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Executive Summary

Climate change is posing significant environmental challenges calling for urgent
and decisive actions to foster transformative change for climate adaptation,
particularly in Southern Europe and the Mediterranean region. The Po River Basin
District is directly affected by social and environmental consequences of climate
change, and its area has been recognized by the Italian National Adaptation
Strategy to climate change (NAS - MASE, 2015) as the national special and pilot
case for climate adaptation, particularly in the water management sector.

In WP6, the EU Life Climax Po project aims to support and inform large-scale
landscape management to enhance environmental quality, reinforce ecological
networks, and improve the provision of existing ecosystem services. This can be
achieved through the implementation, conservation, and reconnection of the
district's blue-green infrastructures and the identification and assessment of
priority ecosystem services tailored to the ecosystems and sectors within the area.
A critical initial step in mapping and evaluating the connectivity and effectiveness
of the green and blue infrastructure (BGI) network is the identification and
collection of data on nature-based solutions (NbS) elements, existing and potential
green and blue infrastructure, related ecosystem services, and assessment
methodologies. This data is essential for successfully integrating the network into

the socio-economic context.

This report presents the outcomes of a comprehensive screening of data,
information and examples to map and assess nature-based solutions and blue-
green infrastructures designed to mitigate climate extremes. The study area not
only focusses on the low-lying areas of the Po River Basin District in the Piedmont,
Lombardy, Emilia-Romagna and Veneto regions, but also extends the data
collection to include the plain areas outside the Po district in the Veneto and Friuli-
Venezia Giulia regions, for a more comprehensive representation of ecological and
landscape connectivity. The inventory also includes information on the related
ecosystem services, co-benefits provided by nature-based solutions and blue-
green infrastructures, and available methods for assessing their effectiveness and
quantifying the co-benefits beyond risk reduction, on an economic, ecological,
biophysical, or social basis.



The desk review explored published open-access data from regional, national, and
European institutions or independent international organizations. Datasets are
meant to be useful in identifying and mapping the existing blue-green
infrastructure elements and potential areas for NbS interventions at different scales
(district, regional, local). Across scales, the inventory spans multiple ecosystem
types (agriculture, river, lake, urban/peri-urban); climate risks (water scarcity,
flood, heatwaves); and co-benefits (environmentol/eoologicol, social, economic).
The information collection was completed by interviews directed to institutions
partner in the Climax Po project, and by desk research of published literature, both
scientific peer-reviewed literature and ‘grey’ literature, as well as reports by public
institutions and resulting from other EU-funded projects about NbsS.

The inventory was built as a database, with different sections for the different
categories of information: datasets (330), case studies (22), projects (19), and
assessment methods (32).

Selected datasets include information that can be used to map, characterize and
assess the BGI infrastructure in the study area. Each collected dataset has been
classified and ranked according to the potential use of information in the next
phase of the analysis of the BGI network. Projects are European and national
projects implemented within the study area. Projects of interest focus on large-
scale NbS and BGI implementation, often including multiple interventions, that
focus on nature restoration and ecological connectivity. Case studies represent
examples of local and small planned, designed, and implemented NbS for disaster
and climate-related risk reduction. Case studies also include representative pilot
cases from the above-mentioned projects. Assessment methods refer to
methodologies, tools and guidelines for assessing the ecosystem services, benefits,
and co-benefits provided by NbS interventions. The assessment can be both
qualitative and quantitative and focuses on economic, social, and environmental

values.

Additionally, a set of variables has been defined for each category to describe the
data collected. Common variables include Region, landscape, and scale of
interest; theme and typology of information; typology of NbS involved and their
associated action; addressed hazard; ecosystem services and co-benefit provided
and linked assessment methods.



Sintesi initaliano

Il cambiamento climatico sta ponendo sfide ambientali significative che
richiedono azioni urgenti e decisive per promuovere un cambiamento
trasformativo per 'adattamento climatico, in particolare nellEuropa meridionale e
nella regione del Mediterraneo. Il distretto di bacino del fiume Po é direttamente
interessato dalle conseguenze sociali e ambientali legato al cambiamento
climatico e la sua area €& stata riconosciuta dalla Strategia nazionale di
adattamento al cambiamento climatico (NAS - MASE, 2015) come caso pilota e
speciale nazionale per l'adattamento climatico, in particolare nel settore della
gestione delle acque.

Il progetto EU Life Climax Po, all'interno del WP6, mira a supportare e informare la
gestione del paesaggio su larga scala per migliorare la qualitd ambientale,
rafforzare le reti ecologiche e migliorare la fornitura di servizi ecosistemici esistenti.
Cido puod essere ottenuto attraverso limplementazione, la conservazione e la
riconnessione delle infrastrutture verdi e blu del distretto e lidentificazione e la
valutazione dei servizi ecosistemici prioritari su misura per gli ecosistemi e i settori
allinterno dell'area. Un primo passo cruciale per la mappatura e la valutazione
della connettivitd e dell'efficacia della rete di infrastrutture verdi e blu (BGI) consiste
nell'identificazione e nella raccolta di informazioni sugli elementi di nature-based
solutions (NbS), sulle infrastrutture verdi e blu esistenti e potenziali, sui servizi
ecosistemici associati e sulle metodologie di valutazione. Tali informazioni sono
indispensabili per integrare efficacemente la rete nel contesto socioeconomico
dell'area di riferimento.

Questo rapporto presenta i risultati di uno screening completo di dati, informazioni
ed esempi per mappare e valutare le soluzioni basate sulla natura e le
infrastrutture blu-verdi progettate per mitigare gli estremi climatici. L'area di studio,
oltre a comprendere le aree pianeggianti del Distretto del Fiume Po ricadenti nei
territori delle Regioni Piemonte, Lombardia, Emilia—Romagna e Veneto, & stata
estesa anche ai territori pianeggianti  del Veneto esterni al Distretto e del Friuli-
Venezia Giulia per una migliore rappresentazione della connettivitd ecologica e del
paesaggio. Linventario include anche informazioni sui servizi ecosistemici e i co-

benefici correlati, nonché i metodi disponibili per valutarne l'efficacia e quantificare



i co-benefici oltre la riduzione del rischio, su base economica, ecologica, biofisica
o sociale.

