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Abstract: Cities have always been places that generate problems, but also places where solutions
are born. In recent years, cities have become a testing ground for finding and testing solutions to
overcome the climate crisis. The subject of the paper is Nature-based Solutions (NbSs) that strengthen
the resilience to climate change, influence urban spaces, and improve the quality of life of residents.
The study focusses on the identification of NbSs, the diagnosis of its participation in local adaptation
activities, and a comparative analysis of the activities planned and implemented in 44 large Polish
cities in 2017–2023. The authors analyse data from 44 Polish cities, based on the types of NbSs
implemented in European cities that carried out the URBAN GreenUP project. The results of the
study show that Polish cities, while introducing sustainable urban lifestyles through NbSs, do not
take advantage of all the opportunities inherent in these solutions. They focus on greening urban
spaces and implement water interventions and singular green infrastructure measures to a lesser
extent. There is negligible use of innovative and energy-using activities. The quantitative data
obtained can be used to identify the gaps and potentials in the use of nature-based solutions in the
adaptation of Polish cities to climate change and energy transformation. The aim of this work is also to
identify recommendations to incorporate NbSs into urban adaptation policies in Poland. The authors
conclude that the research conducted can serve to improve the knowledge on the links between NbS
planning in adaptation activities and their implementation in urban spaces. An awareness of NbS
gaps can influence the intensification of research on the implementation of innovative adaptation
solutions, including energy-based solutions. The results obtained can also contribute to a better
organisation of urban policies that aim to increase the resilience of cities to climate change.

Keywords: urban climate policy; adaptation activities; sustainable urban spaces; energy transition

1. Introduction
1.1. Context of the Issue and Purpose of the Research

The search for sustainable urban lifestyles is part of the history of human settle-
ment [1,2]. With economic, political, social, or cultural changes, not only have urban
spaces changed, but so have the quality and lifestyle of residents. One of the key urban
challenges of recent years has been progressive climate change. These have demonstrated
the inadaptability of urban spaces and their high vulnerability to the hazards of extreme
temperatures, intense precipitation, seasonal storms, or strong winds. The planning and
implementation of adaptation activities for identified hazards are currently an integral part
of urban development policy [3]. It is also the subject of testing and prototyping solutions
for so-called urban and social resilience. The need to adapt cities to climate change is
also seen as an opportunity for transformation towards the low-carbon, innovation, and
environmentally and human-friendly management of urban areas. One option to adapt
urban spaces to climate change and, at the same time, introduce sustainable urban lifestyles
is nature-based solutions (NbSs). These include many complementary and interrelated
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aspects of urban life, infrastructure, and ecosystem services [4]. Their basis is the use of the
characteristics of the elements of the natural environment to shape urban spaces and solve
socioeconomic and environmental problems [5]. NbSs remove CO2 and can also prevent
the release of greenhouse gases. NbSs could provide around 30% of the cost-effective
mitigation to stabilise warming to below 2 ◦C by 2030 [6]. The use of NbSs can also result
in significant energy savings. Some of the NbSs are based on the use of renewable energy
sources or energy-saving technologies.

The subject of the paper is actions based on natural capital that strengthen the resilience
of cities to climate change, influence the formation and transformation of urban spaces, and
the lifestyle of residents. The study focusses on the identification of NbSs, the diagnosis
of its participation in adaptation activities, and the comparative analysis of the activities
planned and implemented in Polish cities between 2017 and 2023. The authors analyse
data from 44 large Polish cities, based on the types of NbSs considered in European cities
implementing the URBAN GreenUP project under the European Union’s Horizon 2020 [7].
The aim of the research is to identify gaps and potentials in the use of NbSs in the process of
the adaptation of Polish cities to climate change and energy transformation. An important
aim is also to identify recommendations for the integration of NbSs into urban adaptation
policies. The results of the study allowed the authors to determine the number of planned
and implemented NbSs, analyse their distribution relative to urban areas, and see which
activities are most and least planned and implemented. The results of the research have
highlighted the extent to which large Polish cities, in preparation for and adapting to
climate change, rely on the potential of natural solutions and the extent to which they take
into account the possibility of using energy in the process.

