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Abstract  
Nowadays, due to the problematic containment of pollutant emissions worldwide, the process of global 
warming is inevitable. Moreover, in urban environments, due to the strong anthropisation of the spatial 
context, these phenomena are often accentuated (e.g. urban heat islands). At the same time, the 
detrimental effects of the aforementioned process are often combined with other pre-existing risks linked 
to urbanisation in areas of high natural risk (e.g. hydrogeological and volcanic risk). 
In this context, the first examples of the application of measures for adaptation and mitigation of climate 
change in urban areas are recorded in formulating the latest generation of urban plans. In this respect, 
natural-based solutions (NBS) are becoming favoured. These measures have a twofold beneficial effect on 
the urban reality, i.e., adaptation to the effects of climate change and increased renaturalisation of the 
urban area, with consequent mitigation of other natural hazards. 
The present contribution aims to offer an analysis of the main NBSs applicable in an urban context and on 
different scales (from urban to building) and an applicative example related to their integration into 
territorial governance tools. In particular, the municipality of Cercola, a territorial context with a high 
natural risk in the Vesuvian area, has been analysed as a case study. 
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1. Introduction 
City and sustainability have become antithetical terms since the industrial revolution. Urban areas have 
increasingly evolved into an externally dependent ecosystem, i.e., the largest consumer of natural resources 
and the largest producer of pollution and waste (Mazzeo, 2016; Newman, 2006). 
In recent years, global warming has become inevitable, despite numerous international efforts to limit it. The 
effects and consequences of this process on society and ecosystems can threaten the livability of urban 
systems, even threatening their survival, e.g. sea level rise in the case of coastal cities (Strauss et al., 2021).  
Many phenomena characterise the Mediterranean area, which has become a hot spot of climate change 
(Lionello et al., 2014). The warming exceeds the global average increase of 20% (Lionello & Scarascia, 
2018) and a reduction of precipitation in hot periods (Ulbrich et al., 2006) and sudden and destructive 
rainfall events (Cramer et al., 2018). 
The radicalisation of environmental situations (e.g. climate change, reduction of habitat extent and species 
quality, modification of ecosystems, etc.) affects urbanised space. The effects are so significant that a rapid 
change in the planning approaches of cities and territories is required. This process pushes towards a radical 
rethinking of urban structures (Jenks & Jones, 2008; Mazzeo, 2021).  
In this context, planning is thinking in depth about how it has acted in the recent past. The reasoning is also 
underway on the solutions that can positively affect territories and their ability to change the current paths. 
Examples of such trends are the fight against land consumption, the renaturalisation of territories, the 
application of design solutions based on the use of natural practices, the production and use of energy from 
renewable sources, attention to the natural capital present in territories, and adaptation to the effects of 
climate change (Balletto et al., 2022; Guida, 2022; Mazzeo, 2013; Pelorosso et al., 2018). 
 

 
Fig.1 Municipality of Cercola within Metropolitan city of Naples. Extract from Metropolitan Territorial Plan, 2. Preparatory 
Strategic Scheme (2023) 
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A significant milestone is transitioning from the theoretical elaboration of principles to their implementation 
in planning practices. 
At the same time, studies on possible applications of NBS for mitigation and adaptation often focus on highly 
urbanised contexts. As a result, they neglect the small to medium-sized urban realities that form the 
backbone of the Italian municipal system (ISTAT, 2022). 
This paper aims to identify a series of supporting actions for an area at high natural risk in the context of climate 
change effects, i.e. the Municipality of Cercola located in the Metropolitan City of Naples (Fig. 1). In this respect, a 
series of actions are proposed to increase the capacity of the urban area to respond to the effects of climate 
change.  
The following sections present the main nature-based solutions compatible with application in the Cercola 
municipal territory. The relation between applying mitigation and adaptation measures and the strategies 
outlined in the urban plans is then discussed, highlighting their location in the municipal territory. 

2. Methodology 
This research aims to present a proposal for applying land naturalisation and climate change mitigation and 
adaptation measures as an element to be integrated into urban planning (Fig.2). 

 
Fig.2 Proposed method for the integration of multiscalar NBSs into Urban plans 
 
In order to achieve this objective, three main stages of research were identified.  
In the first phase, the main characteristics of the Cercola territory were identified, and the principal risks and 
criticalities were analysed. The current territorial plans concerning the municipality and databases on climate 
and building stock were analysed for a better knowledge of the territory.  
Next, the leading Nature-based solutions (NBS) compatible with the territory were analysed. At this stage, 
there was no intention to carry out a taxonomy of the main measures.  
The main NBS measures applicable in the territorial context that can respond to specific criticalities of the 
territory were selected. The criteria that led to their selection were the following: the size of the intervention, 
i.e., the interventions range from the building scale to the urban scale; the comparability of the contexts 
where these measures were applied with the territory studied, i.e., measures were selected whose 
effectiveness has already been demonstrated in contexts that can be dimensionally compared with the 
Cercola territory; the feasibility of the intervention, i.e., solutions were selected whose realisation is 
compatible with the spending capacity of a municipal authority.  
Finally, the last phase was formulating guidelines for the location of the identified measures on the analysed 
territory. The operation was carried out based on the vocational characteristics of the individual areas of the 
territory in order to define the most compatible and effective solutions. 
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2.1 Case study  
The municipality of Cercola belongs to the Metropolitan City of Naples and is located on its eastern border. It 
has a population of 17,124 inhabitants (data as of 1 January 2022) with a limited territory (i.e., 4.23 km2), 
resulting in a population density of 4,049 inhabitants/km2. The settlement characteristics are influenced by 
its proximity to the city of Naples and its position in the metropolitan system. Many specificities characterise 
the urban area of the municipality of Cercola. The first characteristic consists of a complex system of 
communication infrastructures formed by medium-speed networks (SS162, SS268) serving the entire 
metropolitan area and by one of the Circumvesuviana railway lines that crosses the municipal territory from 
west to east. The intersections of the road networks, in particular, create an infrastructure system that 
occupies about 10% of the municipal territory. 
A second specificity is in the north-western part of the municipal territory, bordering the city of Naples. In 
this part, there is a system of productive settlements, some of which are currently disused. This feature 
implies that the area presents significant degradation conditions that negatively affect the remaining 
urbanised part of the municipal territory. At the same time, there is a potential reserve of urbanised areas 
strategically located close to an area of Naples where significant transformation projects are underway and 
planned (Lanzi, 2016). 
 