La revisione documentale ha esplorato i dati pubblicati ad accesso aperto da
istituzioni regionali, nazionali, europee o organizzazioni internazionali indipendenti.
| dataset sono utili all'identificazione e mappatura degli elementi infrastrutturali
blu-verdi esistenti e delle potenziali aree per interventi NoS a diverse scale
(distrettuale, regionale, locale). Attraverso diverse scale, linventario esplora piu tipi
di ecosistemi (agricoltura, fiume, lago, urbano/periurbano); rischi climatici
(scarsita idrica, inondazioni, ondate di calore); e co-benefici (ambientali/eoologici,
sociali, economici). La raccolta di informazioni & stata completata da interviste
dirette a istituzioni partner del progetto Climax Po e da ricerche documentali di
letteratura pubblicataq, sia letteratura scientifica ‘peer-reviewed’, nonché report di
istituzioni pubbliche e derivanti da altri progetti finanziati dall'UE sulle NbS.

Linventario & stato creato come un database, con diverse sezioni per le diverse
categorie di informazioni: dataset (330), casi studio (18), progetti (22) e metodi di
valutazione (32).

| dataset selezionati includono informazioni che possono essere utilizzate per
mappare, caratterizzare e valutare linfrastruttura BGI nellarea di studio. Ogni
dataset raccolto € stato classificato e classificato in base al potenziale utilizzo delle
informazioni nella fase successiva dell'analisi della rete BGI. | progetti includono
progetti europei e nazionali implementati nell'area di studio. | progetti di interesse
si concentrano sullimplementazione di NbS e BGI a larga scala, includendo spesso
molteplici interventi sul territorio, finalizzati al ripristino della natura e sulla
connettivitd ecologica. | casi studio, invece, rappresentano esempi locali e puntuali
di NbS pianificate, progettate e implementate per la riduzione del rischio correlato
a catastrofi e clima. | casi studio includono anche casi pilota rappresentativi dei
progetti sopra menzionati. | metodi di valutazione si riferiscono a metodologie,
strumenti e linee guida per la valutazione dei servizi ecosistemici, dei benefici e dei
co-benefici forniti dagli interventi NbS. La valutazione puo essere sia qualitativa che

quantitativa e si concentra sui valori economici, sociali e ambientali.

Inoltre, & stato definito un set di variabili per ciascuna categoria per descrivere i
dati raccolti. Le variabili comuni includono: regione, paesaggio e scala di interesse;



tema e tipologia di informazioni; tipologia di NbS coinvolte e relativa azione
associata, rischio climatico affrontato, servizi ecosistemici e co-benefici forniti e
metodi di valutazione collegati.
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1. Introduction

Climate change is posing significant environmental challenges calling for urgent
and decisive actions to foster transformative change for climate adaptation,
particularly in Southern Europe and the Mediterranean region.

A shift toward a more sustainable relationship between nature and society, that
promotes the health of humans, ecosystems, and the planet, is essential for
building climate resilience (IPCC, 2022). In this context, nature-based solutions
(NbS), as well as nature restoration and conservation, are identified as key
strategies for driving this transformation in numerous international and European
policies and frameworks, including the Convention for Biological Diversity 2021
(CBD, 2021) and the EU Biodiversity Strategy for 2030 (EC, 2020a) to the EU
Adaptation Strategy (EC, 2021), the EU Green Deal (EC, 2019), the Sustainable Food
System Strategy (EC, 2020b), the Regulation on Land Use, Land-use Change and
Forestry (EC, 2018) and to the last Nature Restoration Law (EC, 2024).

Nature-based solutions (NbS) are defined as solutions inspired and supported by
nature, which are cost-effective, simultaneously providing environmental, social,
and economic benefits and helping build resilience. Such solutions bring more,
and more diverse, nature and natural features and processes into cities,
landscapes, and seascapes, through locally adapted, resource-efficient and
systemic interventions®. NbS utilize ecosystem functions to protect and restore
nature and biodiversity, while building resilience and offering significant social and
economic benefits. NbS act through the provision, maintenance and improvement
of ecosystem services, i.e. the benefits that people obtain from nature (MAES, 2005).
More specifically, NbS contribute to risk reduction by maintaining the physical,
chemical, and biological conditions of landscapes. For instance, wetlands and
floodplains act as natural buffers against floods by absorbing and storing excess
water, reducing the risk of inundation downstream. Forests help mitigate landslide
risks by stabilizing soil through their root systems and regulating water flow to
prevent erosion. Urban green spaces dlleviate the impacts of extreme heat by
providing shade, releasing moisture through evapotranspiration, and reducing the

2 https:/[research-and-innovation.ec.europa.eu/research-area/environment/nature-
based-solutions_en
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urban heat island effect. Beyond risk reduction, NbS offer additional benefits such
as creating recreational spaces, fostering social cohesion, and promoting
educational and physical activities. They can contribute to human well-being also
by improving air quality through pollutant absorption and mitigating climate
change by sequestering carbon. Furthermore, NbS drive sustainable economic
growth by generating employment opportunities, fostering innovation, and
improving resource efficiency, playing a key role in climate adaptation strategies.

