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1 INTRODUCTION 

The purpose of this document is to describe the risk-related activities carried out in the three main cross-border pilot areas of the TRANS-ALP 
project. All activities have been designed as cross-border, also due to the neighbouring relationships of the involved countries and the scope of 
the project. Each pilot areas contributed to such cross-border activities according to the different skills, capacities and data / resource availability, 
and also carried out other complementary activities. Both these types of activities are described in the following, either in the first section, dealing 
with the common, overarching activities or in the second section where the location-specific activities are considered. Each activity is briefly 
discussed, with more details to be found in the corresponding project deliverables, to which references are given in the text.  
In the conclusions section several further remarks are given.  
 

2 CROSS-BORDER RISK ACTIVITIES 
 

1.1.1 EXTREME EVENTS IMPACT MAPPING 

In the Deliverable 2.2 [1] we laid the focus on the identification of extreme events affecting the cross-border region between Austria and Italy. 
Within this deliverable, gridded precipitation data for Austria and South Tyrol were collected and used for the purpose of event identification 
(see the individual sections later in the document).  

Through a statistical analysis 12 events between 1980 and 2020 have been identified, whose dates of occurrence as well as the local maximum 
in South Tyrol (ST) and Austria (AT) are depicted in the following table:  
  

Table 1 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 
 

 

 
These events are deemed extreme in statistical sense, based only on precipitation data, and is associated with widespread impact and 
consequences in the three pilot areas.  
Each event has been then considered individually, and all available meteorological data for the pilot areas for the related timeframe have been 
collected to provide a consistent representation of the event for further risk analysis. Furthermore, data on the degree of anomalousness of 
the event have been included. An example, related to the 2018 Vaia storm, is provided in the following. Further details are available in 
deliverable D2.3 [2]. 
 
28.10. - 30.10.2018 (Vaia/Adrian)  
  
In the evening of 26.10.2018, a trough of low pressure strengthened over the western Mediterranean Sea, which led air masses from the 
Mediterranean Sea to the northeast and could strengthen into a vortex ς called VAIA - in the further course.  
Although the vortex was still weak on October 27th, many places already received heavy rainfall on this day. Especially in northern Italy, 
southeastern Switzerland and southwestern Austria, there were several severe weather warnings. The snow line was between 1500 and 2000 
m in the Southern Alps. Repeatedly, interspersed showers and partly also thunderstorm cells formed, which even in the lowlands, such as in 
Vaduz, included one-hour rain shower values of up to 28 mm by 8 p.m. CET. In addition, a strong temperature drop occurred, which allowed 
snowfall down to lower elevations. The largest 24-hour precipitation value by 07:00 CET the following day occurred in the Lepontine Alps in 
southern Switzerland with 136 mm of precipitation in Robièi. In Carinthia, precipitation was similarly high with as much as 138 mm 
in Dellach im Drautal. Overall, there was heavy precipitation across the area from Italy to southern Germany. The next 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 counterclockwise rotation allowed large 
amounts of evaporative moisture to be absorbed over the warm Mediterranean Sea. In addition, a blocking situation was present  since an 
area of high pressure was located over North Africa. However, this allowed low VAIA to absorb moisture and heat over a longer period of time. 
On this day, the weather character of the previous day remained similar, with precipitation levels increasing once again. On this day, similar 
regions were again affected by advective precipitation over long periods, so that there was also a threat of flooding. In Kötschach, 105 mm of 
precipitation again fell in the 24-hour interval until 07:00 CET, so that about 180 mm had fallen in the past 36 hours. Also the Drau valley was 
still represented with 79 mm at the peak values, here should still follow a flood HQ30 to HQ100, i.e. with statistically calculated 30- to 100-year 
recurrence. Problematic in Carinthia and northern Italy was the rising snow line on 28.10., which was partly well above 2000 m. The surface 
runoff was therefore very high up to the valley. As a result, surface runoff reached the high mountains and the flood situation came to a 
head.  Several mudslides were also reported, forcing the closure of the Brenner freeway, among others.  On 28.10. the wind gusts on the front 
side, i.e. in Austria and Italy, also reached storm character. The highest measured gust was 157 km/h on the Rossalm in South Tyrol at 2300 m 
altitude. On the next day, similar conditions were observed in Austria, with the highest runoff expected in the evening. In Obergurgl at 2000 m 
in the Ötztal valley, 96 mm of precipitation fell, near the summit accordingly significantly more and especially in solid form. Thus, more than 2 
m of fresh snow could be measured on the glaciers at 3000 m. The highest precipitation rate within one hour was recorded with a value of 85 
mm at 3300 m on Piz Corvatsch.   
  
