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Abstract

:

The adversities of climate change represent a serious risk factor on both food production, rural territories and landscapes. In light of these irreversible trends, the process of adaptation of the rural territory is a necessary step, in order to increase its climate resilience. In this study, the vulnerability assessment was the tool used to evaluate the specific phenomenon of “flooding and backwatering” in the case study of Emilia Romagna region (Italy). The approach was based on the IPCC’s risk analysis methodology, populated by different layers regarding specifical proxies related to the adaptive capacity and the sensitivity of the territory to water stagnation, then we assessed with the normalization process of the different information levels. The aim of the research consisted in the realization of a regional map of the vulnerability to floods and backwaters, in order to rank the territory to this specific phenomenon. The final result could be useful both for the relationship with planning choices and for local-based actions in agricultural policies that in Italy are taken at regional level.
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1. Introduction


Our societies are facing urgent and interdependent global crises due to climate change and biodiversity loss, which are causing and will increasingly cause negative impacts in the future [1,2]. Climate change and the consequent average increase in temperatures represent serious risk factors that will have significant impacts on both food production, thus food security [3], and rural lands and landscapes, which are identity elements, essential for local cultures and traditions [4].



According to predictions by the Intergovernmental Panel on Climate Change (IPCC), the threats facing the agricultural sector are especially related to the occurrence of peaks, both related to rising average temperatures and to the amount and frequency of rainfall, as well as to the increasing presence of extreme events [5,6]. In light of these irreversible trends, the process of adapting rural land and its practices is an inevitable and fundamental step that is useful in increasing its climate resilience [7,8,9]. In order to be able to implement appropriate climate change adaptation strategies, guiding planning adaptation choices, environmental policies and supporting policymakers, a careful assessment of the vulnerability of rural areas to climate change phenomena, which endangers their productive capacity and identity, becomes essential. Vulnerability assessment is one of the main tools used to represent the potential damage, which could occur within human and ecological systems in response to global climate change [10,11]. In this sense, the assessment process can contribute to a better understanding of community and environmental needs. This method is also useful in improving capacity building and/or in the identification of adaptation actions to reduce vulnerability, as has already happened in several case studies in urban areas related to various climate change issues [12,13]. However, conducting the assessment of rural land at a regional scale is a complex process, both because of the high degree of heterogeneity in spatial and temporal data and because of the association with physical, socioeconomic and cultural determinants of vulnerability.



In this paper, the Emilia Romagna Region case study will be presented. The territory of the Emilia Romagna Region is a heterogeneous context in terms of its agricultural production and related landscapes, as well as in being the first Italian and European region in terms of Protected Denomination of Origin (PDO) and Protect Geographical Indication (PGI) products [14], reflecting the high added value of its agriculture. The Emilia Romagna Region, over the years, among the various problems arising from climate change, has gradually experienced conditions of increase in the intensity of rainfall phenomena [15], with a greater contribution of high rainfall intensity days to the annual total of rainy days [16]. This trend is exposing the rural contexts to a different type of climate that causes both severe drought conditions and increased vulnerability to heavy rainfall events, which are two extremes of the same hydrological cycle [17]. Heavy rainfalls, in particular, represent a serious risk factor for rural territories because of the destructive damages they can produce [18], and their frequency and intensity are expected to increase in the coming years [19] because warmer temperatures in the world means an increasing of the moisture in the atmosphere [20].



The phenomenon of floods and water stagnation due to heavy rainfalls was investigated with the help of appropriate spatial information layers that, related to each other, allowed the identification of the most vulnerable areas. This investigation, related to water dynamics, is focused on the Emilia Romagna regional boundaries that, from a hydrological perspective, coincide with hydrographical basins, as presented in [21]. Floods and backwaters can be seen as a serious hazard in this type of geographical area [22] even for cultivation of products with a high need for water such as rice [23]. Several territorial studies confirm that the Emilia Romagna Region, like other territories in northern Italy, suffers from flooding during extreme rainfall events, confirming the importance of studies concerning the overall resilience of the regional territory and not only of river contexts [24,25,26].