1.2. State of Research

The term ‘Nature-based Solutions’ first appeared in 2008 in the publication ‘Biodi-
versity, Climate Change, and Adaptation: Nature-based Solutions from the World Bank
Portfolio’ [8]. Over the years, numerous publications or reports on NbSs have been pub-
lished. They concerned, among other things, how NbSs are implemented and how they
operate [9–12], the impact of NbSs on cities [13,14], and their development policies [15]. An
important issue described in the reports is the relationship between NbSs and the reduction
in disaster risk [16]. In many studies, research papers, or articles, NbSs are described in
the context of sustainable green infrastructure [17–21] or water management [22–26]. The
important aspect of NbSs is also its impact on human health and well-being [27]. The
contribution of NbSs to urban transformation is presented more and more often in relation
to the process of strengthening the resilience of urban spaces [28]. There is also a noticeable
connection between NbSs, strengthening urban resilience, the challenge of sustainable
development [29,30], and the use of new technologies in the context of the circular econ-
omy [31]. In recent years, some publications have also pointed to the links of NbSs with
energy production and energy transition [32–36]. Such correlations, combined with other
advantages of NbSs, generate multiple benefits for both the natural environment and the
urban environment and the people who function in them [37].

1.3. URBAN GreenUP: Innovative NbS in European Cities

URBAN GreenUP is a project that has been implemented from 2017 to 2022. The aim
of the project was to implement innovative NbSs to mitigate the effects of climate change,
protect the natural environment, improve the quality of life of the residents, and increase
urban sustainability. The project, coordinated by the CARTIF Technology Centre, was
based on the ‘Renaturing Urban Plans’ in European and non-European partner cities.

The effectiveness of the implemented methodology was tested in three pilot cities:
Valladolid (Spain), Liverpool (UK), and Izmir (Turkey). The conclusions were applied in
five more cities: Mantova (Italy), Ludwigsburg (Germany), Medellin (Colombia), Chengdu
(China), and Binh Dinh-Quy Nhon (Vietnam). As stated in the presumptions, the achieve-
ment of diverse effects related to environmental and socioeconomic aspects in cities has
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been made possible through activities implemented through re-naturing urbanisation,
water interventions, singular green infrastructures, and non-technical interventions. These
activities implement sustainable urban policies aimed at mitigating the effects of climate
change. Part of this is to invest in cutting-edge research and innovation, and environmental
protection, in ways that bring tangible benefits to residents. Among the proposed solutions
covering various aspects of urban life are those that reduce greenhouse gas emissions; im-
prove air quality; increase waterfront resilience; restore degraded areas; allow for the better
management of green spaces, water, health, and social well-being; and enable participatory
planning and management. Among the NbSs, there are some that reduce the energy con-
sumption from fossil fuels and expand the use of energy from renewable sources. Various
types of biofilters, smart soils, properly selected plant species, and purposefully greened
urban areas foster climate neutrality; decarbonisation; CO2 reduction; the improvement of
air quality; a reduced heat island effect; sustainable production and consumption; and a
balance of flow, temperature, humidity, and contaminants concentration, and adds aesthetic
values to urban areas, etc. [7].

An example of an NbS, studied within the URBAN GreenUP project, is ‘Smart soil
production in climate-smart urban farming precinct’. This solution has a significant contri-
bution to climate mitigation. It involves the use of pyrolysis technology and the conversion
of biomass into biocarbon, which can be a potential carbon-negative energy source. Smart
soil production will allow its usage in degraded areas, urban wastelands, soil-poor areas,
and areas adjacent to developed residential areas or transportation areas [38].

Another NbS that involves energy is an ‘Electro wetland’. It involves a natural wastew-
ater treatment method that generates electricity from the oxidation of organic matter. The
project is based on the flow of wastewater through a gravel-filled tank, cut by a subsurface
layer (HSSF CW), into which electrodes are inserted. Energy is generated from intercon-
nected electrodes that stimulate the development of an exoelectrogenic biofilm, which
carries electrons generated by the degradation of organic matter to the outer circuit [39].

Innovative NbSs researched, planned, and implemented in partner cities as a result
of the URBAN GreenUP project foster climate change mitigation and promote the trans-
formation of cities towards sustainability. These projects can also stimulate activities in
various cities not related to the project that are undergoing energy transition and pursuing
climate resilience.