At the same time, NbS can be influenced by global environmental changes and
must be “climate-proofed” to maintain their effectiveness and sustainability
(Calliari et al, 2019). This is especially true in degraded and fragmented
environments, where the division of once-continuous natural ecosystems into
smaller, isolated fragments — driven by urban expansion and population growth—
is one of the main pressures on environmental quality. As a result, the design and
spatial distribution of NbS across landscapes are critical to ensuring they deliver
essential ecological functions and services. Viewing NbS as part of a larger,
interconnected network can help address these challenges, as connectivity is
essential for species movement and the maintenance of ecological processes
(Mitchell et al, 2013). In this context, blue-green infrastructures (BGI) play a
particularly vital role. BGI is defined as strategically planned networks of natural
and semi-natural areas, along with other environmental features, designed and
managed to provide a wide range of ecosystem services (EC, 2013). This concept
underscores the value of interconnected, multifunctional ecosystem networks that
integrate natural systems with human well-being, considering the spatial
relationships between ecosystems, the services they provide, and the people who
depend on them (Almenor et al, 2018; Lafortezza et al,, 2013; Liquete et al,, 2015; Maes
et al,, 2015; Wickham et al., 2010).

1.1 NbS in the Italian and Po River Basin District context

The aforementioned challenges significantly shape the Po River Basin District, such
that the Italian National Adaptation Strategy (NAS - MASE, 2015) to climate change
recognizes this area as the national special and pilot case for climate adaptation,
particularly in the water management sector. This designation is also due to the
district's importance at the national level: it is home to one-third of the Italian
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population (about 20 million people), contributes 40% of the national GDP,
generates 55% of hydropower production, and encompasses 3 million hectares of
agricultural land. Additionally, the district includes over 1000 protected sites, with
684 under N2000 framework and 420 under local, regional and national legislation.

To address these challenges, the NAS — and its associated National Adaptation Plan
(NAP - MASE, 2023) - emphasizes nature-based solutions and blue-green
infrastructures among the key actions for climate change adaptation. The NAS
identifies sector-specific NbS approaches across critical areas such as water
resource management, land degradation, hydrogeological instability, agriculture,
fisheries, tourism, transport, and ecosystems ranging from forests to rivers, coasts,
and mountains. In the NAP, NbS are categorized as “non-soft solutions”, i.e.
structural interventions, and are grouped into 4 categories: i) integrated solutions
focused on landscape connectivity improvement (as green infrastructures); ii)
solutions for forest and agroforest ecosystems (as sustainable management,
biodiversity protection reforestation and afforestation); iii) solutions for fluvial,
coastal and marine ecosystems (as river, wetlands and floodplain restoration,
vegetated riparian buffer zones, dunes and coral reefs protection, biodiversity and
habitat conservation); iv) and built-up areas requalification (as urban green areas,
sustainable drainage systems and green buildings). NbS accounts for 13% of the
actions identified in the NAS, with the highest prevalence in the forestry sector.
Among the other actions outlined, the majority (76%) are categorized as soft (non-
structural) solutions, while engineered "grey" structural solutions make up 11%.

National Adaptation Strategy (NAS)

Italy’s National Adaptation Strategy to climate change, adopted in 2015, outlines a
national vision to address climate change and enhance resilience. The NAS identifies
climate risks and vulnerabilities, proposing a set of principles and objectives to guide
adaptation actions. The strategy emphasizes integrating adaptation into policy planning,
fostering collaboration among government levels, and promoting ecosystem-based
approaches (as NbS). Key focus areas include water resource management, agriculture,
biodiversity, infrastructure, and public health. It also highlights the importance of
research, monitoring, and public awareness to ensure informed decision-making.

National Adaptation Plan (NAP)

Italy’s National Adaptation Plan, approved in December 2023, builds on the framework
provided by the NAS to implement concrete actions for climate resilience. The NAP
focuses on translating strategic objectives into practical measures tailored to the




specific vulnerabilities of regions and sectors. Key components of the plan include
integrating climate adaptation into regional and local policies, promoting ecosystem-
based solutions, enhancing infrastructure resilience, and supporting research and
innovation. The NAP emphasizes stakeholder engagement, cross-sector collaboration,
and capacity building to ensure effective and inclusive adaptation efforts. By addressing
priority areas such as agriculture, health, water management, and urban planning, the
NAP aims to enhance the adaptive capacity of socio-economic and natural systems.
Additionally, it seeks to harness potential opportunities arising from new climatic
conditions while minimizing risks and vulnerabilities.

In the Po River Basin District, NbS play a critical role in enhancing water security and
climate resilience while restoring landscape and river connectivity. These
interventions address key challenges such as water availability, flood regulation,
thermal control, biodiversity protection, and the preservation of ecological flows.
Main NbS and blue-green infrastructure elements in the Po River Basin District
contributing to addressing these challenges include wetland restoration and
floodplain reconnection, riparian buffer zones and riverbank stabilisation,
sustainable forest management and reforestation, protected areas and water
retention ponds.

From this perspective, the Climax Po project aims to support and inform large-
scale landscape management to enhance environmental quality, reinforce
ecological networks, and improve the provision of existing ecosystem services. This
can be achieved through the implementation, conservation and reconnection of
blue-green infrastructures in the district. Combined with the identification and
assessment of priority ecosystem services tailored to the ecosystems and sectors
within the area. This approach ensures a targeted, sustainable strategy for
maximizing ecological and socio-economic benefits.

1.2 Aim and structure of the report

To achieve the final goal of mapping and assessing the connectivity and
effectiveness of the blue-green infrastructure network, a crucial first step is
identifying and collecting information related to NbS case studies and network
elements. Equally important is the identification of priority ecosystem services,
associated benefits, and assessment methodologies to effectively integrate the
network into the socio-economic context.
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This report presents the outcomes of a comprehensive screening of data,
information and examples to map and assess nature-based solutions and blue-
green infrastructure designed to mitigate climate extremes in the low-lying areas
of the Po River Basin District and, more generally, in the plain area of northern Italy
— such as forested infiltration areas, floodplains, wetlands, water retention ponds,
and vegetated buffer strips. The inventory also includes information on the related
ecosystem services, co-benefits potentially provided by NbS and BGI, and available
methods for assessing NbS effectiveness and quantifying the co-benefits beyond
risk reduction, on an economic, ecological, biophysical, or social basis. By providing
detailed insights into the current state of BGI, the inventory serves as a foundational
tool for planning, analysis, and decision-making aimed at enhancing sustainability,
resilience, and ecological connectivity across the district.

