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1 INTRODUCTION

The purpose of this document is describe therisk-related activites carried out in the three maicrossborder pilot areas of theTRANS\LP

project All activities have been designed a®ssborder, also due to the neighbougnmelationshps ofthe involved countriegand the scope of
the project.Eachpilot areascontributedto such cossborder activitiesaccordingo the differentskills, capcities anddata / resource availability,
and alsccarried outother complementaryactivities Both thesdypes of actiitiesare described in théllowing, either in thefirst section, dealing
with the comnon, overaching ativities or in the second section where thedation-specificactivities ae consideed. Each activi is briefly

discussedwith more detils to befoundin the correspouling projectdeliverables, to whichreferences are given in thext.

In the conclusionsectionseveralfurther remarks arggiven.

2 OROSBORDERISK ATVITIES

1.1.1 EXTREME EVENTS IMPACT MAPPING

In the Deliverable 2.41] we laid thefocus onthe identificationof extreme eventaffecting thecrossborderregion between Austria and Italy.
Within this deliverablegriddedprecipitation data for Austria and South Tyrol weralected andusedfor the purposeof eventidentification
(see the individual sectiorater in the documen}.

Through astatisticalanalysisl2 events between 1980 and 20R@ve beendentified, whose dates obccurrenceas well as the local maximum
in South Tyrol (ST) and Austria (AT) are depicted in the following table:

Tablel Events selected as significant according to the 99th percentile methodology

Event date Local max (AT) Local max (ST)
18.07.1981 157,7 128,5
31.01.1986 166,6 162,9
25.11.1990 93,60 173,4
02.10.1993 151,0 144,3
20.09.1999 157,2 144,6
01.11.2003 158,7 127,3
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29.10.2008 92,0 148,0
27.05.2011 91,5 150,6
05.11.2014 248,1 195,7
25.08.2018 72,7 119,7
29.10.2018 212,0 184,6
01.02.2019 103,2 240,5
15.11.2019 118,6 166,3
29.08.2020 115,30 107,4
05.12.2020 251,5 274,4

Theseeventsaredeemed exteme in statistta sensgbasedonly on precipitation dataandis associateavith widespread impact and
conseguences in the thregilot areas.

Eachevent has beethen consideredndividually, and alavailablemeteordogical datafor the pila areasfor the related timeframe have been
collectedto provide a consisterepresentationof the eventfor further risk analysig-urthermore data on the degree of anomalousness of
the eventhave been includedAn examplerelated to the2018 Vaia storm, is providad the folowing. Further cetails areavailablein
deliverableD2.3[2].

28.10.- 30.10.2018Vaia/Adrian)

In the evening of 26.10.2018, a troughlodv pressure strengthened over the western Mediterranean Sea, which led air masses from the
Mediterranean Sea to the northeast and could strengthen into a vartexdled VAIAin the further course.

Although the vortex was still wealnh October27th, many places already received heavy rainfall on this day. Especially in northern lItaly,
southeastern Switzerland and southwestern Austria, there were several severe weather warhiagsow line was between 1500 and 2000

m in the Southern Alps. Regiedly, interspersed showers and partly also thunderstorm cells formed, which even in the lowlands, such as in
Vaduz, included onbour rain shower values of up to 28 mm by 8 p.m. CET. In addition, a strong temperature drop occurred, which allowed
snowfalldown to lower elevations. The largest-Béur precipitation value by 07:00 CET the following day occurred in the Lepontine Alps in
southern Switzerland with 136 mm of precipitationRobiéei. In Carinthia, precipitation was similarly high with as mud88snm

in Dellachim Drautal. Overall, there was heavy precipitation across the area from Italy to souB@many.Thenext day, Oct. 28, the
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vortex VAIA continued to lie over the western Mediterranean Sea only about 100 km to the south. The cocikteseaotation allowed large
amounts of evaporative moisture to be absorbed over the warm Mediterranean Sea. In addition, a blocking situaposseassincean

