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Abstract

Marginal regions in Europe are increasingly exposed to environmental degradation and
socio-economic decline. This study investigates how these dynamics are perceived by lo-
cal communities in the Simeto Valley, an Italian inner area, and examines whether Nature-
Based Solutions (NBS) are understood and accepted as viable responses to such fragilities.
To this end, the study combines different methodological approaches, integrating partici-
patory action research with GIS mapping, and qualitative data gathered from focus groups.
Key findings reveal that communities identify multiple and interdependent environmental
fragilities such as land degradation, water scarcity, floods, landslides, fires, compounded
by poor resource management and unsustainable practices. Unsafe roads on degraded ter-
rains highlight the community’s precarious position in the face of extreme weather events.
These environmental challenges are closely linked to socio-political issues, including a
lack of public services, limited educational opportunities, and a growing sense of abandon-
ment by governmental institutions. Despite their promise, findings underscore a significant
gap in community awareness and acceptance of NBS, emphasizing the need for targeted
educational and participatory initiatives. This research highlights the value of integrating
community perspectives into environmental management and development strategies. By
addressing environmental and socio-economic fragilities simultaneously, it advocates for
resilient and sustainable approaches tailored to the unique needs of marginal regions.

Highlights

e Limited knowledge and low participatory engagement with NBS in local communities
highlight a gap between public awareness and policy narrative.

e Local perceptions of environmental fragility call for more integrated and participatory
policy frameworks to address real challenges in Italy’s inner areas.

e Involving local communities in decision-making increases their sense of awareness.
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e Software-based content analysis can help to assess perceptions of environmental
fragilities.

e Action research promotes the collaborative development of sustainable solutions, effec-
tively bridging the gap between theory and practice to address persistent issues in mar-
ginalized areas.

Keywords Inner areas - Territorial fragilities - Nature-based solutions - Public
acceptance - Participatory approaches - Marginalization - Qualitative research

1 Introduction

In recent decades, Europe has experienced growing territorial inequalities driven by the
combined effect of multiple processes of globalization, technological changes, market
restructuring, political realignment, and environmental challenges, all particularly intensi-
fied since the 2008 financial crisis and the austerity measures imposed thereafter (Pike et
al. 2023; Martin et al. 2022; Hendrickson et al. 2018; Rodriguez-Pose 2018).This period
has marked an increasing divide between prosperous, dynamic regions and those that are
poorer and in decline, with the latter often perceived as ‘places that do not matter’ and are
increasingly viewed as ‘left behind’ (Gormar et al. 2019; Rodriguez-Pose 2018). The term
has become very popular and evocative when applied in different kinds of marginal areas,
including neighborhoods, towns, cities, and broader regions, which are frequently charac-
terized as ‘lagging’, ‘disadvantaged’, ‘excluded’ or ‘abandoned’, and even more critically,
as ‘struggling’ and ‘underdeveloped’ (McCann 2020).

Although lacking an authoritative definition and even criticized for its the supposed
reductionist implications that do not explore in depth the different operational scales (Pike
et al. 2023), the concept of ‘left-behind’ places remain useful to capture multiscalar, tem-
porally and multidimensional complexity of spatial disparity (Houlden et al. 2024), and it
is identified differently across Europe, reflecting local specificities: ‘Aree Interne’ or ‘inner
areas’ in Italy (Barca 2009), ‘Krimpgebieden’ in the Netherlands (Bontje 2024), ‘Espaiia
vaciada’ in Spain (Del Molino 2016), ‘la France périphérique’ in France (Guilluy 2014),
‘abgehdngte Regionen’ in Germany (Royer and Leibert 2024), and ‘legacy cities’ or the
‘rust belt’ in the United States (Pike et al. 2023; Mackinnon et al., 2024).

Regardless of the national and local differences, growing spatial disparities have had a
significant impact on the lack of services provision such as health, transport, education and
access to the natural environment (NUVV 2020; ESPON 2017; Noguera and Copus 2016;
Urso 2016). This caused a decline in quality of life that has exacerbated further perception
of social inequalities and various forms of exclusion, reducing individual happiness and
satisfaction (Dijkstra et al. 2015).

According to Pike et al. (2023), Italy’s inner areas align with the concept of left-behind-
ness, although in its “classical” version it refers to formerly industrial regions now strug-
gling with the socio-economic challenges of post-industrial transformation, globalization,
and austerity policies (Hendrickson et al. 2018). In the Italian context, such marginality is
primarily understood through the lens of poor access to essential services and opportunities,
as well as disconnection from global networks; consequently, inner areas are identified in
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terms of divides of accessibility to basic services, progressive abandon and depopulation
(Kiihn 2015; Dijkstra et al. 2015).

The latter can foster depletion of natural resources and ecosystem services (Pezzi and
Urso 2017), contributing to increase ‘environmental fragility’ that encompasses various
challenges such as pollution, extreme weather events, floods, fires, landslides and climate
change impacts (Wang et al. 2022; IPCC 2019; Bloschl et al. 2019). However, these areas
are also described as “green mine” (Rimondi 2022; Zuppa 2019) potentially rich of land-
scape values and natural resources which could play a crucial role in the recovery from this
marginality (Agenzia coesione territoriale 2020).