 

 

Fig.3 Municipality of Cercola. Ecological equipments present on the municipal territory 
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A third feature concerns the southern part of the municipality of Cercola, which is placed within the territory 
of the ‘Piano Paesistico del Vesuvio’ (Vesuvius landscape plan). Plan restriction should have protected the 
natural and agricultural characteristics of this part of the territory, which has all the features of the 
Campania Plain. However, despite the objectives, the protection of the territory has been partial. Diffuse 
settlement processes have occurred in the area, causing a significant fragmentation of the natural and 
agricultural fabric and, consequently, an overall loss of environmental quality. 
The specificities mentioned above have negatively affected the urbanisation levels of the municipal territory. 
In this regard, according to ISPRA’s 2021 data (ISPRA, 2022), reported by the web mapping of the Regional 
Environmental Protection Agency of Piedmont, soil consumption in the municipality of Cercola stands at the 
elevated value of 55.3%, well above the national (7.1%) and regional (10.5%) averages, which are already 
significantly high (Papa & Mazzeo, 2014). 
Considering the critical issues outlined above, drafting the Municipal Urban Plan sought to respond 
systemically to the main problems in the area. The objectives identified are as follows: 
− improvement of urban accessibility; 
− increase of urban-territorial service facilities and simultaneous extension-modernisation of productive 

and tertiary activities; 
− implementation of commercial activity; 
− regeneration of the historical centre and environmental enhancement of the green system and 

agricultural parks; 
− revitalisation of disused production sites; 
− redevelopment, recovery and valorisation of the settlement structure. 
A reading of the objectives shows that, although they cover diverse issues, they strongly focus on aspects 
related to environmental quality (Fig.3). Therefore, their transposition into the plan can have a particular 
impact on increasing the quality of the settlement fabric and must be coordinated with the indications and 
forecasts concerning the protection and quality of the natural system and agricultural landscape.  
The municipal urban plan has focused on a project to increase the quality of the existing urban fabric, 
considering that the municipal territory cannot receive additional population; in this regard, it is within the 
perimeter of the High Volcanic Risk Zone due to its proximity to the volcano Vesuvius. Therefore, the 
interventions envisioned by the plan are to be implemented using interventions on existing buildings and 
infrastructures. In addition, another strategy concerns incremental action on specific environmental 
indicators affecting the adaptive capacity of the municipal territory. Therefore, one of the thematic studies 
within the Municipal Urban Plan focuses on the types of Nature Based Solutions to be applied in the 
requalification, regeneration and urban maintenance actions of Cercola’s territory. This study, written by the 
Authors, is presented in detail in the following paragraphs. 