1.4. Strategic Planning of Poland’s Urban Adaptation Policy

Climate change and its ongoing proceedings require ensuring the safety of urban
residents and the continuity of sustainable development. In this situation, it is important to
shape local policies aimed at planning and implementing solutions to increase the resilience
of cities to climate change. In Poland, Urban Adaptation Plans (UAPs) are the basic urban
policy documents crucial for shaping adaptation policies and effectively raising funds
for urban adaptation activities. These documents were created in 2017–2019, as part of
a project by the Ministry of Environment to assess the vulnerability to climate change in
Poland’s 44 large cities (more than around 100,000 inhabitants) [40]. Work is currently
underway in Poland to prepare UAPs for cities with a population of more than 20,000.
The provisions contained in these documents are an important complement to other local
strategic, planning, and programming studies, such as studies of the conditions and di-
rections of urban development, urban development strategies, low-carbon management
plans, environmental protection programmes, and revitalisation programmes. Actions
aimed at reducing and slowing climate change undertaken by local governments in Poland
can be divided into long-term and ad hoc interventions. Long-term actions focus on city
policies, social programmes to raise public awareness of ongoing changes, and investments
that affect the functionality and spatial structure of the city. Ad hoc interventions provide
temporary protection against the effects of climate dangers in urban spaces. The achieve-
ment of sustainable development and the effective functioning of the economy and society
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under climate change conditions are possible through the implementation of both types of
activities [41].

2. Materials and Methods

The paper is the result of research based on our need to find out whether and to what
extent Polish cities take into account the need to plan and implement NbSs. An important
research question is how many of these solutions innovate and use energy. We conducted
in-depth research on 44 large Polish cities that participated in the project of the Min-
istry of Environment ‘Development of Urban Adaptation Plans for Cities with more than
100,000 inhabitants in Poland’, implemented in 2017–2019. All cities surveyed have adopted
Urban Adaptation Plans (UAPs), in which they have planned activities to strengthen the
resilience of urban spaces and allow them to protect themselves from the effects of climate
change. The essence of the research is to investigate whether Polish cities with development
policies aimed at increasing the resilience of urban spaces implement NbSs. Part of the
research is a comparative analysis of the results obtained for all Polish cities surveyed and
situating them in the context of the European project URBAN GreenUP.

We based our research method on the collection and analysis of baseline data to
identify NbSs in Polish cities. The baseline data for the research were collected by first-year
master’s students of the Faculty of Architecture at the Silesian University of Technology.
The research covered the years from 2017 to the end of January 2023 [42]. Among the
sources of data, there were local strategic, planning, and programme documents, i.e.,
city development strategies, studies of land use conditions and directions, and municipal
revitalisation programmes. The data extracted also came from the national Operational
Programme Infrastructure and Environment, data from civic budgets, websites of municipal
offices, environmental institutes and foundations, urban green boards, information portals,
and others. Of the collection of documents analysed, some of the most important data
sources were UAPs. The review, reading, and analysis of the sources became the basis for
identifying and classifying NbSs.

We grouped the spatial studied solutions into three categories: re-naturing urban-
isation, water interventions, and singular green infrastructure activities. These cover a
variety of complementary and interrelated aspects of urban spaces and infrastructure. The
typology of NbSs coincides closely with the assumptions of the URBAN GreenUP project
and involves limiting the identified NbSs in Polish cities to the categories and types of the
project. We assigned individual NbSs implemented in Polish cities (not included in the
typology of URBAN GreenUP) in each category to the ‘other’ groups. The standardisation
of the typology makes it possible to compare, analyse, and evaluate the results of the
planned and implemented Polish initiatives with the activities undertaken in the pilot cities
of the URBAN GreenUP project. The authors are aware that standardising the criteria
for the selection of solutions makes it less possible to take into account the individual
circumstances and specificities of the cities under study. On the other hand, however, this
approach emphasises the universal character of NbSs and highlights differences in the
scope of individual measures, including those that innovate or use energy. We did not
include non-technical interventions in the research, including information, education, and
organisational activities, which, although they play an important role in UAPs, are often
not directly reflected in urban spaces.

The categories analysed in the paper and the types of NbSs that are most representative
of them include:

a. Re-naturing urbanisation:

• Arboreal interventions: planting and renewing urban trees, cooling trees, shade
trees, arboreal areas around urban areas, trees re-naturing parking, urban
carbon sink;

• Pocket parks and parklets;
• Green resting areas;
• Cycle and pedestrian green routes.
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b. Water interventions:

• Flood control infrastructure investments: rivers and channels re-naturalisation;
flood actions: floodable parks, hard drainage-flood prevention, urban
catchment forestry;

• Green pavements: cool pavement, cycle-pedestrian green paths, green parking
pavements, hard drainage pavements;

• Pollution-filtering areas: natural wastewater treatment, green filter area;
• Drainage systems: rain gardens, grassed swales and water retention pounds,

sustainable drainage systems (SUDSs).

c. Singular green infrastructure:

• Vertical activities: green walls, hydroponic green facades, green facades with
climbing plants, vertical gardens, green noise barriers, green fences;

• Horizontal activities: green roofs, green shady structures, green covering shelters,
electro wetlands, floating gardens;

• Urban farming: small-scale urban livestock, community composting, urban
orchards, climate-smart greenhouses;

• Pollutants filters: urban garden bio-filters; green filter areas;
• Pollinators: compacted pollinator modules, natural pollinator modules, pollina-

tor roofs, pollinator walls, pollinator verges and spaces;
• Smart soils: smart soil as substrate, smart soil production in climate-smart urban

farming precinct, enhanced nutrient managing and releasing soil.

