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Abstract: Many regions worldwide are exposed to multiple omnipresent hazards occurring
in complex interactions. However, multi-hazard assessments are not yet fully integrated
into current planning tools, particularly when referring to transboundary areas. This
work aims to enable spatial planners to include multi-hazard assessments in their climate
change adaptation measures using available data. We focus on a set of hazards (e.g.,
extreme heat, drought, landslide) and propose a four-step methodology to (i) harmonise
existing data from different databases and scales for multi-hazard assessment and mapping
and (ii) to read identified multi-hazard bundles in homogeneous territorial areas. The
methodology, whose outputs are replicable in other EU contexts, is applied to the illustrative
case of Northeast Italy. The results show a significant difference between hazards with a
‘dichotomous’ spatial behaviour (shocks) and those with a more complex and nuanced one
(stresses). The harmonised maps for the single hazards represent a new piece of knowledge
for our territory since, to date, there are no comparable maps with this level of definition to
understand hazards’ spatial distribution and interactions between transboundary areas.
This study does present some limitations, including putting together data with a remarkable
difference in definition for some hazards.

Keywords: multi-hazard adaptation; climate-related hazards; transboundary mapping;
spatial planning; existing datasets; homogeneous territorial areas

1. Introduction
Christopher Alexander [1] argued that the method we adopt to read reality is not

the method by which reality happens. Applying this thesis to the semantic field of haz-
ards, we can say that although science tends to study hazards—their drivers and their
effects—one by one, in reality, territories suffer them as a whole. The need to take a holistic
approach in multi-hazard assessments is widely discussed in the literature because of
the complex interactions and interdependencies among hazards reflected in compound
and nonlinear effects [2–4]. Indeed, hazards can occur over time in a simultaneous, cas-
cading or cumulative way, as reported in the definition provided by the United Nations
Office for Disaster Risk Reduction (UNDRR) [5]. Although, worldwide, many regions
are affected by complex hazard landscapes characterised by their omnipresence, hazards
are typically studied in isolation [6]. That assumes greater significance when considering
the transboundary issue, where administratively different territories are exposed to the
same hazards in the immediate future and may, therefore, also share after-effects [7]. Thus,
considering hazards as a ‘holistic complex’ can promote knowledge advancement and
improve climate adaptation and resilience building [8,9]. In this work, we draw on the
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definition proposed by the UN-Habitat programme that (urban) resilience is ‘the ability of
any urban system and its inhabitants to maintain continuity through shocks and stresses
while adapting and transforming toward sustainability’ [7] (p. 2), with particular attention
to the City Resilience Planning (CityRAP) Tool process. Urban resilience has become a
central concept in promoting sustainable development, especially in contexts jointly af-
fected by increasing urbanization and climate change effects [10]. In this sense, a better
understanding of the interactions between multiple hazards can promote the sustainable
management of society [11].

The Mediterranean region is one of the ‘hot spots’ of climate change, with warming
exceeding the global average increase by 20%, and a reduction in rainfall. In Italy, the
statistics indicate that the average temperature is increasing, and that there is a general
increase in the intensity of rainfall events [12], while a large part of the country shows low
disaster resilience and the effects of a changing climate might be devastating for people
and infrastructure; in this regard, adaptation to climate change and local resilience building
are desirable [12].

Spatial planning is crucial for promoting adaptation approaches from regional to local
scale. However, at present, only a limited number of spatial plans and adaptation measures
account for current knowledge [13]. Enhancing the resilience of cities and territories implies
strengthening urban and territorial systems against adverse events and building flexible
and elastic structures to make them less vulnerable while supporting their capacity for
positive transformation [14]. Adaptation to climate change requires greater synergies
between planning instruments and cross-sectoral cooperation [15]. Integrating climate
adaptation issues and knowledge into planning processes appears necessary, enabling the
inclusion of effective and multi-purpose resilience tools in existing instruments and plans.
Indeed, assessing and mapping flooding, drought, hydrogeological risk, and soil erosion
allow for effective management of these issues. Building resilient territories requires truly
integrated planning strategies that involve and broaden the expertise in decision-making
processes, promote horizontal and vertical synergies, from regional strategies to local
planning instruments, and enable spatial governance bodies to address climate challenges
in a cohesive and synergetic manner. In the attempt to build resilient territories, the role of
the information base and the ability to consider collectively the complexity of hazards in
the assessment to support spatial planning is part of the function [6].

However, even though the relevance of multi-hazard analyses for climate change
adaptation has been largely recognised in the last decades, it represents an aspect that is
still mostly confined to scientific debate. Conversely, current planning practices are often
based on consolidated methods and procedures for single hazard analyses [16,17]. Moving
towards multi-hazards assessment requires a radical change in perspective: multi-hazards
assessment should be ‘spatial-centred’, starting from the selection of a geographical area
to identify, firstly, the multiple hazards it is prone to, as well as to chained or coupled
ones [17,18].

Galderisi and Limongi [17] identified a set of gaps preventing the inclusion of multi-
hazards assessment in the planning practice. Among the shortcomings deriving from
hazard-assessment-related knowledge, they list:

• Fragmented knowledge bases developed by different authorities in charge of individ-
ual hazards;

• Data and information provided at different geographical scales and not always up-
to-date;

• Frequent lack of adequate platforms to collect, synthesise, and share existing data and
information;
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• The need for aggregate indexes to select the areas characterised by the highest multi-
hazard levels, and disaggregate and detailed information at different scales to define
adequate climate change adaptation strategies.

An aspect underpinning all these shortcomings is the issue represented by transbound-
ary areas. Thus, administrative boundaries are rarely coincident with natural ecological
boundaries, such as ecosystems and hazards’ impacts or drivers [19–22]. While it seems
unavoidable to consider the specific conditions of local social-ecological systems [23], those
landscapes fragmented by borders are reflected in equally fragmented and weak gover-
nance landscapes, in which sovereignty, responsibility, ownership, and jurisdiction barriers
emerge [19,24]. Indeed, when dealing with transboundary hazards, governance cannot
operate in separate silos [25], even though, to date, strategic adaptation responses remain
confined to sectors and local boundaries [26].