area of high pressure was located over North Africa. However, this allowed low VAIlAtb atzgsture and heat over a longer period of time.
On this day, the weather character of the previous day remasiedar, with precipitation levels increasing once again. On this day, similar
regions were again affected by advective precipitation deeg periods, so that there was also a threat of floodindkétschach, 105 mm of
precipitation again fell in the 2hBour interval until 07:00 CET, so that about 180 mm had fallen in the past 36 Adsothe Drau valley was
still represented with 79 mrat the peak values, here should still follow a flood HQ30 to HQX®yith statistically calculated 3@ 100year
recurrence. Problematic in Carinthia and northern Italy was the rising snow line on 28.10., which was partly well abaveT2@08urdice
runoff was therefore very high up to the valley. As a result, surface runoff reached the high mountains and the floahsiarag to a

head. Several mudslidewere also reported, forcing the closure of the Brenner freeway, among otl@ns28.10the wind gusts on the front
side,i.e.in Austria and Italy, also reached storm character. The highest measured gust was 157 km/IRosgaknn South Tyrol at 2300 m
altitude. On the next day, similar conditions wesbservedn Austria, with the high&t runoff expected in the evening. @bergurglat 2000 m

in the Otztal valley, 96 mm of precipitation fell, near the summit accordingly significantly more and especially inrsolithtm, more than 2
m of fresh snow could be measured on the glacier308X0 m. The highest precipitatioate within one hour was recorded with\alue of 85
mm at 3300 m on Piz Corvatsch.

+F Al ONRAzZAKG aSOSNB O2yRAGAZ2Y A (2 dveeNdidKdS NI/A fLEGA Xy A y§ItRIy, IENMHNENSR 202y RIA K/NER
GSNBE NBLR2NISR® ¢KS aid2N) RI Yl 3S Rvenick $izy. RISt &l IbERiged deYastating admbige o the y R ¢
Alpine forests south of the Dolomites
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Figurel Relative anomaly of October 29th, 2018 based on the gridded datasets from Austria and T3entimd/rol.

1.1.2 IMPACT ANALYSIS

In order tofurther explore the reltionship ketweenextreme weather and observegffects on theground a thorough collectionof impact has
beencarried outin Austria and Italyandthe data analysedsee deliverabld2.3[2]). Combining the data sets of the WLV and GBA for Austria

with those of the IFFI and the ED30 database for South Tyrol and subsequently applying the trassihegine of the established vocabulary
resultedin a soecalledevent space used for further analyses. The event space covers the period from 1961 to 2021 and stretches over Carinthia
and East Tyrol in Austria as well as South Tyrol (Alto Adige) in Italy.

This newly stablished database includes 1302 events on the Austrian side; 672 of them describe flood events, 633 entries relate to mass
movementsg flows and slides. In the case of South Tyrol, the event space comprises 623 flood events and 2229 mass movements.

Figure2 illustrates the spatial distribution of events, differentiated between hazard categories. The spatial density of floodiebvégitest in

East Tyrol and in the border region to South Tyrol. The detailed figure for the recorded mass movementsheviealsess of the IFFI database

for South Tyrol, covering nearly the entire South Tyrolean territory. The spatial coverage of events in Carinthia isabbnkesr for both

hazard types. A large number of flood events occur along the largest mv€arinthia; other flood events refer to small Alpine torrents.
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The seasonal distribution of events for both hazard categories as well as target regions is demonstfagedei® \When considering flood

events, the pronounced maximum gistered events in the Austrian target regions occurs within the summer months (June, July, August). The
right panel, however, indicates different results for South Tyrol; the maximum number of registered events appears in (8gptember,

October, Noember). Considering mass movements, a similar picture emerges for South Tyrol and Carinthia/East Tyrol. The maximum of
registered events occurs during summer, followed by the autumn months. Moreover, this figure also exhibits the numbesterecegiass
movements in the Italian target region being significantly higher than those on the Austrian side.

Spatial distribution of events
flood events
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Figure2 Spatial distribution of flood events (blue) and mass movements (orange) in the target regions Carinthia/East Tyrol aryddbouth
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Seasonal distribution of events
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Figure3 Seasonal distribution of flood events (blue) and mass movements (orange), differentiated between the two targeCeegitiria/East Tyrol and South Tyrol.

