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1. Foreword

The unprecedented threat of climate change is posing a severe risk
for human economic activities, due to the increasing frequency
and magnitude of extreme events.

Practitioners in multiple economic sectors, from infrastructural
to financial ones, are becoming increasingly more aware of the
importance of climate proofing in strategic planning and deci-
sion-making, to cope with climate risk.

Essential information for climate proofing is the assessment of
risk to exposed receptors, considering their vulnerability to cli-
mate hazards (e.g. floods, heat waves, etc.) in the different com-
binations of environmental and socio-economic features, within
the so-called social-ecological system.

The dimensions of risk to be considered, according to the IPCC
(2012) definitions are:

e Hazard, i.e. “the potential occurrence of a natural or
human-induced physical event that may cause loss of
life, injury, or other health impacts, as well as damage
and loss to property, infrastructure, livelihoods, service
provision, and environmental resources’;

e Exposure, defined as the presence of receptors, i.e.
“people; livelihoods; environmental services and re-
sources; infrastructure; or economic, social, or cultural
assets in places that could be adversely affected” by haz-
ard events;

e Vulnerability, i.e. “the propensity or predisposition to
be adversely affected” by hazard events.

In the Alpine Region, climate change has already shown remark-
able effects in terms of temperature rise (2 °C over the last 120
years) at a pace that is as much as twice the global average, with
dramatic consequences in terms of glacier retreat and disappear-
ance.

Future projections confirm the past trend and foresee further ef-
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fects on temperature, seasonality of precipitation, global radia-
tion, relative humidity and frequency/intensity of extreme precip-
itation and floods (Gobiet et al., 2014). The limited accessibility of
mountain areas, due to harsh geomorphological gradients, may
exacerbate consequences of extreme events, for example when
damaged connections between settlements prevents or slows
down the recovery from critical situations.

Recent extreme events in the Belluno Province (eastern Alps at
the border between Italy and Austria), such as the disastrous Vaia
storm in 2018, provide further evidence of the importance of cli-
mate proofing in spatial planning to cope with adverse effects cli-
mate change for ordinary and extraordinary management of in-
frastructures and to grant access to essential public services, i.e.
water, electric power, etc.

This working paper presents the first part of results on climate
hazards assessment of a collaborative project between Venice In-
ternational University (VIU), the Foundation Euro-Mediterra-
nean Centre on Climate Change (CMCC) and Ca’ Foscari Univer-
sity of Venice, with the scientific and financial support of Enel
Foundation.

The main aim of the project was the assessment of multiple risks
from climate hazards in the Belluno Province in Italy (south-east-
ern Alps). The approach adopted herein derives from the Socio-
Economic Regional Risk Assessment (SERRA) method de-
veloped by the EU Kulturisk Project (Giupponi et al., 2015). This
integrated approach combines accurate spatial risk assessment
with socio-economic analysis and evaluation, to estimate the po-
tential damages associated with risks of different kind and mag-
nitude. These features made it suitable for the assessment of four
key economic sectors of the Belluno Province: summer tourism,
the eyewear industry, electricity distribution and winter sports
and events.

As previously reported, the SERRA integrated approach com-
bines classical spatial risk assessment with socio-economic anal-
ysis, enabling the estimation of the damages associated with po-
tential risks of different types and entities (see Errore. L'ori-
gine riferimento non é stata trovata.), based on the follow-
ing sequence of steps (Mojtahed et al. 2013):

1. qualitative and quantitative description of the hazards;
identification and description of the environment subject
to the hazards considered (e.g. urban areas, ecosystems,
infrastructures);

3. selection of receptors exposed directly and indirectly to
hazards (residential buildings, industrial areas, ware-
houses, retailers, people, infrastructures, vehicles, etc.);
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4. identification of the spatial characteristics of susceptibil-
ity, coping and adaptive capacities mapped by means of in-
dicators which are subsequently aggregated into a vulner-
ability index for each type of receptor;

5. identification of the set of value factors for exposed recep-
tors and their indirect correlations;

6. calculation of the risk from the previous steps;

7. designation of the risk of receptors in the quadrants of the

Total Cost Matrix.
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This climate hazard evaluation is based on use of a different high-
resolution regional climate models (RCMs) available over the area
of interest. Moreover, it involves the use of specific spatial indica-
tors tailored on the local characteristics of the area and on the
hazards to be analysed. Such approach follows the conceptual
framework proposed by the Intergovernmental Panel on Climate
Change (IPCC) in the fifth Assessment Report which, in turn, is in
line with the prevailing literature on risk reduction (Disaster Risk
Reduction - DRR) (IPCC 2012; 2014b). According to that frame-
work, the three dimensions of risk previously defined (Hazard,
Exposure and Vulnerability) are quantified by means of case spe-
cific indicators from which the sectoral climate risk indexes are
calculated and mapped. This index-based approach is widely used
in the literature, furthermore it has been adopted within the Ital-
ian National Plan for Adaptation to Climate Change (MATTM,
2017).

The climate risk indexes are quantified on the basis of the gen-
eral formula:

Risk = f(Hazard, Exposure, Vulnerability)
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In this work, the general formula has been implemented with a
combination of multiplicative and multi-criteria operators
adapted to the four sectors assessed.

The analysis of multiple risks, multiple receptors and multiple cli-
mate scenarios generates a huge number of possible combina-
tions. The current work has opted for a statistical approach, aimed
at providing both synthesis by means of averaged results and
maps of risk, and also extensive documentation of the various
sources of uncertainty and their effects on final results. Therefore,
the results are presented as sets of maps (and related statistical
summaries), focused on highlighting the diversity of situations
within the study area, taking due account of the uncertainty de-
riving from the different data sources considered, such as the
multiplicity of possible future scenarios.

This issue of VIU WPs reports on the results of the assessment of
climate hazards, while a following WP will present the analysis of
the exposure of economic activities and vulnerability of local so-
cio-ecosystems and the analysis of climate-related risks. The third
WP of this series will report on a demonstration study for climate-
proofed solutions for local development.
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2.Main
elements for
climate hazard
assessment

The climate hazards are defined on the basis of a selection of in-
dicators defining the expected change of specific weather ex-
treme characteristic (mainly frequency and magnitude) and on
the probability that intense phenomena will occur within fixed
time frames, known as return periods (Reder et al; 2018). Then,
the climate hazards are combined with physical and structural
factors of the exposed assets (exposure) and the local socio-eco-
nomic factors (vulnerability) through mathematical relationships
that express the relative damage of exposed assets as a function of
the magnitude of various extreme events. In this perspective, it
should be noted that the choice of relevant extreme climate events
of interest for risk assessment should depend upon the exposed
receptors. For example, extreme precipitation events can gener-
ate floods and thus damages on tourism lodging facilities. These
events can lead to diverse impacts and problems, depending on
the nature of the emergency. Damages from climate events could
be both direct on structural assets, such as flooded hotels, because
of the accumulation of heavy rains, and indirect losses, such as
interruptions of the road network impeding the accessibility of
production sites. In addition to short-term damages, events might
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have long-term economic impacts, for instance permanently af-
fecting the viability of structures or infrastructures, or indirectly
affecting the tourist attractiveness of a certain area.

The index-based approach, used for climate hazard evolution as-
sessment, is largely used in the literature for supporting the as-
sessment of local impacts and the evaluation of risk, as well as for
defining tailored adaptation strategies (EEA 2009; 2018; Mysiak
et al., 2018).

Accounting for the indicators considered, it is important to high-
light that there is not a unique definition of “extreme” since it can
describe either a characteristic of a climate variable or that of an
impact (Stephenson, 2008). In the case of a variable related to
weather or climate (e.g. temperature or precipitation), an extreme
can be defined as a value located in the tails of the distribution of
the variables, occurring infrequently. It is generally agreed that
extreme events are those exceeding two standard deviations in
long term observational series (Kislov and Krenke, 2009).

In the case of a specific impact, it is more difficult to define the
extreme, since generally there is not a unique way to quantify it.
The IPCC Assessment Report 4 (IPCC, 2007) defines an extreme
climate event as one that is rare within its statistical reference dis-
tribution at a place and time. Definitions of “rare” vary, but an
extreme weather event would normally be as rare as or rarer than
the 10th or goth percentile of the observed Probability Density
Function (PDF).

By definition, the characteristics of what is called “extreme
weather” may vary from place to place. One single extreme event
cannot be simply and directly attributed to anthropogenic climate
change, as there is always a finite chance that the event in ques-
tion might have occurred naturally. When a pattern of extreme
weather persists for some time, such as a season, it may be classed
as an extreme climate event, especially if it yields an average or
total that is itself extreme (e.g. drought or heavy precipitation
over a season). The IPCC Special Report on “Managing the risks
of extreme events” defines an extreme as the occurrence of a value
of a variable above or below a threshold value near the upper (or
lower) ends of the range of observed values of the variable (IPCC,
2012).

The concept of “extreme” is also particularly important for the de-
sign of infrastructures. Indeed, these ones are generally built un-
der the hypothesis that climate is stationary, meaning that physi-
cal variables could vary from day to day, but always around an
unchanging mean state. Information about weather extreme val-
ues on a specific area is generally taken from historical series: in
particular, percentiles corresponding to predetermined return pe-
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riods in the historical sample are generally considered the norma-
tive value for design. However, this approach could be no longer
adequate, since it is evident that climate change is unequivocal
and will alter the mean, variability and extreme values. The warm-
ing of the climate system in the recent decades is evident from
observations and it is mainly related to the increase of anthropo-
genic greenhouse gas concentrations (IPCC, 2012). Therefore,
also precipitation will be altered, since a warmer atmosphere will
hold more water vapour, resulting in heavier rains or, on the other
side, in severe droughts due to larger water absorption from soil
and vegetation. In the same way, other atmospheric variables,
such as wind and snowfall, are expected to change their patterns
(Croce et al., 2018). A changing climate may lead to changes in the
frequency, intensity, spatial extent, duration and timing of
weather and climate extremes.