On top of ecological and governance aspects, the availability of reliable, spatially
explicit and comparable data and their scale or aggregation also represent a topic when
discussing regional planning and transboundary systems [25,27]. Thus, the analysis of
hazards derived from different sources (regional or province-level databases) often requires
using distinct methodologies and spatial scale resolution. The consequence of such inherent
differences is that even the metrics commonly adopted to measure the hazard are very
different and hardly directly comparable [28]. It is true that national models that allow
for the estimation and representation of hazards already exist [29]. However, the scale
of analysis for local transboundary assessments, tailored to the needs of the regional and
provinces for acting, may be quite smaller than that used in the bigger scale models [28].
Results of national hazards assessment transferred to smaller regional/local spatial scales
may therefore be of lower interest and less useful for planners and decision-makers. Despite
some progress made by recent studies [30–36], multi-hazard assessment in transboundary
areas at the local scale is urgently required.

A concluding remark when identifying shortcomings in the effective inclusion of
multi-hazard assessment for climate change adaptation planning and resilience building
is the lack of proper information in a relevant and manageable format for planning and
decision-making at the local scale. That spans from the final outputs that are too complex
to be included in a planning process to information adopting a non-user-friendly lexicon,
such as ecology terms or hydraulic wording for guiding spatial planners [37].

This work aims to enable spatial planners to include multi-hazard assessment into
their climate change adaptation measures, by providing them with both synthetic and
disaggregated information obtained from existing data deriving from different single-
hazards datasets and different regional datasets. Through this, we aim to support multi-
purpose responses for regional and local planning to increase the resilience of territories to
the multiple challenges they face. In this paper, we focus on developing (i) a harmonised
methodology for multi-hazards assessment and mapping, and (ii) a shared methodology
for identified multi-hazards bundles in homogeneous territorial areas (see Section 3.4),
to translate the outputs in a format which can be relevant and ready-to-use for decision-
makers, which allows identifying multi-needs deriving from multi-hazards in an area (to
design multi-purpose solutions) and similar systems which can learn one from the other.

More in detail, this work does not address gaps not filled by other studies. On the
contrary, our approach aims to treat them differently from the responses previously found
by others and that, from our perspective, are time-consuming or not addressed due to the
often-limited administrative expertise. That is the case, for instance, with modelling that is
too complex to be easily replicated and updated.

Our work is structured following the red thread of two research questions:
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RQ1: How can we combine existing data from different single-hazard datasets and re-
gional datasets to obtain single-hazard maps with homogenous data for different territories,
and a synthetic multi-hazard overall picture?

RQ2: How can we transform the above-mentioned results into relevant information
for spatial planners, to be included in climate change adaptation planning?

In this research, we focus on a set of hazards and apply our methodology to the
illustrative case of Northeast Italy—consisting of two regions and two provinces sharing
challenges—where we attempt to support their sharing of understanding and solutions.
Our approach results from the effort to combine knowledge from different disciplines and
existing data to contribute to this purpose. The methodology is replicable in other contexts
in the EU.

2. Case Study
This study focuses on the Triveneto area (Figure 1), comprising the two regions of

Veneto and Friuli Venezia Giulia and the two autonomous provinces of Trento and Bolzano.
Triveneto is the subject of the iNEST—Interconnected Northeast Innovation Ecosystem—
a research project working, among many other topics, on strategies for the sustainable
transformation of the built environment [38]. The reason for investigating the Triveneto
macro-region relies upon its national relevance for its territorial fragility and socio-economic
value [39].

The Triveneto macro-region is located in the northeast Italian peninsula and offers
a geographical section from the Adriatic coast to the Alpine arc. The sandy coastal arc
faces the Adriatic Sea, including the Venice and Grado Lagoons. On the other hand, a
rich mountain system in the north covers the highest percentage of the territory which is
differentiated between the system of Alpine valleys, including the Dolomites, and the lower
foothills. Between these two extremes lies part of the Po Valley. The area contains almost the
entire drainage basins of river axes such as the Adige, the Brenta, the Piave, the Tagliamento
and a large part of the Isonzo, and hosts the wide Po Delta. The anthropic impact on the
entire area has been high since ancient times and involved, for example, the significant river
diversions carried out to maintain the Venice lagoon and the transformations of the agrarian
landscapes employed by the Roman centurions that are still visible. In modern times, the
plains have been characterised by a high degree of urban sprawl, to the extent that centres
follow one another without interruption in the diffuse city. Differently, the mountain centres
have gradually been depopulated. In addition to the rich geographical variability, Triveneto
is an interesting case from an administrative point of view for transboundary comparison.
Although it lies within a single country, it consists of three regions to which four different
administrative units correspond, all with independent databases. Furthermore, Friuli
Venezia Giulia, Trento, and Bolzano are autonomous regions and provinces.

The precariousness of the territory is highlighted by the increasingly frequent damage
caused by natural and catastrophic events. Damage has been recorded across much of the
territory in the last few years alone: from storm Vaia in 2019 [40], which wiped out hectares
of forest, to the increasingly numerous floods [41,42] that, in addition to the extraordinarily
high water [43] in Venice, are affecting large portions of the Veneto plain with regrettable
frequency [39]. In addition to the extreme events in the national and foreign news, there
are heat waves, increasingly uncertain harvests due to water shortages and torrential rains,
landslides, and mudslides that lead to the urgent need to analyse the territory in the light
of the risks to which it is exposed.
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to regulate and prevent such phenomena. Looking at the four administrative areas in the 
Triveneto region, both regions and provinces are committed to adapting to climate 

Figure 1. (top) Map and localisation of case study area. (bottom) Focus on key areas of interest
outlined and main statistics (surface and population).

Over the years, the increasing detection of climate anomalies and recording of extreme
weather events has led administrations to equip themselves with appropriate tools to
regulate and prevent such phenomena. Looking at the four administrative areas in the
Triveneto region, both regions and provinces are committed to adapting to climate change.
The Veneto region concluded the consultation phase in July 2024 and is now proceeding
with the approval process of the Regional Climate Change Adaptation Strategy. A prelim-
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inary document is already available pending this final approval [44]. The Friuli Venezia
Giulia region is engaged in several project initiatives for climate change adaptation, which
flank and complement the institutional pathway started with the Regional Law ‘FVGreen’
(L.R 4/2023). The law provides for drafting the Regional Climate Change Mitigation and
Adaptation Strategy, which will be implemented through the subsequent Regional Climate
Plan [45]. The Autonomous Province of Trento approved the ‘Trentino Climate 2021–2023’
work program on 7 August 2021, defining the pathway to the Provincial Climate Change
Mitigation and Adaptation Strategy. Subsequently, the adaptation measures identified
in the Strategy will then be integrated into sector plans and programs [46] Finally, the
Autonomous Province of Bolzano approved the final document of the South Tyrol Climate
Plan 2040 in July 2024, an integral part of the ‘Everyday for Future’ Sustainability Strategy
and a tool for achieving climate neutrality by 2040 [47]. Inside, the field of action ‘resilience
and adaptation’ aims to develop a climate change adaptation strategy, with further drafting
of strategic plans of sector priorities by the end of 2025.