Starting from this specific problem, the scientific result of this work is represented by the attempt to develop and apply a methodological process, which is valid for the estimation of hazards resulting from climate change in rural areas. In fact, there is a high gap in terms of analysis and studies about climate change impacts between rural and urban areas [27], and with this paper, we will try to start to close this gap.



Furthermore, an analysis capable of characterizing the territory according to different levels of vulnerability can be a useful tool both in relation to spatial planning choices and for actions arising from the Common Agricultural Policy (CAP).



Especially concerning the CAP, this type of analysis, also suitable for other hazards deriving from climate change, can be extremely important, giving decision-makers evidence for prioritizing actions of the Rural Development Programme (RDP) in their territory; this is a crucial theme, considering that CAP is increasingly oriented toward financial-result-based actions and in adapting measures to local conditions [28].



This paper is based on specific research financed by the Emilia Romagna Region on rural land, landscape and climate change. For this reason, the research and the analysis developed were built on data and information that already exist, highlighting as soon as possible Emilia Romagna Region’s informative layers and previous projects’ results.




2. Materials and Methods


The case study selected is the Emilia Romagna Region, in the center–north of Italy, which covers an area of 22,510 km2 and has a population of 4459 million [29]. The climate is a sub-continental temperate type, with hot and humid summers and cold and frigid winters, tending to sublittoral only along the coastal strip [30]. According to the Corine land cover 2020 dataset elaborated by the Emilia Romagna Region with Copernicus data [31], the area is covered by 35.75% artificial surface, 30.05% agricultural areas, 0.91% forest and semi-natural areas, and 33.29% water bodies without considering the lagoon (Figure 1).



During the last year, in the Italian context, it has undergone a severe urbanization process that has led the Emilia Romagna region to have undergone a large loss of potential agricultural land (8.93%) [32]. This process has also heavily involved the case area, leading to the degradation of natural ecosystems and rural landscapes and determining a progressive removal and lengthening of the adaptation process. Moreover, this dynamic has exacerbated the precipitation effect, which is between 450 and 2100 mm, (with the lowest values in the eastern plains and the highest in the Apennines) with major intensities.



This effect is seen primarily during the winter and a small effect during the spring [33]. The spatial analysis of the vulnerability is recognized as relevant by the local policymakers and also by the citizens and local producers, regarding the knowledge increase in local markets and other sustainable initiatives [34,35,36]. Furthermore, this characterization of the territory allows systematizing numerous data into useful information [37,38].



In this case study, rural spaces suitable to investigate the specific local behavior that are able to show intrinsic properties to counteract the flooding effect were considered. Moreover, the vulnerability of these areas to climate change was investigated [39]. In this sense, the methodology used on a territorial scale is useful to support administrations and stakeholders who intend to implement specific local policies in the rural area, to minimize the negative effects of climate change. It facilitates the processes of adaptation and sustainability, focusing on the preconditions that determine the vulnerability linked to flooding, taking into account the specific context in the study.



The main concern that arises in this kind of analysis is represented by the reduced availability of data sources on the dynamics under study [40,41,42]. This represents a barrier that prevents the direct use of information layers regarding the purpose of the analysis. To go beyond this limit, the methodology is based on the innovative use of available databases, used through the definition of multiple proxies that allow for the quantification of specific properties [43]. Each of them was discussed with the public administration and subsequently was investigated in the scientific literature. In this way, the spatial characterization of the rural context makes it possible to strengthen the adaptation process, highlighting the potential effects on the territory. A better knowledge of the changing dynamics makes it possible to better define “agricultural adaptation strategies” that are capable of increasing the resilience of the system [44].