Climate change is usually assessed in terms of average climate
properties rather than on variability or extremes, but often the
latter ones have more impact on the society than averages values
(Katz and Brown, 1992). As climate extremes will change, it is
likely that risks for infrastructure failure will increase worldwide,
since extreme weather conditions become more variable and re-
gionally more intense.

In order to assess the hazard, two kinds of indicators have been
defined in the present activities. The descriptive indices de-
veloped by ETCCDI refer to moderate extremes that typically
occur several times every year and they have been used in the first
task of the activities to provide a general overview of the expected
extreme climate change over the Belluno area. On the other side,
but complementary, intensity and frequency of rare events,
in terms of percentiles and return values, are evaluated by means
of the well-known Extreme Value Analysis, and specifically rely-
ing on the Generalized Extreme Value (GEV) probability model.
Such values are particularly appreciated for risk analysis because
they allow, for example, for the quantification of expected varia-
tions (e.g. reduction) in the frequency of extreme events that cur-
rently occur once in a given period, typically 50- and 100- years.
The so obtained wide selection of climate indicators (see the fol-
lowing chapter), allowed for the estimation of climate variation
for all the extremes of interest.

For the present case, return values are estimated using datasets
of 30 years, and resulting variations due to climate change are re-
ferred to this timescale. It is worth noting that sample size (in this
case 30 years) deeply affects the reliability of the so estimated re-
turn values. As highlighted in Table 1, the larger the sample size,
the narrower the uncertainty band, the higher the reliability of the
estimation.
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Table 1 Length of data record versus expected error rate for
statistical calculation

Return peried + 10% error level + 25% error level
(years) (years of record) (years of record)

10 90 18

25 105 31

50 110 39

100 115 48

In order to capture the real spatial variability of the atmospheric
patterns, analysis were performed by using high-resolution cli-
mate scenarios considering different IPCC scenarios.

Climate scenarios are defined by accounting for different Repre-
sentative Concentration Pathways (RCPs), which represent future
trajectories of concentrations of the full suite of greenhouse gases
(GHGs), aerosols and chemically active gases (Moss et al., 2008).
In this study, the analysis of the climate variations has been car-
ried out by considering the RCP4.5 and RCP8.5 scenarios and,
when available, the RCP2.6 scenario. Specifically, RCP4.5 repre-
sents an intermediate stabilization pathway for which substantial
emission reductions are expected by the end of the century. On
the contrary, RCP8.5 represents a very high concentration path-
way, for which very high emissions are expected to continue with-
out the implementation of mitigation strategies; this scenario is
also known as “business as usual”. RCP8.5 is considered the
worst-case scenario, whereas RCP4.5 is more optimistic. Finally,
RCP2.6 is a relatively optimistic scenario predicting that, by the
year 2100, the GHGs concentration will be only a little higher than
today.

In general, climate projections are provided by Global Climate
Models (GCMs), which can simulate the response of the global cli-
mate system to external forcing for both historical (reference) and
future (projections) periods with a resolution of about 50-100 km.
Nevertheless, in order to capture smaller-scale extreme events,
modelled climate data needs to be downscaled in time and space.
One of the most effective tools developed for providing high-res-
olution climate analysis, physically consistent on a selected geo-
graphical area, is the dynamical downscaling method represented
by Regional Climate Models (RCMs), which allow for a better de-
scription of climate variability at the local scale. The results of
RCMs are often used to evaluate local impacts of climate change,
since their improved resolution is more compatible with the phys-
ical scale of environmental impacts than GCMs.

In this study, climate indices and related variations are calculated
based on the data simulated by the following RCMs:

11
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e COSMO-CLM regional model (Bucchignani et al., 2016;
Zollo et al., 2016) with the specific configuration devel-
oped by CMCC over Italy. It covers the Italian territory
with a spatial resolution of about 8 km. Climate simula-
tions are available from 1971 to 2100 under two IPCC sce-
narios (RCP4.5 and RCP8.5); This model has been
adopted by a large number of private and public institu-
tions in Italy for hazard and adaption analysis.

e EURO-CORDEX regional models (Jacob et al., 2014,
Jacob et al.,2020). The models, developed under the
EURO-CORDEX program, cover all the European terri-
tory with a spatial resolution of about 12 km. Climate
simulations are available from 1971 to 2100 under three
IPCC scenarios (RCP2.6, RCP4.5, RCP8.5).
EURO-CORDEX is the European branch of the interna-
tional CORDEX initiative  (https://www.euro-
cordex.net/).), which is a worldwide program sponsored
by the World Climate Research Program (WRCP). This
program aims to organize an internationally coordinated
framework in order to produce improved regional cli-
mate change projections for all land regions world-wide.
Further specific information about the EURO-CORDEX
data is provided in Hennemuth et al. (2017). Climate data
used in this study are based on the ensemble of the re-
sults of 18 models for scenarios RCP4.5 and RCP8.5 and
11 models for RCP2.6.

About the use of the EURO-CORDEX models, it is important to
highlight that the use of an ensemble of regional climate models
allows evaluating the ensemble mean (the more robust represen-
tation of climate change under a probabilistic interpretation) and
the distribution of the different single models, building the en-
semble, around the ensemble mean (Tebaldi et al., 2005). This
distribution is the result of different layers of uncertainty that can
be grouped into three major categories: (i) scenario uncertainty,
(i) internal climate variability and (iii) model uncertainty (Haw-
kins and Sutton, 2009, 2011). In order to quantify the uncertainty
of the ensemble, the variability between EURO-CORDEX models
is expressed by the standard deviation of the ensemble of all mod-
els (Von Trentini et al., 2019), computed at the grid-point level.

Results coming from the analysis of climate models are adopted
to provide data and maps of the climate variations for a number
of relevant indicators for the definition of the expected local cli-
mate conditions, achieving the main objectives of Task 1. The cli-
mate variations are evaluated over two 30-year periods centred
on 2026 (the year of the Olympic games of Milan and Cortina) and
2050 (2012-2041 and 2036-2065, respectively) and for two dif-
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ferent climate scenarios (RCP 4.5 and 8.5), according to the IP-
CC's fifth assessment report (AR5; 2014a). In order to harmonize
the horizontal resolution of the current climate data (about 10
km) with the usually reduced scale of impacts, further statistical
downscaling, when necessary, is performed based on the availa-
bility of observational data covering the area of Belluno, morpho-
logical information of the areas (such as elevation), and relevant
specific documentation available at ARPA VENETO.
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3.Local
climate-related
hazard
assessment

Work Package 1 (WP1) is aimed at assessing climate-related haz-
ards and their expected future evolution (in terms of spatial and
temporal occurrence) because of climate change in the Belluno
area (North-eastern Italy).

WP1 comprises two Tasks. The activities carried out in Task 1 are
aimed at characterizing the current local climate conditions and
providing a database of maps on the expected effects of climate
change. To this scope, a number of indices/indicators has been
identified and evaluated allowing a general characterization of the
variation of climate-related hazards potentially affecting the in-
vestigated area. The produced data and maps provide a general
description of local climate change scenarios which, in the last
phase of the project, will be included in the platform DATACLIME
(www.dataclime.com) developed by CMCC Foundation by con-
sulting the climate service “Visualize climate data - Province of
Belluno” (available only after registration and after specific per-
mission of Enel Foundation). Task 2 is aimed at supporting the
comprehensive risk analysis for the investigated area. The activi-
ties of Task 2 represent the first step of the procedure defined, in
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collaboration with VIU, to evaluate climate-related risks for the
area of Belluno, accounting for four identified economic sectors
(summer tourism, eyewear industry, electricity distri-
bution, winter sports and events), which are of paramount
importance for the local economy. The climate-related hazard as-
sessment here proposed is therefore carried out with the goal of
providing suitable data for the evaluation of the hazard compo-
nent to be used in the comprehensive risk analysis procedure.

In the following paragraphs, more details concerning
these two Tasks are reported.

3.1 Task 1: General evaluation of the expected local
climate change conditions

The assessment of potential hazards related to climate change is
provided by the selection of suitable and relevant climate indica-
tors. The first step of this procedure requires the identification of
climate-related hazard events (hazardous events) that can affect
the relevant economic sectors of the investigated area.

Specifically, based on the classification adopted in the Interna-
tional Disaster Database (EM-DAT - https://www.emdat.be/clas-
sification), where hazardous events are classified as “main type”
and “sub-type”, the following events have been selected for the
area of Belluno:

e  Storm — snowstorm, rainstorm, windstorm, thunder-
storm;

e Extreme temperature — cold wave, heatwave, tempera-
ture decreasing (in winter) and temperature increasing
(in summer);

e Flood - river flood, flash and torrential flood;

e Mass movement — landslide and rock fall, mudslide and
debris flow, snow avalanche;

e  Wildfire — forest fire, land-fire (brush, bush, pasture).

Furthermore, taking into account a specific user requirement, wet
snow events have been included in the list of the potentially haz-
ardous events to be considered. This kind of events may nega-
tively impact different local economic sectors. The most relevant
consequence of a wet snow event is related to the accumulation of
snow on cables that may affect power lines causing the interrup-
tion of power distribution (Bonelli et al., 2011; Llasat et al., 2014).
In addition, intense wet snow events can affect transports and
limit the accessibility to tourism and recreational destinations as
well as workplaces.