In the following sections, the report presents the data collection strategy adopted
and a description of the inventory structure, sources used, and main information
collected. Information description is accompanied by classification and ranking for
their use in the next phases and analyses within the Climax Po project. Finally, a
conclusion section discussing the key findings, potential challenges and
opportunities and future developments of this work. The inventory database is
provided as an attachment to this report, and it is meant to be updated for the
project if needed.

2. Data collection strategy

The development of the inventory is based on a desk review complemented by
expert surveys and consultations. These efforts aimed to collect information about
existing datasets, NbS case studies and projects implemented in the areas and
assessment methods for NbS and ecosystem services.

The desk review explored datasets at local, regional, district, national and European
levels useful to identify and map the existing blue-green infrastructure elements
and potential areas for NbS interventions at different scales (district, regional,
local). Across scales, the inventory spans multiple ecosystem types (agriculture,
river, lake, urban/peri-urban); climate risks (water scarcity, flood, heatwaves); and



co-benefits and ecosystem services produced (environmental/ecological, social,
economic).

Similarly, NbS case studies and projects designed, planned and implemented in the
Po River Basin District have been collected. This process has been supported by
experts’ knowledge obtained through online consultations and bilateral interviews.
Engagement included project partners and institutions active in landscape and
water resources management in the district, such as Regione Lombardia, Regione
Piemonte, Politecnico di Torino, ERSAF (Ente Regionale per i Servizi all'Agricoltura e
alle Foreste), ANBI (Associazione Nazionale Consorzi di gestione e tutela del
territorio e acque irrigue), and ADBPO (Autorita di bacino distrettuale del fiume Po).
The expert consultation was conducted to both validate and integrate the
information collected.

Following the same approach, the inventory has been populated with information
about available methods to assess ecosystem services delivered by NbS and BGI
Infrastructures. The inventory refers to all ecosystem services categories (i.e.
regulatory, provisioning and cultural) and include different types of assessment -
economic, environmental/ecological, climate/physical, social - both qualitative
and quantitative. Considering also existing assessment methods from the
literature, the inventory focuses primarily on those applicable to and used within
the Po River Basin District.

As this study serves as a preparatory step for future analyses of the NbS and BGI
network, its scope was intentionally limited to the low-lying areas, following
previous studies that form the basis of the assessment (Staccione et al,, 2022). The
plain areas ensure a significant territorial coverage and provide a good
representation of the main characteristics and challenges of the territory. This area
is a major agricultural and industrial hub, densely populated and subject to
extensive environmental transformations that have led to significant negative
impacts, while also hosting numerous protected areas and ecologically valuable
sites.

However, for the data collection, the study extended its focus beyond the low-lying
regions of Po River Basin District to encompass the entire Padan plain, including
lowland of Veneto and Friuli-Venezia Giulia. This broader scope allows for mapping
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the NbS and BGI network with consideration of its ecological and landscape
connectivity, that goes beyond administrative and management boundaries.
Having an extended set of data and case studies will contribute to a more
comprehensive and complete map of the network, that better inform the following
analysis, scenarios development and assessment within the Po River Basin District.

3. The inventory of data, case studies, projects and
assessment methods for NbS, BGl and ecosystem
services in the low-lying Padan Po River Basin
District

The inventory is a comprehensive collection of data and information describing the
low-lying areas of Po River Basin District and, more generally, the plain area of
northern Italy - Padan plain. It focuses on NbS and blue-green infrastructure
elements, associated ecosystem services and benefits, and assessment methods
for evaluating NbS effectiveness and co-benefits. This resource aims to support the
mapping and evaluation of existing BGI in the region while providing guidance for
developing potential improvement scenarios for the network.

The inventory is available here.

3.1Inventory structure

The inventory is built as a database, with different sections for the different
categories of information: datasets, case studies, projects, and assessment
methods.

Datasets: a set of published open-access data from regional, national and
European institutions. Selected datasets include information that can be
used to map, characterize and assess the BGI infrastructure in the study
area. Information of interest includes, for example, land use and land cover
data, river network hydrology and morphology, ecosystem services, soil and
water information, habitat and biodiversity data, climate and risk related
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data. Information is usually reported in downloadable formats
(.shp, .gpkg, tif, .csv).

Projects: European and national projects implemented within the study
area. Projects of interest focus on large-scale NbS and BGI interventions,
nature restoration and ecological connectivity. Additionally, projects about
sustainable management of natural resources and studies assessing NbS
effectiveness are also included.

Case studies: examples of planned, designed, and implemented NbS for
disaster and climate-related risk reduction at local scale. This generally
includes single and localised interventions. Case studies also include
representative pilot cases from the above-mentioned projects.

Assessment methods: methodologies, tools, framework and guidelines to
assess the ecosystem services, benefits and co-benefits provided by NbS
interventions. The assessment can be both qualitative and quantitative and
focus on economic, social and environmental values. In addition to
assessment methodologies, the scope includes governance mechanisms
and networks that aim to foster integrated management, enhance
implementation and investment, and promote the acceptance and

evidence-based understanding of NbS and BGI.

Each entry is associated with an ID code (e.g. D_O01 for datasets, CS_01 for case
studies, P_01 for projects, AM_01 for assessment methods), the name, the source
and a short description of the information included. Additionally, for each category,
a set of variables has been defined to describe the data collected. There are both
common variables between the categories that allow a comparison and
connection of information, and specific variables that provide more detailed
information according to the category of information.

Common variables include:

Region: regional coverage of data and projects, region of implementation of case
studies — as Piemonte, Lombardia, Veneto, Friuli-Venezia Giulia, Emilia-Romagna.