Based on the approach shown in the IPCC 2014 “vulnerability assessment” report [45], the methodology aims to identify areas vulnerable to flooding in rural contexts, by innovative synergy [12]. The Equation (1) is based on the analysis of sensitivity, adaptive capacity and vulnerability as follows:


  V = S e n − A d C  



(1)




where:



V = Vulnerability



Sen = Sensitivity



AdC = Adaptive Capacity



2.1. Mapping Approach


In this study, the spatial analysis was developed through a GIS-based approach as already experimented in [46,47,48]. The geospatial evaluation of the vulnerability of flooding areas was based on regional geodatabases from which some layers were selected to satisfy the paper’s objectives. Following the vulnerability Equation (1) [45], the selected layers were split into two main categories, as shown in Table 1: sensitivity and adaptive capacity. For the first category we have (i) Water run-off; (ii) Rain scenarios; (iii) Saturated Hydraulic Conductivity, and for the second one: (iv) Soil organic carbon and (v) Infiltration capacity. The mapping approach follows two steps, as shown in Figure 2. These steps were developed using a set of spatial criteria to quantify different properties.




2.2. Step 1: Sensitivity


The first step is based on the sensitivity investigated in terms of (i) Water runoff, (ii) Rain scenarios, and (iii) Saturated Hydraulic Conductivity. The analysis of the first element, (i) Water runoff, was carried out thanks to the methodology presented in [12] according to the information levels relating to the morphology of the territory (DTM) and land use (CLC). The digital terrain model with 5 × 5 m cells to which the elevation information is associated was derived from the Regional Technical Map at the 1:5000 scale and updated on the 2009 Lidar survey [49]. The second layer is the Corine Land Cover (CLC) integrated by the CPSG-CISIS Soil Use Working Group, with the reclassification relating to 2017, carried out in 2019/20, with a scale of 1:10,000. The methodology then provides for the use of runoff coefficients for each type of land use referred to the 3rd level of detail (Table 2) originating from the “Regulation containing provisions for the application of the principle of hydraulic invariance referred to in Article 14, paragraph 1, letter k of the regional law of 29 April 2015, n. of water use“ and the related technical document called Annex 1: ”Guidelines for the application of the principle of hydraulic invariance in the Friuli Venezia Giulia Region” [50]. The partial result is an information layer in which the regional territory is characterized by its propensity to drain the water to the ground.



For the study of (ii) Rain scenarios, and (iii) Saturated hydraulic conductivity it was possible to capitalize the data available at the regional scale, which was carried out thanks to specific studies [51]. Concerning (ii) Rain scenarios, available in “CSV” format and produced by the “Climatology and long-term forecasts” Unit—ARPAE, it contains forecast data based on the stabilization emission scenario (RCP) 4.5. For the processing in the GIS environment, it was decided to use the forecast data relating to the median (p. 50), thus placing itself in an average situation. Subsequently, thanks to the latitude and longitude information of the single points, it was possible to integrate the table file (.csv) into a shapefile (.shp), thus reaching the preconditions for carrying out spatial analysis. This analysis consists of a “spatial interpolation” of the point values which generates an equivalent level of information of an areal type, which was therefore useful for the study. The last useful layer identified in the sensitivity study is (iii) Saturated hydraulic conductivity, or the ability of a saturated soil to transmit water when subjected to a hydraulic gradient [52]. The saturated water conductivity is an index of the ease with which the soil allows water to pass through it and is based on: texture; the presence of organic matter; structure; the presence of canals formed by roots or biological activity; the size and continuity of the pores [51]. Due to the different spatial coverage, this information layer is available only for the pedo-hilly context, while the remainder is currently being drafted.



The availability of spatialized data coherent with the dynamics under study made it possible to identify the most-sensitive areas, thus testing the survey model. This is shown in detail in Table 3, with the values taken into consideration for the study. For each of the (3) individual information layers, a normalization of the values was followed, according to:


  A =   X − X m i n     /     X m a x − X m i n    



(2)




where:



X = value considered



Xmin = minimum value of the class of the specific layer



Xmax = maximum value of the class of the specific layer



Carrying out this operation in the GIS environment allowed us to obtain 3 layers, with the same scale of values expressed from 0–1 and therefore comparable. This made it possible to aggregate the aspects examined and obtain a general overview according to:


  B =   X i + X i i + X i i i   / 3  



(3)




where:



Xi = water run-off



Xii = rain scenarios



Xiii = saturated hydraulic conductivity



The partial result of this operation was transformed from shapefile (polygon) to raster so that the data could then be migrated in GIS using the “zonal statistics” tool into a matrix-based grid with a mesh structure consisting of cells with a side of 1 km.