Most of the climate indices used in this study are defined by the
Expert Team on Climate Change Detection and Indices (ETCCDI)
(Silliman et al., 2013a,b), which can be calculated by using tem-
perature and precipitation data. These indices are integrated with
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those proposed in the framework of the European Climate Assess-
ment & Dataset project (ECA&D), whose calculation accounts for
data such as wind, precipitation (rain and snow), temperature,
cloudiness, radiation, and pressure. Additionally, other indicators
have been considered based on literature works already adopted
by CMCC, for similar scopes, in previous research activities. For
the definitions, formulas, and indications on how to calculate the
ETCCDI and ECA&D indices, it is possible to consult the following
webpages:

e  http://etccdi.pacificclimate.org/list 27 indices.shtml
e  https://www.ecad.eu/indicesextremes/indicesdiction-

ary.php

For a detailed and complete list of indicators, please considerEr-
rore. L'origine riferimento non é stata trovata. 2. All these
indices/indicators provide useful information for the analysis of
the spatial and temporal evolution of a specific climate-related
hazard of interest. Furthermore, in order to highlight the period
of the year most affected by a potentially hazardous event, the in-
dices have been analysed on both the annual and seasonal time
scale.

16

VIUPapers09.22

TEN Program

Climate risk for eco-
nomic activities of the
Province of Belluno
(NE Italy). Climate-re-
lated hazard assess-
ment

Carlo Giupponi et al.



Table 2 List of indicators used for the assessment of current and
expected climate conditions over the area of Belluno. For each in-
dicator, maps are provided showing expected climate variations
for the two future periods taken into account (2012-2041 and 2036-
2065 vs 1981-2010).
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Some general considerations about the indicators reported in

Table 2:

The Cold Spell Duration Index (CSDI) and the Warm
Spell Duration Index (WSDI) are evaluated taking into
account the 10t and 9ot percentile, respectively, esti-
mated for the period 1971-2000.

For the heatwave events, it is worth noting that there is
no unique definition since they are, in general, evaluated
to highlight the effect of temperature increase on a spe-
cific sector of interest (such as human health) (Pasqui
and Di Giuseppe, 2019). Based on the indications pro-
vided by the ETCCDI, a heatwave event is defined as the
occurrence of at least six sequential days with maximum
daily temperature above the corresponding daily thresh-
old value at the 9ot percentile estimated on the period
1971-2000; this is the WSDI indicator. Furthermore, for
the heatwave another indicator has also been considered,
provided by the European Environment Agency (EEA,
2018): this indicator (HW) evaluates the days with the
maximum daily temperature higher than 35°C, which
represents a limit value for the well-being of human
health. Additionally, following specific user require-
ments, another indicator has been added, labelled as
TX99p, concerning the number of days with a daily max-
imum temperature higher than the 99t percentile of the
maximum daily temperature calculated for a 5 day-win-
dow centred on each calendar day of the period 1971-
2000.

Differently from the wind storm indices, which take into
account wind speed only (in terms of 98t percentile and
maximum daily values compared to the reference period
1981-2010 and expressed as a percentage of variation),
the thunderstorm indices consider the combined occur-
rence of intense wind (expressed considering either the
mean or the maximum daily value) and precipitation
events.

From the literature review, it results that a wet snow
event can occur under two conditions: i) the maximum
daily temperature is in the range 0-1.5°C and, ii) the daily
precipitation is higher than 10 mm. Based on this defini-
tion, the wet snow indicator (Wetsnow_01) has been pro-
posed. Furthermore, accounting for a specific user re-
quirement, a second indicator has been evaluated
(Wetsnow_02) also considering wind intensity (<5m/s).

After the identification of the indicators for all the considered eco-
nomic sectors, climate variations are evaluated based on both the
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RCMs COSMO-CLM data and EURO-CORDEX models’ ensemble
mean. Additionally, in order to provide information on the value
of these indicators under current climate conditions, the same cli-
mate indices have been also calculated based on observational
data collected at in situ stations and made available by ENEL Dis-
tribution and ARPA VENETO over the reference climate period
1981-2010. Information on the analysis performed with observa-
tions is reported in the last part of the document.

By definition, climate variations are calculated as the comparison
between the value of the selected climate index for the future pe-
riod and the value of the climate index for the historical period
(1981-2010), as provided by the considered climate model. Spe-
cifically, two future periods (2012-2041 and 2036-2065) under
different concentration scenarios proposed by the IPCC in the
Fifth Assessment Report (AR5; IPCC, 2014a) have been consid-
ered in this activity.

Typical results provided by climate data analysis are reported in
the next pictures. For example, in Errore. L'origine riferi-
mento non é stata trovata.2 the ensemble of climate varia-
tions of the maximum 1-day precipitation amount (RX1DAY) ex-
pected for the period 2036-2065 with reference period 1981-2010
under concentration scenario RCP4.5 is shown. In this case, there
is a higher variability in the South-East parts of the area of inter-
est, where there is also an increase of the maximum 1-day precip-
itation amount. FErrore. L'origine riferimento non é stata
trovata. is a typical representation of results obtained by using
an ensemble of climate projections.

RCP4.5 2036-2065 vs

rxiday(ensemble)
mean value of ensemble=4.00 mm rxiday(standard deviation) mm
O ——— T

5 12

vl

L Bl doda s s

o el

/@‘/,‘\

Additionally, another typical way to report the results of an
ensemble analysis, for each climate indicator, is to evaluate the
spatial mean value of the multi-model ensemble variation over
the area of interest together with a measure of the uncertainty,
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fig. 2

(left) Annual maximum
1-day precipitation
amount anomaly
provided by the EURO
CORDEX-11 multi-
model ensemble mean
for RCP4.5 scenario
over 2036-2065 period
compared to 1981-
2010. (right) the
standard deviation of
the maximum 1-day
precipitation amount
variations of all models
in each ensemble for
the future period 2036-
2065.
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which can be evaluated following different metrics (e.g.
percentiles, standard deviation) starting from the spatial mean
value of variation of each model. An example of this analysis, for
TR20 maximum daily precipitation, is reported in the table 3.

Table 3 Ensemble mean (first row) for TR20 maximum daily
precipitation and evaluation of uncertainty (2nd, 3rd and 4th rows)
starting from the spatial mean value of variations of each model
over Belluno area.

RCPa.5

2012-2041vs  2036-2065vs  2012-2041 vs 2036-2065 vs

1981-2010 1981-2010 1981-2010 1981-2010
mean 2% 5% 5% 12%
standard deviation 9% 8% 7% 11%
5° percentile -71% -11% -7% -9%
95° percentile 20% 17% 17% 29%

Due to the climate model bias (systematic error), it is not possible
to evaluate the absolute value of the climate indicators on the se-
lected period but only the variation expected on the future period
with respect to the reference climate. However, expected varia-
tions can be superimposed to the absolute values of the selected
indices/indicators, which can be computed over the historical pe-
riod by using observational data provided by the Regional Agency
for Environmental Protection (ArpaV).

To provide a complete climatology of a specific geographical area,
the World Meteorological Organization (WMO) indicates the use
of a dataset, for the atmospheric variables of interest, covering at
least a 30-year period. However, in order to consider observa-
tions-based analysis as a reference for the climate change analysis
herein shown, it should cover the period 1981-2010. Unfortu-
nately, the dataset provided by ArpaV does not cover completely
the requested period for all the stations and all the variables of
interest. For this reason, in Section 3.3 more detailed information
on the observational data availability is provided and, based on
such information, the different local climatologies are evaluated.
It is important to highlight that a shorter length can lead to an
underestimation of the more extreme (rare) values of the atmos-
pheric variable distribution.

The results of the index-based analysis, expressed as climate var-
iations expected for the periods 2012-2041 and 2036-2065 with
reference period 1981-2010 under the scenarios RCP4.5 and
RCP8.5 (and RCP2.6 for the EURO-CORDEX models), are calcu-
lated for each grid point with the same resolution of the climate
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models but, in general, they are represented as maps.

3.2.  Specific hazard assessment for supporting risk
analysis

High-resolution hazard assessment is also a fundamental step in
the framework for the local climate change risk assessment for
specific social and economic sectors, which is the main objective
of WP2. To this scope, additional climate indicators have to be
evaluated, tailored to specific requirements that emerged during
the definition of the comprehensive risk assessment procedure.
The final list of the specific indicators identified in the activity re-
lated to wind-, rain-, snow- and warm-related hazard assessment
for the economic sectors analysed in this study is reported in Er-
rore. L'origine riferimento non é stata trovata. Table 4.
These indicators also take into account the user’s requirements
that emerged during a number of project’s meetings. Finally, the
indicators have been selected by considering the following eco-
nomic sectors:

Summer tourism: The hazardous events of interest for this sec-
tor are extreme precipitation events that can generate flood-
ing phenomena and damage buildings and infrastructure. These
events can lead to inconveniences and safety problems linked to
the nature of the emergency (for example, temporarily limiting
the accessibility of the civil protection bodies or tourists them-
selves to the accommodation facilities in the area) and long-term
economic impacts (direct impacts on the viability of the structures
or indirect effects on the tourist attractiveness of a certain area).
In particular, the climate hazard refers to extreme precipitation
that occurs in the summer season with a return period of 100
years.

Winter sports and events: The hazardous events of interest
for this sector are snow reliability-related events that can in-
terfere with the development of winter sports, with particular ref-
erence to the Winter Olympic Games of Milano-Cortina 2026. In
the analysis of the winter sport activities and events sector, the
climate hazard refers to the lack of natural snow cover by consid-
ering two indicators: (i) snow cover duration (SCD), calculated as
the number of days (from November 1t to March 31t of the fol-
lowing year) with snow depth greater than 30 ¢cm, which might
decrease in the future because of climate change (Durand et al.
2009; Marcolini et al. 2017); (ii) snow production days (SPD), cal-
culated as the number of days from November 1st to December
31st with an average temperature lower than -2.5° C. The SPD in-
dex has been defined in collaboration with local experts of
ARPAV.
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Electricity distribution: The hazardous events of interest for
this sector are wet snow events that can lead to the formation
of ice sleeves, due to the combination of specific temperature
and wind conditions (moderate winds, snowfall and temperatures
that favour the accumulation of wet snow).