Landscape: type of landscape covered by data, projects and case studies — such
as agriculture, river, lake, urban/peri-urban, forest, wetland, grassland, coastall.
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Scale of interest: larger scale coverage of data, projects and case studies of
interests for the scope of the future analysis — such as Padan District, provincial,
regional, local.

Thematic information: broader categorization of dataset focus - such as
protected areas/conservation, land cover, ecosystem services, river network, soil,
water, habitat.

Type of information: type of information provided by data - such as
ecological/biodiversity, environmental/biophysical indicators, hydrology, river
network, morphology, land use/cover, social, monetary, quality status.

NbS: nature-based interventions that are planned, designed, implemented, or
assessed within the context of the case studies, projects, or through specific
methods — such as floodplain, wetland, water retention ponds, vegetated buffer,
forested infiltrated areas, reforestation, afforestation, park, river naturalization, re-
meandering, agroforestry, land conversion, phytodepuration, forest management,
river bank vegetation.

NbsS type: type of action associated with the specific NbS and BGI (Eggermont et
al, 2015) - as conservation, restoration, creation.

Hazard: considering NbS and BGI as strategies for mate change adaptation and
disaster risk reduction, the inventory focusses primarily on climate-related hazards
addressed by NbS and BGI - including extreme weather and slow-onset events
such as flood, water scarcity, heatwaves, wildfire.

Ecosystem Services: categories of ecosystem services provided by NbS and BGI
(Haines-Young and Potschin, 2017) - as regulating, provisioning, cultural.

Co-benefits: specific benefits and ecosystem services provided by NbS and BGI in
addressing climate and environmental challenges — such as biodiversity, habitat
quality, flood regulation, water availability, water quality, air quality, carbon
sequestration, aesthetic, recreation, education, health/well—being, noise
attenuation, pollination, pest control, food production, timber production, energy
production, energy savings, job creation, tourism, sustainable development and
economy, property value, social cohesion and justice.

Assessment: type of assessment available for NoS and BGI case study or project,
or type of assessment - such as biophysical, ecological, social, economic or none.
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Region o

Landscape

Scale

Thematic Info

Typeinfo
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Typeof NbS
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Ecosystem

Services °

Co-benefits o

Assessment o
Fig. 1 — Inventory structure and main common variable included.

Specific variables for each category include additional details on the datasets,

case studies, projects, or assessment methods application.

Datasets: Include the original scale of data, the date/time span of
information, the format and resolution of data, and the availability of direct
and free downloads.

Case Studies: Report information about location and coordinates, the size of
the interventions, and the date of implementation.

Projects: Include the location or area covered and the date/time span of the
project.

Assessment Methods: Include information about the type of approach
(tool/software, theoretical methodology or framework, guidance, network,
project, governance) and whether methods provide an ex-ante and/or ex-
post assessment of NbS. Information associated with region, scale, NbS, and
co-benefits (when reported) refers to existing applications of that method in
the Padan Plain area.

All entries are provided with a link to the related online and published information.

The inventory is accompanied by a dashboard page summarizing the key

information collected.
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3.2 Main data sources

Main sources of data vary according to the category of information, while mainly
including published catalogues, expert knowledge (interviews), and literature.

For the datasets, European and national open-access catalogues of spatial data
were the key sources. Among the EU open-access catalogues, Copernicus Land
Monitoring Service®, EEA% and JRC® databases were predominantly consulted.
Catalogues at national, regional and district levels include regional
geodatabases?, ARPAs (Regional Environmental Protection Agencies) databases’,
ADBPO (Po River Basin District Authority) database®, ISPRA (Italian Institute for
Environmental Protection and Research) databases?, ANBI (National Association of
Water Boards for the management and protection of territory and irrigation water)
' and Water Boards databases.

Examples of NbS case study catalogues consulted are Oppla" and
NetworkNature™. NbS case studies and projects were also collected from screening
Regions, ADBPO and Climax Po sister projects websites, as a snowball approach.

Interviews complemented the collected information. These were mainly directed
to institutions partner in the Climax Po project to check datasets collected and to
get information about case studies and projects they are involved in, as well as

3 https://land.copernicus.eu/en/dataset-catalog

4 https://www.eea.europa.eu/data-and-maps/daviz/sds/all-eea-datasets-1/ @ @view

5 https://data.jrc.ec.europa.eu/

§ https://geoportale.igr.piemonte.it/cms/; https://www.geoportale.regione.lombardia.it/;
https://geoportale.regione.emilia-romagna.it/; https://idt2.regione.veneto.it/;

https:/ /www.dati.friuliveneziagiulia.it/

7 https:/ [www.arpa.piemonte.it/; https://www.arpalombardia.it/; https:/ /www.arpae.it/it;
https://www.arpa.veneto.it/; https://www.arpa.fvg.it/

8 https://webgis.adbpo.it/

° https://www.isprambiente.gov.it/it/banche-dati

0 https:/ /www.anbilombardia.it/; https://www.anbi.it/; https://www.anbiveneto.it/;
https://www.anbiemiliaromagna.it/;

" https://oppla.eu/case-study-finder

2 https:/ [networknature.eu/NbS-knowledge-database
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best practices, assessment methods and experiences they have applied in the
context of NbS for climate change adaptation.

Together with interviews, desk research of published literature, both scientific
peer-reviewed literature and ‘grey’ literature, as reports by public institutions and
resulting from other EU funded projects about NbS (ie. Invest4Nature®
NATURANCE"). These refer particularly to case studies and assessment

approaches.

3.4 Inventory statistics and information description

3.4.1 Overall information description

The inventory collected more than 300 datasets (330), 18 case studies of interest,
22 projects implemented in the study areq, and 32 possible assessment methods.

Data cover the entire study area heterogeneously across regions and landscape
types. Datasets have good representation across both regions and landscapes,
while case studies and projects are more focused on riverine, agricultural, urban,
and forest landscapes in the Piemonte, Lombardia, and Emilia-Romagna regions.