3. Materials and Methods
The research workflow (Figure 2) was developed in four successive steps, each with its

method. The first step identifies relevant climate-related hazards and indices (Section 3.1).
The second step selects suitable indicators for hazards assessments and collects existing
geolocalised data to map hazards (Section 3.2). The third step harmonises data for all
relevant hazards to build comparable information and provide both a synoptic view of
single hazards and cross-sectoral reading of them (Section 3.3). Finally, the fourth step
defines minimum reading units (in this work called ‘homogenous territorial areas’) for the
study area within which to assess spatial interactions between hazards to provide planners
with an operational decision-making tool (Section 3.4). Except for step 1, which builds on
an analysis of the existing literature, the other three steps relate to the case study. However,
steps 3 and 4 also present methods that can be replicated in different contexts. Respectively,
we used ArcGIS Pro and QGIS 3.26 Buenos Aires software for spatial elaborations and layer
styling and layouts.
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3.1. Identifying Relevant Climate-Related Hazards and Indices

The section aims to identify the most relevant hazards related to climate change and
useful indices for their mapping (individual hazards) and assessment (multi-hazard). We
adopted two main references from the grey literature referring to international reports
on this issue, namely the ‘Climate Change 2021: The Physical Science Basis’ published
by the Intergovernmental Panel on Climate Change (IPCC) [48] and the ‘Climate-related
hazard indices for Europe’ published by the European Environment Agency (EEA) [49].
We performed a content analysis [50] to identify the most recurring hazards. The final list
of hazards is the result of combining the climatic impact-drivers (CIDs) identified by IPCC
(see Table 12.1 in ‘Chapter 12: Climate Change Information for Regional Impact and for
Risk Assessment’ [48]) with the climate-related hazards identified by EEA (see Table 4.1
in [49]), which was itself a reworking of the IPCC CIDs. Specifically, we compared IPCC’s
CIDs categories with EEA hazard types and obtained a final list of relevant hazards to
be investigated.

We derived the priority in the choice of indicators from the ‘confidence’ identified for
the Mediterranean Region by the IPCC (see Table 12.7 in [48]) and the ‘priority’ identified
by the EEA (see Table 4.1 in [49]). We then compared the priorities highlighted by studies
on a European and Mediterranean scale with the recurrence of extreme events recorded
locally, with a 139% increase between 2021 and 2024, according to Legambiente’s National
City Climate Observatory [51].

3.2. Selecting Indicators and Collecting Existing Geolocalised Data for Hazard Mapping

Based on the content analysis carried out in Section 3.1, we chose the most representa-
tive hazards for the Triveneto context, i.e., those to which it has been and tends to be most
exposed (see Section 2 Case Study). We then selected one suitable indicator—according to
priority—from those identified as possible key indicators in the reports by the IPCC and
EEA for mapping and assessing each hazard. Moreover, according to national and local
scientific studies, we integrated these indicators with specific and available ones for the
study area. At this point, we collected data matching the selected indicators for the entire
extension of the Triveneto.

The administrative organisation of this territory into two regions (Veneto and Friuli
Venezia Giulia) and two autonomous provinces (Trento and Bolzano) made it difficult to
collect uniform data. Hence, the data collection started by searching for common data for
the entire area available at a European or national level and descriptive of phenomena
at the sub-municipal scale. Where no single source was available, we used sources with
a smaller spatial extent and spatially merged the data. Concerning common databases,
primary European sources were the Copernicus Climate Data Store [52] and the EEA
datahub [53]. The Higher Institute for Environmental Protection and Research (Istituto
superiore per la protezione e la ricerca ambientale, ISPRA) provided most of the data at the
national scale [54]. Finally, the North-East Climate Platform by the Regional Agencies for
Environmental Protection of Veneto (ARPAV) and Friuli Venezia Giulia (ARPA FVG) [55]
was used at the sub-national level. When we could not draw on common databases, we
collected the data separately for the four administrative areas and combined them into
one layer. In such cases, we searched for the same indicators within the databases of
the different agencies to collect data that were as similar and consistent as possible to
each other.

To provide an example, for frost and extreme precipitation, data collected presented a
resolution difference between the two regions (Veneto and Friuli Venezia Giulia) and the
two autonomous provinces (Trento and Bolzano) that we could not bridge, so we merged
them by maintaining a higher approximation in the latter.
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3.3. Harmonising and Comparing Diverse Existing Data

There are several analytical techniques for assessing interactions among multiple
hazards in one single administrative area, as well as and/or for assessing a single hazard
merging different areas [28,56,57]. When methodologies exist to assess multiple hazards in
different administrative regions, they require modelling or the collection of new data, which
is often too costly and time-consuming. In this section, we aim to propose a methodology
for data harmonisation to address the lack of availability of multi-hazards assessments in
different administrative regions using existing data.

The data collected from various databases in the second step (Section 3.2) differ in
geographical extent, format (vector or raster), statistical range, and classification (quanti-
tative or qualitative). In this section, we harmonised data by choosing common technical
parameters and transforming data to be comparable. We adopted the works by [58–61] to
build the methods for this section.

Going into details of the technical parameters, the collected data were mainly in raster
format (6 compared to 3 in vector format). Nevertheless, the vector format is considered
more practical for processing and is therefore chosen. Each raster is reclassified into five
classes—adjusted from ArcGIS Pro default classification to make them more likely, thus
reducing the loss of relevant information—and transformed into a polygon.

In terms of geographical extent, we joined layers for hazards with disaggregated data,
i.e., composed of information from different datasets.