±ŀƛŀ ōǊƻǳƎƘǘ ǎŜǾŜǊŜ ŎƻƴŘƛǘƛƻƴǎ ǘƻ bƻǊǘƘŜǊƴ Lǘŀƭȅ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ǊŜƎƛƻƴǎΣ ŎŀǳǎƛƴƎ over ϵоΦо ōƛƭƭƛƻƴ ƛƴ ŘŀƳŀƎŜǎΦ ¢ƘǊƻǳƎƘƻǳǘItaly, 11 fatalities 
ǿŜǊŜ ǊŜǇƻǊǘŜŘΦ ¢ƘŜ ǎǘƻǊƳ ŘŀƳŀƎŜŘ ǘƘŜ .ŀǎƛƭƛŎŀ ƻŦ {ŀƴ aŀǊŎƻ ŀƴŘ ƭŜŦǘ тр҈ ƻŦVenice ǳƴŘŜǊǿŀǘŜǊΣ but it also caused devastating damage to the 
Alpine forests south of the Dolomites.  
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Figure 1 Relative anomaly of October 29th, 2018 based on the gridded datasets from Austria and Trentino-South Tyrol. 

  
 

1.1.2 IMPACT ANALYSIS 
In order to further explore the relationship between extreme weather and observed effects on the ground, a thorough collection of impacts has 
been carried out in Austria and Italy and the data analysed (see deliverable D2.3 [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 translation scheme of the established vocabulary 
resulted in a so-called event 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 established database includes 1302 events on the Austrian side; 672 of them describe flood events, 633 entries relate to mass 
movements ς flows and slides. In the case of South Tyrol, the event space comprises 623 flood events and 2229 mass movements. 
Figure 2 illustrates the spatial distribution of events, differentiated between hazard categories. The spatial density of flood events is highest in 
East Tyrol and in the border region to South Tyrol. The detailed figure for the recorded mass movements reveals the richness of the IFFI database 
for South Tyrol, covering nearly the entire South Tyrolean territory. The spatial coverage of events in Carinthia is considerably lower for both 
hazard types. A large number of flood events occur along the largest rivers in Carinthia; 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 demonstrated in Figure 3. When considering flood 
events, the pronounced maximum of registered 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 autumn (September, 
October, November). 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 number of registered mass 
movements in the Italian target region being significantly higher than those on the Austrian side. 
 

 
Figure 2 Spatial distribution of flood events (blue) and mass movements (orange) in the target regions Carinthia/East Tyrol and South Tyrol. 
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Figure 3 Seasonal distribution of flood events (blue) and mass movements (orange), differentiated between the two target regions Carinthia/East Tyrol and South Tyrol. 

 
For different types of primary impacts (floods and mass-movements) a statistical analysis has been carried out to understand if specific temporal 
precipitation patterns can be associated to possibly damaging events. A selection of the obtained results is reported in the following pages. For 
further detail see Deliverable D2.3 [2]. 
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2.1.1.1 Results for floods during autumn (SON) 
Figure 4 and Figure 5 ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŎŀǘŜƎƻǊȅ άŦƭƻƻŘǎέ ƛƴ ōƻǘƘ ǘŀǊƎŜǘ ǊŜƎƛƻƴǎΦ [ƻƻƪƛƴƎ ŀǘ ǘƘŜ ƘƛǎǘƻƎǊŀƳ ƻŦ у-day precipitation sums, 
it is revealed that the majority of events feature precipitation totals between 50 and 100 mm. This assessment for South Tyrol, however, 
illustrates strikingly different outcomes as most events exhibit precipitation sums of lower than 20 mm. 
EOF1 in Figure 4 exhibits an explained variance of 28%. The weather sequence is characterized by high pre-moistening in the first half of the 
week which ends in a precipitation minimum on day 4 pre-event. After that, precipitation amounts rise and reach their maximum on the target 
day, with roughly the same weight as the peak of the pre-moistening. EOF2, featuring a simulated variance of 23%, also represents pronounced 
pre-moistening, especially from day 4 to 1 before the event, again indicating short-range pre-moistening. On the event day itself, precipitation 
recedes. EOF3, however, exhibits a weather pattern that is shaped by ups and downs, signifying variable precipitation the preceding week, 
without a strong consecutive signal either way.  
Outcomes for South Tyrol depict different 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 variance of 21%) shows little 
precipitation amounts at the beginning of the precedent week, which steeply increase up to day 4 before falling again and reaching a minimum 
on day 2. The curve rises again up to the event day, giving the most importance to t-4 as well as immediate precipitation amounts. EOF3, having 
an explained variance of 16%, the pattern indicates pre-moistening in the medium-range, with a pause in between and increasing precipitation 
amounts up to the event day.  
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Figure 4 Hazard Trigger Patterns for floods in the target region Carinthia and East Tyrol for SON. 
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Figure 5 Hazard Trigger Patterns for floods in the target region South Tyrol for SON. 