LANDSCAPE
Agriculture |
River I
Lake I
Urban/peri-urban | e
Forest | ]
Weetland |
Grassland I
Coastal G
0 50 100 150 200 250

WmDATASET  mCASE STUDY PROJECT mASSESSMENT METHODS

Fig.2 - Data included in the inventory for each landscape type in the case study area.

1 https://invest4nature.eu/

14 https:/ /[www.naturanceproject.eu/
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Fig.3 - Data included in the inventory for each administrative region in the case study area.

Most of the datasets (75%) are available at regional scale (Fig. 4). Data covering

the entire study area (Padan District — 14%) come from European, national and Po

River Basin District datasets. Projects are mainly at the regional and Po River Basin

scales, while case studies also cover smaller scales, such as the local and

provincial scale.

SCALE of INTEREST
Local I

Regional |
Padan_District - |

Provincial [}

0 50 100 150 200 250

mDATASET  mCASE STUDY PROJECT mASSESSMENT METHODS

Fig.4 - Scale of interests of the data included in the inventory.

3.4.2 Datasets

300

The collected datasets mainly focus on land cover (31%), river network (26%),

habitat (18%), and protected areas (13%) themes, providing information in terms of

ecological/biodiversity and environmental/biophysical indicators, land use, and
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river network distribution (Fig. 5). Additionally, datasets related to soil, water, and
ecosystem services have good but lower representation. These datasets primarily
provide information in terms of environmental/biophysical indicators and quality
status.

THEMATIC_INFO

Ecosystem_Services I BN
Land_Cover |
Land_Use NN
Protected_Areas |
River_Network |
Soil  nE——
Water I
Habitat | S .

0 20 40 60 80 100 120

mDATASET  mCASE_STUDY PROJECT mASSESSMENT_METHODS

Fig.5 - Data included in the inventory per thematic information.
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Fig.6 - Data included in the inventory per type of information.

The results on dataset themes and types of information cover the main
characteristics needed to map a BGI across the territory of interest. Key information
to map the green infrastructure network in the study area includes land cover/use
and the presence of protected areas or ecologically relevant sites (Fig. 6).
Specifically, the inventory collected data on the distribution and management of
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protected areas under European and national legislation, regional and national
parks and reserves, as well as areas under land use restrictions (e.g., forests).

Other important elements include priority areas for biodiversity, high ecological
value areas in agricultural land, and regional ecological networks. Additionally, high
priority areas for restoration and interventions have been included.

The map (FIG.7) provides an example of the data included in the datasets that can
be used to map and identify the existing elements of the green infrastructure
network.

DATASET

Ecological/Protected Areas
Ambiti_rigenerazione_lombardia
API_lombardia

Il N2000

Il CDDA

Il PA_WDPA

I Parchi_fvg

B Parchi_naturali_lombardia

I Parchi_pa_piemonte

I Parchi_riservenat_fvg

I PdgPo_parchi_pa

I PLIS lombardia

I Parchi_riserve_foreste_veneto

I Boschi protetti_ER

I Riserve istituite_veneto

I Vincolo forestale_veneto
Importand_bird_area_fvg
Aree_prioritarie_biodiversita_lombardia
Aree_rilev_interesse_ambientale_fvg
Habitat_interesse_comunitario_fvg
Biotopi_fvg

I RE_aree_valenza_ecologica_piemonte

I RER_lombardia_Corridoi_alta_antropiz

I RER_lombardia_Corridoi_bassa_media_antropiz

I RER_lombardia_Elementi_I_livello

I RER_lombardia_II livello

I High_Vaule_Agri_Land

Fig. 7 - Examples of green infrastructure network elements in the Padan District included

in the inventory.

To integrate blue and green infrastructure networks, river networks and surface
water bodies are crucial. The datasets included span from the main river network
to the irrigation channels managed by water boards, providing a comprehensive
picture of the study area. However, the project mainly focuses on the primary river
network under the Water Framework Directive as recognized by ADBPO.

River networks also provide information about hydrology and morphology
conditions, such as data on existing barriers to the free flow of rivers, riverbanks,
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and floodplains. Therefore, elements at the water-land interface also play a key
role. In this context, vegetated riparian zones, wetlands, and river mobility buffer
data have been included. The map (FIG. 8) represents an example of the elements
included in the inventory.

DATASET

RiverNetwork

—— Protected Area River_WFD
Surface Water Body River WFD
Surface Water Body WFD
Fascia_fliviale_buffer
Zone_umide_PdgPo

Il Buffer zones_piemonte

I Buffer_zones_fvg

Il FasceMobilitd_Progetto_Adbpo

B FaceMobilita_TutelaMorfo_Adbpo

Il Vegetated_riparian_zones

Fig. 8 - Examples of blue-green infrastructure network elements in the Padan District
included in the inventory.

Other data related to ecosystem services, water, and soil are mainly included in the
inventory for their potential use in future BGI network assessments. Data on
ecosystem services primarily include information about the potential use and
services provided by the study areas, mostly derived from European datasets and
studies, with limited availability of information at national or regional levels. Main
examples include the EU Ecosystem Assessment maps developed by the JRC
MAES™ and LUISA® initiatives. These services encompass regulating services (e.g.
flood control, carbon sequestration, soil erosion control, water quality and
retention), provisioning services (e.g. timber production, crop provision, freshwater,
habitat quality, habitat and species maintenance) and cultural services (e.g.
recreation opportunity and potential), providing both environmental, social and
monetary indicators.

5 https://data.jrc.ec.europa.eu/collection/MAES

8 https://joint-research-centre.ec.europa.eu/luisa_en
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Other regional data on water and soil refer to the potential use of soil and water,
water retention capacity, soil and water quality, ecological status of water, and
water protection areas.