Finally, the third element to be standardised was classification and, consequently,
statistical ranges. Data collected in raster format had a range of numerical values for each
pixel, while vector data had a qualitative classification. To standardise the hazards, we
proposed a qualitative-quantitative classification of 5 classes, related to what, from here
on, will be called ‘hazard level’: 0—null, 1—low, 2—moderate, 3—medium, 4—high, and
5—very high. Null values correspond to the absence of the data, a situation that occurs
when the spatial extent of data does not reach that of the Triveneto. In that situation,
we reconstructed the datum by uniting the hazard layer with the study area boundary
layer in the GIS environment. Then, we assigned a value of 0—null in the empty fields,
i.e., without value. For numerical ranges (raster), we used the five classes obtained from
the reclassification procedure that precedes the transformation of the data into a polygon.
Regarding the data originally in vector format, we matched each class back to the closest
class of the proposed classification. This means that some classes of the new classification
remain empty for those starting classifications with fewer than 5 classes.

Appendix A: Data harmonisation presents the reclassification of hazards. For each,
we indicated the reference ranges and the new classes to which they correspond. Raster
data reference ranges are subdivided into two columns for the start and end of the range.
This type of subdivision was not necessary for vector data, for which we reported text
classes. To provide an example, in the case of snow avalanches, we had to combine data
from four different datasets (one per administrative area) but with very similar content.
First, we reconstructed the classification by placing the classes in the hazard level they
were closest to. Subsequently, we merged the four shapefiles into a single one. Since the
avalanches were localised only in mountainous areas, most of the Triveneto territory was
empty. Therefore, we merged this new layer with the Triveneto boundary and associated
the new class—which appeared empty—with the value 0—null.

We used the new data to produce single hazard maps which are comparable.
Once all harmonisation operations were made, we dissolved the individual vectors to

obtain one geometry for each newly defined hazard class and calculated the areal extent. To
increase the readability of maps, we constructed a grid of points that we then superimposed
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on each hazard, where the more intense the colour, the higher the hazard level (value equal
to 5—very high).

3.4. Assessing Spatial Hazard Interactions in Homogeneous Territorial Areas

This last step of the methods aims at translating results produced so far in a format
and in a way that enables decision-makers and planners to integrate such information
into adaptation strategies and plans. More specifically, we reorganised all the information
produced in Section 3.3 by defining minimum reading units describing the major geomor-
phological properties of the Triveneto macro-region, i.e., the homogeneous territorial areas.
Hence, the objective of this section is to assess spatial hazard interactions—that means, how
many and which hazard combinations are preponderant—in each homogeneous territorial
area. This operation allows for connecting multi-hazard and transboundary data to support
decision-making.

Following the description given in Section 2 Case Study, we recognised six homoge-
neous territorial areas from north to south: (i) the mountain belt, (ii) the piedmont belt,
(iii) the high dry plain, (iv) the springs belt, (v) the low wet plain, and (vi) the coast. Bertin
et al. [39] initially theorised these areas as part of the iNEST project. Thus, the terminology
is the same, while the spatialisation is the contribution this work makes to their theorisation.
We evaluated several alternatives but preferred to continue the reasoning they started
within the iNEST project to maintain consistency and advance in the same line of research
(see pages 265–267 in [39] for further details). In addition, this distinction describes the
geomorphological richness of the area.

We reconstructed this level of information from three main data: the landscape areas
of the Friuli Venezia Giulia Regional Landscape Plan [62], the valley communities of the
Autonomous Province of Trento, and the district communities of the Autonomous Province
of Bolzano. Landscape areas identify morphologically similar realities and were therefore
used to define the main vocation of the area. For the Veneto region, we used the datum of
‘territorial reference elements’ designated by the Regional Territorial Coordination Plan [63]
available in the regional database. For the springs belt, we downloaded the data from the
respective geoportals of the Veneto region and the Friuli Venezia Giulia region. For the
latter, the datum was in polyline format, so we had to create a buffer to transform it into
a polygon.

To assess the interactions, we intersected each hazard with the homogeneous territorial
areas layer in the GIS environment. Then, we calculated the percentage of land occupied
by the first out of the total extension of the areas. Specifically, we considered only hazard
levels from medium to very high (i.e., 3 to 5).

4. Results
4.1. Identifying Relevant Climate-Related Hazards and Indices

Figure 3 re-elaborates what emerges from the content analysis of the reference studies,
i.e., the macro categories of hazards, hazards typologies and hazard indices, highlighting
correspondences between EEA and IPCC. Yellow boxes indicate the elements we have cho-
sen. In particular, the darker shade refers to the indices we selected to describe the hazards.

The comparison between EEA’s hazard categories and IPCC’s CID type led to the
selection of four groups of hazards, which in this study will be referred to as ‘hazard
categories’: Heat and Cold, Wet and Dry, Snow and Ice, and Other. Inside, we identified the
eight relevant hazards of extreme heat, frost, extreme precipitation, river flood, hydrological
drought, landslide, snow avalanche, and air pollution weather for the Triveneto context.
Among the indices proposed by the EEA, we identified the following as significant: hot
days, heatwave days based on apparent temperature, frost days, and extreme precipitation
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total. Concerning IPCC, the selected hazards also refer to indices we further investigated.
This difference explains why we looked at more than one reference.
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We did not consider the Wind hazard category due to the lack of data on strong
wind storms in the Triveneto area and because this hazard has little influence in the area
compared to the international references.

For Coastal and Oceanic/Open Ocean hazard categories, we initially recognised
relative sea level and ocean salinity as relevant to the study area. However, they were not
taken into account due to the lack of sufficiently detailed datasets for their spatialisation.
The same happened in the Snow and Ice category, particularly for hail, for which there was
still not enough useful data.

All those hazards and indices that were less impactful due to their extension or
insignificant frequency and those lacking in data were not dealt with but left for future
studies.

To summarise, the final list of four hazard categories and eight hazards used for
mapping and assessment is presented:

• Heat and Cold: extreme heat, frost;
• Wet and Dry: extreme precipitation, river flood, landslide, hydrological drought;
• Snow and Ice: snow avalanche;
• Other: air pollution.

4.2. Selecting Indicators and Collecting Existing Geolocalised Data for Hazard Mapping

Table 1 presents the list of hazards resulting from the content analysis and related
indicators—including indicator description, the reference justifying data reliability and
relevance, and data source—according to the data search performed in various databases
at the European, national, and sub-national level. We interpreted a few hazard names
when more than one term was used and there was no direct correspondence from the
EEA to the IPCC. Moreover, we interpreted and detailed some indicators based on data
availability. That is the case of, for example, Extreme heat, which appears twice. We
decided to decline the hazard by emphasising the difference between air (which is present
in the reference reports) and land surface temperature (which is not directly mentioned),
due to the relevance to the case study. Cities in the Triveneto context are characterised by
dense urban fabric which tends to be exposed to the urban heat island effect, especially
during the summer period [64,65], widely measured through land surface temperature
(LST) [66,67]. In those cases, the land surface temperature is generally warmer than the air
temperature [66], highlighting the need to consider this aspect.