In the next step, for the activities categorised in this way, we made a comparative
quantitative analysis. We presented the results of the research on maps developed for
each city. Finally, we developed a summary map for 44 large Polish cities that shows
quantitative data of planned and implemented NbSs in each category. For the sake of
legibility of the graphic record, we singled out the area of the Silesian province from the
summary map, which included up to 16 cities with urban adaptation plans. Although the
obtained results may be subject to errors due to the lack of access to all sources, we assumed
that the collected data can be representative to identify changes in the spaces of Polish
cities. We used the conclusions obtained to identify recommendations for including NbSs
in adaptive development policies carried out at the local level, increasing protection against
the harmful effects of climate change, and introducing sustainable lifestyles in cities.

3. Results
3.1. NbS for Polish Urban Areas

Among the adaptation activities included in urban climate policy, a NbS plays a
special role. Analysing the distribution of planned and implemented NbSs in the spaces of
44 large Polish cities, we found that their location in different areas depends on the category
and type of action and the local conditions of individual cities. Re-naturing urbanisation
most often includes the strict centre of cities (480 of 851 completed activities—56.4%, 118 of
418 planned activities—28.2%). A small exception is the city of Krakow (Figure 1), which,
due to its holistic and systemic approach and in-depth planning analyses, focusses on
implementing changes covering the entire city area or the vast majority of it. Activities
in this area, on the one hand, are of a general nature and refer to nurturing, creation, and
protection activities related to green areas in the city; on the other hand, they refer to specific
places: streets, squares, and parks.
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Water interventions usually refer to places prone to flooding and are located near
rivers and reservoirs (176 of 350 completed activities—50.3% and 86 of 126 planned activ-
ities—68.3%). The remaining solutions are implemented in various locations and usually
result from the implementation of sustainable rainwater management policies.

In singular green infrastructure activities (107 planned and 329 completed), we did not
note standardised rules for their placement in specific urban spaces. Most often, solutions
of this type are deployed in locations individually identified in each city, depending on the
conditions and organisational and financial tools assigned to each initiative.

During urban greening, city authorities, in their development strategies and adap-
tation plans, focus on increasing the resilience of public spaces by planting trees (293 of
851 completed activities—34.4% and 159 of 418 planned activities—38%). Furthermore,
a frequently completed and planned activity in Polish cities is the nurturing, revitalisa-
tion, and establishment of urban recreational and leisure areas (272 of 851 completed
activities—32% and 119 of 418 planned activities—28.5%). Half of these cities decided
to create new public spaces in the form of pocket parks or parklets (129 of 851 com-
pleted projects—15.2% and 61 of 418 planned activities—14.6%). The least number of
urban greening activities concern green walking and cycling paths (121 of 851 completed
activities—14.2% and 59 of 418 planned activities—14.1%) (Figure 2).
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The leading city in terms of completed and planned urban greening activities is
Krakow (101 completed activities and 88 planned, for a total of 189). Distant from Krakow,
but still with a large number of realisations, are cities such as Szczecin (42), Slupsk (37),
Walbrzych (37), Ruda Slaska (34), and Tychy (31). The figures for planned activities are
arranged almost analogously. In this regard, in addition to Krakow, again, such cities as
Szczecin (31) and Slupsk (26), as well as Bytom (16), Poznan (16), and Chorzow (15), are
leading (Figure 3).
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The NbS analysis of water interventions showed that the largest number of activi-
ties in Polish cities were completed and planned for systemic drainage activities (113 of
350 activities completed—32.2% and 32 of 126 activities planned—25.4%) and flood pro-
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tection (81 of 350 activities completed—23.1% and 48 of 126 activities planned—38.1%).
Among water interventions, activities completed that involve the introduction of per-
meable surfaces can be distinguished (89 of 350 activities completed—25.4%). The least
importance was given to areas of activities related to pollution filtering (33 of 350 activities
completed—9.4% and 13 of 126 activities planned—10.3%) (Figure 4).
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The city that stands out in terms of completed and planned NbSs from water interven-
tion is, again, Krakow (27 completed activities and 21 planned, for a total of 48). In terms
of the realisations themselves, three cities lead the way: Bydgoszcz (28), closely followed
by the already mentioned Kraków (27), then Wrocław (25), and just behind them with
a slightly lower number of activities, but still in the lead: Lodz (19) and Walbrzych (17).
Regarding planned activities, Krakow (21) tops the list, followed closely by Slupsk (15) and
Szczecin (13). The rest of the cities have planned fewer than 10 activities (Figure 5).