According to several studies, Nature-based solutions (NBS) are increasingly recognized
as integrated interventions that employ nature and natural processes to address societal and
environmental challenges while simultaneously delivering multiple co-benefits (Sowinska-
Swierkosz et al., 2022; Ramirez-Agudelo et al. 2022). These approaches promote stake-
holder participation and localized adaptation strategies, making them relevant in the context
of sustainable territorial development (Sari et al. 2023; Giordano et al. 2020). For this rea-
son, NBS can represent a sustainable tool for managing territorial fragilities (Castellar et al.
2021; Frantzeskaki 2019, Urso et al. 2019) as they contribute to enhancing both ecological
and socio-economic resilience through strategies aiming at climate change adaptation and
mitigation (European Commission 2021; Raymond et al. 2017; Pike et al. 2010). Moreover,
specific NBS interventions in both urban and non-urban areas such as rain gardens, green
roofs, bioswales, and more generally green spaces have also shown positive impacts on
human health and well-being (Koutsovili et al. 2023); Navarrete-Hernandez and Laffan,
2019; Houlden et al. 2018; Suppakittpaisarn et al. 2017).

Thus, the objective of this paper is to explore and critically assess the acceptability of
NBS in tandem with the perception of environmental fragilities in the Simeto Valley, an Ital-
ian inner area, located in Sicily affected by territorial marginality that was officially desig-
nated as a pilot area during the first cycle of the National Strategy for Inner Areas (SNAI), a
territorial cohesion policy launched in 2014 to address depopulation and territorial inequali-
ties through a place-based approach (Barca et al. 2014). This study employs a Participatory
Action Research (PAR) framework to emphasize the importance of sustainable resource
management in marginalised areas (Saija 2018), by integrating mapping with qualitative
data collected from focus groups. It highlights the importance of considering the environ-
mental dimension when perceiving territorial marginality, with the aim of integrating local
community and academic knowledge when addressing environmental and socio-economic
challenges in the Simeto Valley.

The knowledge gained from this study could inform broader applications of NBS in simi-
larly fragile regions. Moreover, the article brings a novel perspective on territorial fragilities
by complementing the objective map of these demographic, economic or environmental fra-
gilities with that of subjective perceptions and the emotional burden carried by the affected
communities.
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2 Materials and methods
2.1 Case study

In recent years, Italy has played a leading role in tackling spatial marginalization and ter-
ritorial imbalances by linking the European concept of “Inner Peripheries” (ESPON 2017)
with its national-scale conceptual and operational paradigm of “Inner Areas” (Barca et al.
2014; Lucatelli et al. 2013) developed within the National Strategy for Inner Areas (SNAI).
This cohesion strategy, launched in 2014, aimed at coping with depopulation and abandon-
ing marginal areas by promoting a place-based approach sensitive to the local scale needs
and expectations. The SNAI introduced a detailed mapping system using national-scale
indicators of accessibility to basic services in the fields of healthcare, education, and trans-
port, reimaging policymaking for marginal areas through multi-level and multi-governance
approaches that should consider projects coming from the territories. (Lucatelli 2016; Urso
2016). The strategy not only addressed socio-economic decline and depopulation but also
targeted key environmental challenges like land abandonment, loss of biodiversity, soil deg-
radation, and the deterioration of cultural and natural landscapes (Plieninger et al. 2006).

In the first stage, the strategy was selectively applied, targeting only certain “pilot areas”
(Fig. 1). These designated regions encompass 51,366 km?, and are divided administratively
into 1061 municipalities, home to a combined population of approximately 2 million Ital-
ians (CTAI 2019). This approach allows for tailored place-based interventions that address
both the unique challenges and the potential of these marginalized areas, by better aligning
with the theoretical and conceptual idea of place-sensitive policies.

This research focuses on the “Simeto Valley”, a pilot area of the SNAI located in Sicily.
Characterized by environmental and socioeconomic issues such as landslides, floods, and
population decline, the valley presents a unique case due to its complex vulnerabilities and
a history of environmental mismanagement. Notably, the Simeto River (MASE 2024), flow-
ing through a 4420 km? basin divided into three sub-basins: Gornalunga (1130 km?), Dit-
taino (965 km?), and Salso (830 km?). The area, enriched by the natural landscape of Mount
Etna, a UNESCO World Heritage Site, suffers from issues like deforestation and inefficient
infrastructures, underscoring the critical need for NBS.

The “Presidio Partecipativo del Patto Fiume Simeto”, a bottom-up organization includ-
ing over eighty local associations, was established in 2015 and has been actively collabo-
rating with local governments since 2002 (ECS 2021). This collaboration aims to protect
and enhance the environmental, historical, and cultural heritage of the area while foster-
ing social inclusion, consistent with the project’s aims (Agenzia coesione territoriale 2020;
Regione Siciliana 2019; Saija 2016). This partnership led to the creation of the “Simeto
River Pact”, a river contract signed by ten municipalities in the Simeto Valley Inner Area in
2015, dedicated to responsible and participatory territorial management'.

Despite efforts from SNAI projects to stabilize the region, the population of the Simeto
Valley Inner Area decreased from 181,781 in 2017 to 174,335 in 2023, with a loss of about
7,500 residents as reported by ISTAT in 2024. This decline in population, with a drop in
average density from 213.58 to 206.68 inhabitants per square kilometer, highlights ongoing
socio-economic issues such as youth migration, economic stagnation, and a reduction in

! Together the University of Catania (UNICT); Association (Network of Presidio Partecipativo del Patto
Fiume Simeto).
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Fig. 1 Territorial overview of the “Simeto Valley” inner area in Italy (PDCS 2024)

vital services. These issues exacerbate the area’s vulnerability to environmental and infra-
structural problems, increasing risks related to resource depletion and climate impacts. Fig-
ure 2 in the study details these demographic shifts over seven years, with notable decreases
in key municipalities like Adrano, Biancavilla, and Paterno.