Regarding the sources, we used the EEA datahub only for air pollution. All other
information levels were too coarse-grained for the study scale. Even at the national scale,
no common climate-related hazard database is available. However, we identified two
databases covering the entire study area for some of the indicators searched. ISPRA
provided data for river flood, landslide and hydrological drought, and the North-East
Climate Platform by ARPAV and ArpaFVG presented data for extreme heat (air surface),
frost, and extreme precipitation. For the latter, it should be noted that data were divided
into four layers according to seasons, thus we chose spring and autumn as relevant for
the case study area, we merged them through the ‘combine multiple rasters’ command
in ArcGIS Pro, and finally calculated their average. For the snow avalanche indicator,
we collected and merged data from four databases, corresponding to the administrative
areas that make up the Triveneto macro-region. In this case, the four administrative units
provided similar data but with slight differences in detection and mapping. Merging the
databases required an approximation of these differences.
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Table 1. Data and indicators to assess single hazards.

Hazard Indicator Description Reference Data Source Metrics Year

DETECTION

Extreme heat
(land surface)

Land Surface
Temperature

(LST)

The measurement of LST,
the radiative skin

temperature of the land
derived from infrared

radiation, is an affordable
method to assess UHI
effects and its spatially

varying intensity at large
spatial and

temporal scales.

Longato and
Maragno, 2023

[66]
Landsat 8 Magnitude

[T] 2024

Hydrological
drought

Standardised
Precipitation

Index (SPI-12)

The 12-month
Standardised Precipitation

Index (SPI) provides an
assessment of hydrological

drought conditions,
obtained using

precipitation data. SPI
represents the relationship

between the amount of
precipitation falling in a

time interval and its
climatology.

The 12-month aggregation
time step chosen for the

SPI assessment is the one
that best describes the

effects of drought
(precipitation deficits) on
river discharge, reservoir

recharge, and water
availability in the aquifers.

Mariani et al.,
2018 [68] ISPRA Frequency 2023

Snow
avalanche

Carte di
Localizzazione
Probabile delle

Valanghe
(CLPV)—
Probable

Avalanche
Location Maps

Map of avalanche sites
identified both in situ
based on eyewitness

and/or archival evidence
and by analysis of the

permanent parameters that
distinguish an area prone
to avalanche fall, inferred
from stereoscopic aerial

photographs.

Trigila and
Iadanza, 2016

[69]

Autonomous
Region Friuli

Venezia
Giulia,

ARPAV,
Autonomous
Province of

Bolzano,
Autonomous
Province of

Trento

Frequency 2011–2023

Air
pollution PM10

Concentrations for the air
pollutants PM10 at grid

level combining
monitoring air quality data

and the observational
values of the air quality

monitoring stations used
in the interpolation

PM10,
European air
quality data
(2024) [70]

EEA Magnitude
[µg/m3] 2023
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Table 1. Cont.

Hazard Indicator Description Reference Data Source Metrics Year

PROJECTION

Extreme heat
(air surface)

Number of hot
days

Number of days over a
certain time interval with

daily maximum temp-
erature above 30 ◦C (1).

The indicator accounts the
change of number of hot

days in 2021–2050
projection.

Crespi et al.,
2020 [49] ClimaArpa Magnitude

[days] 2013–2023

Frost Number of frost
days

Number of days over a
certain period with daily
minimum temperature

below 0 ◦C.
The indicator accounts the
change of number of frost

days in 2021–2050
projection.

Crespi et al.,
2020 [49] ClimaArpa Magnitude

[days] 1976–2005

Extreme
precipitation

Extreme
precipitation

total

Total sum of daily
precipitation over a certain
period exceeding the 99th
percentile of the reference

interval.
The indicator accounts the
average between the sum
of daily precipitation in

spring and autumn
seasons.

Crespi et al.,
2020 [49] ClimaArpa Magnitude

[mm] 1976–2005

River flood
Mosaic of the
flood hazard

zones

Areas of high hazard and
flood risk, defined as

temporary flooding of
areas that are habitually
not covered with water,

mapped by the River Basin
District Authorities
according to the one

identified pursuant to Art.
5 of D.Lgs. 49/2010.

Flooding is defined as
temporary flooding of

areas that are not usually
covered with water. This
includes flooding caused

by rivers, mountain
streams, temporary

watercourses, and marine
flooding of coastal areas,

and may exclude flooding
caused by sewage systems.

Lastoria et al.,
2021 [71] ISPRA Frequency 2020
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Table 1. Cont.

Hazard Indicator Description Reference Data Source Metrics Year

Landslide
Mosaic of the

landslide
hazard zones

Areas of landslide hazard
of the Rivers Basin Plan

(PAI), including landslides
that have already occurred,
areas of possible evolution

of the phenomena and
areas potentially

susceptible to new
landslides.

Landslide hazard is the
probability of occurrence

of a potentially destructive
phenomenon of a given
intensity at a given time

and in a given area.

Trigila et al.,
2021 [72] ISPRA Frequency 2021

4.3. Harmonising and Comparing Diverse Existing Data

Figure 4 shows the mappings of individual hazards resulting from the data harmon-
isation: the more intense the colour, the higher the hazard level (value equal to 5—very
high). These maps are accompanied by related statistics presented in Figure 5, which
describes, by hazard level, the percentage of land occupied by each hazard out of the total
Triveneto area. In general, it can be seen from the maps that the investigated hazards
tend to be concentrated either on the mountainous belt to the north (frost, landslide, and
hydrological drought) or on the remaining part of the south-central territory (extreme
heat (land surface), extreme heat (air surface), hydrological drought, and air pollution),
which includes the foothills, plains and coastal belt. Exceptions are the hazards of extreme
precipitation, partially present in both areas, and river flood, which follows river courses
from source to mouth.

The highest values (classes 4 and 5) occupy more than 30% of the territory in extreme
heat (land surface), extreme heat (air surface), extreme precipitation, hydrological drought,
and more than 50% in frost. In detail, the greatest presence of the very high hazard level is
found in extreme heat (air surface), with a weight of 31% of the Triveneto total, while the
lowest presence of this level is found in landslide.