2.3. Step 2: Adaptive Capacity


The second step consists in studying the Adaptive capacity in terms of (iv) Soil organic carbon, and (v) Infiltration capacity.



The analysis of (iv) Soil organic carbon, as recognized in the literature, represents a characteristic of the soil that significantly increases the capacity for water sequestration (Lal, 2016). Thanks to specific studies, useful information layers have been used, which describe the average organic carbon content expressed in Mg*ha—1 in the profile of the first 100 cm of soil. This layer has a regular mesh structure with cells with a side of 1 km and is composed of two parts, respectively the plain and the Apennines. For each cell, the value is the result of a geostatistical analysis conducted by the Geographic Information Systems Service of the Emilia Romagna Region. Subsequently, we proceeded with the normalization according to the value which represents the organic carbon content in Mg*ha—1, following the Equation (2).



(v) Infiltration capacity, produced by the Geological Seismic and Soil Service (SGSS), quantifies the capacity of soils in the deep infiltration of water. It represents one of the ecosystem services investigated for lowland soils at a regional level, called “ES-WAR” [53]. For the analysis, the themes were taken into consideration even if with partial coverage, as the missing part by its nature suffers less from relapses due to the land morphologies. The systematization of the values is already usable in the study as the values are normalized with values in the range from 0 to 1 (Table 4).



The realization of this processing in a GIS environment resulted in two layers with the same scale of values that made it possible to aggregate the examined aspects and obtain a general behavior according to the Equation (4):


  D =   X v i + X v   / 2  



(4)




where:



Xvi = Soil organic carbon



Xv = Infiltration capacity



In this case, the partial result of step 2 consists of converting the obtained layer from Equation (4) from shapefile (polygon) to raster and implementation in GIS through the tool “zonal statistics” into a matrix-based grid in which the layers are processed according to a mesh structure consisting of cells with 1 km side converging.




2.4. Step 3: Vulnerability


Based on the previous steps carried out in GIS, it is possible to evaluate the vulnerability according to the 5 variables used. To do this, the two partial results obtained in steps 1 and 2, respectively “sensitivity” (Figure 3a) and “adaptive capacity” (Figure 3b) can now be merged following Equation (1).



The IPCC Third Assessment Report (TAR) describes vulnerability as “The degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity” [54].



In this figure, the areas depicted in blue represent “Low Vulnerability”, while those in red representing “High Vulnerability”. The areas in the administrative boundaries of the Emilia Romagna region shown in white have a slope >5%.



Operationally, after implementing the values resulting from step 1 and step 2 in the matrix, it was possible to carry out the aforementioned operation in GIS, thus obtaining the resulting information layer. The layer results were obtained thanks to the “raster calculator” tool. This layer was split into 5 vulnerability classes in equal intervals (Figure 4). Then, in the GIS environment, using the “field calculator” tool, a selection was made for all areas with a slope of less than 5%t, which are considered flat areas [55], and is a value that defines high-risk situations in terms of flood hazard [56].





3. Results


The GIS-based approach results are displayed in Figure 3, where the two steps are developed. Then, in Figure 4, the main result about the spatial distribution of vulnerability to flooding is visualized. Figure 3a identifies the “sensitivity”, where the areas with high value are all mainly located in the hilly belt and artificial contexts. On the other hand, Figure 3b maps the “adaptive capacity” which shows a less homogeneous behavior, but with the highest values near the delta zone. Figure 4 shows how the vulnerable areas are distributed mostly at the foot of the morphological reliefs, where there are various urban contexts, or in any case, anthropized. In this sense, it is relevant to underline that the Emilia Romagna plain is characterized by an urban infrastructure along the via Emilia.