2.2 Participatory action research (PAR)

The study adopted a transformative research approach, integrating quantitative and quali-
tative data (Levin 1946), which aims to generate knowledge through a collaborative and
iterative process involving researchers and community members. This approach, known
as Participatory Action Research (PAR), rather than positioning communities as passive
subjects of investigation, relies on their capacity to reflect on their own conditions, iden-
tify shared concerns, and act towards collective change (Saija and Pappalardo 2018; Saija
et al. 2017; Saija 2016). The paper adopted PAR to support the co-production of knowl-
edge between the authors and local associations and communities in the Simeto Valley,
to understand the potential of NBS in promoting socio-ecological resilience and address
territorial fragilities (Torres-Garcia et al. 2024; Agger and Lofgren 2008). PAR enabled
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Fig. 2 Population change in the inner area of “Val Simeto” between 2017 and 2023 (Istat 2024)

continuous on-the-ground collaboration and direct engagement with local stakeholders and
the broader community, embedding the research within a lived territorial context marked by
long-standing relationships, situated knowledge, and complex socio-ecological dynamics.
This facilitated a process of mutual learning and co-construction of meaning across the dif-
ferent phases of the research, making the analysis more responsive to the actual needs of the
territory and more effective in identifying shared solutions. In line with the PAR, qualitative
methods were used: focus groups generate insights that are specific to a particular situation
and involve dialogue, allowing participants to reflect collectively on environmental chal-
lenges, perceived vulnerabilities, and locally appropriate adaptive strategies. These sessions
were organised using an informal format known as “AperiTalk”, combining food and drinks
with open discussions to create a convivial setting for knowledge sharing and community
deliberation in a focus group. In the “Aperitalk”, was implemented at each table, introduc-
ing to the main types of NBS, explanations of existing projects and their associated benefits,
particularly in neighboring areas to provide participants with both conceptual and practi-
cal grounding®. Participants were then invited to reflect on environmental vulnerabilities
through a combination of spatial and affective lenses. Each group was guided through the
identification of potential areas for NBS implementation using a visual prompt that illus-
trated various types of interventions, structured according to the four natural water retention

2 The practical grounding has been derived from other ongoing or completed projects, all of which address
and implement NBS: GIFLUID https://www.gifluid.eu/; Tresor https://www.tresorprojet.eu/, CARDIMED
https://www.cardimed-project.eu/.
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measures (NWRM)? categories: urban (green roofs and rain garden, bioswales), agricultural
(waste water treatment, vegetated buffer strips), forestry (reforestation urban forestry) and
hydromorphological (floodplain reconnection, riparian vegetation). Each table was tasked
with identifying priority areas for NBS implementation based on local knowledge and com-
munity needs with specific territorial fragilities such as drought, erosion, flooding, wildfire
and pollution. Materials such as printed base maps, blank cards, and colored markers were
provided to stimulate dialogue and collective reflection. Each session was structured in such
a way as to leave space for spontaneous contributions. As recent literature has highlighted
(Aranda et al. 2023; Gerges et al. 2022; Saija et al. 2017), mapping was not merely a tool
for generating spatial outputs to inform planning; it was a dialogic and transformative pro-
cess that reshaped participants’ knowledge and collective agency. For this reason, the term
participatory mapping is used to emphasize a way for people to see, share and discuss their
individual perceptions, memories and aspirations, encouraging the development of a shared
political identity and leading to processes of political awareness, looking after territory and
institutional innovation (Toldi 2021; Saija and Pappalardo 2018). In this context, qualitative
data were coded and interpreted using ATLAS.ti, following an inductive approach based on
thematic topics most frequently emerged in the focus group. The development of graphical
components, including participatory maps and visual outputs, was carried out using Geo-
graphic Information Systems (GIS) and Canva software.

Subsequently, the analysis was conducted through the notes and transcription of the focus
groups (analyzed in a second phase) using manual coding, in which each recurring theme
identified in the conversation was assigned a frequency code indicating its recurrence. This
made it possible to identify the topics considered particularly relevant by the participants,
based on their recurrence and the emphasis given to them during the discussions.

Moreover, a participatory map was produced to spatially represent areas identified as
environmentally or socially vulnerable areas using GIS tools. A preliminary assessment of
the spatial variables related to environmental fragilities and socio-economic challenges was
conducted, followed by a more detailed examination of context-specific territorial dynamics.
The integration between qualitative and quantitative components occurred in two phases:
first, the themes and sub-themes that emerged from the focus group transcripts were identi-
fied through content analysis, conducted via a clustering of recurrent contents retrieved
from the discussions, as is typical in qualitative data analysis. These were subsequently
quantified through frequency coding (according to the number of times a topic was repeated
and emphasized) and localizations; second, these qualitative trends were compared with
spatial indicators (e.g., hazard maps, land cover data) through GIS overlays. The integration
of qualitative narratives and quantitative territorial data enabled a cross-validation of com-
munity perceptions with empirical spatial patterns, enhancing the robustness of the findings.
Figure 3 illustrates the integration of different research phases, qualitative techniques (such
as focus groups and participatory mapping), and data analysis tools (e.g., Atlas.ti for focus
group transcripts), together quantitative component grounded in secondary territorial data
analysis, enabled the development of co-design approaches within participatory data col-
lection frameworks. These elements should be considered essential components in policy
documents and future scenario-building processes, particularly when applying participatory
methodologies in spatial planning and territorial governance (MacKinnon et al. 2024).