3. Climatic/environmental framework of the case study 
The analysis of the environmental and climatic peculiarities and criticalities of the Cercola area allowed the 
outlining of NBSs compatible with the territorial context.  
The Cercola territory is closely characterised by the presence of natural and anthropic risks that highlight the 
territory’s high vulnerability (Metropolitan City of Naples, 2013). The main natural criticalities that threaten 
the Cercola territory are related to volcanic, seismic, geomorphological and hydrogeological risks. 
The main natural risk is the proximity of the municipal territory to the volcano Vesuvius. The short distance 
from the volcanic massif puts the municipality at risk of lava and pyroclastic flows (Red Zone of the Civil 
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Protection Emergency plan1); as a result, the territory is subject to specific sector plans aimed at 
decongesting the urban fabric (e.g. Strategic Operational Plan - Campania Region, 2006) 2. Existing volcanic 
risk plans imply that new constructions for residential purposes are forbidden and that only productive, 
commercial, and public utility uses are allowed. 
Regarding hydrogeological and geomorphological risk (Autorità di Bacino Distrettuale dell’Appennino 
Meridionale, 2015), documentation from the basin authorities shows that the municipal territory is not 
subject to landslide risk but to hydraulic risk. The surface hydrographic network of the municipal territory is 
characterised by the presence of two ‘lagni’ (i.e., canals), Pollena and Trocchia. 
The hydro-geomorphological risk in the Cercola area is mainly linked to environmental and ecological degradation. 
Points classified as very high and moderate risk are located near the filled watercourses. In this case, the plans 
prescribe measures that do not increase the hazard characteristics (Autorità di Bacino Distrettuale dell’Appennino 
Meridionale, 2015). In recent years, intervention in the surface water network has been combined with massive 
soil sealing due to urban expansion. This phenomenon affects groundwater recharge and leads to increased water 
volumes for sewage disposal systems (Scalenghe & Ajmone-Marsan, 2009). The critical nature of the issue is 
evidenced by intervention indications in other territorial plans (Campania Region, 2002) that prohibit further 
sealing of open areas, prescribing filter paving. 
Critical issues related to anthropogenic activities are ecological-environmental degradation, weakness of the 
infrastructure network, morphological-settlement degradation, urban discomfort and loss of agricultural-natural land. 
The ecological-environmental degradation concerns the land use of the municipal territory. In particular, 
there is an evident prevalence of urbanised land (256 ha), while only a small part still has agricultural 
connotations (148 ha). Moreover, the agricultural land is fragmented throughout the territory and, together 
with the 19 ha that present natural characteristics represent the only portions of land that have survived the 
massive urbanisation that began in 1960 (Municipality of Cercola, 2019). 
Rapid and uncontrolled urbanisation has triggered critical issues concerning road infrastructure and the built 
fabric. The road network constitutes the primary source of morphological settlement degradation and the 
principal source of noise disturbance and pollution from vehicle traffic. However, in recent years, the impact 
of traffic has yet to be the subject of intervention, as witnessed by the absence of specific measures to 
mitigate the phenomenon, i.e., buffer strips (Metropolitan City of Naples, 2013). In addition, the urban road 
system is also affected by the lack of parking areas, which currently fall short of the minimum allocation 
required by law (Municipality of Cercola, 2019). 
The building fabric has been characterised, as in neighbouring municipalities, by intense building growth that 
has distorted the original agricultural vocation of the area (Metropolitan City of Naples, 2013). According to 
the age of construction and building characteristics, the urbanised territory can be divided into four types of 
settlements: the historic “core” city, the linearly dispersed historic city, the newly formed city, and the 
agricultural city (Municipality of Cercola, 2019). The unevenness of the building fabric is evidence of how the 
municipality presents, at the same time, peculiarities of a centre in a highly urbanised metropolitan area and 
of an environment that is still rural (Metropolitan City of Naples, 2013). 
Morphological and settlement degradation and urban discomfort are linked to criticalities such as limited 
access to public facilities, e.g. public green spaces. The criticalities inherent in the built fabric are evidence of 
the unbalanced nature of the built fabric, the result of a lack of a unitary settlement rule, which has led to 
the maximum exploitation of building lots. In addition, the speculative logic has led to the construction of 

 
1  Updated by Regional Law no. 21, “Norme Urbanistiche per i comuni rientranti nelle zone a rischio vulcanico dell’Area 

Vesuviana”. 
2  Guideline of the President of the Council of Ministers of 14 February 2014 entitled “Disposizioni per l’aggiornamento 

della pianificazione di emergenza per il rischio volcanico del Vesuvio” (GU n.v108/2014). 
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buildings of low architectural quality, which are characterised by reinforced concrete and load-bearing 
masonry structures (ISTAT, 2011). 
At the same time, in recent years, there has been a considerable increase in brownfield sites (Municipality of 
Cercola, 2019), which are portions of territory that can be used as a driving force for economic development. 
A fraction of the Cercola municipal territory is still used for agricultural purposes. The rural territory can be 
subdivided into two main areas: the first is hilly, close to the built-up area in the southern part of the 
territory, and the second is linked to Monte Somma, an element of the Vesuvius volcanic complex. Due to its 
peculiarities, agricultural activity is based on orchards, a type that enriches the biodiversity of the area and is 
less impacting than intensive farming (e.g. wheat, maize, etc.). (Metropolitan City of Naples, 2013). 
Currently, the loss and fragmentation of the agricultural fabric emerge, which is not linked to a change of 
use at the planning level but to a progressive abandonment and reduction of agricultural land use. 
The current state contrasts with the potential of the sector, which is characterised by territorial excellence 
that can represent a resource for the economic development of the area (Municipality of Cercola, 2019). 
Closely linked to agricultural land are the areas for naturalistic purposes, which cover a total of 19 ha. These 
are primarily bushes and scattered trees that contribute to the networks of natural connections. The natural 
areas form a buffer zone between the urban centre (i.e., building fabric and infrastructure networks) and the 
agricultural areas (Metropolitan City of Naples, 2013). In addition, the Cercola area also lies along the 
Tyrrhenian corridors for migratory avifauna. These areas are progressively threatened by anthropic actions 
(fires, groundwater pollution, etc.) that threaten their existence.  
The protection and enhancement of natural areas is a priority highlighted by territorial planning (Campania 
Region, 2008), which can take place through the reconstitution of an ecological network using operations to 
restore environmental continuity. The protection operation is of primary importance since the municipal 
territory is on the edge of the Vesuvius National Park and is particularly important in protecting biodiversity 
and the ecosystem. 
Another critical aspect of the territory linked to human activities that threatens the local ecosystem is 
environmental pollution, which affects the state of air and water. Air pollution in the Cercola area is mainly 
linked to vehicle traffic and PM10 emissions, the maximum value of which has been exceeded several times 
in recent years (e.g. 36 times in 2022) (ARPAC, 2022). Air quality is consistent with that characterising the 
Naples metropolitan area, identified as a ‘rehabilitation zone’, i.e., a territory where the threshold values of 
pollutants are exceeded several times during the year (Campania Region, 2005). 
Water pollution affects the hydrographic network of the adjacent Campania plain. In particular, like other 
centres in the Vesuvian area, the pollutants are nitrates from agricultural activities and runoff from urban 
roads (Campania Region, 2019). 
Lastly, in addition to the critical issues highlighted above, there are also meteorological phenomena linked to 
the effects of climate change. The Cercola territory, like the Neapolitan metropolitan area, will be 
increasingly affected by rising summer temperatures and heat island phenomena, more prolonged droughts 
and extreme rainfall phenomena (Metropolitan City of Naples, 2022). The main measures for the municipal 
area to cope with present and future criticalities are presented in the next section. 