Energies 2023, 16, x FOR PEER REVIEW  8  of  18 
 

 

 

Figure 4. Diagram of the completed and planned NbSs in the category of water interventions; own 

study based on [42]. 

The city that stands out in terms of completed and planned NbSs from water inter‐

vention is, again, Krakow (27 completed activities and 21 planned, for a total of 48). In 

terms of the realisations themselves, three cities lead the way: Bydgoszcz (28), closely fol‐

lowed by the already mentioned Kraków (27), then Wrocław (25), and just behind them 

with a slightly lower number of activities, but still in the lead: Lodz (19) and Walbrzych 

(17). Regarding planned activities, Krakow (21) tops the list, followed closely by Slupsk 

(15) and Szczecin (13). The rest of the cities have planned fewer than 10 activities (Figure 

5). 

 

Figure 5. NbSs in the category of water intervention, completed and planned in 44 large Polish cities; 

own study based on [42]. 

In the category of singular green infrastructure activities in Polish cities, local author‐

ities focused on horizontal activities: green roofs, canopies, shade structures, etc. (71 of 

329 activities completed—21.6% and 47 of 107 activities planned—43.9%). Vertical activi‐

ties, such as green walls, vertical gardens, and partitioning structures, although less fre‐

quently planned (18 of 107 activities planned—16.8%), come close to horizontal activities 

Figure 5. NbSs in the category of water intervention, completed and planned in 44 large Polish cities;
own study based on [42].

In the category of singular green infrastructure activities in Polish cities, local author-
ities focused on horizontal activities: green roofs, canopies, shade structures, etc. (71 of
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329 activities completed—21.6% and 47 of 107 activities planned—43.9%). Vertical activities,
such as green walls, vertical gardens, and partitioning structures, although less frequently
planned (18 of 107 activities planned—16.8%), come close to horizontal activities in number
of realisations (52 of 329 activities realised—15.8%). Urban farming and pollution filtra-
tion activities are planned sporadically (8 of 107 planned activities—7.5%). Slightly more
importance, though still insignificant, is given to the planning of habitats for pollinating
animals (14 of 107 planned actions—13.1%). It was noted that no activities were planned to
introduce smart soils. Among the point activities implemented, a significant group of NbSs
could not be classified in any of the above categories (54 of 329 activities completed—16.4%).
This group includes, for example, anti-smog programmes (Figure 6).
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The city that stands out in the category of scoring green infrastructure activities is
Lodz, which, despite having only realised activities (0 planned), was ranked highest (37).
An identical situation also appeared in Czestochowa, ranked second (30 completed and
0 planned). Cities that were further ranked were Wroclaw (15), Slupsk (14), Bialystok (13),
Sosnowiec (13), Szczecin (12), and Bydgoszcz (12). In addition, Slupsk and Szczecin have
the highest number of planned NbSs nationwide (15 and 14, respectively). The remaining
42 cities have planned far fewer (fewer than 10). The only city that has no implementa-
tions and plans for NbS development in this category is Bytom (0 planned activities and
0 completed activities) (Figure 7).