Conversely, the null value is widely present (>80%) in river flood, landslide, and
hydrological drought hazards, which correspond to the three source data in vector format.
However, the null class is at or around zero for all other hazards. Thus, the values tend to
skew in one or two hazard levels, and only rarely do they appear rather evenly distributed,
as in the case of hydrological drought.
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Figure 5. Quantification of percentage of land occupied by each hazard out of total extent of study
area, according to hazard level, i.e., 0—null to 5—very high.

4.4. Assessing Spatial Hazard Interactions in Homogeneous Territorial Areas

Figure 6 illustrates the mapping of the six homogeneous territorial areas defined in
the methods (Section 3.4).

Figure 7 presents a synoptic view of multi-hazard bundles in each homogeneous
territorial area. In particular, we displayed the weight (percentage value) of the area
occupied by every hazard out of the total extent of the individual homogeneous territorial
area. The latter is indicated in hectares below each spatialization in the first left column. We
considered only medium, high, and very high hazard levels. In general, it is immediately
apparent that some hazards have a decisive weight in certain portions of the territory, while
others are almost absent for the selected hazard levels.
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Figure 7. Multi-hazard matrix by homogeneous territorial area. Graphs show percentage of land
occupied by each hazard in the different areas, according to hazard levels from medium to very high.
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Reading the figure from top to bottom, i.e., by hazard, we observed similar behaviours
in the hazard pair of extreme heat (air surface) and air pollution, in the group of extreme heat
(land surface), extreme precipitation, and hydrological drought, and in the pair of landslide
and hydrological drought, from which river flood in the coast deviates slightly. Only frost
has areal percentages greater than or equal to 50% in all homogeneous territorial areas.

Conversely, reading the figure from left to right, that is, by homogeneous territorial
area, we noticed that five of them exhibit similar behaviours for the hazards of extreme heat
(land surface), extreme heat (air surface), frost, extreme precipitation, hydrological drought
and air pollution, with percentages around or above 80%, except for frost in the specific
context of the coast. Thus, the mountain belt differs from the other areas, as it reports a 99%
for frost, percentages around 30–40% for extreme heat (land surface), extreme precipitation,
and Hydrological drought, and values of 15% or less for all other hazards.

In addition to the proposed overlap between the single hazard and the homogeneous
territorial areas, Figure 8 shows the overlap between all analysed hazards. In particular, we
depicted the intersection between the average values per hazard level. The highest hazard
levels (medium to very high) are concentrated in the coastal and lowland areas (low wet
plain, springs belt, and high dry plain), which coincide with the river axes. On the other
hand, we find lower hazard values (low and moderate) in small, concentrated portions of
the mountain.
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5. Discussion and Conclusions
The inclusion of multi-hazard assessment in spatial planning for climate adaptation

at the regional and local levels is crucial for enhancing the resilience of our territories [13].
Despite a common agreement among the scientific literature and practitioners on this,
multiple gaps prevent the inclusion of multi-hazard assessment in practice (for example,
the fragmentation of hazard-specific knowledge, the lack of common and synthetic data
and datasets, and the heterogeneity of information to address multiple hazards, as we all
have different administrative areas for transboundary maps and assessments).

The work presented here contributes to responding to the above-mentioned gaps
through what we call the ‘building new knowledge through existing data’ approach. With
our research, we aimed to capitalise on existing data to maximise what we can do with what
we already have and create a fertile ground for decision-makers, who could access existing
knowledge and information to integrate existing data in their planning processes for climate
adaptation. In particular, this work contributes to enabling spatial planners to include
multi-hazard assessment in their climate change adaptation measures by providing them
with synthetic and disaggregated information from existing data, different single-hazard
datasets and different regional datasets.

The novelty of this piece of research is the methodology for harmonising existing data
and transforming them into new comparable information, on the one hand, and on the other
hand on the work undertaken around the concept of homogeneous territorial areas. Thus,
while more precise methods to assess single hazards exist, and alternative ways of obtaining
multiple-hazards maps through modelling circulate already, the effort to get a bundle of
relevant multiple-hazards per homogeneous territorial areas represents a new brick for
bridging the ‘scientific’ assessment world to the worlds of the practitioners. Indeed, these
can take action, and understand the set of multiple-hazards affecting a specific portion of
territories with common physical features. Landscapes are an ensemble of heterogeneous
spatial units constituted by different ecosystems and are considered the appropriate scale
for examining the impact of human activities on natural capital [73]. By identifying the
relevant multiple-hazards for a portion of territories with similar physical features (the
homogeneous territorial areas), this work on the one hand enables the design of multi-
purpose solutions (instead of solutions for floods or for drought, nature-based solutions
addressing more challenges at the same time), and on the other hand, promotes the mutual
learning of territories sharing similar challenges (hazards) and similar opportunities (their
territories’ specificities).

Results for the identification of relevant hazards and the indicators needed to assess
them (Sections 4.1 and 4.2) can be adopted for other regional and local works in the
European contexts.

Regarding results from the collection of the data needed for assessing the case study
(Section 4.2), and from the building of the maps through GIS (Section 4.3), outputs are
context-specific, but the harmonisation process proposed in Section 4.3 can be adapted to
other Italian and European local contexts.

The choice of working on the available data for each indicator identified entailed using
significantly different databases in terms of quality and robustness. For some indicators, it
was possible to draw on solid databases in terms of the level of definition and accuracy
of the information, as in the case of Landsat 8, ISPRA and partly EEA, which are unique
sources that can be extended to the national and European scale while maintaining a high
level of detail. In the case of EEA’s air pollution data, the scale of the data is less detailed.
However, it constitutes a valid reference thanks to its equal distribution over the entire
European territory. The data collected by ClimaArpa and snow avalanche are less robust as
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they were elaborated by local databases with different methods. Nevertheless, they still
constitute a valid reference for the analysed case study.

The harmonised maps for the single hazards (Section 4.3) represent a brand-new piece
of knowledge for our territory. Thus, to date, no comparable maps exist with this level of
definitions to understand differences and similarities in the spatial distribution and hazard
level among different regions and hazards with such a level of detail. Specifically, we
carried out the harmonisation process in two ways, i.e., within the same hazard, in which
we merged data from different datasets to construct a single hazard, and between hazards,
which involved the construction of criteria to make different hazards comparable.