4. Identification and classification of the suitable NBSs  
The second phase of this work was identifying possible nature-based solutions for climate change adaptation 
and mitigation for the municipality of Cercola.  
As known, among the strategies to cope with the effects of climate change, those aimed at adaptation and 
mitigation are among the most widely adopted. These two concepts are often confused, but they present 
different approaches to the same problem; in fact, mitigation involves acting on the causes of climate 
change in order to avoid worse effects, e.g. interventions to improve energy efficiency in order to reduce the 
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consumption of the building stock for heating and cooling. On the contrary, adaptation focuses more on 
effects by defining strategies to limit the potentially destructive consequences of climate change effects, e.g. 
the use of measures to face cloudbursts due to Mediterranean climate tropicalisation (IPCC, 2022). Recently, 
measures for adaptation and mitigation defined as nature-based (NB) have been reported in the literature 
(Johnson et al., 2022). Their name is due to their low environmental impact and contribution to the 
renaturalisation of the urban territory. Generally, these measures can be classified into mitigation measures 
(e.g. urban farms that optimise resources by cutting pollutant emissions related to goods transport) and 
adaptation solutions (e.g. urban green areas that limit UHI). However, often the division into two families is 
not very clear-cut as some elements can be considered "mixed" and whose beneficial effects of their 
adoption can be exploited for both adaptation and mitigation. Among these, a significant example is the use 
of the green envelope of buildings, as it improves the energy performance of buildings and, at the same 
time, mitigates extreme phenomena such as UHI. As mentioned in section 2, this work does not intend to 
produce a generic taxonomy of all NBSs, which has already been extensively addressed in the literature (Fan 
et al., 2017; Zoppi, 2020). Instead, starting from an analysis of the state of the art of the subject and 
exploring the potential and limitations of the solutions, the main NBSs compatible with the case study were 
identified and classified according to their effect (e.g. mitigation and/or adaptation). In particular, the scale 
of intervention, similar PUC objectives and case studies reported in the literature in contexts similar to the 
municipality of Cercola were considered primary criteria for the choice.  
The identified solutions were divided into three main categories according to the scope scale: ‘building 
scale’, ‘urban public space and efficient water management’ and ‘natural and rural areas’. The chosen criteria 
are derived from analysing the PUC’s transformation objectives and responding to specific actions. 
The NBS solutions for adaptation and mitigation to climate change at the building scale (Tab. 1) selected act 
mainly on the building envelope, favouring its naturalization, with a re-greening process as highlighted in the 
territorial plans (Metropolitan City of Naples, 2022). 
This category includes green roofs, a widely established solution in the Mediterranean climate that has 
evolved into solutions such as urban farms and wetland roofs in recent years  (Zehnsdorf et al., 2019). 
Urban farms respond to the need to strengthen social communities in an urban environment and optimise 
the food production cycle, i.e., the time and impact of transport are reduced (de Oliveira et al., 2021). 
Wetland roofing, on the other hand, is a system that combines the benefits of a green roof with better 
rainwater management, i.e., it allows rainwater to be stored and does not overload urban drainage systems 
(Petreje et al., 2023).  
Another intervention at the building scale is the construction of so-called green walls, which involve installing 
elements employing plant organisms to mitigate phenomena such as the urban heat island (UHI) (Susca et 
al., 2022) and improve air quality (Ysebaert et al., 2021). 
Many green wall systems are currently applicable in the Cercola context: from climatic façades, i.e., the 
installation of rows with creepers (Chàfer et al., 2021), to more complex systems, e.g. living walls (Susorova, 
2015); the latter involve the installation of felts in which tree essences are grown, fed by hydroponic 
irrigation systems, which allow considerable water savings (Kazemi et al., 2020). 
At the building scale, in addition to the measures already shown, there are home gardens, easy-to-
implement solutions that have less impact on urban comfort but affect indoor ones (Zhang et al., 2021). 
Lastly, a further solution working at the building scale is the installation of vertical farms, which can 
contribute to the reuse of disused production areas (Boganini & Casazza, 2017); this measure has a low 
environmental impact, i.e., it cuts transport emissions and optimises the necessary water resources (Naskali 
et al., 2022). 
The solutions at the building scale meet the PUC’s transformation objectives, e.g. regeneration of the 
historical centre and redevelopment, recovery and valorisation of the settlement structure. Furthermore, 
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they are compatible with the specific objectives of the territorial plans, such as improving the quality of the 
public-private building stock and improving the energy efficiency of buildings (Karimi et al., 2022). 
For the population, the presence of green elements also contributes to meeting the plan’s objectives 
concerning the quality of life within the city. They act on the outdoor comfort in case of extreme events and 
on the psychophysical well-being of citizens (van den Berg et al., 2017). In the agricultural sector, through 
careful control of their function, vertical farming meets the inherent objective of improving the quality 
control of production systems (Kozai et al., 2019). Roofing measures, especially wet zone green roofs, meet 
the objectives of spatial plans regarding the hydrosphere, acting on the desire to reduce water consumption 
(Lubna et al., 2022). 
Nature-based solutions for urban space were selected because they can address present (e.g. lack of public 
green space) and future (e.g. UHI and drought) problems in the Cercola area. 
The measures identified on the urban scale (Tab.2) can act on the naturalisation of the urban environment, 
mainly increasing the presence of greenery, favouring proper water resource management, or acting on 
both aspects (Bayulken et al., 2021). Furthermore, the solutions identified can concentrate on specific areas 
(e.g. gardens) or have a more linear course corresponding to the road axes present (e.g. trees and roadside 
flowerbeds). 
In the first case, we have interventions such as gardens and urban gardens that contribute to the 
improvement of public services, at the same time naturalising the territory. This criticality is present and 
highlighted in urban plans (Municipality of Cercola, 2019). Furthermore, there can be composite solutions 
where several solutions are combined in order to improve their effect on the built-up area. Bioswales, for 
example, whose primary purpose is the filtration and accumulation of rainwater using proper stratigraphy 
(Ekka et al., 2021), can be employed in urban or community gardens, also improving soil fertility (Brodsky et 
al., 2019). Furthermore, the symbiotic use of two identified solutions can lead to developing further nature-
based hybrid solutions, e.g. raingardens (Morash et al., 2019). 
 