Fa different types of primay impads (floods and massnovements a statisti@l analysiias keencarried out to understand gpecificcemporal

precipitation paternscan be associateth possibly damaging eventa.selection of the obtaned resultsis reported in the following pges. Br
further detail seeDeliverableD23[2].

10
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2.1.1.1 Results for floods during autumn (SON)

FiguredandFiguresNB LINB A Sy i GKS NBadz Ga F2NJ GKS OF G§S32NE & Taypdpiagon sugis, 6 2 U K
it is rewealed that the majority of events feature precipitation totals between 50 and 100 mm. This assessment for South Tyrolr,howeve
illustrates strikingly different outcomes as most events exhibit precipitation sums of lower than 20 mm.

EOF1 irFigure4 exhibits an explained variance of 28%. The weather sequence is characterized by higbigtening in the first half of the

week which ends in a precipitation minimum on day 4-pvent. After that, precipitation amounts rise and reach their maximum on theetarg

day, with roughly the same weight as the peak of thepr@stening. EOF2, featuring a simulated variance of 23%, also represents pronounced
pre-moistening, especially from day 4 to 1 before the event, again indicating-sdnage premoistening. On theevent day itself, precipitation
recedes. EOF3, however, exhibits a weather pattern that is shaped by ups and downs, signifying variable precipitatiaedivg preek,

without a strong consecutive signal either way.

Outcomes for South Tyrol depict @ifént trigger patterns. EOF1, featuring a simulated variance of 34%, reveals a curve starting from high values
on day 7 and continuously falling, with a temporary maximum on day two, until the event day. EOF 2 (explained varianyelud\24 ditle
precpitation amounts at the beginning of the precedent week, which steeply increase up to day 4 before falling again and aeedhimgim

on day 2. The curve rises again up to the event day, giving the most importandeawell as immediate precipitaticamounts. EOF3, having

an explained variance of 16%, the pattern indicatestprstening in the mediummange, with a pause in between and increasing precipitation
amounts up to the event day.

11
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Figure4 Hazard Trigger Patterns for floods in the target region Carinthia and East Tyrol for SON.
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Hazard Trigger Pattern
Hazard: flood, Season: SON
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Figure5Hazard Trigger Patterns for floods in the target region South Tyrol for SON.

2.1.1.2 Results for mass movements during autumn (SON)

Figure6 andFigure7 NS FSNJ (i2 GKS 2dzi02YSa T2 N (K®&ingkhe laltumiR modthsiSEpietibeE Octodber and Y 2 €
b2@3SYOSNW wSadzZ 6a F2NJ GKS !'dzaAIONRFY GFNBSGO NBIAZ2Y G 9{dayprecipitathe® f | YR
sum before the event of 50 to 100 mm. EOF1, having a simulatexhea of 28%, reveals pronounced premoistening conditions up to the-short

range, illustrating high precipitation amounts from day 6 to day 1 prior the event. On the target day, however, precipitgatieases sharply

with minimum importance. EOF2, featuy’ 3 'y SELX I AYSR @I NAIyOS 2F wmc:2s A& OKIFNIOGSN
occurrence starts with wet conditions before precipitation reaches its minimum on day 5. Subsequently, the curve risgsantbapiives its

maximum on day 2 befe falling again. At the event day, precipitation amounts slightly increase again. EOF3, on the other side, indicates less
precipitation in the first half of the precedent week and rising amounts from day 3 to day-&verg occurrence. On the event dagelf,

however, the curve is decreasing.

13
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Results for mass movement in the season SON for the target region South Tyrol show that the magestytofeature an 8lay precipitation

sum between 0 and 50 mm. The first orthogonal function, showing an explained variance of 27%, reveals a similar patiEd#1hanthe
Austrian target region. It is characterized by jpneistening, especially in tHest half of the precedent week of event occurrence. In the second
half, precipitation amounts lower significantly. EOF2 (explained variance of 25%) bears strong resemblance to EOFghwitiffarsince on

the target day. In this pattern, precipitain rises again after having reached its minimum on day 2 and 1 prior the event. EOF3, featuring an
explained variance of 14%, is also strongly influenced bymmistening, starting on day 7 before the event and reaching the maximum
precipitation on day 3pefore slightly decreasing agaisee Deliverable D2[2]).