3 Natural Water Natural Water Retention Measure (NWRM) https://www.nwrm.eu/.
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Fig. 3 The action research model employed

2.2.1 Quantitative data collection: main spatial characteristics of the Simeto valley’s
inner area

Landslides, floods, droughts, fires, and loss of soil biodiversity maps released by the gov-
ernment for the Simeto valley were represented in the GIS environment to improve com-
munity interaction and understanding. Figure 4, derived from various sources including the
IFFI* 2020-2021 inventory by ISPRA® (2020) and SIF® (2022) (both compiled at a scale
of 1:10.000), details geological hazards and fire risks. It categorizes landslide risks into
four levels and hydraulic risks into three scenarios for the Floods Directive 2007/60/EC
(European Parliament and Council 2007) on the scale of 1:10.000. Additionally, it outlines
drought probabilities classified into ten classes by CHRR? (2005) at a European scale, and

4 Inventario dei fenomeni franosi in Italia (Italian landslide inventory).

5 Istituto superiore per la protezione e la ricerca ambientale (Italian National Institute for Environmental
Protection and Research).

® Forest Information System.
7 Center For Hazards and Risk Research.
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Fig. 4 Environmental fragilities in the Simeto Valley (Geological (1), flood (2), drought hazard (3) and
risk fires (4) and threat of biodiversity in soil (5))

soil biodiversity loss assessed by ESDAC? large-scale European scale with a spatial resolu-
tion of approximately 3500 x 1400 meters. (Panagos et al. 2012, 2022), considering factors
like pollution, land use, and erosion vulnerability.

In addition, the secondary data of the desk analysis, such as statistical and demographic
information already available, were employed to support the contextual analysis. These data
(Fig. 5) included Corine Land Cover (CLC) maps provided by the Sicily Region at a scale
of 1:10,000 (Copernicus 2018), eco-pedological Map of Italy (MASE 2024) at a scale of
1:250,000, made available via the National Cartographic Portal - WFS (Web Feature Ser-
vice) used to provide a clear representation of land use. For the delimitation of the Simeto
basin, maps from the Geoportal of the Sicilian Region—Spatial Data Infrastructure (SITR
2022) were used, including the 20 m precision Digital Terrain Map (DTM) derived from
the 2012-2013 ATA flight. The soils of the Simeto Valley are dominated by eutric Rego-
sols, lithic Leptosols and eutric Cambisols, reflecting distinct pedogenetic conditions. Eutric
Regosols are widespread in Motta Sant’ Anastasia, Ragalna and Centuripe and are linked
to farming. These soils are often associated with agriculture but are vulnerable to surface
erosion due to their low cohesion. Lithic soils typical of volcanic plateaus (particularly in
Biancavilla and Santa Maria di Licodia) are found in steep, exposed areas where surface
landslides are more likely. The areas moderately developed, fertile eutric cambisols support
diverse crops, subject to compaction and loss of organic matter without conservation prac-

8 European Soil Data Centre.
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tices. Minor occurrences of eutric fluvisols and vertic cambisols appear in areas prone to
flooding or rich in clay, while urbanised areas represent a small proportion of the municipal-
ities. These territories are characterized by climatic variability (Table 1). Influenced not only
by altitudinal differences but also by exposure, land cover, and local morphological features.

2.2.2 Qualitative data collection

Qualitative data were collected from September 2023 to March 2024 through three focus
groups held in Centuripe, Santa Maria di Licodia, and Paterno (Fig. 6), which are separate
municipalities belonging to the same officially recognized Inner Area of Simeto which do
not share common characteristics. Each session lasted approximately two hours and fol-
lowed a loosely structured discussion guide aiming at identifying perceived environmental
fragilities.

These sessions used the informal “AperiTalk” format with food and drinks, designed to
foster spontaneous participation in community-friendly settings. Each table of 7—12 people
was facilitated by a trained moderator accompanied by an observer. During the discussions,
participants collaboratively produced maps and annotated boards, which were later digi-

Table 1 Altitudinal range of mu-  Mynicipality Max altitude Min altitude Aver-
nicipalities in the Simeto Valley (m) (m) age
altitude
(m)
Adrano* 3300 145 560
Belpasso* 3310 15 550
Biancavilla* 3325 100 515
Centuripe 740 70 730
*The maximum and minimum Motta sant’anastasia 325 20 275
altitudes indicated reflect the Paterno 520 35 225
entire altitudinal range of the Ragalna* 2830 440 830
municipal territory, which Regalbuto 1150 145 520

includes both flat areas and
mountainous regions, including
the summit of Etna

Santa Maria di Licodia 1170 170 445
Troina 1250 255 1120
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Fig. 6 Aperitalk with Focus Groups in Centuripe (Enna), Santa Maria di Licodia (Catania), and Paterno
(Catania)

tized and elaborated during internal team debriefings. This mix enriched the discussions and
helped capture a wide range of perspectives on environmental issues. The ‘Presidio Parte-
cipativo del Patto Fiume Simeto’, although not specialized in NBS, significantly facilitated
the participatory processes, leveraging its extensive experience in environmental activism
within the region. Facilitators employed non-intrusive methods to record discussions and
used mapping tools to visually capture the environmental concerns raised. These discus-
sions were then rigorously analyzed alongside secondary data to form a comprehensive
understanding of the community’s environmental challenges.

3 Results and discussion

The 68 participants’ age range was from 13 to 65 years, with a female majority (61.8%).
Geographically, the most represented origins were Centuripe (17.6%), Biancavilla, and
Adrano (16.2% each). Most participants held high school diplomas (35.3%), and university
degrees (25%). Professionally, half of the respondents were students, while significant num-
bers were associated with academia (17.6%) or professional fields (10.3%). Unemployment
and unspecified professional backgrounds were noted in 7.4% and 2.9% of cases, respec-
tively. Participants attended including local residents, members from various associations,
and representatives from institutions like universities and municipalities.