Approximately 1,068,678,386 ha of the potential area was mapped, of these vulnerability classes, “Low” and “Medium Low” represent about 11.44%, while the 30.31% fall into classes “High” and “Medium High”, as shown in Table 5. By this comparison, it is possible to note that the most vulnerable areas are more than double when compared to the less vulnerable areas. Another aspect is represented by the extreme High and Low classes, which similarly show a reduced presence of 1.31 and 2.23% respectively, while the intermediate class is the largest, reaching almost 60% of the total territory.



As shown previously, there are several factors contributing to the vulnerability rank of the territory; some characteristics of these areas are intelligible also from satellite images. In Figure 5 it is possible to note that two rural zones are assessed as “low vulnerable” areas (blue colour). In particular, the ability of the soil to transmit water when it is in high saturated condition (Ksat), a high organic carbon content in soils and a low occurrence of land uses with low runoff coefficients, and a favourable land conformation all play a role in determining the vulnerability level of these two areas. These areas correspond to the drainage land of the Ferrara region, recently formed territories, established precisely to counteract flooding phenomena. It is probable that land adaptation processes have contributed to making these areas less vulnerable, in dealing with this type of hazard.



Within the five vulnerability classes it is possible to note how the presence of land uses are present in various ways (Table 6). The agricultural land-use class is the most extensive of all, reaching values ranging from 54.31 to 97.72%. It is also interesting to note that about 83.56% of the territory that falls under “Medium High” has agricultural use, leaving a marginal role to others. This suggests the importance of involving a sufficient number of local actors in a synergic and shared way, capable of taking appropriate decisions and measures [57].




4. Discussion


This study investigated and describes a spatial analysis methodology of the vulnerability to flooding applied to the rural context of the Emilia Romagna region. This contributes to partially filling the gap in knowledge in the field since, unlike the widely treated urban context, the rural area is still poorly studied at the territorial scale regarding IPCC methodology for adaptation to climate change. The study shows step-by-step guide on how to develop a GIS-based approach for identifying the sensitivity and the adaptive capacity property, to identify the vulnerable areas. The mapping approach developed was able to support the investigation of the case study regarding flooding and climate change. Although using a more detailed database should make it possible to know the performance in greater detail, the proposed methodology simply allows for making a relevant estimation at the regional scale that is mostly relevant for policy definition and assessment, and territorial planning decision. Moreover, the advantage of this approach is the ease of replicating it in other spatial contexts, by the definition of local proxies. These have to be based on available information layers, usually held by the local government, or which can be obtained with satellite data.



In the study of the vulnerability to flooding, it was decided not to consider the entire territory, as the phenomenon occurs in contexts with low slopes. We believe that the methodology and the study developed can be transferred to other contexts for analyzing other rural contexts, suggesting policy orientations, and integrating adaptation considerations in urban planning. From an administrative point of view, it is important to avoid reducing the issue of vulnerability to extreme events only, also considering the tendential aspects.



The conducted analysis, also considering all the limits, represents a good starting point in assessing the degree of vulnerability, not just under a single view but considering different aspects. The limits that can be identified can be briefly summarized as follows:




	
concerning the datasets used, a limited availability of uniform layers for the whole regional area (i.e., Saturated Hydraulic Conductivity that does not cover all the area) and a heterogeneity of the layers between different areas (i.e., Soil organic carbon, with a different definition between mountain and valley);



	
lack of dynamism of some layers with respect to the real evolution of the territory (i.e., Corine Land Cover is made every 6 years);



	
the inevitable approximation of reality, resulting from the use of a limited set of layers;



	
absence of a socio-economic assessment of vulnerable elements within the methodology;



	
consideration of water surfaces in the runoff model, such as rivers, as elements of vulnerability;



	
an appropriate estimation of the weights of the individual layers considered for the assessment, appropriately declined according to the territorial context in which it is inserted, as [58].








Therefore, more exploration and practical implementation has to be developed to achieve important knowledge and fill the existing gap. This type of study can influence the success of strategies aimed at reducing vulnerabilities, both in terms of security and adaptation to climate change, therefore the institutional framework has to be defined appropriately, taking into account not only environmental frameworks. The study of spatial vulnerability to certain climate change hazards on a regional scale can be applied and adapted, in particular, in the definition of actions resulting from agricultural policy and landscape planning.