 

2.1.1.2 Results for mass movements during autumn (SON) 
Figure 6 and Figure 7 ǊŜŦŜǊ ǘƻ ǘƘŜ ƻǳǘŎƻƳŜǎ ŦƻǊ ǘƘŜ ƘŀȊŀǊŘ ŎŀǘŜƎƻǊȅ άƳŀǎǎ ƳƻǾŜƳŜƴǘǎέ Řuring the autumn months September, October and 
bƻǾŜƳōŜǊΦ wŜǎǳƭǘǎ ŦƻǊ ǘƘŜ !ǳǎǘǊƛŀƴ ǘŀǊƎŜǘ ǊŜƎƛƻƴ ά9ŀǎǘ ¢ȅǊƻƭ ŀƴŘ /ŀǊƛƴǘƘƛŀέ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŜǾŜƴǘǎ ŦŜŀǘǳǊŜ ŀƴ у-day precipitation 
sum before the event of 50 to 100 mm. EOF1, having a simulated variance 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, precipitation decreases sharply 
with minimum importance. EOF2, featurƛƴƎ ŀƴ ŜȄǇƭŀƛƴŜŘ ǾŀǊƛŀƴŎŜ ƻŦ мс҈Σ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ άǳǇǎ ŀƴŘ ŘƻǿƴǎέΦ ¢ƘŜ ǿŜŜƪ ōŜŦƻǊŜ ŜǾŜƴǘ 
occurrence starts with wet conditions before precipitation reaches its minimum on day 5. Subsequently, the curve rises steeply and arrives its 
maximum on day 2 before 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 1 pre-event occurrence. On the event day itself, 
however, the curve is decreasing.  
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Results for mass movement in the season SON for the target region South Tyrol show that the majority of events feature an 8-day precipitation 
sum between 0 and 50 mm. The first orthogonal function, showing an explained variance of 27%, reveals a similar pattern than EOF1 in the 
Austrian target region. It is characterized by pre-moistening, especially in the first 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 EOF1 with a slight difference on 
the target day. In this pattern, precipitation 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 by pre-moistening, starting on day 7 before the event and reaching the maximum 
precipitation on day 3, before slightly decreasing again (see Deliverable D2.3 [2]). 
 

 
Figure 6 Hazard Trigger Patterns for slides in the target region Carinthia and East Tyrol for SON. 
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Figure 7 Hazard Trigger Patterns for slides in the target region South Tyrol for SON 

 

1.1.3 EXPECTED CHANGE IN STORM HAZARD IN THE FUTURE DUE TO CLIMATE CHANGE 
A further cross-border activity, described in detail in the deliverable D2.4 [3], has explored the potential influence of climate change on the 
evolution of storm hazards in the future. In general, there are two focal points for future hazard development: Frequency and intensity. Both 
aspects share equal importance for risk reduction, as e.g., in the case of flooding. Successive hazard-events of medium intensity (i.e. higher 
frequency) can be just as devastating as one hazard-event with higher intensity. Furthermore, there 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 (HTPs; for details refer to D2.1 [4]) for the evaluation of potential hazard development is a two-step process: 
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The first step consists of defining the current climate state.  Therefore, so-ŎŀƭƭŜŘ άǇƻǘŜƴǘƛŀƭ ŜǾŜƴǘǎέ ƴŜŜŘ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ƛƴ ǘƘŜ Ǉŀǎǘ ǇŜǊƛƻŘΦ 
Potential events are events, that potentially could have caused damages due to the precedent weather evolution, but eventually did not. 
HTPs originate from an PCA analysis of a two-dimensional matrix containing precipitation evolutions prior event occurrences (n rows for n events 
and precipitation values over 8 Řŀȅǎ ƛƴ ǘƘŜ ǇǊŜŎŜŘŜƴǘ ǿŜŜƪύ ŀƴŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŜƛƎŜƴǾŜŎǘƻǊǎ ƻŦ ǘƘƛǎ ƳŀǘǊƛȄΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ άǘƛƳŜ ŎƻŜŦŦƛŎƛŜƴǘǎέ 
ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǇǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘǎ όt/ǎύέΦ aŜǘƘƻŘƻƭƻƎƛŎŀƭƭȅΣ ǇƻǘŜƴǘƛŀƭ ŜǾŜƴǘǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǇǊƻƧŜŎǘƛƴƎ ƳŜǘŜƻǊƻƭƻgical data into the 
EOF space, generating so-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 the PCs. We determine the value of this 
distance by conducting a leave-one-out cross-validation 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 all but one observation 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 minimum of these distances. 
Finally, all iterations are averaged, and the resulting 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 computation of hazard 
development corridors (HDCs). For a timeseries 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 possible 8-day sequence of this timeseries. 
This guarantees that all possible potential events can actually be found. This matrix is then transformed into the EOF space, generating PPCs for 
each of these 8-day sequences. By using the threshold value identified in step one, we can then determine for each of these sequences whether 
these represent a potential event. 20 random grid points per region are used to calculate the projections, which are shown in Figure 5. 
The HDCs map the change in hazard potential by calculating potential events for both historical and future periods. The potential events for 
future periods are then normalized using the mean and standard deviation of the potential events derived in the historical period, thereby 
creating the so-called, hazard risk index. This index indicates the change 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 and does not describe its 
amplitude which may be qualitatively estimated by means of the climate indicators for the corresponding damage categories. 
 