From a critical and overview reading of the ensemble of single hazard maps (Figure 4),
an important difference emerges between hazards with a ‘dichotomous’ spatial behaviour
(either there is or is not) and hazards with a more complex and nuanced spatial behaviour.
We can associate hazards with ‘dichotomous’ spatial behaviour with those close to the
definition of shocks and related to territory specificities. Hazards such as river floods
depend on the presence of a river, landslides and snow avalanches of the mountain.
The other types of hazards, on the other hand, with a more ‘nuanced’ distribution in
space represent the so-called ‘stresses’, which more or less intensely affect the entire
territory. These are: extreme heat (land surface), extreme heat (air surface), frost, extreme
precipitation, hydrological droughts, and air pollution. Extreme precipitation is a bridging
situation between the two groups, as the so-called ‘flash floods’ have a ‘shock’ effect but
the alteration of precipitation is a phenomenon that affects (with different levels of severity)
the whole territory.

If, on the other hand, we look at the quantitation of the areas affected by each hazard
(Figure 5), it should be noted that the value 0 (absence of hazards) tends to appear more for
‘dichotomous’ or shock hazards, and when particularly high values are seen in the picture,
they are related to the absence of hazards, not to hazards. This does not mean that there are
no relevant hazards, yet, but rather that we have high-level hazards in small portions of
land (where, however, settlements and infrastructure are often concentrated and where the
impact can therefore be terrible).

High-level hazards are ‘few’ among the hazards (of nine hazards, only extreme pre-
cipitation (air surface)). Hazards on average show medium to medium–high levels. Often
the real problem is related, if not to the level, then to the accumulation of these medium to
medium–high hardships over time.

If the maps represent indeed a precious and innovative output for our territory, the
real contribution of Sections 3.3 and 4.3 is made by harmonising the methodology to obtain
such maps and that can enable other territories to use existing data to build multi-hazards
and transboundary assessments (as mentioned above).

The results of Section 4.4 bring us a reading of the bundle of relevant hazards for each
homogeneous territorial area. The reconstruction of this information level facilitates the
organization of the information and the consequent reading of the results. Moreover, it
enables the distribution of the analysed hazards and the study of how they interact with
and on the territory (Figure 7), and with each other (Figure 8). However, a clarification
needs to be made. The proposed approach analyses the possible spatial co-occurrence
between hazards, thus lacking a deeper analysis of the complex interrelationships and
co-dependencies between hazards, which is a gap that still poses challenges in multi-hazard
assessments [74].

From this last block of results, it emerges that the mountain belt enjoys a better condi-
tion (having less co-presentation of hazards) than the rest of the territory. The mountain
belt differs, in particular, from the patterns of the other areas that show consistently high
hazard levels for temperature, drought, and pollution. As far as ‘gradual’ or stress hazards



Land 2025, 14, 548 21 of 28

are concerned, here too, the mountains tend to be ‘unloaded’ where the other areas are
always loaded. It should be noted, however, that of the three ‘territorial’ or dichotomous
hazards, two are in the mountains (avalanches and landslides). What does it mean that it is
unloaded? It has little area affected by high hazard levels. But maybe this is very serious (in
fact these data are only for medium–high and very high). Moreover, the small percentage
of level probably coincides with inhabited valleys.

On the contrary, the most exposed or with the worst hazard levels is the central area
of Triveneto, which includes stretching from the high dry plain to the coast. Reading the
related statistics (Figure 7), we reconfirm the categorisation between two main spatial
behaviours of hazard types already described in the results of Section 4.3.

To summarise, in general, the results obtained in this work, particularly the last
ones just discussed (Section 4.4), can practically inform planning decisions by facilitating
prioritising those areas most exposed to multiple hazards. That makes it possible to
recognise areas in which to intervene in the short term while reasoning from a long-
term strategic and preventive perspective. Moreover, defining bundles of hazards per
homogeneous territorial area enables designing a common and adaptive response strategy
for geomorphologically different but adjacent territories.

This study presents some limitations. First, obviously, due to the challenge of the
work (harmonising data from different datasets), for some hazards we had to put together
data with an important difference in definition. For example, the data for the Autonomous
Province of Trento and the Autonomous Province of Bolzano were sometimes taken from
European/national datasets with a higher definition because data at the same scale as those
available for the Veneto Region and the Friuli Venezia Giulia Region (which are much more
detailed) were missing. A further limitation is omitting significant land hazards for the
Triveneto context, such as wind and sea level rise, due to a lack of data. Again, due to the
use of different datasets, another limitation is that we imagine that some hazards have been
mapped much more accurately in some regions than in others (e.g., the landslide hazard
in Trentino is very well defined and seems higher, but it is likely that in the other regions
it has simply been mapped with less accuracy, not that the hazard level is lower). These
limitations, in any case, impact the case study maps (specific output), not the methodology
proposed as replicable and are likely, with variations, to be limitations present in other
national and European contexts. Another issue to be raised is the fact that the value ‘0’ in
the maps corresponds not only to a low or absent level of hazard but also to a lack of data.
This suggests that, rather than thinking that where we see the value 0 (lighter tones in the
maps) is a safe zone, where we see high values (darker tones in the maps) we certainly have
high levels of hazard. A final issue we would like to highlight is the current lack of a layer
presenting settlements. Indeed, we believe that an overlay of the hazard maps with the
map of the spatial distribution of settlements would allow further fundamental reasoning
to build knowledge useful for resilience. However, we reserve this step for future steps in
this research.

As mentioned, we live in a complex world, and to address the urgent challenges
we face, it is necessary to find synoptic ways of reading the totality of phenomena and
the relationships between multiple causes and effects, between impacts and impacted
territories, and so on. This article proposes two main and replicable outputs: the first is the
methodology to harmonise different data (from different administrative datasets, but also
datasets for individual hazard species) to address the gaps mentioned in the introduction,
using the fragmented existing data. The second is the reading of hazards by homogeneous
units of territory. The latter brings two great benefits: on the one hand, it breaks down
the wall dividing hazard specialists from planners, uniting the two semantic heads; on the
other hand, it allows the identification of groups of hazards that each territory (with its
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specific characteristics, opportunities, and problems) has to cope with. This cross-reading is
also replicable, with a greater effort requiring the identification of minimum reading units
for the area in which it is to be replicated.

