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1. INTRODUCTION
Deliverable 2.2 discusses the topic of identifying storm events, which affected the border region
between Austria and Italy. In particular, the focus lies on the Austrian states Carinthia and East Tyrol as well as the Italian regions Trentino – Alto Adige and Veneto. Despite their geographical vicinity, all three regions exhibit different meteorological and climatological characteristics, playing an
important role in terms of event identification and further analyses.

Austria
According Auer et al (2007), Austria can coarsely be separated into three subregions: the North/Northeastern parts, the Alpine ridge and the Southern basins. The Northern lowlands are generally influenced by northern and north-western air-flows. The Alpine crest acts as a meteorological
divide, whereby Northern and Central Alps form a barrier for northwestern airflows. Therefore,
mean annual precipitation-totals reach more than 3000 mm in regions exposed to the so-called
‚Nordstau‘ effect. Inner alpine valleys such as the Inntal, the Ötztal and the Mölltal are shielded by
their surroundings and therefore particularly dry.
Considering the Southern basins, weather conditions are mainly controlled by air masses advected
from the south and southeast, as well as occasionally by Vb pattern induced through Genua-cyclogenesis. During summer months, this region is particularly prone to the evolution of mesoscale
systems, leading to the highest rate of lightnings in Austria (Enigl et al., 2019; Matulla,
2005; Schwarb et al., 2001). Within TRANS-ALP the focus is on the regions of Carinthia as well as
East Tyrol, being located in the Southern basins as well as the Alpine territory.
Trentino – Alto Adige
Trentino-South Tyrol region is located on the southern side of the Alpine ridge and its territory is
entirely mountainous. The orography is characterized by strong altitude gradients with very narrow valleys surrounded by steep slopes and elevation ranging from 65 m in the areas close to Lake
Garda to 3905 m of the Ortles peak in the Stelvio National Park (north-west). The climate of the
region is influenced by the humid airflows from the Atlantic north-west, air masses from the continental east, typically experiencing cold winters and warm summers, and warm contributions from
the Mediterranean area bringing humid winters and dry summers (Adler et al., 2015). As for the
other regions in the study area, the presence of the Alpine ridge significantly influences climate
and weather preventing approaching air masses from advancing straight forward and redirecting
them. One of the typical effects of the mountainous barrier is the orographic lift of moist air
masses causing precipitation enhancement on the windward side and dry and warm
downslope wind descending the lee side (föhn).
The geographical location and the complex topography of the region determine a strong climate
variability and contribute to define small-scale effects in the spatial distribution of temperature
and precipitation (Price, 2009).
The warmest areas are located close to Lake Garda while the lowest temperatures are registered
in highest Ortler Alps (north-west) even though strong thermal contrasts between the inner valleys and the steep surrounding reliefs usually occur and formation of valley-scale inversion layers
is frequent in winter months. Precipitation distribution is only partially explained by altitude gradients. Annual precipitation totals reach almost 2000 mm in the southernmost part of Trentino
where the influence of wet southerly flows is more relevant. The sheltering effect of surrounding
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mountains determines particularly dry conditions in inner valleys, especially in South Tyrol where
the lowest precipitation amounts occur in Venosta Valley (north-est) with annual totals below 550
mm (Crespi et al., 2021). Besides the yearly totals, also the annual precipitation cycle varies significantly over the region. The northern and central areas exhibit annual precipitation minima in winter and the greatest amounts during the summer season when convective activity becomes predominant. The southern areas, closer to the Prealps, show precipitation maxima in spring and autumn when slow-moving low-pressure systems from Ligurian and Adriatic Seas can bring sustained
and intense precipitation; here precipitation reaches the minimum in winter and a secondary minimum in summer when the greater influence of subtropical high-pressure areas determine drier
conditions than in the rest of the region (Crespi et al., 2021; Adler et al., 2015).
Veneto
The Veneto region has peculiar climatic characteristics that are the result of the combined action of
a set of factors acting at different scales. A key role is played first of all by the region's location at
mid-latitudes, which leads to characteristic seasonal effects. Moreover Veneto is in a transition zone between:
• Central European area where the influence of the major western currents and the Atlantic
ocean dominate (“Cfb” climate according to Köppen);
• Southern Europe where the influence of subtropical and Mediterranean Sea anticyclones dominate ("Csa" climate according to Köppen).
In addition to these fundamental influences, there are important factors that significantly affect the
regional climate (big lakes, high mountain ranges, extensive plains and the coast of the Adriatic Sea)
and even define specific climatic sub-zones.