	
As far as agricultural policy is concerned, a process that produces this kind of result could be a very useful tool to better choose the areas that need the most support. In order to do this, the method and the relative results need to be adapted to the zonal characterizations that are used by Rural Development Plans to have a concrete and easy application.



	
In the same way, the methodology discussed in this paper can become a tool that can make important additions to landscape planning tools such as the Regional Landscape Plan, particularly with respect to the higher degree of susceptibility associated with certain areas and can therefore support choices for the maintenance of certain landscapes in particular.







5. Conclusions


This article highlights how the issue of the vulnerability of territories to a particular climate change phenomenon, such as heavy rainfall, can also be investigated on a large scale as the rural one. This method can be replicated for different hazards, that insists in parallel, and could allow a synoptic view of territories with respect to climate change.



Finally, it is clear that without a wide planning process promoted by the public administration and a local engagement, it is not easy for private citizens and farmers to work in a synergic way to minimize negative effects. Therefore, to successfully implement the spatial assessment of flooding, there is a need for institutional and governance direction.



Especially in a perspective of rural land adaptation, with a major driver such as CAP, giving priority in action to the most vulnerable territories is an important act of resource efficiency, in particular for the new period of reform, increasingly oriented toward financing result-based actions and in adapting measures to local conditions.



These aspects should be able also to define and implement local policies coherently with the other planning decisions, and adaptation implications should be mainstreamed in local planning. In this sense, local administrations and municipalities play a crucial role, also providing access to land through permissions (“top-down policymaking”).
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Figure 1. Study area map. 
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Figure 2. The two steps of the mapping approach. 
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Figure 3. “Sensitivity” (a) and “Adaptive Capacity” (b). Sensitivity is “the degree to which a system is affected, either adversely or beneficially, by climate-related stimuli. The effect may be direct (e.g., a change in crop yield in response to a change in the mean, range or variability of temperature) or indirect (e.g., damages caused by an increase in the frequency of coastal flooding due to sea level rise).” Adaptive capacity is “The ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences” [54]. In this figure, as the scale of blue increases, the areas that are more sensitive (a) and with more adaptive capacity (b) to the phenomenon analyzed are identified. 
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Figure 4. “Vulnerability”. 
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Figure 5. “Vulnerability”: zoom A (a) and satellite view (b). In this figure, the areas depicted in blue represent “Low Vulnerability”, while those in red represent “High Vulnerability” (a). Figure (b) is the satellite view of the area. 
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Table 1. Information layers and related elements identified.
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	Main factors
	Layers
	Description
	Source *





	Sensitive
	(i)
	Water run-off
	DTM & CLC

Emilia-Romagna Regional Geoportal



	
	(ii)
	Rain scenarios
	ARPAE



	
	(iii)
	Saturated hydraulic conductivity
	Emilia-Romagna Regional Geoportal



	Adaptive

capacity
	(iv)
	Soil organic carbon
	Geological, Seismic and Soils Service—Emilia-Romagna Region



	
	(v)
	Infiltration capacity
	“Portale MinERva”

Emilia-Romagna Region







* Link to the data source available in the “Data Availability Statement” section.
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Table 2. Runoff coefficients for each type of land use referred to the 3rd level of detail.
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3rd Level of Details of Land Use