Eyewear industry: The hazardous events of interest for this
sector are extreme windstorm and precipitation events
characterized by an intensity that can generate landslide and
flooding phenomena, potentially limiting the accessibility to pro-
duction plants. These events can lead to long-term economic im-
pacts, i.e. indirect effects on economic activities of eyewear indus-
tries.

As defined in collaboration with the project’s team, the hazard in-
dicators for risk assessment have been calculated taking into ac-
count the values related to defined return periods. In other words,
such values can be interpreted as those expected to be exceeded
on average once every return period, or with a probability of 1/(re-
turn time period) (Vezzoli et al., 2012).

In detail, accounting for the daily time series, the indicators
related with the wind speed (i.e. the daily maximum speed ex-
pressed in m/s) and precipitation intensity (i.e. the daily total
amount of rain expressed in mm) are evaluated by considering:

e the 9oth, 95t and 99t percentiles of the maximum daily
values;

o the percentiles corresponding to the return periods of 20,
50, 100, 150 years (i.e. the 95, 7.5t ggth, 9g.3th percen-
tiles, respectively) of the annual maxima extracted from
the daily series.

Snow-related indicators have been calculated taking into account
20, 50, 100, 150 years (i.e. the g95th, g7.5th ggth) 9g.3th percentiles,
respectively) of the annual maxima extracted from the daily series
of snowfall intensity (i.e. the daily total amount of fallen snow,
expressed in mm), snow amount (i.e. the amount of snow accu-
mulated on the surface, expressed in cm), and two possible vari-
ants of wet snow indicators, i.e., wetsnow1 (number of days
with 0 < temperature < 1.5 °C and precipitation > 10 mm) and
wetsnow2 (number of days with 0 < temperature < 1.5° C, precip-
itation > 10 mm and maximum wind speed < 5 m/s). The second
indicator (hereafter simply referred to as “wet snow”) is closer to
commonly adopted analyses by electrical companies and is thus
adopted for the risk assessment. The analysis focuses on the win-
ter season (December, January, and February) which returns the
widest anomaly among all seasons. The analysis is carried out for
extreme events with 20, 50, 100 and 150-year return periods but
only the 100-year threshold is adopted for risk assessment and
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mapping, in analogy with the evaluation of the other economic
sectors.

It is important to highlight that the so-defined the wet snow indi-
cators do not provide information on the magnitude or intensity
of the accounted variable, but rather evaluate the number of
events (days) occurring in a constant time interval, namely the
year or the four seasonal periods: winter (December-January-
February or DJF), spring (March-April-May or MAM), summer
(June-July-August or JJA), and autumn (September-October-
November or SON). In other words, wet snow events are evalu-
ated in terms of frequency, following a probabilistic approach
which does not rely on the GEV probability model but on the Pois-
son distribution, since the adopted variable is discrete (day with
wet snow vs. day without wet snow). For example, the 95t per-
centile provides the maximum number of wet snow days expected
to occur once in 20 years, on average.

In addition to all the above-mentioned indicators, further indica-
tors can also be considered in the framework of the WP5, where
specific case studies will be analysed.

All the indicators listed in Errore. L'origine riferimento non
é stata trovata.4 have been calculated as annual and seasonal
variations for the two future periods of analysis 2012-2041 and
2036-2065 (versus the reference period 1981-2010) by means of
the EURO-CORDEX simulations (under the RCP2.6, 4.5 and 8.5
scenarios) and COSMO simulations (under the RCP4.5 and 8.5
scenarios). In the case of the snowfall intensity indicator (related
with the eyewear industry), the seasonal indicator has been calcu-
lated only for DJF and MAM while the snow amount indicator
(related with the winter tourism sector) has been calculated only
for the winter season. Furthermore, in this last case, the simula-
tions are available only for the EURO-CORDEX models.
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Table 4 List of indicators evaluated for each economic sector
selected for the hazard evaluation in the framework of the climate
risk assessment. The indicators with an asterisk are also reported
in table 2, where more details on their definition are reported. It is
worth noting that when the indices are calculated from
observational data, the daily maximum wind speed value is
replaced by the daily wind gust value.

INDICATOR

WIND-RELATED INDICATORS

90™,95%, 99" percentile for the daily maximum wind speed (m/s) X

20, 50,100, 150 yrsreturn period for the dally maximum wind speed (my/s) X X
RAIN-RELATED INDICATORS

90%,95%,99" percentile for the dally precipitation(mm) X

20, 50,100, 150 yrsreturn period for the daily precipitation (mm) X X

SNOW-RELATED INDICATORS

20, 50,100,150 yrsreturn period for the daily snowfall intensity (mm) X
20, 50,100, 150 yrsreturn period for tha dally surface snow amount (cm)

Wetsnow_01 (days): number of wat snow event (0<TX<1.5 *Cand Pr>10mm) X
Wetsnow_02 (days): number of wat snow event (+ max wind<5m/s) X

20, 50,100, 150 yrs return period for the wetsnow_01 (days)

i3

20, 50,100, 150 yrereturn period for the wetsnow_02 (days)

20, 50,100, 150 yrsreturn period for the wetsnow_01 (days) - User defined

x x x

20, 50,100,150 yrsreturn period for the wetsnow _02 (days) - User defined
SNOW RELIABILITY-RELATED INDICATORS
Snow cover duration (days)* X

Snow production days (days) X

Typical results for these analyses are reported in fig. 3; for a
detailed explanation of the data reported in the next figures and
table, see Table 2.
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3.3 Analysis of observed dataset

As previously mentioned, in order to provide information on
the current climate condition, a calculation of the climate indica-
tors previously defined has been also performed, based on obser-
vational data made available from ARPA VENETO by in situ sta-
tions. Specifically, data provided so far concern:

Daily cumulative precipitation (mm);
Daily mean temperature at the height of 2 meters(°C);
Daily maximum temperature at the height of 2 me-

ters(°C);

e Daily minimum temperature at the height of 2 me-
ters(°C);

e Daily mean wind speed and direction at the height of 5
meters(m/s);

¢ Daily maximum wind speed (based on 10 minutes aver-
aged wind speed) at the height of 5 meter (m/s);

e Daily maximum wind speed (based on wind gust data) at
the height of 5 meter (m/s);

e Daily snow depth (mm).

The geographical position of the weather stations available for
the Province of Belluno is reported infig.4. Additionally, data
concerning daily snow depth (mm) recorded by ARPA VENETO
snow stations (geographical position reported infig.5) have also
been analysed.

Before performing the climate analysis, the different datasets
were subjected to a data completeness test. In order to be coher-
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fig. 3

20 years return time
period (TR20) of
maximum daily
precipitation amount
anomaly provided by
EURO CORDEX-11
multi-model ensemble
mean for RCP4.5
scenario over 2036-
2065 period compared
to 1981-2010; (right)
standard deviation of
the TR20 maximum
daily precipitation
variations for the future
period 2036-2065.
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ent with the climate analysis previously performed, the observa-
tion reference period is 1981-2010; then the completeness test
has been performed on this time period. Specifically, for each
year of the reference period 1981-2010 and for each station, the
availability of at least 75% of data is checked because the occur-
rence of missing data can lead to insignificant, strongly distorted
and/or even incorrect analysis. Afterwards, the stations with at
least 75% of years available out of the reference period were re-
tained for the subsequent climate analyses, with the exception of
daily snow depth data where a percentage of 70% was used and
of daily wind gust data where a percentage of 67% was used. Two
indicators have been defined for the snowfall events: 1) the total
snowfall intensity sum (ST) and 2) the maximum value of daily
snowfall intensity (SFX1DAY).

Since observational data on the daily amount of fallen snow
were not available, the snowfall intensity indicators (which
are expressed in mm) have been calculated by means of a rough
formula that allows to have a general idea of snowfall intensity
as the difference between the surface snow accumulated in
two consecutive days (observed data are available as “snowfall
surface amount”). If the difference is negative, no snow has
fallen; if the difference is positive, the calculated value corre-
sponds to the amount of snow fallen in one day. This analysis
does not consider many important factors, such as density of the
snowfall, melting effect and many others; it is only computed to
have a very basic idea of snowfall intensity.

Results of the completeness test for each weather station and
atmospheric variable are reported respectively in the following ta-
bles. In the following pictures, some selected indicators obtained
using this dataset are reported.
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fig. 4

The geographical
position of the ARPA
VENETO weather
stations available for
the Province of Belluno.
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fig. 5

The geographical
position of the ARPA
VENETO snow stations
available for the
Province of Belluno
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Table 5 For each station with daily precipitation data, the following data are indicated:
the period in which the data are available (column 2); the years available for the period
1981-2010 in which the dataset does not pass the completeness test (percentage of
missing data greater than 25%) (column 3); the total number of years in the 1981-2010
period in which the dataset passes the completeness test (percentage of missing data
less than 25%) (column 4); the percentage of years available over the period 1981-2010
(column 5). The lines in bold represent the ARPA Veneto stations that have passed the
completeness test