The inventory also includes climate-related risk information, particularly related to
floods, water scarcity, and wildfires. These datasets include maps of areas
subjected to different levels of flood or wildfire hazards, areas at risk with high
priority for intervention, and records of historical disaster events. This type of
information can be useful for evaluating the potential risk reduction capacity of the
BGI network and characterizing its elements in the context of climate change
adaptation and disaster risk reduction strategies.

3.4.2. Case studies and projects

Case studies and projects include NbS interventions at local or larger scales to
address the main challenges and risks in the study area. Most case studies focus
on river restoration and water management, reducing flood risk and water scarcity.
Oasi Lycaena, in Salzano (VE) is representative of a multi-purpose intervention,
combining habitat restoration and phyto-bio purification in a former quarry’s area.
NbS interventions (Fig. 9), particularly for flood risk, include river naturalization (29%)
and remeandering (10%), reforestation (10%), afforestation (10%) and vegetated
buffer zones (52%) along rivers, restoration of floodplains (38%), creation of green
spaces and parks (10%), establishment of protected areas (10%). Together with this
phytodepuration interventions (29%) are often included. Water scarcity measures
include forested infiltration areas (5%) to manage groundwater recharge and
water retention ponds (5%) to collect and store water for irrigation.

Flood regulation (67%) and water quality (43%) are among the main co-benefits
granted by successful case studies on the Padan Plain. Additionally, these NbS
provide benefits in terms of biodiversity (48%), habitat quality (24%), aesthetics
(43%), recreational opportunities (29%), regulating services such as carbon
sequestration (29%), and air quality (29%) (see Fig. 10). However, only a few case
studies provide quantitative assessments, mostly in economic (19%) or biophysical
(14%) terms.
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Fig. 9 - NbS and BGl interventions identified in case studies and projects.
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Fig.10 - Co-benefits associated to NbS and BGI case studies, projects and assessment

methods.
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Fig.ll - Hazards mainly addressed by NbS and BGl interventions identified in case studies
and projects.

Large-scale projects are generally managed by regional agencies, often in
collaboration with or co-funded by larger European Union projects. They facilitate
the application of innovative approaches to renaturalization, conservation, and
territorial and river management. Some projects, carried out by Climax Po project
partners, have a basin-wide scope and a deep transformative effect (e.g.,, PNRR PO
- Rinaturalizzazione dell'Area del Po, Rete delle Riserve MAB UNESCO lungo il Po).
Relevant projects also address river and landscape connectivity (e.g., AMBER, LIFE
NatConnect2030), protected areas and habitat quality (e.g., Making Good Natura,
LIFE Gestire). Others, like the ARCADIA project, serve a wider organizational,
promotional, and experimental scope for NbS. More local projects, such as
ReLambro and Estensione Parco Lambro, focus on improving the ecological and
environmental conditions of the areas to contribute to risk reduction and
sustainable development, enhancing the integration of nature with people,
agriculture, and cities. Projects mainly address issues of flood risk and
environmental degradation.

In terms of NbS interventions, projects include floodplain restoration (37%) and river
renaturalization (47%), reforestation (32%), creation of vegetated buffer zones
(37%) and river bank vegetation (21%), blue-green corridors (11%) and protected
areas (16%) (see Fig. 9) , providing a wide range of co-benefits, from biodiversity
(53%) and habitat quality (32%) to water quality (16%), thermal regulation (11%),
carbon sequestration (11%) to landscape aesthetic (16%) and sustainable
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development (11%) (see Fig. 10). Even for projects, the availability of quantitative
assessments is limited.

CaseStudy/Project
% CaseStudy
pda — ZONA DI SALVAGUARDIA
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* pda — RISERVE NATURALI SPECIALT
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i‘ * Sottobacina_lambro
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* CASE STUDY AREA
* * piemonte
* * lombardia
emilia
* veneto
* ** friuli

Mask_pianura

Fig. 12 - Examples of NbS case studies and projects in the Padan District included in the

inventory.

3.4.3 Assessment methods

The inventory lists a variety of assessment methods and tools to support NbS
management, evaluation, and knowledge sharing. These include software and
tools, methodologies, and guidance, as well as governance instruments, networks,
and projects. While some approaches are broad and academic, others are
specifically tailored to evaluate NbS impacts.

More specifically, tools (20%) include generally user-friendly interfaces and
systems, such as INVEST", LUISA®®, i-Tree'®, and ARIES?, that allow for a quantitative
assessment of ecosystem services provided by ecosystem and nature-based
interventions. These tools leverage models to evaluate the economic, biophysical,
social, and ecological values of such interventions.

7 https:/ /naturalcapitalproject.stanford.edu/software/invest
'8 https://joint-research-centre.ec.europa.eu/luisa_en
9 https://www.itreetools.org/

20 https://aries.integratedmodelling.org/
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The methodologies (50%) comprise theoretical approaches derived from scientific
literature and project developments. They assess NbS co-benefits and services
using both quantitative and qualitative techniques. Examples include economic
assessment methods (e.g., revealed preference methods, cost-benefit analysis,
stated preference methods, value transfer), participatory processes, and multi-
criteria decision analysis.

Guidance (30%) consists of guidelines, standards, regulations, and plans often
promoted by public authorities or international organizations. These resources
support the design, implementation, and monitoring of NbS, as well as nature
protection and restoration interventions. Frequently, guidance is integrated with
the establishment of networks and partnerships (18%), governance frameworks
(%), and projects (7%) that foster NbS management and facilitate knowledge
sharing (Fig. 13)

TYPE_APPROACH - assessment methods

Tool
Methodology
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Network

Project

Governance
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Fig.13 - Assessment methods included in the inventory per type of approach.

The methods reported in the inventory provide assessments in terms of economic
(60%), ecological (40%), biophysical (30%), and social (20%) values (Fig. 14). Most
of them allow for both ex-ante and ex-post intervention assessments; however,
their capacity to include future and long-term scenarios is limited.
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Fig.14 - Type of NbS and co-benefits assessment associated to case studies, projects and
methods.