Field of 
application Solution Typology Objectives of the urban plan Reference 

Building 
scale 

Green roof 
Adaptation 
Mitigation 

Ensuring the quality of living within the city. 
Improving the quality of the building stock. 

Increasing energy efficiency. 

Reducing water consumption. 

de Oliveira et 
al., 2021; 

Zehnsdorf et 
al., 2019 

Green wall/ 

living wall 

Adaptation 

Mitigation 

Ensuring the quality of living within the city. 

Improving the quality of the building stock. 

Increasing energy efficiency. 

Susca et al., 
2022; 

Susorova, 
2015 

Domestic 
gardens Adaptation 

Improving the quality of the building stock. 
Ensuring the quality of living within the city. 

Zhang et al., 
2021 

Vertical 
farming Mitigation 

Improving the quality of the public and               
private building stock. 

Regenerate degraded urban areas. 

Subjecting agricultural production to                   
quality control systems. 

Increasing energy efficiency. 

Boganini & 
Casazza, 2017; 
Naskali et al., 

2022 

Tab.1 Nature-based solutions at building scale for Cercola Municipal territory 
 
Considering the peculiarities of the territory and the saturation of the urban soil, further NBS considered and 
analysed for their possible use on the territory concerns roads. In this context, naturalisation can take place 
on different levels. In this respect, this can involve the green system (e.g. tree rows), thus improving the 
urban microclimate by mitigating the effects of the UHI in the warmer months (Elliott et al., 2020). Another 
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effect of climate change that can be mitigated with NBS on the street axis is cloudburst management. 
Indeed, stormwater can be managed by filtering flowerbeds and road surfaces that avoid flash floods and 
contribute to their storage to cope with dry periods (DeBusk et al., 2010). A further solution that intervenes 
in urban mobility is the naturalisation of public and private parking areas by combining microclimate 
improvement with the maintenance of soil permeability (Tong et al., 2022). 
The selected NBSs act on individual aspects identified by the PUC. In particular, they contribute to achieving 
transformation objectives, e.g. the environmental improvement of the green system and indirectly affecting 
the urban mobility system. The measures identified also impact multiple specific objectives identified by the 
urban plans. Regarding the population, elements such as the construction of community and urban gardens 
contribute to the allocation of public green space (Wolch et al., 2014).  
 

Field of 
application Solution Typology Objectives of the urban plan Reference 

Public space 
and rainwater 
management 

Bioswale Adaptation 
Ensuring the quality of living within the city. 

Reducing the hydraulic risk factors. 
Ekka et al., 

2021 

Roadside trees 
Adaptation 
Mitigation 

Regenerate degraded urban areas. Maher et al., 
2013 

Green parking 
lot 

Adaptation Regenerate degraded urban areas. Tong et al., 
2022 

Community 
gardens Mitigation 

Ensuring the quality of living within the city. 
Ensure adequate areas for public facilities              

and green and collective spaces. 

Wolch et al., 
2014 

Urban gardens 
and flowerbeds Adaptation 

Ensuring the quality of living within the city. 
Ensure adequate areas for public facilities               

and green and collective spaces. 

DeBusk et 
al., 2010 

Filtering floor Adaptation 
Reducing the hydraulic risk factors. 