Invalid years in the period
ARPA Veneto stations Avallable | 1981-2010 (percentage of | Number of available years | Completeness’ (percentage of years
period missing data per year in the pariod 19812010 | (%) .
greater than 25%) available over the
Arabba 1984-2020 27 90 :
1981-201 T1
Caprile 1984-2020 27 90 98 010 pe od
Gares 1984-2020(1984 26 87 greater than 75%) for
1984 1985 1986 1987 1988 h 8 . d
1989 1990 1991 1992 1993 the 1981-2010 period.
Sappade Falcade 1996-2020(1994 1995 1996 1998 1999 2 7
2000 2002 2003 2004 2005
2006 2007 2008 2009 2010
Agordo 1984-2020 (1984 26 87
Sant'Andrea (Gosaldo) 1984-2019|1984 1989 25 83
Sant'Antonio Tortal 1988-2019[1984 1985 1986 1087 1988 22 73
Sospirolo 1984-2019 1984 26 87
Passo Falzarego 1985-2019 (1984 1985 25 83
Faloria 198420191984 1985 1987 1991 23 77
Podestagno (Cortina d'Ampezzo) | 1985-2019(1984 1987 1988 24 80
Villanova (Borca di Cadore) | 1985-2019(1984 1988 25 83
Auronzo 1985-2019 (1984 26 87
Pian del Crep (Valdi Zoldo}  [19852019 }% e i 21 70
Forno di Zoldo - Campo 1985-2019 (1984 26 87
Domegge di Cadore 1988-2019 (1984 1985 1986 1987 1988 22 73
1984 1985 1986 1987 1988
g’;‘:::;‘"’ (SantoStefano di 1957 501911989 1990 1991 1992 1993 18 a7
1994 1995 1996
Monte Avena 1985-2019|1984 1985 25 83
Passo Pordai 1985-2019 1984 26 87
Passo Monte Croce Comelico | 1986-20191984 1985 1986 24 80
Col Indes (Tambre) 1986-2019 (1984 1985 1986 24 80
Torch 1986-2020 1984 1985 1986 24 80
1984 1985 1986 1987 1968
Sappada 1997-2020(1989 1990 1991 1992 1993 13 a3
1994 1995 1996 1997
1984 1985 1986 1987 1988
Longarone 19912020 1989 1990 1991 18 63
1984 1985 1986 1987 1988
Lamon - Sala 19912020 00000 1991 13 63
1984 1985 1986 1987 1988
Passo Valles 19912020 1989 1990 1991 18 63
-~ 1984 1985 1986 1987 1988
Cansiglio - Tramedere 19922020 1989 1990 1991 1992 18 60
1984 1985 1986 1987 1988
Feltre 1996-2020(1989 1990 1991 1992 1993 14 47
1994 1995 199%
1984 1985 1986 1987 1988
Valle di Cadore 1997-2020(1989 1990 1991 1992 1993 14 47
1994 1995 1996
1984 1985 1986 1987 1988
Soffranco 1992-2020(1989 1990 1991 1992 1993 12 40
1994 1995 1996 1997 1998
— 1984 1985 1986 1987 1968
San Martino d'Alpage 19922020 1939 1990 1991 1092 18 60
. ' . 1984 1985 1986 1987 1988
Cortina d'Ampezzo - Gilardon | 19922020 1939 1990 1991 1992 18 60
- 1984 1985 1986 1987 1988
Misurina 1992-2020 1989 1990 1991 1992 18 60 VIUPapersoo 22
1984 1985 1986 1987 1988 )
Casamazzagno 19922020 1989 1990 1991 1992 18 60 TEN Program
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fig. 6

Maps for some selected
precipitation extreme
indicators (PRCPTOT,
RR1, R10, R20,
RX1DAY, RX5DAYS,
CWD, CDD, SDII, 90°
PERCENTILE, 95°
PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see
Table2.
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Table 6 For each station with daily mean air temperature data at 2m, the following data
are indicated: the period in which the data are available (column 2); the years available
for the period 1981-2010 in which the dataset does not pass the completeness test
(percentage of missing data greater than 25%) (column 3); the total number of years in
the 1981-2010 period in which the dataset passes the completeness test (percentage of
missing data less than 25%) (column 4); the percentage of years available over the
period 1981-2010 (column 5). The lines in bold represent the ARPA Veneto stations that
have passed the completeness test (percentage of years available over the 1981-2010
period greater than 75%) for the 1981-2010 period.

Invalid years in the perlod
Avalable | 1681-2010 (percentage of |Number of available in| Completeness,
SRR Skt s period | missing dl::ay:r' ithe period i &)
greater than 25%)
Arabba 1984-2020/1984 26 87
Caprile 1984.2020(1984 2% 87
Malga Clapela 1984-2020(1984 26 87
Gares 1984-2020(1984 26 87

1984 1985 1985 1987
1988 1989 1990 1991
1992 1993 1994 1995
Sappada Faleade 1996-2020 1996 2002 2003 2004 5 17

12005 2006 2007 2008

2009 2010
D‘ol&r 1984.2020/1984 26 B7
Sant'Andrea (Gosaldo) 1984-2019/1984 26 87

1984 1985 1986 1987

Sant'Antonio Tortal 19882019 1ogs b7 73
rolo 1984-2019(1984 3 87
Passo Falzarego 1985-2019(1984 1985 25 83
Faloria 1984-2019(1984 2 87
Podestagno (Cortina &'Am pezzo) [1985-2019 /1984 1988 25 )
Villanova (Borca di Cadore) _|1985-2019/1984 26 &7
Auronzo 1984-2019(1984 2% 87
1984 1983 1583 1990
Plan del Crep {valdi Zobo|  [13852008 007 o0 2 70
Fomodi Zoldo - Campo 198520191984 26 &
X7
Domeggedicadore (1988201310 1995 1985 1987 2 n
1984 1985 1586 1987
Cimacanale [Santo Stefano di 1985 1989 1990 1991
Cadore) 1587200811957 1993 1994 1995 " o
1936
Monte Avena 1985.2019(1984 1985 25 )
Passo Pordol 1985-2019(1984 2 &7
Passo Monte Croce Comelico | 1986-2019/1984 1985 1986 7] 80
Col Indes (Tambre) 1986-2019|1984 1985 1986 24 B0
Torch 1986-2020(1984 1985 1986 2 80
1984 1985 1586 1987
1985 1989 1990 1991
Sappada 19972020] 05 107 1994 1995 13 a3
1936 1997
1984 1985 1585 1087

Longarone [1991-2020 19 63

1988 1983 1690 1991
1984 1985 1985 1987
Lamon - Sal: [1951-2020 1988 1989 1590 1991 19 8

1984 1965 1986 1937
Passo Valles 19912020 02 |22 1o90 1991 19 83
1984 1985 1985 1987
Cansiglio - Tramedere 1952-2020(1985 1959 1990 1991 18 €0
1932
1984 1985 1985 1987
1985 1989 1590 1991
Faltre 19962020/ 00 1093 1004 1005 14 a7
1996
1984 1985 1685 1987
1988 1989 1590 1991
1992 1993 1994 1995
J1996
1984 1985 1585 1587
1988 1989 1590 1991
soffranco 1992:2020), 00 1001 1094 1095 n 40
1936 1997 1598
1984 1985 1585 1987
Cortina dAmpezzo - Gilardon  [1992-2020{1988 1989 1990 1991 12 0
1932
1984 1985 1585 1987
Misurina 1992-2020(1985 1988 1990 1991 18 &0
1992
1984 1985 1985 1987
[¢ 1992 1958 1690 1991 18 &0
1932 VIUPapers09.22
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fig. 7

Maps for the climate
indicators related to
daily mean temperature
(TG, 10° PERCENTILE,
95° PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see
Table 2.
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fig. 8

Maps for the climate
indicator relating to
daily mean temperature
and daily precipitation
(WD) over the period
1981-2010 using ARPA
Veneto weather
stations. For additional
details on the definition
of the indicator see
Table 2.
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Table 7 For each station with daily wind direction data at 5m, the following data are
indicated: the period in which the data are available (column 2); the years available for
the period 1981-2010 in which the dataset does not pass the completeness test
(percentage of missing data greater than 25%) (column 3); the total number of years in
the 1981-2010 period in which the dataset passes the completeness test (percentage of
missing data less than 25%) (column 4); the percentage of years available over the
period 1981-2010 (column 5). The lines in bold represent the ARPA Veneto stations that
have passed the completeness test (percentage of years available over the 1981-2010
period greater than 75%) for the 1981-2010 period.

Invalld years in the peciod
Available | 19812010 (percentage of (Number of available years in| C
Pt R period | missingdataperyear |the period 19812010 ()
greater than 25%)
Arabba 19u-2ozof‘ 27 90
Caprile 1984-2020/1984 1985 25 83
1984 1985 1986 1967
1988 1989 1990 1591
1992 1993 1994 1995
Sappade Falcade 1996-2020 1996 2001 2002 2003 4 13
(2004 2005 2006 2007
2008 2009 2010
Agordo 1984-2020 26 87
Sant'Andrea (Gosaldo) 1984-2019(1984 1985 1986 1988 23 7
1924 1985 1986 1987
1988 1997 1998 1999
Sant Antoalo Tortal 1989-1986 2000 2001 2002 2003 8 27
(2004 2005 2006 2007
2008 2009 2010
Scspirok 1954-2019 13{3 1586 2002 2003 2 7
1984 1985 1986 1987
Passo Falzarego 1991-2019 1988 1989 1990 1991 19 63
1984 1985 1966 1987
Faloria 19912019}, 00 1280 1980 1901 19 63
Villanova (Borca di Cadore)  [1985-2019/1984 26 87
1984 1985 1986 1967
2 2
Auronzo 1990-2019]; c00 oo 1900 20 67
Fomo di Zoldo- Campo __[1987-2019(1984 1985 1986 24 80
Santo Stefano di Cadore __|1985-20151984 1985 1987 2} 80
Domegge diCadore 19892019 };3 1585 195 1987 2 )
Monta Avena 1900-2019 /204 1985 1986 1987 20 67