Let us now turn more specifically to replicability. The first step is fully replicable in
other European regions, as it uses international sources (IPCC and EEA) to identify climate
hazards and indices. One difference lies in the relevance given during identification, as it
must be adapted to the most interesting hazards for the analysed area. This varies from
case to case, as it depends on the information/material already available, e.g., previous
national or local climate assessments, preliminary analyses to the multi-hazard assessment,
newspaper reports, and database of hazard events. From the second step onwards, the
approach we adopted becomes replicable for its rationale, namely (i) for the procedural
logic through which the data to describe the locally relevant hazards are selected and
collected, (ii) for the harmonisation methodology that may vary but already suggests a
method and starting issues, (iii) for the construction or use of an existing intermediate level
of reading (homogeneous territorial areas) and, finally, (iv) for the assessment in the latter
of the interactions between multiple hazards. The proposed methodology is, therefore,
flexible in that it serves as a guideline in an assessment process that must be detailed and
adapted to local specificities, but at the same time encompasses a series of steps that may
also be valid in a context other than the one in which we tested it.

Here, we provide some suggestions and recommendations to be addressed in future
research. The challenge of harmonisation lies in constructing a robust and valid final
datum. Our advice is to strike a balance between resolution and extent of the datum,
i.e., to find one that reaches the extent of the analysed area at a resolution that makes it
meaningful. That can involve foregoing more detailed data at the local level but allows for
building a common knowledge base. In our view, there is an underlying problem with data
production, as often there is a lack of coordination between the different administrative
units and a shared and replicated mapping method. Co-production of guidelines to collect
data at the local level by different territorial authorities could be valuable, at least for some
aspects, such as the urgency of preparing a joint climate adaptation response.

That does not mean we suggest a new layer of bureaucracy to oversee this aspect. On
the contrary, our effort to work on existing data intends to show those involved in hazard-
related responses what elements they already have to build cross-cutting knowledge.
Nowadays, there is a tendency to create new data for the ‘occasion’ of a specific task,
project or study; however, when addressing this scale, which includes transboundary
areas, there is a need to adopt a different approach and not to add extra elements that
may be redundant and time-consuming. Therefore, from now on, we believe that the
central elements in strengthening and improving transboundary governance for hazard
management are shared knowledge and international and inter-country cooperation.

The previously discussed limitations on the use of collected data could be resolved in
future studies by the adoption of machine learning approaches, which have proven to be a
valuable tool for assessing geomorphological susceptibility [75], natural hazards [76,77],
and multi-hazards [78,79], particularly landslides, floods, drought, and wildfires [80,81].
These have been recognised as accurate techniques for land use planners [82], generally
used in combination [83,84]. Among their abilities are handling large amounts of data,
dealing with uncertainty and making predictions [85,86].

Also interesting in future research steps would be superimposing the hazard mapping
with the different ‘urban textures’ [10] for more detail on the cities and human systems,
always keeping the transboundary view.

Our work aims to contribute to bridging theory and practice, as well as different fields
of knowledge, such as the specific studies of single hazards, assessment and mapping, and
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spatial planning and policy design for climate resilience. We believe that the challenges
that we are facing do not only require multiple-discipline knowledge, but interdisciplinary
tools to integrate different fields. Further research is needed in this direction and joining
forces is crucial.

Author Contributions: Conceptualization, A.L., C.S. and L.Z.; methodology, A.L., C.S. and L.Z.;
software, A.L. and C.S.; validation, L.Z.; formal analysis, A.L. and C.S.; investigation, A.L. and C.S.;
data curation, A.L. and C.S.; writing—original draft preparation, A.L., C.S. and L.Z.; writing—review
and editing, A.L., C.S. and L.Z.; visualization, A.L. and C.S.; funding acquisition, A.L., C.S. and L.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded under the iNEST Interconnected Northeast Innovation Ecosystem
research program, from the resources of the National Recovery and Resilience Plan (NRRP), M4C2—
Investment 1.5. Creation and strengthening of ‘Innovation Ecosystems for Sustainability’, funded by
the European Union, NextGenerationEU, CUP F43C22000200006.

Data Availability Statement: The original contributions presented in this study are included in the
article and Appendix A. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

ARPA FVG Regional Agency for Environmental Protection of Friuli Venezia Giulia
ARPAV Regional Agency for Environmental Protection of Veneto
CID climatic impact-drivers
EEA European Environment Agency
IPCC Intergovernmental Panel on Climate Change
ISPRA Institute for Environmental Protection and Research

Appendix A

Table A1. Data harmonization. The table presents the transition from the previous statistical range
(start-end) to the new classification for each hazard. For some cases, values are to be interpreted in
reverse order; for example, for hydrological drought, where negative values gradually correspond
to increasingly severe drought. Abbreviations refer to the terminology used in the attribute table of
individual shapefiles. Therefore, we decided to translate the class names but report the abbreviations
as they are to facilitate consultation and eventual use of these data.

Hazard
Classification Range

Start End New

Extreme heat (land
surface)

−12.073 20 1
20 27.5 2

27.5 35 3
35 40 4
40 70.26 5

Extreme heat (air
surface)

−0.013 2.702 1
2.702 7.12 2
7.12 11.939 3

11.939 16.132 4
16.132 24.693 5
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Table A1. Cont.

Hazard
Classification Range

Start End New

Frost

−42.567 −25.5 5
−25.5 −22.083 4
−22.083 −17.417 3
−17.417 −12.4 2
−12.4 −8.087 1

Extreme precipitation

2 15 1
15 24 2
24 32 3
32 40 4
40 54 5

River flood
low 1

medium 3
high 5

Landslide

Areas of Attention AA No Data
Moderate P1 2
Medium P2 3

High P3 4
Very high P4 5

Hydrological drought

−3.941 −2.486 5
−2.486 −1.962 4
−1.962 −1.455 3
−1.455 −0.88 2
−0.88 0.372 1

Snow avalanche

Veneto Region
1—avalanche site 5

2—danger zone at partial discharges 4
3—possible continuations and linking of

avalanche sites 3

4—presumed dangerous zone 2

Bolzano Province
Avalanche—Very high hazard level (H4) 5

Avalanche—High hazard level (H3) 4
Avalanche—Medium hazard level (H2) 3

Avalanche—Examined and not dangerous No Data

Trento Province
Ordinary hazard classes:

H4—high 5
H3—medium 3

H2—low 1
H1—negligible No Data

Extraordinary hazard classes:
HP—potential 1

HR4—high residual 5
HR3—medium residual 3

HR2—low residual 1

Friuli Venezia Giulia Region
Avalanche 5

Dangerous areas 4

Air pollution

3.14 8.692 1
8.692 14.76 2
14.76 20.828 3

20.828 25.992 4
25.992 36.062 5
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