Maintaining aquifer recharge capacity. 
Ahmad et 
al., 2017 

Tab.2 Nature-based solutions for public space and rainwater management for Cercola Municipal territory 
 
Including green elements such as gardens and roadside trees can also improve the quality of the urban fabric, 
acting on the redevelopment of degraded urban areas (Ghose & Pettygrove, 2014). On the other hand, NBSs for 
avenues meet the objective of increasing the quality of the road network since the use of filtering pavement can 
contribute to reducing accidents (Tsubota et al., 2018). At the same time, the use of tree planting along roads can 
contribute to an improvement in air quality by reducing pollutants and traffic noise (Maher et al., 2013). 
In addition, bioswales, green parking lots, and filtering floors contribute to the objective of maintaining and 
improving water resources. As mentioned above, these help limit hydraulic risk elements (Ahmad et al., 
2017) and contribute to a reduction in water consumption by favouring the storage of rainwater and its use 
for irrigation of green and agricultural areas.  
 

Field of 
application Solution Typology Objectives of the urban plan Reference 

Natural and 
rural area 

Community 
composting Mitigation Turning waste into a resource  Cai et al., 

2019 

Phytoremediation Mitigation 
Regenerate degraded urban areas. 

Reclaiming polluted sites 

O’Connor et 
al., 2019 

Tree/hedges 
fence Adaptation 

Preserving biodiversity and maintaining 
ecological connections 

Enhancing and protecting natural habitats 

MacDonald & 
Johnson, 1995 

Tab.3 Nature-based solutions for natural and rural area for Cercola Municipal territory 
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Finally, thanks to their filtering action, the bioswales also contribute to eliminating pollutants by purifying the 
first rainwater runoff from urban pavements (Purvis et al., 2018). At the same time, even within the 
geosphere identified by the PUC, the chosen measures maintain and improve the quality and permeability of 
soils, preserving the recharge capacity of the aquifer (Oral et al., 2020). 
The selected solutions for natural and agricultural areas are measures aimed at re-naturalising the Cercola 
area and are characterised by limited land consumption. While common effects (e.g. mitigation of the urban 
microclimate) are identified for the measures on a building and urban scale, the measures for the rural and 
natural context differ in the object and beneficial effects of their intervention. Indeed, these intervene in a 
purely rural environment (e.g. trees as fences) or in a peri-urban context (e.g. phytoremediation and 
composting plant); moreover, they concern anthropised areas (e.g. brownfield rehabilitation and waste 
cycle), while the benefits of installing trees for fences concern more the animal and plant sphere (MacDonald 
& Johnson, 1995). 
Also, for the natural and agricultural context, selecting suitable NBSs was guided by correspondence with the 
general and specific objectives defined by the PUC. Moreover, the selected interventions are non-invasive 
and respect the restrictive indications of the territorial plans for natural and agricultural areas. In particular, 
the installation of composting facilities is consistent in turning waste into a resource (Mamun et al., 2020). 
Furthermore, such measures contribute to the circularity of the city’s economy as it is possible to obtain both 
fertilisers for agriculture (Cai et al., 2019), fulfilling another objective of the urban plan.  
The use of phytoremediation, on the other hand, acts on disused environments by contributing to the 
objectives of the redevelopment of degraded landscapes and reclamation of polluted sites, as well as 
contributing to the renaturalisation of post-industrial spaces (O’Connor et al., 2019). Lastly, planting trees as 
natural fences for agricultural land works more on the aspects identified by the PUC for the biosphere by 
enhancing natural habitats and ecological connections (Hinsley & Bellamy, 2000). 

5. Selected NBS proposals for the Cercola municipal area 
NBS adaptation and mitigation measures, as seen in previous chapters, allow for an increase in the resilience 
of the anthropised environment concerning the extreme effects of climate change (e.g. UHI, the 
tropicalisation of the climate in the Mediterranean area, etc.) (Bianchi, 2007).  
The application of NBSs in the Cercola municipal territory can affect the evolutionary trajectories identified 
by the environmental report of the Strategic Environmental Assessment (SEA) of the PUC (Municipality of 
Cercola, 2019). In this regard, the proposed interventions can impact agricultural land, biosphere and 
hydrogeological risk zones, contributing to the sustainable development of the Cercola territory. 
The peculiarities of the area itself can also be considered NBS measures for adaptation and mitigation. In 
particular, the presence of the Vesuvius National Park near the urban centre can be categorised as a peri-
urban park (i.e., carbon sink) (Marchetti et al., 2012). Moreover, thanks to the wooded area and the 
provision of a series of measures (e.g. optimising ventilation from the green area towards the built-up area) 
(Hou et al., 2018), this element can improve the urban microclimate by mitigating excessive urban summer 
overheating. 
The present paragraphs outline the major NB adaptation and mitigation measures to be adopted on 
“Transformability Areas” identified by the new PUC (Fig. 4), i.e., macro-areas with unitary morphological and 
functional characteristics and specific transformation objectives. 

5.1 Zone 1 
In the proposal for the Territorial Coordination Plan (PTC) of the Province of Naples, this portion of the 
territory is classified as an area of particular agronomic importance. The PTC classification binds the PUC to 
safeguard current agricultural uses, prohibiting further uses. In particular, the plan requires recovering the 
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typical elements of the historical agrarian landscape and preserving the environmental value with eco-
compatible production systems. In addition, analysing what is indicated in the local basin authority plan 
(Autorità di Bacino Distrettuale dell’Appennino Meridionale, 2015), in the territory falling within TA1, there 
are elements and areas of high and medium criticality from the hydrogeological point of view and a buffer 
zone according to R.D. 3267/23. 
 