1988 1989 1990
Passo Pordol 1986-2019/1984 1985 1986 24 80
1984 1985 1986 1987

Passo Monte Croce Comelico  [1990-2013) 1988 1989 1990 1999 19 63
1984 1685 1986 1987
Col Indes {Tambre) 1991-2019 1088 1989 1990 1991 19 63
Torch 1986-2020/1984 1985 1986 24 80
1924 1985 1986 1987
2 1988 1989 1990 1991
Sappada 1997-2020] 1992 1992 1994 1995 13 43
1996 1997
1984 1685 1936 1987
Longarone 1991-2020 1988 1686 1390 1991 19 63
Laman - Sala 1991-2020[}254 1985 1986 1987 19 62

1988 1989 1990 1991
5
Pa3s0 Valles 1991~zm£;$ }:g }ZZS }2;1 19 6
1984 1985 1966 1967
1988 1989 1990 1991
Cansiglio- Trameders  [1992-2020(1992 1993 1994 1395 7 n
1996 1997 1998 1999
12000 2001 2002 2003
1984 1985 1986 1987
1922 1989 1990 1991
Feltre 1996-2020] ¢ 2 1202 1904 1995 1 a7
1196
1984 1985 1966 1987
1928 1989 1390 1991

Valle di Cadore 1997-2020() S0° 003 1984 1995 u 47
[1996
1984 1985 1986 1987
Contina d'Ampezzo - Gllardon  [1992-2020[1988 1989 1990 1991 18 60
1992
1984 1985 1986 1987
Misurina 1992-2020[1988 1989 1990 1991 18 60
1992
1984 1985 1986 1987
Casamaizagno 1992-2020(1988 1589 1990 1991 18 60
1992 VIUPapers09.22
TEN Program
Climate risk for eco-
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Table 8 For each station with daily mean wind speed data at 5m, the following data are
indicated: the period in which the data are available (column 2); the years available for
the period 1981-2010 in which the dataset does not pass the completeness test
(percentage of missing data greater than 25%) (column 3); the total number of years in
the 1981-2010 period in which the dataset passes the completeness test (percentage of
missing data less than 25%) (column 4); the percentage of years available over the
period 1981-2010 (column 5). The lines in bold represent the ARPA Veneto stations that
have passed the completeness test (percentage of years available over the 1981-2010
period greater than 75%) for the 1981-2010 period.

ARPA Veneto stations.

Available
period

Invalid years in the period
1981-2010 (percentage of
missing data per year

greater than 25%)

Number of available years|
in the period 1981-2010

Completeness.

(%)

Caprile

1984-2020

27

90

Sappade Falcade

1996-2020

1984 1985 1986 1987
1988 1989 1990 1991
1992 1993 1994 1995
1596 2002 2003 2004
2005 2006 2007 2008
12008 2010

Agordo

1984-2020

1984 1985

25

83

Sant'Andrea (Gosaldo)

1984-2019

1934 1985

25

83

Sant'Antanio Tortal

1989-1996

1984 1985 1986 1987
1988 1997 1998 1999
2000 2001 2002 2003
12004 2005 2006 2007
12008 2009 2010

Sospirolo

1984-2019

1934 2002 2003 2004

23

77

Passo Falzarego

1991-2019

1984 1985 1986 1987
1588 1989 1990 1991

19

63

Faloria

1991-2019

1984 1985 1986 1987
1588 1989 1990 1991

19

63

Villanova (Borca di Cadore)

1985-2019

1984

26

87

Auronzo

1990-2019

1984 1985 1986 1987
1588 1989 1990

20

67

Forno di Zoldo - Campo

1985-2019

1984 1989

25

83

Domegge di Cadore

1989-2019

1584 1985 1986 1987
1988

22

72

Monte Avena

1990-2019

1984 1985 1986 1987
1988 1989 1990

20

67

Passo Pordoi

1986-2019

1984 1985 1986

2

80

Passo Monte Croce Comelico

1590-2019

1984 1985 1986 1987
1588 1989 1990

20

67

Col Indes (Tambra]

1991-2019

1984 1985 1986 1987
1988 1989 1990 1991

19

63

Torch

1986-2020
=

Sappada

1597-2020

1934 1985 1936

24

1984 1985 1986 1987
1988 1989 1990 1991
1992 1993 1994 1995
1996 1957

12

43

Longarone

1991-2020!

1984 1985 1986 1987
1988 1989 1990 1991

63

Lamen - Safa

1991-2020

1684 1985 1986 1987
1988 1989 1990 1991

83

Passo Valles

1991-2020

1984 1985 1986 1987
1988 1989 1990 1991

63

Cansigho - Tramedere

1992-2020

1989 1985 1986 1987
1968 1989 1990 1991
1992 1993 1994 1995
1996 1997 1998 1999
12000 2001 2002 2003

Feltre

1996-2020

1984 1985 1986 1987
1988 1989 1990 1991
1992 1993 1994 1995
1996

14

47

Valle di Cadore

1597-2020

1984 1985 1986 1987
1588 1989 1990 1991
1992 1993 1994 1995
1996

14

a7

Cortina d Ampezzo - Gilardon

1992-2020!

1984 1985 1986 1987
1988 1989 1990 1991
1992

18

60

Misurina

1992-2020

1984 1985 1986 1967
1988 1989 1990 1991
1992

Casamazzagno

1992-2020

1984 1985 1986 1987
1988 1989 1990 1991

1992

18

60

33

VIUPapers09.22

TEN Program

Climate risk for eco-
nomic activities of the
Province of Belluno
(NE Italy). Climate-re-
lated hazard assess-
ment

Carlo Giupponi et al.



wollaiiom 7 [ |
' S , % o S |
I‘ ( | & I
! w ' ! .
[ 3 1 frsgs ) | 05
) N b3 Vi
§ ( : . |
< %
P |
| | l, o
= ‘05 == =0
m's 90-th PERCENTILE mis
5.5 25
| Nl G j T e ]
1 't L \ — ‘| 3
| & - Ees |~ ot
g i e ot
[ W leion [l | ™% F lawm A,
[ = ol i | [ < T VHOR | i
| -, @ g 35 Ty, W ¢ '
J Skl s | [ ) 2 >
(o A 3 | L = » |
|& y | 25 v/ i
| k‘ R \ . | 16
: { | |
| 2
s | Tead
L { e
1
99-th PERCENTILE mis
45
~ 1
¥
| Mss
wiors s v
|
i) I . &
)
R ' 25
-
( e 2
£ = |
g B |
| & | | 15 2
| M ey == s e
- o, — Ly
34

fig. 9

Maps for the climate
indicators related to
daily mean wind speed
(FG, FGO5, FGX1DAY,
90° PERCENTILE, 95°
PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see
Table 2.
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Table 9 For each station with daily maximum wind speed data (analysis is based on 10

minute averaged wind intensity values) at 5m, the following data are indicated: the

period in which the data are available (column 2); the years available for the period
1981-2010 in which the dataset does not pass the completeness test (percentage of

missing data greater than 25%) (column 3); the total number of years in the 1981-2010
period in which the dataset passes the completeness test (percentage of missing data

less than 25%) (column 4); the percentage of years available over the period 1981-2010
(column 5). The lines in bold represent the ARPA Veneto stations that have passed the
completeness test (percentage of years available over the 1981-2010 period greater

than75%) for the 1981-2010 period.

1991 1992

Invalid years in the period
Available | 1981-2010 (percentage of | Number of available years in | Compl
AHES Vanstn dations el i dm(p;r year  |theperiod 19812010 (%)
greater than 25%)
Arabba 1984-2020(1983 1985 1989 25 83
Caprile 1984-2020{1983 1989 26 87
Sant'Andrea (G osaldo) 1984-2020(1983 1984 1985 1989 24 380
Sospirelo 1983-2020| ;ggg ;ggz 1969 2002 22 73
1983 1984 1985 1986
Faloria 1984-2020(1987 1988 1989 1990 19 63
1991
Villanova (Borca di Cadore)  |1984-2020(1983 1984 1989 25 83
1983 1984 1985 1986
Auronzo 1984-2020 1987 1988 1989 1990 20 67
Forno di Zoldo - Campo 1985-2020(1983 1984 1989 25 83
1983 1984 1985 1986
Monte Avena 1985-2020 1987 1988 1989 1990 20 67
Passo Pordoi 1984-2020 1983 13584 1985 1386 23 77
1989
1983 1984 1985 1986
Passo Monte Croce Comelico  |1986-2020] 1987 1988 1989 1990 20 67
1983 1984 1985 1986
Col Indes {Tambre) 1986-2020[1987 1988 1989 1990 19 63
1991
1983 1984 1985 1986
1987 1988 1989 1990
- 1991 1992 1993 1994
Cansiglio - Tramedere 1992-2020 1995 1996 1997 1998 7 23
1999 2000 2001 2002
2003
1983 1984 1985 1986
Cortina d'Ampezzo - Gilardon  [1892-2020|1987 1988 1989 1990 18 60
1991 1992
1983 1984 1985 1986
Misurina 1992-2020|1987 1988 1989 1990 18 60
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fig. 10

Maps for the climate
indicators related to
daily maximum wind
speed (WX1DAY, 90°
PERCENTILE, 95°
PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see
Table 2.

Table 10 For each station with daily snow depth data, the following data are indicated:
the period in which the data are available (column 2); the years available for the period
1981-2010 in which the dataset does not pass the completeness test (percentage of
missing data greater than 25%) (column 3); the total number of years in the 1981-2010
period in which the dataset passes the completeness test (percentage of missing data
less than 25%) (column 4); the percentage of years available over the period 1981-2010
(column 5). The lines in bold represent the ARPA Veneto stations that have passed the
completeness test (percentage of years available over the 1981-2010 period greater than
75%) for the 1981-2010 period.