Hazard Trigger Pattern

Hazard: mass_movement, Season: SON
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Figure6 Hazard Trigger Patterns for slides in the target@agCarinthia and East Tyrol for SON.
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Hazard Trigger Pattern
Hazard: mass_movement, Season: SON
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Figure7 Hazard Trigger Patterns for slides in the target region South Tyrol for SON

1.1.3 EXPECTED CHANGE IN STORM HAZARD IN THEBETEREMATECHANGE

A further crossborder activity, described in detail in thedeliverable 2.4 [3], has explord the potential influenceof climate chage on the
evolution of storm hazards ithe future. In general, there are two focal points for future hazard development: Frequencyngbity. Both
aspects share equal importance for risk reduction, as e.g., in the case of flooding. Successiveveaardf medium intensity (i.e. higher
frequency) can be just as devastating as one hagamht with higher intensity. Furthermore, the are more faceted aspects to be considered,
as higher intensity can simply be exhibited as higher values per fixed spatial extent, larger affected areas, or both.

The use of Hazard Trigger Patterns (Hid?gjetails refer to D2.14]) for the evaluation opotential hazard development is a twsiep process:

15
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The first step consists of defining the current climate state. Thereforlsd t SR a LR GSYy Al f S@SyGaé ySSR G2
Potential events are events, that potentially could haaeised damages due to the precedent weather evolution, but eventually did not.

HTPs originate from an PCA analysis of adim@ensional matrix containing precipitation evolutions prior event occurrences (n rows for n events

and precipitation valuesoverBl @ & Ay (GKS LINBOSRSyYyid 6SS10 FyR NBLNBaSyili GKS SA3ISyYyQ
FNBE NBFSNNBR (2 a GLNAYOALIf O2YLRYySydGa ot/ avéd asjicdRift@A O f f
EOF space, generating-called Pseudo Principal Components (PPCs). Subsequently, we compare the PPCs to the PCs from the observational
data. A potential event is registered if the corresponding PPCs are within a certain Euclidean distance to thedetesmiie the value of this

distance by conducting a leaome-out crossvalidation procedure to evaluate the average distance between the PCs of the observations. This

is done by iterating over all observations and computing the EOF analysis for @tlebabservation in each iteration. PPCs are then calculated

for the omitted observation and the Euclidean distance to all PCs is computed. In each iteration step, we store the mirttresendistances.

Finally, all iterations araveragedand the resuling value represents the threshold below which PPCs are counted as a potential event.

The second step comprises the application of the same procedure as in step one to climate projections and the computtetzamndof
development corridors (HDCs). For agseries of the corresponding predictors of a grid point (or analogous to the HTP calculation: mean value
over the respective grid point and the four adjacent grid points), a matrix is created that contains each pedaipbkef§uence of this timeseries.

This guarantees that all possible potential events can actually be found. This matrix is then transformed into the EQErspatieg PPCs for

each of these &lay sequences. By using the threshold value identified in step one, we can then determiaelfafehese sequences whether

these represent a potential event. 20 random grid points per region are used to calculate the projections, which are $hgunesn

The HDCs map the change in hazard potential by calculating potential events for botichisind future periods. The potential events for

future periods are then normalized using the mean and standard deviation of the potential events derived in the histoiachltpereby

creating the secalled, hazard risk index. This index indicatesdhange in the hazard potential and thus represents a quantity that can be used

for risk assessment. The content of this index, however, refers purely to the frequency of the underlying phenomenon st dessibe its

amplitude which may be qualitately estimated by means of the climate indicators for the corresponding damage categories.