3.2. Comparative Study of the Use of NbS in the Scale of Poland

NbS research has been defined in three categories: re-naturing urbanisation, water
interventions, and singular green infrastructure. This allowed the identification and bench-
marking of implemented and planned solutions applied in the 44 large Polish cities in years
2017–2023 (Figure 8).
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Based on the collected data, we determined the relationships between the planned
and implemented interventions. The number of NbSs planned for all Polish cities sur-
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veyed is (651), while the number of NbSs implemented is more than double, (1530).
On the one hand, this may indicate the effectiveness of the development policy imple-
mented in cities, but on the other hand, it may also indicate the weakness of planning
and strategic tools. The results of the obtained data made it also possible to determine
the number of NbSs in each category. Within the framework ‘renaturing urbanisation’,
a total of (418—64.2%) interventions are planned and (851—55.6%) interventions were
implemented. Within ‘water interventions’, (126—19.4%) interventions are planned and
(350—22.9%) interventions were implemented. In the category of ‘singular green infrastruc-
ture’, (107—16.4%) interventions are planned and (329—21.5%) interventions were carried
out. These data indicate a significant dominance of ‘greening of urban space’ interventions.
The total number of planned and implemented interventions in this category (1269) exceeds
the total sum of interventions in the other two categories (476 and 436) by almost three
times. These differences may result from the priorities and strategic goals adopted in the
city documents and the ability to raise funds for the implementation of individual interven-
tions. Differences may also be caused by specific local conditions and characteristics that
affect the degree of urban development, determining the vulnerability of urban spaces to
climate change (Figure 9).
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The research carried out has also allowed us to compare different cities and iden-
tify those that take the most holistic and least holistic approach to NbS planning and
implementation (Figure 10).
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In 41 of the 44 large Polish cities, the authors noticed an advantage of already im-
plemented interventions over those planned. The exceptions are three cities where the
proportions were reversed: Bytom: (17) planned interventions and (15) implemented;
Bielsko-Biala: (15) planned interventions and (13) implemented; and Kielce: (20) planned
interventions and (4) implemented. The city of Kielce was weakest in terms of NbSs
implementation nationally. The city that stands out in Poland is Krakow. This city has
(115) planned interventions and (137) implemented interventions. Other significant cities in
terms of NbSs are also: Szczecin: (58) planned and (66) implemented interventions; Slupsk:
(53) planned and (63) implemented interventions; Lodz: (8) planned but (77) implemented
interventions; and Wroclaw: (11) planned and (66) implemented interventions. Most of the
cities with the highest number of implemented and planned results are the leading cities in
the region or provincial capitals.

In assigning NbSs to categories and types of activities closely related to the objectives
of the URBAN GreenUP project, we observed that only a small part of the activities could
not be assigned to any of these groups. We assigned individual planned and implemented
in Polish cities, not included in the typology of the URBAN GreenUP project, to the ‘other’
groups in each category. In all categories together, the number of activities planned in
the ‘other’ group (40) accounted for 6% of all planned NbSs, and the number of activities
implemented in the ‘other’ group (124) accounted for 8% of all implemented NbSs. Among
them were mainly municipal projects and initiatives, implemented from civic budgets
profiled towards ecological and environmental public tasks. These included activities such
as urban sunflower fields, green relaxation zones, green bus stops, green courtyards, small
recreational glades, urban waterfront beaches, picnic parks, lavender nooks, hedgehog
houses, and bird nesting boxes Fewer large urban investments were made. We can count
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among them the restoration of coastal dunes, projects for new legal forms of protection of
natural values, or revitalisations of anthropogenic water bodies.

Among the adaptation activities introducing NbSs in urban spaces, only a few are
innovative. Our research shows that out of 44 large Polish cities, innovative interventions
can only be found in the area of singular green infrastructure (6 measures in Ruda Slaska,
Tarnow, Gliwice, and Rybnik). They relate to vertical interventions (1 implemented inter-
vention), horizontal interventions (1 planned intervention and 1 implemented intervention),
pollution filtration (2 planned interventions), and smart soils (1 implemented intervention).
An interesting example is the revitalisation of the ‘Mount Antonia’ post-zinc tailings pile
and the reclamation and remediation of the former Orzegow Coke Plant site in Ruda Slaska,
using the phytostablisation process.

One of the few planned NbSs that takes energy transition into account is the plan to
build a photovoltaic farm in Rybnik. The basis for taking this action is the implementation
of the ‘National Action Plan on Energy and Renewable Sources’. The investment, which
will include 5400 solar panels, 17 grid inverters, a 2500 kVa transformer station, and a
switchgear, is expected to produce electricity with a total capacity of 2.5 MW. The assumed
environmental effect of the project will be a decrease in greenhouse gas emissions by
1636 tons of carbon dioxide equivalent and an increase in RES electricity production by
2158 MWhe/year [43]. The Tarnow authorities have also decided to invest in a photo-
voltaic farm.

One of the important NbSs is a plan created in 2022 to build the ‘Green Energy Centre’
in Rybnik. It will be a state-of-the-art centre for circular waste management, as well as
for the extraction of heat, electricity, and hydrogen from waste, in a way that meets the
goals of achieving recycling and preparation for reuse levels. The thermal waste conversion
facility will manage waste in a safe and environmentally friendly way and, as a result, it
will provide heat and electricity for its own installations and for the production of residents,
as well as for hydrogen (propulsion for buses) [44].

All the mentioned examples represent only a small fraction of all NbSs analysed in
Polish cities (0.23%) and indicate untapped potential in this area.