Figure 7; Table 2 shows the demographic distribution of participants across the focus
groups: gender distribution (A), municipality residence (B), professional background (C),
educational qualification (D).

3.1 Environmental fragilities: definition and identification

During the focus groups, participants were asked to identify and spatially locate one or
more environmental vulnerabilities within their territory (Fig. 8) that could potentially be
addressed through the implementation of NBS, previously introduced during the session
according to the four NWRM classification domains. Discussions revealed that the local
community had only partial awareness and limited technical understanding of how NBS
work and the benefits they can provide without the explanation provided. As a result, partic-
ipants engaged in a collective effort to imagine how specific types of NBS could be applied
to mitigate the environmental problems they experience. The answers analysis allowed to
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Fig. 7 Demographic composition of the focus groups by gender distribution (A), municipality of resi-
dence (B), professional background (C), and educational qualification (D)

identify five primary themes and 26 sub-themes, which were used as coding frequencies for
content analysis (Fig. 9; Table 3).

Figure 9 reveals that environmental fragility emerged as a central theme for 48% of par-
ticipants, who discussed and evaluated the potential acceptability of future implementation
scenarios to overcome concerns related to land degradation,. Several participants highlighted
the importance of preserving and expanding natural green areas through reforestation efforts
Problems such as flooding, landslides, and soil instability were also frequently mentioned,
leading to proposals for rain gardens and green roofs, particularly in institutional buildings
and schools, as appropriate NBS for addressing urban runoff and microclimate regulation.
For road networks, participants suggested the integration of green corridors and vertical
green walls to stabilize the soil and improve aesthetic and ecological connectivity.

There were also common worries about soil and water pollution in relation to water
quality and inadequate treatment systems. Artificial wetlands, reconnecting floodplains, and
restoring wetlands were seen as valuable but underused solutions, especially since a lot
of natural wetlands in the area have disappeared. In addition, participants highlighted the
growing risk posed by forest fires, caused both by illegal waste burning and spontaneous
vegetation combustion during the summer months. In response, some proposed the adop-
tion of mixed agroforestry systems as a way to improve soil fertility, reduce combustible
biomass, and restore ecological balance in abandoned areas and provide usable space.
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Table 2 Composition of focus groups of participants in the Simeto Valley

N° Gender Residence Range Education Professional N°
Focus age Level background partic-
Group ipants
Centuripe FG1* 6 M 55%, 2 Catenanuova 15-65 2 Bachelor’s 1 high school — 9+2*
(EN) SF45% (EN), 2 Enna, 5 degree, 4 teacher, 3
09/09/2023 Centuripe (EN), 2 High school  students, 1 bus
unspecified diploma, driver, 2 farm-
4 Middle ers, 1 business
school di- owner (biolo-
ploma, 1 ns  gist), 2 house-
wife, 1 ns
FG2* 5M50%, 1 Biancavilla 25-55 3 Bachelor’s 2 Employees, 10*
5F 50% (CT), 2 Adrano degree, 6 1 lawyer,
(CT), 5 Centuripe High school 3 students,
(EN), 2 Cat- diploma, 1 ns 1 teacher,
enanuova (CT) 1 mayor,
2 school
directors
FG3* 2M29%, 3 Adrano (CT), 25-45 1PhD,3 1 university 7*
SF71% 1 Santa Maria di Bachelor’s professor, 1
Licodia (CT), 2 degree, 1 engineer, 2
Centuripe (EN), High school  teachers, 1
1 Catenanuova diploma, 2 ns student, 1 vice
(CT) mayor, 1 ns
Santa Maria FG4 6 M 67%, 1 Adrano (CT), 17-34 8 Middle 8 students, 1 9
di Licodia 3F33% 2 Santa Maria di school high school
(CT) Licodia (CT), 3 diploma, 1 teacher
02/24/2024 Biancavilla (CT), Bachelor’s
3 unspecified degree
FGS 1M 10%, 1Paterno (CT)1 16-33 8 Middle 8 students, 1 9
8 F 90% Belpasso (CT), school high school
2 Santa Maria di diploma, 1 teacher
Licodia (CT), 3 Bachelor’s
Biancavilla (CT), degree
2 unspecified
FG6 2 M 20%, 4 Adrano (CT), 13-51 1 Elemen- 1 veterinary, 12
10 F 80% 4 Santa Maria di tary school, 11 students
Licodia (CT), 4 10 Middle
Biancavilla (CT) school
diploma, 1
Bachelor’s
degree
Pa- FG7 6 M 60%, 6 Paterno (CT), 29-52 6 Bachelor’s 1 engineer,1 10
terno (CT) 4 F 40% 1 Adrano (CT), 1 degree, 3 architect, 1
03/16/2024 Ragalna (CT), 2 High school  housewife, 2
Catania diploma, 1 unemployed, 3
PhD researchers, 1

activist, 1 tour
guide

F, Female; M, male; NS, not specified; CT, Catania; EN, Enna

*Some people changed tables
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Fig. 8 Reports and maps of the focus group tables obtained in the inner areas of the Simeto Valley

Parallel to these concerns, requests and aspirations, which accounted for 20% of the
discussions, reflected a growing interest in NBS as tools for both environmental remedia-
tion and social engagement. Participants expressed a clear awareness of the multifunctional
benefits of NBS, not only in terms of ecological mitigation, but also in terms of improving
well-being, education, and social cohesion. In addition, there was a strong call for better
financial support and more effective resource management, both at the community and insti-
tutional levels, to overcome the structural barriers that limit the implementation of NBS. For
example, within this thematic area, some participants emphasized how green spaces can be
perceived as “magical” places, not merely functional. Rather than identifying specific NBS,
they attributed a central and active role to nature itself, no longer relegated to a secondary or
decorative dimension. Territorial marginality concerns 16% of participants, focusing on the
lack of maintenance and abandonment. Political and administrative issues, troubling 12% of
respondents, include bureaucratic delays and a perceived disconnect between governmental
actions and local needs, intensifying feelings of neglect. Inadequate public services, particu-
larly in transportation and land management, aggravate this marginality.