*

Some climate indicators are also calculated as-arerages over the region of interest, in order to assess the potential development of intensity

for hazardous dmage event. Thereby, RR20mm, Rx5day and Rx1lday are used. RR20mm depicts the number of days per year in which daily
precipitation totals surpassed 20 mm. Rx5day is the annualized maximal precipitation sum for 5 consecutive days and $txilday ibe

annualized maximal precipitation sum for 1 day. Those indicators are calculated for the historical period as well asctperioul

16
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Figure8 The 20 randomized grid points per region that were selected for the calculation of projectioazdiat ievelopment corridors. Yellow coloured markers reside in the region ST, green
coloured in ET_C.

a2

An example of the obtained selts is shown in the following, focusing onlytbe high percentilesof the considered mdels Those situations
depict the most extreme cases, that potentially cause the most loss€ayuine9 the 90" percentile of the hazard risk index for models is shown
as multimodel boxplot. The dashed black horizontal line serves again agmefeto a standard normal distribution, wherein theé"Q@ercentile

is at roughly 1.28. A higher/lower muttiodel median hence suggests an intensifying/relaxation of high impact risk potential respedtinesly.
does not seem to be overwhelming support for a significant increase in the hazard risk index. Although, it has to beatdtssl Iirge
variabilities, especially for the fémture compared to the neafuture have to be carefully considered. THiepicts some chance of a worsening
development in terms of hazard event frequencies, with a larger number of potential eveatsing at the numbers for the summer season and
far future (bottom row, second subplot from the leftandside) the multimodel median for the 90 percentile corresponds to roughly a value
of the 97" percentile for a standardormal distribution. TFs is a substantial increase depicting a threefold increase in potential events at that
rarity level. The other changes are not as pronounced and especially do not show such a substantial increase for thekhadasd Hence this
situation should benivestigated more carefully, taking into account more information from other sources.

17
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Figure9 90th percentile of the normalized risk index is shown. The dashed black line represents the 90thepfrcarstiandard normal distribution and serves as reference point.

The results of the hazard development corridors show mixed signals with a substantial am@upesimposed noise. This is largely due to
natural variability and some uncertainty originating from the methodology, due to the localiaeate of the technique.

All results combined, hazard development corridors, the annual potential increase in precipitation and the large flucinatigmsmpact
climate indicators, it is evident that potential future risk increases have takert into consideration for higimpact assessments. The most
damage is not done by the averages of the distributions, but by extremes and superimposed extreme states that are fuaidteddse a
tendency of increasing risk potential in certain situasooutlined above, which may have devastating consequences if not taken into
consideration See deliverable D2.[3] for further detalils.

1.1.4 EXPOSURE MODELLING

An integratedmulti-hazardexposure modehasbeen implemented over the whole crebsrder pilot areas This information include several
relevant exposed assetslated tothe socb-economicsystem:building structurespeople (including childreand elderly), touristshospital and
day-care system, as well asad transportation In the case of forested areas, this parametenveys both exposure and environmental
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information, and is associated to lange/landcover information.These parametergrovide an efficient and integrated support for risk
assessmenin case of storms and oth@omplex events including multiple natural hazards. The modebeaxtended to encompaskirther
information to improve thethematic resolution of theexposure model and to accommodate for further hazards of intsrésee deliverable
D4.3and D4.45], [6] for further detailg.

Table2 Basic cell summary and ebhlised statistics of the countable exposed assets considering the Boutlarea.

component Count Mean std min max

No. of residen ts 13089 40.0 108.9 1 1715
Capacity touris m 4534 41.9 65.7 1 811
accommodations

Capacity schools 494 173.3 277.2 5 2497
Capacity 75 59.2 31.5 21 170
Elderly care centres

Beds day- care hospitals 7 24.3 24.9 4 78
No. Hospitals 7 1.0 0 1 1
No. Elderly care cent res 75 1.0 0.1 1 2
No. of Touri sts acconmodation s 4911 2.0 2.4 1 31
No. of schools 499 1.7 1.0 1 -

In Table2 a basiccell summary and celbbasedstatistics of the countable features of the exposure modahsidering SoutTyrol (only where
the corresponding cell attribute is greater than zei®)provided.We can for instance note th& @S NJ Mo Qnnn -gesotndnier &fF S |
residents with a maximum number of residents per cell equal @15.
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Figure 10T Integrated exposure model: distribution of resident population (aggregated total number of people, omigroarells visualizedn parethesis the number dfells related to the
different value ranges.

Two visualizatios of the resulting expure model are provided iRigure 10 and Figurell, respectively showing the distribution of resident
population and the distribution of aggrated school capacity in the area of Baipain South TyrolOnly nonzero cells are displayedVe can
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