4. Discussion
4.1. The Use of NbSs in the Context of the URBAN GreenUP Project

The quantitative analysis of the obtained data allowed us to identify NbSs in
44 large Polish cities and consequently diagnose their contribution to local adaptation
efforts. According to the International Union for the Conservation of Nature (IUCN), NbSs
are defined as: ‘actions to protect, sustainably manage and restore natural and modified
ecosystems in ways that address societal challenges effectively and adaptively, to provide
both human well-being and biodiversity benefits’ [5]. We took a closer look at the criteria
by which the analysed activities can be categorised as NbSs: (1) NbSs effectively address
societal challenges, (2) the design of NbSs is informed by the scale, (3) NbSs result in a net
gain to biodiversity and ecosystem integrity, (4) NbSs are economically viable, (5) NbSs are
based on inclusive, transparent, and empowered governance processes, (6) NbSs equitably
balance trade-offs between the achievement of their primary goal(s) and the continued
provision of multiple benefits, (7) NbSs are managed adaptively, based on evidence, and
(8) NbSs are sustainable and mainstreamed within an appropriate jurisdictional context [5].
Albert, Spangenberg, and Schröter used other criteria [4]. An assessment of the degree
of implementation of individual NbSs is not possible with the research method adopted
in the article. However, the awareness of the criteria and the role of NbSs in adaptation
activities allow us to assess the directions of the development policy adopted by Polish
cities, aimed at an integrated approach to sustainable development and urban resilience.
The inclusion of NbSs in urban adaptation plans is kind of equivalent to the provisions in
European renaturing urban plans implemented in URBAN GreenUP [7].

We agree with Cortinovis and Geneletti [45] that incorporating ecosystem services
into spatial planning and urban design is essential for sustainable urban development.
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The analysis of NbSs in three mentioned categories of interventions has shown us that
Polish cities are gradually beginning to focus on solutions that can provide broadly un-
derstood ecosystem services that contribute to the adaptation of urban spaces to climate
change. The local governments of Polish cities, such as those of the cities in the URBAN
GreenUP project, have recognised the potential of NbSs to solve problems such as air
pollution, the effect of the urban heat island, threats from floods, degradation of urban
areas, or loss of natural areas. When comparing the effects of planned and implemented
interventions, we observed a disparity between cities in their approaches to individual
solutions. In many cities, planned and implemented measures often cannot be qualified
as systematic and properly organised. The ability to implement NbSs is a result of a city’s
level of economic development; governance; complementarity of planning tools; and fi-
nancial, human, institutional, infrastructure, and knowledge resources. We agree with
Bowler et al. [46] that urban greening is an effective strategy to adapt cities to climate
change. Almost all Polish cities have recognised the greening of urban spaces as an impor-
tant adaptive measure and one that requires rapid implementation. They focused mainly
on tree planting and the creation and revitalisation of urban recreational and leisure areas.
In some of the cities of the URBAN GreenUP project (Izmir, Liverpool, and Valladolid),
the most frequently proposed solutions were green routes, arboreal interventions, resting
areas, and carbon capture solutions. Planned interventions are expected to contribute to
the reduction in equivalent CO2 emissions, creation of new green and resting surfaces,
reduction in allergies by 50%, reduction in ambient temperature by 2–4 ◦C, reduction in
gas emissions coming from vehicles, reduction in the ambient temperature by 2 ◦C during
summer, and increase in biodiversity [47–49].

Most Polish cities have undertaken the implementation of multiple investments in
the area of sustainable water management (most often in the field of flood protection and
systemic drainage measures) and singular green infrastructure interventions (green roofs,
walls, gardens shade structures, etc.). In Izmir, Liverpool, and Valladolid, the focus is
mostly on the following: Sustainable Urban Drainage Systems (SUDSs), flood actions,
water treatment, green pavements, and rain gardens in terms of water interventions;
cycle pedestrian infrastructures, green roofs, green walls, smart soils, biochar, pollinators,
pollutants filter, and urban farming in terms of singular green infrastructure interventions.
Such interventions are expected to improve rainwater management, protect urban land
and citizens from serious flood damage, prevent flash floods and increase water retention
capacity, reduce carbon dioxide emissions, improve air quality, reduce the heat island effect
by 1.5 ◦C, reduce ambient temperature by 2 to 4 ◦C, and promote ecological awareness
among citizens and improve their health [47–49].