Educational concerns, although lower at 4%, involve issues like school dropout rates and
the effects of school sizing policies, emphasizing the deficit in educational opportunities due
to poor infrastructure. The absence of environmental education was noted, underscoring the
need for increased awareness and engagement on environmental issues.

3.2 Environmental fragilities: localization of NBS intervention area

Figure 10 shows spatial representation of environmental fragilities as well as the main cities
and surrounding municipalities where focus group data were collected. The municipalities
where greater environmental fragilities could be addressed by NBS are marked in green
(Adrano, Biancavilla, Centuripe, Paterno, Santa Maria di Licodia, Regalbuto and Catenanu-
ova). These datasets were used at the scale of the Simeto River Basin.
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Main topic discuss in the Simeto Inner area:
Challenges in policy, management, education, and environment
[7] Enviromental fragility {1 Territorial marginality [ Requests and needs

[ Political and administrative | Educational marginality
marginality

Fig. 9 Content analysis (in percentage) derived by focus group tables in the inner area of the Simeto
Valley

Through the help of GIS tools, the extent and length of environmental fragilities were
quantified in the Simeto Valley (Table 4). In particular, ‘water scarcity’ in the agricultural
zones of Centuripe and Biancavilla, cover about 180 km? (Copernicus 2018), underscoring
major inefficiencies in water use. Adrano records significant fire damage across 18 km?,
while flood-prone areas near the Dittaino section of the Simeto River affect roughly 20 km?
during heavy rains, with the river’s flow reduced to a minimal vital stream over 2 km? The
region of Centuripe, known for its very friable soil (MASE 2024), is particularly susceptible
to landslides, affecting about 70 km?. Road network mapping, utilizing OpenStreetMap,
Google Maps, and Google Earth, identifies those roads such as SS121, SP122, SP70, SP71,
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Table 3 Content analysis (frequency) in the focus group tables in the inner area of Simeto Valley

Primary theme  Sub-theme Description Code
frequency
Environmental  Land degradation Abandoned land, overgrown vegetation 46
fragility Climate change Rising temperatures, shifting weather patterns 8
Desertification River drying up, agriculture impacted 13
Fires Trash burning, spontaneous vegetation fires 14
Flood Urban centers and connecting roads impacted 38
Landslide Slopes collapsing, causing road blockages 24
Environment Pollution Illegal dumps, waste in public spaces 35
Soil Pollution Toxic leachate contaminating soil 20
Water Pollution High levels of fertilizers and pollutants in water 20
Water scarcity Lack of water for urban and agricultural needs 21
Political and Slow bureaucracy Delays in implementing necessary practices 3
administrative  The gap between National A mismatch between governmental actions and 14
marginality policies and local needs local requirements
Lack of accountability and A feeling of being ignored or neglected by 44
responsiveness, sense of  authorities
abandonment
Territorial Cultural resistance Uncontrolled sheep grazing in the city, 12
marginality resistance to change linked to forms of
conservationism

Inadequate water resource Poor planning and control of water distribution 11

management
Insufficient or inefficient ~ Reduced public transport services due to envi- 14
transport ronmental challenges
No maintenance and land  Lack of upkeep in both urban and rural areas 34
management
Health and safety issues Concerns over pollution and infrastructure 10
deterioration affecting safety
Educational School dropout Closure of schools due to school sizing, result- 14
marginality ing in reduced educational opportunities, inabil-
ity to hold classes due to lack of services
Lack of environmental Minimal awareness and education on environ- 8
education mental issues
Requests and NBS acceptance and Growing interest in nature-based solutions 21
needs request
Desire for Change Widespread desire for improvement 23
Need for spaces to spend  Lack of community spaces and recreational 13
time areas
Greater social engagement Demand for more community participationin 10
decisions
The necessity for green Calls for more parks and natural areas 19

spaces

Request for economic sup- The desire for better financial management for 8
port and management calls with better resource management
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Fig. 10 Geospatial overview of focus group outcomes in the inner area of Simeto Valley

Table 4 Environmental fragility Type of environmental Fragility Area (km?) Length* (Km)
area and length in the inner area

of the Simeto Valley Water scarcity 179.50
Water Pollution 1.76 -
Floods 19.56 15
Hydrogeological disruption 0.59 73
(Flood + Landslide)
Desertification (drought) 2.40 -
Landslides 70.35 36
Climate change (deforestation) 0.30 -
Fires 17.63 0.2
Environment pollution (landfill) 1.51 -
*This variable considers with Land dc.egradation (Wasteland) 1.49 B
roads Necessity of green spaces 1.09 —
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SP23b, SP24b, and SP284 are vulnerable to flooding over 15 km, hydrogeological disrup-
tions spanning 73 km, landslides across 36 km, and fire damage extending 0.2 km.