Invalid years in the period
. Available |1981-2010 (p ge of [Number of available years| Compl
ARPAVenstostations | 104 | missing dataperyear [in the period 1981-2010  |(%)
greater than 25%)
Monti Alti di Ornella | 1985-2019 [1985 1986 1987 23 77
Cima Pradazzo 1985-2019 (1985 1986 1998 23 77
Col dei Baldi 1985-2019 |1985 1986 1996 23 77
Ra Valles 1986-2019 (1985 1986 1991 1992 22 73
Faverghera 1988-2019 (1985 1986 1987 1988 22 73
Casera Doana 1988-2019 (1985 1986 1987 1988 22 73
Malga Losch 1988-2019 :33: 1986 1987 1988 21 70
Monte Piana | 1989-2019 :::g 1986 1987 1988 21 70
Casera Coltrondo | 1989-2019 :::g 1986 1987 1988 21 70
. 1985 1986 1987 1988
Casera Palantina 1991-2019 1989 1990 1991 19 63

VIUPapers09.22
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fig. 11

Maps for the climate
indicators related to
daily snow depth (SSA,
SSA10, SSA50,
SSA500) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see

Table 2.
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fig. 12
Maps for the climate

mm SIX1IDAY mm -
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a1 pit difference between the

e a8t surface snow
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gggg 3‘3 consecutive days)
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2010 308 SIX1DAY), over the
e - period 1981-2010 using
.'%8§§ B ARPA Veneto weather

stations. For additional
details on the definition
of the indicators see
Table 2.
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Table 11 For each station with daily maximum air temperature data at 2m, the following
data are indicated: the period in which the data are available (column 2); the years
available for the period 1981-2010 in which the dataset does not pass the completeness
test (percentage of missing data greater than 25%) (column 3); the total number of years
in the 1981-2010 period in which the dataset passes the completeness test (percentage of
missing data less than 25%) (column 4); the percentage of years available over the
period 1981-2010 (column 5). The lines in bold represent the ARPA Veneto stations that
have passed the completeness test (percentage of years available over the 1981-2010
period greater than 75%) for the 1981-2010 period.

Tnvalid years in the period
Available | 1981 of in| G
ARPA Vensto stations 7
period | missingdataperyear  [the period 19812010 %)
Ereater than 29%)
Arabba 26 87
Caprile 26 87
Malga Ciapela 26 87
Gares 26 87
Agordo 2% 87
Sant'Andrea (Gosaldo) 26 87
Sant'Antonio Tortal 22 73
Sospirolo 87
Passo Falzarego 25 a3
Faloria 87
{Cortina d' ) |1985-2020 (1984 1988 25 Ls)
Villanova {Borca di Cadore) | 1984-2020 (1984 26 87
Auronro 1984-2020/1984 26 8
. 1984 1988 1989 1990
Piandel Crop (Val di Zoldo)  |1985-2020(, 00 100 21 70
Fomo di Zoldo - Campo 1985-2020(1984 26 87
Santo Stefano di Cadore | 1984-2020 1984 1985 25 83
Domegge di Cadore 1988-2020| }lm 10651266 1967 22 73
1984 1985 1986 1987
Gmacanale (Santo Stefano di 1988 1989 1990 1991
Cadore) 19852020 1992 1993 1994 1995 1 A
1996
Monte Avena 1985-2020(1984 1985 25 83
Passo Pordoi 26 87
Passo Monte Croce Comelico 24 80
Col Indes (Tambre) 24 80
Torch 24 80
1984 1985 1986 1987
1988 1989 1990 1991
Sarpade 1997202011997 1993 1994 1995 = 2
1996 1997
L one 1991-2020 1984 1585 1986 1987 19 63

1988 1989 1990 1991
1984 1985 1986 1987
Lamon - Sala 1991-2020| 07 1080 1990 1991 19 6
1984 1985 1986 1987
Passo Valles 1991-2020(1 050 1000 o0 16701 19 63
1984 1985 1986 1987
Cansigho- Tramedere 1992-2020/1988 1989 1990 1991 1 60
1992

1984 1985 1986 1987
1988 1989 1990 1991
Foitre 1996.2020[1007 10 1oad 199t 14 a7
1996

1984 1985 1986 1967
1983 1989 1990 1991
Falcade 1996.2020( 0 10 1904 1095 14 7
1996

1984 1985 1986 1987
) 1983 1989 1990 1991
Valle di Cadore 1996.2020( 00 10 T004 1005 14 a7
1996

1984 1985 1986 1987
1988 1989 1990 1991
Solfranco 1992-2020| 1992 1993 1994 1995 12 40
1996 1997 1998
1984 1985 1986 1987
San Martino &' Alpago 1992-2020 1988 1989 1990 1991 18 60
1992

1984 1985 1986 1987
Cortina d'Ampezzo - Gilardon |1992-2020{1988 1989 1990 1991 18 60
1992

1984 1985 1986 1987
Misurina 1992-2020(1988 1989 1990 1991 18 60
1992

1984 1985 1986 1967
Costalta 1992-2020[1988 1989 1990 1991 18 60 VIUPapers09.22

1992 TEN Program

1984 1985 1986 1987 . .
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fig. 13

Maps for the climate
indicators related to
maximum daily
temperature (TX, TXX,
TXN, WSDI, su, ID, 10°
PERCENTILE, 95°
PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see the
Table 2.
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Table 12 For each station with daily minimum air temperature data at 2m,the following
data are indicated: the period in which the data are available (column 2); the years
available for the period 1981-2010 in which the dataset does not pass the completeness
test (percentage of missing data greater than 25%) (column 3); the total number of years
in the 1981-2010 period in which the dataset passes the completeness test (percentage of
missing data less than 25%) (column 4); the percentage of years available over the
period 1981-2010 (column 5). The lines in bold represent the ARPA Veneto stations that
have passed the completeness test (percentage of years available over the 1981-2010
period greater than 75%) for the 1981-2010 period.

Invalid years in the period
Available | 1981 of ‘. ol LT
" period year th d 1981-2010 %)
greater than 25%)

Arabba 1984-2020|1984 26 87
le 1984-2020/1984 26 87

Malga Giapela 1985.2020|1984 26 87
Gares 1984-2020 1984 26 87
Agordo 1984-2020|1984 26 87

Sant’Andrea 198420201984 26 87

Sant'Antonio Tortal 1988-2020 :w 1985 1986 1387 22 73
26 87
25 83
26 87
25 83
26 87
26 87
) ) 1984 1988 1989 1990 ;
Pian del Crep (Val di Zoldo) 11985-2020 1991 1992 21 70
Fomodi Zoldo _Campo 1985 2020/1984 % [
Santo Stefano di Cadore 1984-2020 1984 1985 25 a3
Domegge di Cadore 19882020 :gﬂ 1985 1966 1987 22 73
1984 1985 1985 1987
Gimaeanale (Santo Stefano di 1988 1989 1990 1991
Cadore) 19852020 1595 1903 1994 1995 1" h
% )
2 87
2 80
2 80
28 80
1984 1985 1986 1987
1988 1989 1990 1991
Sappada 1997-2020 159, 1993 1994 1995 2 s
1995 1997
tongarone 991-2070 /1984 1985 1986 1967 1 -

1988 1989 1990 1991
. - 1984 1985 1986 1987
Lamon - Sala 1991-2020 1988 1989 1990 1991 19 3
- 1984 1985 1985 1987
Passo Valles 1991-2020 1988 1989 1990 1991 19 83
1984 1985 1985 1987
Cansiglio - Tramedere 1992-2020|1988 1989 1990 1991 13 60
1992

1984 1985 1985 1387
1988 1989 1990 1991
Feltre 1996-2020 1992 1993 1994 1995 14 a7
1996

1984 1985 1986 1987
15848 1989 1990 1991
Falcade 1996-2020' 1992 1993 1994 1995 14 47
1996

1984 1985 1985 1987
1988 1989 1990 1991
Valle di Cadore 1996-2020 1992 1993 1994 1995 14 a7
1996

1584 1985 1986 1987
1988 1989 1990 1991

Soffranco 1992-2020| 1005 1003 1004 1995 12 a0
1996 1997 1998
1984 1985 1986 1987
San Martino d'Alpago 1992-2020/1588 1989 1990 1991 18 60
1992
1984 1985 1985 1987
Cortira d"Ampezzo - Gilardon 199220201988 1989 1990 1991 18 &0
1992
1984 1985 1986 1987
Misurina 1992-2020 1988 1989 1990 1991 18 60
1992
1984 1985 1986 1987 VIUPapers09.22
Costalta 1992-2020|1988 1989 1990 1991 18 &0 TEN Program
1992 i .
imate risk for -
1984 1985 1985 1987 c ate risk tor eco
Casamazzagno 1992-2020|1983 1989 1990 1991 18 60 nomic activities of the
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fig. 14

Maps for the climate
indicators related to
minimum daily
temperature (TN, TNN,
TNX, CSDI, 10°
PERCENTILE, 95°
PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see the
Table 2.
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Table 13 For each station with daily wind gust data at 5m (analysis is based on
instantaneous wind intensity values), the following data are indicated: the period in
which the data are available (column 2); the years available for the period 1981-2010 in
which the dataset does not pass the completeness test (percentage of missing data
greater than 25%) (column 3); the total number of years in the 1981-2010 period in
which the dataset passes the completeness test (percentage of missing data less than
25%) (column 4); the percentage of years available over the period 1981-2010 (column
5). The lines in bold represent the ARPA Veneto stations that have passed the
completeness test (percentage of years available over the 1981-2010 period greater than
66.6%") for the 1981-2010 period.