 

 

Fig.4 Municipality of Cercola. Transformability areas related to the comprehensive quality of the territory 
 
The mitigation and adaptation interventions applicable to the territory of TA1 mainly concern the agricultural 
areas and the hydrogeological structure of the territory. Due to the specific characteristics of the area, the 
only admissible interventions are mainly aimed at the maintenance and conservation of the existing 
structures in order to enhance and requalify the agricultural landscape. 
For agricultural areas, the types of measures that can be adopted are mainly aimed at protecting biodiversity 
in the rural environment. For example, a first measure may consist of using lot delimitation systems 
employing natural elements (e.g. trees, shrubs, etc.) that can provide a refuge for local fauna3. In addition, 
measures may concern the end-of-life of agricultural products. These include sites for the installation of 
community composters in order to use production waste to obtain compost4. 
Another element that emerges is that there are currently no public green areas in TA1 despite the presence 
of an urban residential fabric. A possible solution is to envisage the reuse of abandoned uncultivated areas 

 
3  Together with the installation of punctual shelter elements, e.g. beehives and bird houses. The measures contribute 

to maintaining the naturalness of the Cercola area as an ecological corridor. 
4  To be used as fertiliser in the fields. 
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for the establishment of community farms, i.e. green spaces serving residents following the territorial 
vocation of the area. 
Other measures that can be implemented in the area concern adaptation to extreme weather phenomena 
related to hydraulic risk, i.e. cloudbursts. In particular, thanks to the agricultural character of the area, it is 
possible to make bioswales to collect and filter rainwater. The collected precipitation can be used to irrigate 
crops and avoid overloading the drainage system. Further intervention may consist of installing filtering soils 
in areas of maximum hydrogeological criticality to ensure a rapid and efficient flow of rainwater. 
Furthermore, if water purification is required for irrigation purposes, ponds can also be provided to help 
eliminate toxic and polluting substances from grey water and first flush rainwater. 

5.2 Zone 2 
The portion of the municipal territory (North-South Axis) regulated by the Landscape Plan (Piano Paesistico) 
falls within Transformability Area 2 (TA2) and is characterised by naturalistic value and agricultural-
productive character. The interventions allowed for the area with a strictly environmental character are the 
conservation and maintenance of the existing infrastructure. In particular, the only possible spatial 
operations concern the extension of the pedestrian and vehicular road network. For the built-up area in TA2, 
the following actions are identified: restoration and conservative renovation, building refurbishment with 
volume increases for hygienic and functional adaptation and the construction of new public facilities. 
As seen for TA1, in TA2, there are elements of environmental criticality due to anthropic pressure that 
threaten the biodiversity and naturalness of the area. In this regard, further constraints on the area are due 
to the indications of the Piano Paesistico dei Comuni Vesuviani, which divides the TA2 into two main areas. 
The plan defines the following zones: Integral Protection with Environmental Landscape Restoration (PIR) 
and Urban-Building Recovery and Environmental Landscape Restoration (RUA). 
Considering the specific restrictions of the area, feasible climate change mitigation and adaptation measures 
are limited to non-invasive actions. Regarding works on a building scale, only solutions that do not alter the 
volume of existing buildings may be applied. Possible actions include the development of home gardens, to 
be implemented considering the landscape protection criteria present, e.g. respect for panoramic viewpoints. 
Furthermore, installing green roofs can be a possible intervention on existing buildings, but only by extensive 
systems or ‘wetland’ covering. The types of green roofs indicated are limited to encouraging the growth of 
grass and small shrubs on the surface to improve the urban microclimate and optimised water management 
without altering the field of vision from panoramic viewpoints. Finally, the installation of urban farms 
dedicated to cultivating traditional crops can take place, but without the construction of service structures 
such as greenhouses. 
Mitigation and adaptation measures concerning public space are allowed and can be operated in multiple 
aspects. Planting urban trees in the road network buffer strips can be a valuable resource for buffering the 
busiest arterial roads. Redevelopment of the road network can be an opportunity to use systems that allow 
greater soil permeability and better stormwater management in the event of extreme events. The 
requalification of the road network must take place with self-locking elements to maintain the indications of 
the territorial plans regarding the use of traditional and stone materials. Finally, a valuable operation for 
upgrading the roadway can be the installation of flowerbeds, which can be built with layers to absorb 
rainwater for future use for irrigation and other non-domestic purposes. 
The analyses carried out for the urban plans show that Transformability Area 2 lacks public green spaces. 
The creation of green areas for residential use can be done by improving the urban microclimate. In this 
regard, urban gardens (e.g. arid gardens, sensory gardens) and community gardens can be realised in TA2 
to cultivate tree essences typical of the agricultural tradition of the area. However, interventions in urban 
green areas are always to be realised by providing nature-based systems that allow rainwater storage. 
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Besides, in the portions of the TA2 territory that fall within the PIR zones, interventions on public spaces that 
alter the pre-existing course of the terrain (e.g. bioswales, channels, etc.) are not allowed. 
Considering the restrictions of the plans, only natural fences (shrubs, linear trees, etc.) can be built in 
agricultural areas. Another feasible NBS is the construction of a system for the valorisation of agricultural 
production waste and part of the wet fraction of urban waste through sites for the collection of material for 
biomass production. In addition, sites can be provided for installing community composters to obtain 
fertiliser.  
Finally, shelters for insect (beehives, insect farms, etc.) and migratory birds can be installed in the rural 
context to protect the biodiversity of the site and the existing eco-corridor. 