3.3 Environmental fragilities: an emotional response

After identifying the key themes, Fig. 11 was constructed using ATLAS.ti and Canva to
form a qualitative network that connects “quotes”, “fragilities” ,"“community needs and
demands” and related emotions®. This network visually represents the interplay between
these elements, showing how each of those affects or is affected by others. The quotes
highlight participants’ perspectives on environmental fragility and community needs in the
Simeto Valley, each of which highlights specific environmental and socioeconomic issues.
This approach not only maps out the local vulnerabilities but also connects these to broader

community responses, underlining the tight linkage between environmental challenges and
social needs.
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Fig. 11 Network analysis of interactions and relationships from focus groups on key themes in the Simeto
Valley inner area (Network analysis by Canva: https://www.canva.com/design/DAGQOFaeXKA/76gnU

ShC2yd2VdpxXObbGw/view?utm_content=DAGQOFaeXKA%26utm campaign=designshare%26utm
_medium=link%26utm_source=editor.)

Network analysis by Canva: https://www.canva.com/design/DAGQOFaeXKA/76gnUShC2yd2VdpxXOb

bGw/view?utm_content=DAGQOFaeXKA%?26utm_campaign=designshare%26utm_medium=link%26utm
_source=editor.
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Fig. 12 Overview of emotions during focus groups in the Simeto Valley

Finally, as already mentioned, the emotions aroused by these topics were also analysed.
An overview of the emotions elicited in Fig. 12 illustrates the context of the data analysis
in which code frequencies reflect the intensity of specific behaviours associated with the
moods, where the moving average was derived to extract significant trends evolving over
time. The dominant emotions were frustration, fear, anger and sadness.

The qualitative synthesis of focus group results highlights the key themes that emerged
during discussions with the Simeto Valley community. Direct quotes from participants,
coded based on environmental, political, and social, issues, offer a rich emotional and the-
matic map of the community’s concerns. Participants expressed concerns about school
dropout rates and the impacts of school sizing policies, particularly in smaller towns like
Centuripe. They highlighted how national policies often fail to address the specific needs
of rural or inner areas, leading to increased depopulation and educational marginalization.

I can’t think about nature right now [...] I think about the schools attended by our
children, which are at risk of closure, meaning that children from these communities
will have fewer educational opportunities [...] (Teacher, 33y, Centuripe, September
2023).

The sense of abandonment and lack of accountability is further exacerbated by environ-
mental fragility, particularly with the growing impact of climate change. In Sicily, this is
especially evident in the ongoing drought affecting the Simeto River. The diminishing flow
of the river not only presents environmental challenges, such as water scarcity and pollution
and loss of biodiversity, but also leads to a decrease in socio-cultural activities, including
environmental enjoyment and learning. At the same time, some focus group participants
suggested that increased communication and engagement in planning processes could help
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build trust and improve overall well-being in the population. Overall, the findings empha-
size the need for revised policy frameworks that integrate local community perspectives into
environmental management and development strategies (Koutsovili et al. 2023). Expanding
community involvement in decision-making processes strengthens local agencies and can
reduce perceived environmental fragility, particularly in marginalized areas (Anderson and
Renaud 2021; Raymond et al. 2017).

“We believe that before discussing nature, we need to clarify a few things [...] Our
main concern is that decisions made at the national level don’t consider local specific
needs [...] the national data are general [...]. We often feel excluded from decisions
that directly affect us [...] for us, droughts in the Simeto River are a recurring problem
causing severe damage to agriculture and the environment” (Engineer, 35y, Paterno,
March 2024).

These environmental fragilities affecting some areas of Simeto Valley are in line with what
the literature confirms (Rodriguez-Pose 2018) highlighting how concerns about living in
these areas have grown, increasing awareness that it might be better to leave than to stay.
Inadequate public transportation infrastructure, particularly the unreliability of rail and bus
services, exacerbates this sense of isolation. During floods or landslides, residents often
feel “trapped and unable to escape,” intensifying the sense of abandonment and lack of
institutional support.

“We risk missing trains because they either don’t pass or get cancelled, and we miss
our classes [...] People are forced to drive everywhere; nothing is close [...] For
young people, it’s a mess [...]You can’t keep ignoring such a basic problem [...] We
haven’t had access to educational or job opportunities in the future [...] People are
moving away” (Students, 18y, Santa Maria Licodia, February 2024).

This account underscores the territorial marginality in the Simeto Valley, particularly roads
linking Centuripe, Adrano, Regalbuto, and Catenanuova, which are prone to flooding and
landslides. Describing these events as resembling a “horror movie” highlights the intense
environmental fragility experienced. The call for “consolidation networks” that incorporate
vegetation suggests a push towards implementing NBS to enhance both safety and envi-
ronmental sustainability. The noted isolation during extreme weather, which can cut off
essential services and necessitate helicopter rescues, accentuates the community’s precari-
ous position and the urgent need for resilient infrastructure that not only addresses environ-
mental challenges but also ensures the safety and connectivity of its residents.

“The access roads between Centuripe, Adrano, Regalbuto, and Catenanuova are on
very fragile terrain, deteriorating with landslides and rocks falling onto the road [...].
If it rains or a landslide happens, we are isolated. We would need a helicopter in case
something happens [...]” (Residents, 40y, Centuripe, September 2023).

The community’s strong desire for change amidst ongoing challenges is palpable, reflect-

ing deep-rooted impacts of environmental and socio-political marginalization. Such emo-
tional responses are significant, emphasizing the need for interventions that are sensitive to
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local conditions and integrate solutions for both environmental and socio-economic issues
(Slinger et al. 2023, Salvia et al. 2022; Tsatsou et al. 2023). Despite the community’s appre-
ciation of their town’s scenic beauty and cultural significance, even being a backdrop for
films, there’s a striking contrast with the lack of basic amenities. The absence of parks, green
spaces, and leisure facilities not only reflects neglect but also a community’s yearning for
improvement and recognition of its potential.