	
Runoff Coefficients






	
1.1.1

	
Continuous urban fabric

	
0.80




	
1.1.2

	
Discontinuous urban fabric

	
0.75




	
1.2.1

	
Industrial or commercial units

	
0.80




	
1.2.2

	
Road and rail networks and associated land

	
0.85




	
1.2.3

	
Port areas

	
0.85




	
1.2.4

	
Airports

	
0.80




	
1.3.1

	
Mineral extraction sites

	
0.80




	
1.3.2

	
Dump sites

	
0.80




	
1.3.3

	
Construction sites

	
0.60




	
1.4.1

	
Green urban areas

	
0.30




	
1.4.2

	
Sport and leisure facilities

	
0.15




	
1.4.3

	
Cemeteries

	
0.20




	
2.1.1

	
Non-irrigated arable land

	
0.40




	
2.1.2

	
Permanently irrigated land

	
0.20




	
2.1.3

	
Rice fields

	
0.10




	
2.2.1

	
Vineyards

	
0.30




	
2.2.2

	
Fruit trees and berry plantations

	
0.30




	
2.2.3

	
Olive groves

	
0.30




	
2.2.4

	
Other wood crops

	
0.20




	
2.3.1

	
Pastures

	
0.30




	
2.4.1

	
Annual crops associated with permanent crops

	
0.40




	
2.4.2

	
Complex cultivation patterns

	
0.40




	
2.4.3

	
Land principally occupied by agriculture

	
0.40




	
3.1.1

	
Broad-leaved forest

	
0.20




	
3.1.2

	
Coniferous forest

	
0.20




	
3.1.3

	
Mixed forest

	
0.20




	
3.2.1

	
Natural grasslands

	
0.20




	
3.2.2

	
Moors and heathland

	
0.20




	
3.2.3

	
Sclerophyllous vegetation

	
0.20




	
3.3.1

	
Beaches, dunes, sands

	
0.20




	
3.3.2

	
Bare rocks

	
0.85




	
3.3.3

	
Sparsely vegetated areas

	
0.85




	
3.3.4

	
Burnt areas

	
0.30




	
4.1.1

	
Inland marshes

	
0.05




	
4.1.2

	
Peat bogs

	
0.05




	
4.2.1

	
Salt marshes

	
0.05




	
4.2.2

	
Saline

	
0.05




	
5.1.1

	
Water courses

	
0.05




	
5.1.2

	
Water bodies

	
0.05




	
5.2.1

	
Coastal lagoons

	
0.05








Source: Friuli Venezia Giulia Region, 2018.
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Table 3. Information layers and related elements identified.
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Main Factors

	
Coverage

	
Description

	
Input File

	
Output File

	
Range Value






	
Water run-off

	
Total

	
DTM

	
Raster

	
Shapefile

(areal)

	
0–1




	
Total

	
CLC

	
Shapefile




	
Rain scenarios

	
Total

	
Rain scenarios

	
csv

	
Shapefile

(areal)

	
0–1




	
Saturated

Hydraulic

Conductivity

	
Partial

	
K-sat

	
Shapefile

	
Shapefile

(areal)

	
0–1
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Table 4. Information layers and related elements identified.
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	Main Factors
	Coverage
	Description
	Input File
	Output File
	Range Value





	Soil organic

carbon
	Total
	Organic carbon stored in soils 0–100 cm
	Shapefile
	Shapefile

(areal)
	0–1



	Infiltration

capacity
	Partial
	ES-WAR
	Shapefile
	Shapefile

(areal)
	0–1
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Table 5. Detail of the surfaces of the vulnerability classes.
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	Class of Vulnerability
	Surface (ha)
	Percentage of Total Vulnerability





	Low
	23,826,927.66
	1.31%



	Medium low
	14,895,301.71
	10.13%



	Medium
	622,534,129.66
	58.25%



	Medium high
	300,093,104.27
	28.08%



	High
	107,328,925.87
	2.23%
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Table 6. Land cover detail of vulnerability class surfaces.
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	1st Level of Detail of Land Use
	Low
	Medium-Low
	Medium
	Medium-High
	High





	Artificial surfaces
	1.14%
	12.69%
	-
	-
	9.38%



	Agricultural areas
	97.72%
	62.51%
	86.39%
	83.56%
	54.31%



	Forest and semi natural areas
	0.01%
	10.46%
	7.12%
	8.65%
	35.06%



	Wetlands
	-
	5.24%
	2.61%
	3.27%
	-



	Water bodies
	1.14%
	9.11%
	3.88%
	4.51%
	1.25%
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