When methods are described by region, this refers to their existing application in
those areas. However, most methods, especially tools and methodologies, can be
applied and replicated in different contexts and landscapes. Ecosystem services,
co-benefits, and hazard information refer to their potential application to assess
the effects of NbS, but this might need to be tailored to the specific area, NbS, and
data availability. The most commonly included co-benefits are flood regulation
(43%), biodiversity and habitat quality (36%), water quality (36%), and water
availability (32%).

3.5 Information and data ranking

Each dataset has been classified and ranked according to its potential use in the
next phase of the BGI network analysis. Three main classes have been defined:

e Direct Use: potential direct use in BGI network analysis.

 Indirect/Secondary Use: potential indirect or secondary use in the analysis.

e Other Information: other information of potential interest for BGI and the
study area.

The classification and ranking of information are based on an expert-based
approach carried out by project partners.
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Table 1 - Description and pictures of info ranking

A Potential Al Data useful to map the existing BGI network elements
direct usein

BGI network | A2 | Data useful to develop BGI expansion scenarios, i.e.
analysis. potential areas to be restored or added to the
network

A3 Data useful to assess BGI value, effectiveness,
ecosystem services and co-benefits provided

A3b | Data useful to assess BGI value, but limited in terms
of spatial scale (e.g. only one region) and time scale

B Indirect/secondary use in the analysis - i.e. information useful for more in-
depth analysis focused on confined themes, geography or scopes. They can
also represent proxy information in case of lacking A-type data.

C Other information of potential interest for BGI and study area.

Datasets are mostly classified as A and B for their relevant use in the planned
analysis. Specifically, around 20% of datasets are ranked as Al, 4% as A2, 13% as A3,
10% as A3b, 39% as B, and 11% as C. Case studies are all classified as Al, while projects
are classified as B. This classification is because case studies will be included as
elements of the network, while projects will mostly provide information about the
context and development of BGIl. However, if projects include relevant pilot cases,
these can also be considered in the BGI network.

Assessment methods are ranked as A for tools, B for methodologies and guidance,
and C for governance, networks, and projects. This ranking is linked to their
potential effective use in the following analysis. Tools can be more easily applied
for an assessment, methodologies and guidance can inform and support how to
perform the assessment, while governance, networks, and projects can provide
information on context, policies, and strategies that can accompany the

assessment.
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Fig.15 - Rank of data included in the inventory.

4.Discussion and Conclusions

The inventory collects a large amount of information about NbS and BGI elements
in the low-lying areas of Po River Basin District and, more generally, the plain area
of northern Italy - Padan plain, both in terms of data, case studies and projects.
While the data and information have good coverage throughout the study areaq,
they are often heterogeneous in terms of type, distribution, and spatial and
temporal scale. In other words, the same type of data is not always available across
the entire territory. This has a two-fold implication. On one hand, harmonizing this
information is a challenge for the next phase of analysis. On the other hand, it allows
for differentiated and in-depth analysis in specific zones of interest.

An additional limitation, particularly regarding case studies and projects, is the
limited availability of data and information on the quantitative assessment and
monitoring of interventions’ performance and benefits. More specifically, the
inventory shows a lack and limited availability of specific data on ecosystem
services and co-benefits generated by ecosystems and NbsS interventions. In terms
of methodologies to assess the benefits associated with NbS and BGI, the inventory
includes a good number of examples. However, these methodologies do not
always focus on or apply to the study area. Many tools and methodologies have
broader applications in the literature that can be adapted to this project's area of
interest.
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Both datasets, case studies, projects and assessment methods have shown little
consideration of future climate change scenarios. Future conditions are not always
considered when assessing NbS and BGI performance and benefits. However, this
is a key aspect of Climax Po project and can be explored in the next phase of the
analysis, with the support of climate data identified in WP3, Deliverable D3.2 “Data
collection and review of their usability and usefulness for the project”, a stocktaking
survey of climate-related data that will aid in developing a Risk Data Platform and
a composite Climate Risk Index for the Po River Basin District.

The inventory is designed to inform and support the next phase of analysis in WP6
of the Climax Po project. As such, it represents a crucial element of this activity, with
the information collected specifically tailored for this purpose. However, the
catalogue also serves as a first attempt to integrate various relevant pieces of
information about NbS and BGI interventions in the Po River Basin District—a highly
fragmented environment both environmentally and administratively—into a single
repository.

Different entries are described by common features and variables in the catalogue
to make them comparable in descriptive terms for mapping and potentially
assessing NbS and BGI in the area of interest. The inventory is intended to be
updated throughout the project's duration as soon as relevant new information
becomes available. Main information of interests to complete the catalogues refers
to ecosystem services and co-benefits quantification, case studies and monitoring
of their effectiveness and data to support the networks assessments from an
ecological, social and economic perspective.

The next activities supported by the inventory include the mapping, analysis, and
assessment of the NbS and BGI network in the Po River Basin District. Specifically,
key areas, NbS/BGI interventions, and ecosystem services relevant to the case
study area will be selected from the inventory and assessed as pilot cases using
one or more identified assessment methods. Subsequently, relevant datasets, case
studies, and projects will be used to map the existing BGI network in the Po River
Basin District. This existing network will be analysed to define scenarios for network
improvement, aiming to strengthen BGI connectivity and coverage throughout the
study area of Climax Po project.
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The analysis will consider all potential areas where green infrastructures could be
implemented, based on the elements and criteria collected during the stocktaking
and assessment phase, as components of the green network. Criteria may include
distances, connectivity, land use/land cover, ecologically relevant green areas, and
areas that can be converted to green spaces. Finally, using the pilot cases, the
assessment will be scaled up to the network level to evaluate the contribution of
the BGI system to climate change adaptation and disaster risk reduction,
investigating the ecosystem services and co-benefits generated by NbS and BGI.
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