Some climate indicators are also calculated as area-averages over the region of interest, in order to assess the potential development of intensity 
for hazardous damage event. Thereby, RR20mm, Rx5day and Rx1day 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 Rx1day is similarly the 
annualized maximal precipitation sum for 1 day. Those indicators are calculated for the historical period as well as the future period. 
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Figure 8 The 20 randomized grid points per region that were selected for the calculation of projections for hazard development corridors. Yellow coloured markers reside in the region ST, green 

coloured in ET_C. 

 
An example of the obtained results is shown in the following, focusing only on the high percentiles of the considered models. Those situations 
depict the most extreme cases, that potentially cause the most losses. In Figure 9 the 90th percentile of the hazard risk index for models is shown 
as multi-model boxplot. The dashed black horizontal line serves again as reference to a standard normal distribution, wherein the 90th percentile 
is at roughly 1.28. A higher/lower multi-model median hence suggests an intensifying/relaxation of high impact risk potential respectively. There 
does not seem to be overwhelming support for a significant increase in the hazard risk index. Although, it has to be noted that the large 
variabilities, especially for the far future compared to the near future have to be carefully considered. This depicts some chance of a worsening 
development in terms of hazard event frequencies, with a larger number of potential events. Looking at the numbers for the summer season and 
far future (bottom row, second subplot from the left-hand-side) the multi-model median for the 90th percentile corresponds to roughly a value 
of the 97th percentile for a standard normal distribution. This 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 the hazard risk index. Hence this 
situation should be investigated more carefully, taking into account more information from other sources. 
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Figure 9 90th percentile of the normalized risk index is shown. The dashed black line represents the 90th percentile for a standard normal distribution and serves as reference point. 

The results of the hazard development corridors show mixed signals with a substantial amount of superimposed noise. This is largely due to 
natural variability and some uncertainty originating from the methodology, due to the localized-nature of the technique.  
All results combined, hazard development corridors, the annual potential increase in precipitation and the large fluctuations in high-impact 
climate indicators, it is evident that potential future risk increases have to be taken into consideration for high-impact assessments. The most 
damage is not done by the averages of the distributions, but by extremes and superimposed extreme states that are further escalated by a 
tendency of increasing risk potential in certain situations outlined above, which may have devastating consequences if not taken into 
consideration. See deliverable D2.4 [3] for further details. 
 
 

1.1.4 EXPOSURE MODELLING  
An integrated multi-hazard exposure model has been implemented over the whole cross-border pilot areas. This information includes several 
relevant exposed assets related to the socio-economic system: building structures, people (including children and elderly), tourists, hospital and 
day-care system, as well as road transportation. In the case of forested areas, this parameter conveys both exposure and environmental 
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information, and is associated to land-use/land-cover information. These parameters provide an efficient and integrated support for risk 
assessment in case of storms and other complex events including multiple natural hazards. The model can be extended to encompass further 
information to improve the thematic resolution of the exposure model and to accommodate for further hazards of interests (see deliverable 
D4.3 and D4.4 [5], [6] for further details).   
 

Table 2 Basic cell summary and cell-based statistics of the countable exposed assets considering the South-Tyrol area. 

component Count Mean std  min max 
No. of residen ts    13089 40.0  108.9  1 1715 
Capacity touris m 
accommodations    

4534 41.9  65.7  1 811 

Capacity schools  494 173.3  277.2  5 2497 
Capacity  
Elderly care  centres     

75 59.2  31.5  21 170 

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

 

In Table 2 a basic cell summary and cell-based statistics of the countable features of the exposure model considering South-Tyrol (only where 
the corresponding cell attribute is greater than zero) is provided. We can for instance note that ƻǾŜǊ моΩллл ŎŜƭƭǎ ƘŀǾŜ ŀ ƴƻƴ-zero number of 
residents, with a maximum number of residents per cell equal to 1Ω715.  
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Figure 10 τ Integrated exposure model: distribution of resident population (aggregated total number of people, only non-zero cells visualized). In parenthesis the number of cells related to the 
different value ranges. 

 
Two visualizations of the resulting exposure model are provided in Figure 10 and Figure 11, respectively showing the distribution of resident 
population and the distribution of aggregated school capacity in the area of Bolzano, in South Tyrol. Only non-zero cells are displayed.  We can 
















