5.2 Zone 3 
The PUC identifies Transformability Area 3 (TA3) as the portion of the municipal territory to the northwest, 
which is characterised by medium transformability. In particular, the interventions allowed are the 
maintenance and conservation of the existing, urban restructuring and the extension of volumes with new 
constructions for non-residential purposes. Compared to the other two transformability areas, the greater 
freedom of action is due to fewer restrictions and a low vocational connotation, i.e., TA3 is made up of 
uncultivated areas and recently formed residential settlements. 
The area includes the urban fabric close to the municipality of Volla and the main roads in the Cercola area5. 
The road network separates TA3 from TA1, which has an agricultural nature. In the vicinity of the road 
junction, there is a rainwater harvesting basin in TA3 where filled channels of the hydrographic network 
intersect (Autorità di Bacino Distrettuale dell’Appennino Meridionale, 2015). 
In addition to hydraulically critical issues, the TA3 territory also presents significant issues from an 
environmental point of view. The area is almost entirely urbanised, with few natural areas for agricultural 
use threatened by existing anthropic pressure.  
The PUC calls for preserving agricultural land in TA3 through maintenance, recovery and redevelopment, 
which may consist of the ruralisation of urbanised brownfields. 
NBS for climate change mitigation and adaptation can contribute to protecting biodiversity threatened by 
disordered urbanisation in TA3. 
Due to less restrictive indications from territorial plans in TA3, acting at the building scale is possible. 
In the case of interventions more extensive than building renovation, vertical green systems (e.g. green and 
living walls) and green roof elements (e.g. extensive, intensive, urban farm) can be used as NBS. In addition 
to increasing the psychophysical well-being of inhabitants, the proposed interventions are helpful tools for 
decreasing outdoor discomfort in hot weather.  
In the public space, planting urban trees and redeveloping parking areas using green landscaping with filter 
paving can be provided to ensure maximum permeability of the soil.  
Bioswales (alternatively rain gardens) can be placed at the groundwater network, i.e., in areas subject to 
greater hydrological risk. NBSs can improve the local management of the rainwater cycle without burdening 
the existing sewage disposal system in case of extreme events.  
For the upgrade of the road network, filter beds can be constructed to collect rainwater and its purification. 
The cleaning of contaminants is achieved through specific types of plants and the installation of natural 
filters made of gravel and crushed rocks of different granulometry. 
A further measure to mitigate anthropic pressure on the environment is the adoption of vegetation noise 
barriers to act as a filter between the busiest axes (Via Argine) and the urban fabric of Cercola.  

 
5  The SS162 highway and the Via Argine axis. 
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In the TA3 area, the reconversion of disused and abandoned areas to green areas can be envisaged through 
the establishment of community gardens for agricultural purposes; in these green spaces, individual citizens 
can participate in the management and cultivation of the land as part of an urban farm. Furthermore, the 
wet fraction of urban waste produced by apartment blocks and agricultural activities can be processed in 
special neighbourhood composters. These sites valorise waste and give it new life by turning it into fertiliser. 
Moreover, for the most polluted soils, in the case of disused activities and reconversion of the intended use, 
phytoremediation systems can be implemented through the planting of plant organisms that can absorb the 
pollutants present in the soil, reclaiming it; finally, the plant organisms used can then be used for the 
production of biomass and thus for the production of electrical and thermal energy. 

6. Conclusions 
The present work deals with the application of measures for mitigation and adaptation to the effects of 
climate change in an urban context. In particular, it illustrates a multi-scalar approach (e.g. from building to 
urban scale) that enables mitigation of climate change effects and naturalisation of an area at high 
anthropogenic and natural risk.   
The paper illustrates an operational example of the choice of NBS measures for the Cercola municipal 
territory as actions and guidelines to be integrated into the implementation rules of the urban plan.  
In the first phase, the environmental context of the area subject to intervention was examined in depth. In 
particular, the main risks were analysed, and the intervention strategies of the territorial and municipal plans 
were outlined. 
Then, starting from a critical analysis of the state of the art, the main NBSs that can be implemented in the 
Cercola area were outlined. The measures were categorised into three main fields of application: building 
scale, public space and water management, and rural and natural areas. The solutions identified were 
chosen based on their correspondence with the transformation objectives of urban planning. 
Lastly, for the specific transformation zones outlined in the urban plan, the main NBSs that can be 
implemented to mitigate and adapt to the effects of climate change were identified. The choice was based 
on the peculiarities of the zones into which the Cercola territory was divided. 
This paper aims to contribute to the ongoing debate on improving the urban territory and built heritage to 
cope with climate change effects. The work presented here is the first contribution of a structured path 
leading to the evaluation of the effectiveness of NBS in Italian small urban contexts. The future 
developments of this work will be the verification through simulations at the urban level of the solutions 
proposed at the building scale and their effects on the urban microclimate for further scaling down the 
intervention. In addition, once the first measures are applied in the Cercola area, the actual performance of 
the NBSs identified for the transformability areas will be monitored. 
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