Only a handful of Polish cities have taken on the task of implementing innovative
NbSs. Equally few cities have recognised the opportunity to link NbSs with the possibility
of using renewable energy in the process (photovoltaic farms, Green Energy Centre in
Rybnik and Tarnow, and microbial fuel cell technology in an electro wetland in Valladolid).
Increasing the number of such links could contribute to the more efficient management of
resources and urban areas and could also provide economic benefits in the form of new jobs
in the green sector. In conclusion, we consider the study results to be important evidence of
the growing role of NbSs in sustainable urban development and in adapting urban spaces
to climate change.

We considered selected NbS aspects as a positive contribution to:

• Reducing CO2 emissions and reducing air pollution;
• Reducing the impact of urban heat islands;
• Increasing biodiversity;
• Supporting the process of shaping the city’s ecological system;
• Shaping recreation and leisure spaces;
• Increasing land and property values;
• Reducing stress levels and increasing positive impact on the health and quality of life

of residents.
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Thanks to their experience, leading Polish and European cities, in terms of planning
and implementing NbSs, can encourage other cities to complement urban adaptation
strategies with the use of NbSs to shape attractive and resilient spaces in the city.

4.2. Further Research Directions

The data obtained during our research can form the basis for further quantitative and
qualitative studies defined for different types of NbSs in selected cities. It can also serve
as a starting point for assessing the impact of NbSs on urban space and the quality of life
of residents.

In each Polish city, the effects of NbSs can be measured in terms of urban services
and quality of life. The results can be used to develop a consistent approach to designing
and monitoring different types of solutions. One way to measuring the effects of NbSs is to
use the indicators of the ‘International Standard ISO 37120:2014 Sustainable development
of communities—Indicators for city services and quality of life’ and its Polish counterpart
PN-ISO 37120 [50]. Among other urban indicators for the purpose of further research, it would
be important to measure the core indicators in the area of energy. These include the percentage
of energy obtained from renewable sources in the context of total urban energy consumption.
In the environment, it is possible to measure the concentrations of fine particulate matter
PM2.5 and PM10, or greenhouse gas emissions measured in tons per capita. In the area
of urban planning, indicators of green areas (in hectares) per 100,000 residents would be
useful for further research. It would also be important to measure auxiliary indicators:
in terms of the environment—determining the change in the number of native species;
in terms of recreation—the data number of square metres of public (indoor or outdoor)
recreational space per capita; in terms of urban planning—the annual number of planted
trees per 100,000 residents. The conclusions of the obtained data could form the basis for
the integration of NbSs into municipal climate strategies. They would also make it possible
to test the effective use of NbSs in the management of energy generation, the reduction in
CO2, and air pollution. Ultimately, they could also encourage cities to update the strategic
planning documents for subsequent planning periods (including UAPs).

5. Conclusions

The NbSs identified in Polish cities indicate that their potential has not yet been fully
realised. The adaptation policies and strategies of Polish cities are largely based on general
planning provisions and actions that require a more systemic approach.

The focus of local authorities on selected NbSs, instead of the holistic approach,
prevents their effective use in the process of adapting urban spaces to climate change. The
main shortcomings in this regard are as follows:

• Lack of a holistic approach to the full range of ecosystem services that NbSs bring;
• A small share of innovative solutions, based on new technologies;
• A small share of solutions that generate clean energy;
• Insufficient knowledge, lack of understanding, and organisational and financial un-

preparedness for planning and implementing NbSs among local governments;
• Low awareness and lack of public education.

The identification of problems and shortcomings in the inclusion of NbSs in local
policies could serve as a guideline for the better organisation of municipal policies and
greater complementarity in the use of NbSs. Taking into account the above statements,
we recommend the further introduction of NbSs as actions that complement adaptation
activities and improve a sustainable urban lifestyle. We recommend the introduction of the
following measures:

• Reviewing and updating of urban adaptation plans, programmes, and strategies with
regard to the application of NbSs;

• Developing planning and urban planning guidelines for shaping urban spaces
using NbSs;
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• Linking systemic actions that take into account NbSs, with singular actions, expanding
the scope of applied solutions;

• Investing in cutting-edge research and innovation;
• Realising more efficient use of energy and resources in NbSs;
• Building systems for collecting data and monitoring implemented solutions;
• Conducting educational and promotional activities;
• Implementing new forms of organisation and management to NbSs;
• Securing adequate financial resources in city budgets;
• Strengthening the creativity of local authorities and the participation of residents.

In summary, embedding NbSs in local policies is crucial and can become the basis for
conscious planning and the implementation of coherent, effective, and sustainable NbSs in
cities, complementary to adaptation policies, bringing maximum benefits to both the built
and natural environment and the urban community.
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