“We live far from everything but in a beautiful place, with a great view... We are one
of the most beautiful towns in Sicily. Why I can’t pass the time with my grandchil-
dren? we need to plant trees [...] (Retired, 65y, Centuripe, September 2023).

The need for green spaces, as spontaneously highlighted by participants, confirms the urgent
need for NBS interventions that reflect a growing awareness of climate change and its
effects. These suggestions emerged both spontaneously and using visual prompts during the
participatory mapping phase, when participants in the focus groups localized these interven-
tions and connected them to specific environmental risks. Participants identified reforesta-
tion and riverbank vegetation as potential solutions to counteract soil erosion and seasonal
flooding, particularly in areas adjacent to the Simeto River. Others mentioned small-scale
interventions such as rain gardens, green roofs and urban parks near institutional areas like
schools or municipality and public spaces to address runoff and extreme heat, formation of
urban heat islands with summer temperatures reaching up to 40 °C in inner area in Sicily
(Regione Siciliana 2025) with an enhancement of areas in paving areas. The community is
not only physically isolated but also feels the psychological burden of being ‘left behind’ in
terms of environmental sustainability and social infrastructure (Edwards et al. 2023; Agos-
ton et al. 2022). This quote emphasizes the pressing need for green spaces and adaptive
strategies to combat climate change, as well as the desire for more inclusive urban planning
process (could help build trust and improve overall well-being in the population) that caters
to the social and environmental needs of the population (Bolton et al. 2019; Agger and
Lofgren 2008).

Despite discussions about the potential of NBS to address environmental fragilities,
scepticism remains among residents. While there was growing interest in NBS, many peo-
ple questioned the feasibility of implementing these solutions, particularly in areas with
weak governance structures. One participant noted “We need solutions, but who will main-
tain them? “. This highlights the broader challenge of implementing NBS in regions where
governance is fragile and public trust is low (Loos and Rogers 2016).

The results of the analysis highlight to what extent it is crucial to adopt a place-based
approach (Barca 2009) since the hyper-local scale of analysis can emphasize what local
community perceptions are, in line with the most recent literature on left-behind places that
goes beyond the mere socio-economic dimension. As MacKinnon et al. (2024) put it, to be
‘left behind’ is often more nuanced and deeply localized, and the perception of marginality
can vary a lot going from/to the regional scale to the local one. However, certain limita-
tions were identified in the data collection process. Although working with local networks
gave us the possibility to access direct knowledge on internal mechanisms shaping com-
munity relations, the involvement of facilitators who are insiders in the local community
for participant recruitment may affect the representativity of the sample. Furthermore, the
focus group responses underscored the need to expand research to other territories to gain
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a broader understanding of perceptions and challenges related to NBS in a marginal area
(Casini et al. 2021).

4 Conclusions

This study analyzed the concept of territorial fragilities as perceived and emotionally lived
by the residents of an ‘inner area’ in Italy, the Simeto Valley, to test local community’s
acceptability of NBS as instruments to cope with environmental degradation in a marginal
area affected by depopulation and ineffective basic services. The knowledge generated
through this research offers valuable insights into the broader application of NBS in simi-
larly fragile territories. Furthermore, the article contributes a novel perspective by linking
territorial fragility to subjective perceptions and the emotional burden borne by affected
communities. The PAR approach, combining quantitative and qualitative participatory
methods, has showed how the residents of Simeto Valley face the complexities, tensions
and frustrations of living in a fragile territory. As emerged from the work, Simeto Valley
residents’ perceptions stress how environmental and socio-political fragilities are felt as
closely interconnected. The degradation of natural resources, uncontrolled fires, and fre-
quent flooding pose physical risks while significantly impacting the emotional well-being
of the local population, as it emerged from the results. Participants emphasized the need for
reforestation, vegetation along riverbanks, and small-scale green infrastructure to mitigate
soil degradation, flooding, and urban heat.

The identification of areas in need of intervention and their alignment with appropriate
NBS represents a key and foundational step toward future implementation scenarios. This
process is essential to ensure that such solutions can deliver not only environmental but
also social and economic benefits, contributing to the revalorization of these territories,
often referred to as “green mines”, which are gradually deteriorating due to ongoing pro-
cesses of abandonment and neglect. These suggestions were based on local knowledge and
emerged through participatory mapping and focus group discussions. At the same time,
many participants expressed frustration over ineffective infrastructure and the inadequacy
of public institutions in managing these vulnerabilities, which further contribute to the iso-
lation and marginalization of these communities. Overall, this research provides a novel
insight by highlighting the hyper-local and/or individual perceptions of marginality that has
been under-explored till now, thus obscuring the operational scales at which the effects of
‘left-behind’ can be felt and experienced. These approaches ensure that solutions are both
environmentally sustainable and beneficial to local communities, addressing the complex
interplay of environmental, social, and economic factors in marginalized areas. As far as the
policy framework is concerned, the SNAI classification of marginal areas, focused on tem-
poral proximity to basic services, is regarded as inadequate by residents in addressing the
broader context of fragility. On the contrary, alternative approaches to marginality should be
considered, such as those based on the perceived and emotionally felt marginality, that can
be extremely different from that emerging from quantitative indicators. However, meaning-
ful participation must go beyond token gestures by requiring ongoing engagement to build
trust and ensure the long-term success of initiatives like NBS.
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