can be
framed as strong NBS candidates. Moreover, it is possible to identify gaps that need to be
strengthened or improved in order to frame a given intervention as an NBS. For example,
despite the fact that 44.67% of the area of Lublin is covered by pre-existing solutions
that have the potential to become strong NBS candidates, their spatial distribution is
heterogeneous, which favours environmental injustice. To overcome this problem, further
local spatial plans and development strategies should be based on the detailed analysis of
NBS localization among city districts, also taking into account the socioeconomic profile of
their inhabitants. It is not the number and total size of interventions but the appropriate
distribution and quality that determine the well-planned structure of GBI. Regarding the
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latter, it is crucial to remember that green and blue areas can respond to several societal
challenges, not only to the human health and climate change adaptation and mitigation
challenges. It is relatively easy to implement cheap solutions, such as installing hotels for
insects or solar panels, which could strengthen the multi-aspect challenge-orientation of
the pre-existing solutions and, thus, bring them closer to the NBS intervention.
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