.: yoars in the period
PR Wb S r -hi-l-t-;;“n- inthe pariod 15812010 | px)
Arabba 1984-2020| 1934 1985 1936 1987 20 67
Caprile 1984-2020| 20 67
Agordo 1984-2020| 20 67
Sant’Andrea (Gosaldo) 19842020 20 67

1984 1985 1986 1987
1988 1989 1990 1991
11997 1998 1999 2000

SantAntonio Tortal 1988-20201,0111 200> 2003 2004 5 17

1984 1985 1986 1987
Sospiralo 1984-2020|1988 1989 1990 2002 17
[2003 2004

g

1984 1985 1986 1987

PassoFalzarego 1991-2020( 000 1o 1o Taan 19 &
Faloria 1984-2020| j‘lg j‘lx ::g j‘lgz 19 63
Villanova (Borca di Cadore)  |1984-2020| 1% 1% :gg 1@;’ 19 6
Auronzo 1984-2020| :‘lx :‘lg :g :‘lg 19 63
FomodiZoldo-Campo (198520201308 1008 190g |~ 20 &
‘Santo Stefano di Cadore 1985-2020| 1934 1985 1936 1987 20 67
Domegge di Cadore 1988-2020| 20 67
Monte Avena 1985-2020 20 &
Passo Pordol 1986-2020| 20 67
Passo Monte Croce Comelico  |1986-2020)| 20 67
Col Indes (Tambre) 198620201008 00 R oy 19 &
Torch 1986-2020 :x_};: oo 19 @

1964 1965 1966 1967
sappada 1097.2020(100 1969 1990 1001 13 o

1996 1997

Longarone 19912020 081 1000 100 ot 19 &
Lamon - Sala 19912020/ 1964 1985 1966 1987 19 63

1968 1969 1990 1991
1984 1585 1566 1987
PassoVelles 19912020 o0 Joco Ton0 1991 19 6
1984 1985 1986 1987
1988 1989 1990 1991
Cansiglio - Tramedere 1992-2020{1992 1993 1994 1995 7 23
1996 1997 1998 1999
|2000 2001 2002 2003
1984 1985 1986 1987
1988 1989 1990 1991
Feltre 1996-2020| 1992 1993 1994 1995 14 a7
1996

1984 1985 1986 1987
1988 1989 1990 1991
Falcade 1996-2020| 1992 1993 1994 1995 14 a7
1996

1984 1985 1986 1987
- 1988 1989 1990 1991
Valle di Cadore 1996-2020)| 11992 1993 1994 1995 14 a7
199

1984 1985 1986 1987
Cortina d'Ampezzo - Gilardon  1992-2020(1988 1989 1990 1991 18 60
1992

1984 1985 1986 1987
Misurina 1992-2020(1988 1989 1990 1991 18 60
1992

1984 1985 1986 1987
Casamazzagno 1992-2020(1988 1989 1990 1991 18 &0
1992

1 In this case, no station passes the completeness test (percentage of
years available in the period 1981-2010 greater than 75%). For this

reason, the 75% threshold has been reduced to 66.6%, which identi- ‘TIII;;IPI‘}SS;ZT?Z

fies as complete the stations with at least 20 years in which the data Climate risk for eco-

set of each year passes the completeness test (percentage of missing nomic activities of the

data less than 2 5%) Province of Belluno
(NE Italy). Climate-re-

42 lated hazard assess-
ment
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3.4. Main results of climate analysis

In the framework of the WP1 a climate change analysis has been
performed, in terms of evaluation of future variations of climate
indicators related to temperature, precipitation and wind, over
the investigated domain (Belluno Province). Variations for the se-
lected indicators have been obtained are evaluated based on both
the regional climate model RCMs COSMO-CLM data model (Buc-
chignani et al., 2016) and EURO-CORDEX models’ ensemble
mean (Jacob et al., 2020).

The selected climate indicators have been evaluated for two future
time periods: 2012-2041 and 2036-2065. Each indicator has been
calculated for two RCPs scenarios (RCP4.5 and RCP8.5) in order
to evaluate climate variations under different scenarios of ex-
pected GHGs concentrations. Some of the selected indicators
have been considered to perform the following risk analysis
(WP2). The full set of all the indicators will be available on the
online web-platform (WP6) in form of downloadable tables and
maps.

In the following part of the current paragraph, the main results
highlighted by the analysis of the COSMO Italy model for the pe-
riod analysed 2036-2065 under both the evaluated RCP scenarios
are reported.

43

fig. 15

Maps for the climate
indicators related to
daily wind gust, based
on instantaneous wind
intensity value, (WG,
WGO05, WG10, WG15,
WG20, WG25,
WGX1DAY, 90°
PERCENTILE, 95°
PERCENTILE, 99°
PERCENTILE) over the
period 1981-2010 using
ARPA Veneto weather
stations. For additional
details on the definition
of the indicators see
Table 2.
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In fig. 16 and fig. 17, the indicators related to the temperature pat-
tern (the TX99p representing the 99th percentile of daily maxi-
mum temperature and the TXX representing the maximum an-
nual value of the daily maximum temperature) are represented.
In both cases, there is a general expected increase in the high tem-
perature over all the investigated area.

In details, considering the 9gth percentile of daily maximum tem-
perature, temperature values are expected to be higher than 3°C
in both RCP scenarios, with respect to the reference period (1981-
2010); more in detail, considering the RCP8.5, simulations show
that these values are expected to increase up to 4°C, especially in
the northern part of the investigated domain.

tcdpretil ex8pretil

Considering the variations expressed by the indicator related to
the annual maximum value of daily maximum temperature, a
general increase is expected with variations ranging between 1°C
and 3°C; also in this analysis, the highest variations are expected
to affect the northwestern part of the domain, with increasing
value up to 4°C under the worst-case scenario (RCP8.5). Further-
more, a general increase in temperature is also expected for all the
seasons under both RCP scenarios and over the two considered
time periods.
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fig. 16

99th percentile of daily
maximum temperature
(°C) for the period
2035-2065 under the
scenario RCP4.5 (left
panel) and RCP8.5
(right panel).
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fig. 17

. . . . Maximum value of daily

T T maximum temperature
: a8 (°C) for the period
2035-2065 under the
scenario RCP4.5 (left
T panel) and RCP8.5
(right panel).

Accounting for the maximum annual value of daily maximum
wind speed (WX1day), the variations (shown as percentage values
in fig. 18) are quite low (lower than 8% for either the scenarios)
and the spatial pattern is not homogeneus and different for the
two RCP scenarios considered. Specifically, under RCP4.5, the
wind speed variations are generally negative (ranging between 2
and 5 %) in the west part of the domain. On the other hand, sim-
ulation carried out under the RCP8.5 shows a different spatial dis-
tribution of the variations: the southern area is characterized by
an increase in the wind speed (up to 6-7%) while negative values
are expected in the remaining part (with values that decrease up
to 7%).

fig. 18

Maximum value of daily
maximum wind speed
(%) for the period
2035-2065 under the
scenario RCP4.5 (left
panel) and RCP8.5
(right panel).
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The spatial distribution of the expected variation for annual num-
ber of wetsnow events (wetsnow_01, expressed as the number of
days in which a wetsnow events occurs) for the period 2036-2065
is characterized by a slight variation of the indicator with a clear
signal pattern (positive in the northern part and negative in the
southern part) in both the accounted RCP scenarios (Errore.
L'origine riferimento non é stata trovata.). In detail, under
the RCP4.5 scenario, the wetsnow indicator shows a light increase
in the number of events per year up to 2 days in the north part and
a decrease up to 3-4 days per year in the southern part. Under the
RCP8.5, the northern area is characterized by a higher increasing
number of events (up to 4 days per year) whilst the southern sec-
tor shows a decrease more similar to the results of simulations
carried out for the RCP4.5 scenario (3-4 days per year).

In the case of the indicators related to the precipitation distribu-
tion, two indicators (RX5DAYS: maximum consecutive 5-day pre-
cipitation amount, expressed in mm, and CDD: largest number of
consecutive days with precipitation less than 1 mm, expressed in
days) are analyzed. In detail, for the variation over the period
2036-2065 of RX5DAYS at the annual scale (fig. 20), the analysis
reports a consistent increase in the amount of precipitation under
the RCP4.5 scenario, with values up to 35-40 mm in the southern-
most sector of the domain. Under the RCP8.5, there is a different
spatial distribution of the variations for this indicator with low
variations: positive in the southern area (ranging between 8 and
16 mm) whilst the northern-eastern sector is characterized by a
light low decrease (with variations values ranging between -4 and
12 mm).
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fig. 19

Number of wet snow
events (0<TX<1.5°C
and Pr>10 mm) (days)
for the period 2035-
2065 under the
scenario RCP4.5 (left
panel) and RCP8.5
(right panel).
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Concerning the variations evaluated for the annual number of dry
days (CDD indicator), simulation under the RCP4.5 scenario (left
panel in fig 21) shows a general light increase in the northern sec-
tor (with values up to 2 days) and a light decrease in a very limited
area in the southern part of the domain (with decreasing values of
-1, -2 days per year). Accounting for RCP8.5 scenario (right panel
in fig 21), the simulation shows that the entire investigated do-
main is expected to be characterized by an increase in the annual
value of consecutive dry days, with higher variations (up to 4
days) in the northern sector and lower anomaly values (1-2 days)
in the southern sector.

fig. 20

Maximum consecutive
5-day precipitation
amount (mm) for the
period 2035-2065
under the scenario
RCP4.5 (left panel) and
RCP8.5 (right panel).

days days
4 4

The indicators shown in the maps are in general assumed as a
proxy for rapid evaluations about future expected changes in the
occurrence and severity of local hydrological/hydraulic hazards.
Specifically, expected variations could affect the occurrence of
weather-induced hazards with different magnitude according to
the local characteristics of the investigated area, the time horizon
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fig. 21

Largest number of
consecutive days with
precipitation less than
1 mm (days) for the
period 2035-2065
under the scenario
RCP4.5 (left panel) and
RCP8.5 (right panel).
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and the selected scenario. In particular, the strongest variations
in temperature expected in the high-altitude areas could cause
strong variations both in rain and in snow dynamics, with conse-
quent impacts on environmental resources and economic activi-
ties.
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