The atmospheric circulatory structures that determine the movement of air masses in Veneto are
the dynamic anticyclones, the thermal anticyclones the Atlantic trough and the Mediterranean mobile depressions. In this dynamic context, the Alpine chain plays a fundamental role, acting on atmospheric circulation and profoundly altering it. The Alps, for example, intercept moisture from the
air masses, leading to orographic intensification on the upwind slopes ("stau" effect) and attenuation of precipitation downwind ("föhn" effect). For this reason, the mountainous areas of the region,
in particular the pre-Alpine areas, are the rainiest areas in Veneto, where, especially during strong
disturbance flows from the south, rainfall intensifies and becomes more persistent, giving rise, especially in autumn, to particularly abundant rainfall events.
On the contrary, especially during the winter season, when the disturbance arrives from north, the
Alpine chain represents an effective barrier for the southern slopes and neighboring plains which,
being downwind, often experience stable weather conditions without precipitation even for long
periods of time. For these reasons too, the winter season in Veneto, unlike those areas with a more
typically Mediterranean climate, is on average the least rainy season. In summer, however, long dry
periods are interrupted by rainfall of a mainly convective nature which, although distributed very
irregularly over the territory, can be fairly frequent during the hot season, even in anticyclonic conditions or during weak disturbance fronts at high altitudes.
As a result of the factors described above, three basic mesoclimates can be distinguished in Veneto:
• the lowland mesoclimate: with relatively cold winters and hot summers. Monthly and seasonal rainfall in the lowlands is fairly evenly distributed throughout the year, with annual totals
averaging between 700 and 1000 mm;
• the pre-alpine mesoclimate: with abundance of rainfall, which averages around 1,200 to
1,500 mm per year, with maximums of up to 2,000 mm. Maximum rainfall occurs in spring and
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especially in autumn, in conjunction with strong southerly disturbance flows. Such rainfall is often of such importance that it can cause catastrophic flood;
• the inland alpine mesoclimate: it is the climate that affects the Dolomites, is still characterised by relatively high but slightly lower rainfall, more evenly distributed throughout the year,
with seasonal highs often occurring in late spring, early summer and autumn. Winter is on average the least rainy season and precipitation often takes on a snowy character even down to the
valley floor.
In summary, the genesis of precipitation is a complex phenomenon in which active processes cooperate at very different scales. The relationship between orography and precipitation is also crucial.
Mountains behave to all intents and purposes as a 'machine' for extracting moisture from the general circulation. Mountain barriers, in addition to influencing the motion of disturbance systems,
heavily influence the spatial distribution of rainfall, generally increasing the amount of precipitation
in the upwind areas and decreasing the amount in the inland areas and/or downwind slopes. In a
nutshell, it is the Alpine chain that contributes to the difference in rainfall between the Italian Alpine
regions and Austria, depending on the direction of origin of the disturbances.
In order to devise an improved operational framework for storm risk assessment, the basic relationship
EVENT -> HAZARD INTENSITY -> IMPACT (DAMAGE, LOSS)
has to be thoroughly investigated. Here, for the moment and for the sake of simplicity we are
omitting the exposure and vulnerability components that drive the relation between hazard and
impact.
It is clear that the three concepts “EVENT”, “INTENSITY” and “IMPACT”, individually are clearly definable. Intuitively we can outline them in an abstract way as:
EVENT: temporary perturbation or the state (of a system) with a defined spatio-temporal footprint
(i.e., a geographical boundary and a duration) and a set of measurable environmental conditions
(parameters) which are defining and describing the event itself.
INTENSITY: level of measured or estimated intensity of one or more of the environmental parameters that contribute to characterize the event. Intensity is defined and possibly varying continuously over (geographical space) and time. In the case of storms intensity could refer to precipitation rate and cumulated amount, speed of wind gusts, etc.
IMPACT: set of (adverse) consequences of one event over people, assets, infrastructure, systems.
More specifically in the context of TRANSALP we are interested in adverse direct and indirect consequences (fatalities, injuries and displaced people, physical damage to properties and infrastructure, interruption of services and businesses and other systemic disruptions). Impact can be defined in terms of individual items, each possibly identified by location and timestamp (or duration),
type and severity.
In the course of this deliverable, we focus on the identification extreme events affecting the crossborder region between Austria and Italy. Within this deliverable, only precipitation was
used for the purpose of event identification. This is due to the fact that this parameter is obtainable as grid file for the Austrian region of Carinthia and East Tyrol as well as Trentino-Alto Adige. For
the case of Veneto, precipitation grids are not currently available on an operational basis, but can
be created for single days.
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2. DATA
o AUSTRIA
SPARTACUS
For the identification of relevant events in the time period from 1980 to 2020, weather data are
taken from SPARTACUS, the “Spatiotemporal Re- analysis Dataset for Climate in Austria” (Hiebl and Frei, 2017). It provides high-quality, daily temperatures and precipitation-totals
from 1961 onwards on a 1 km grid across Austria, Southern parts of Germany and South Tyrol. Precipitation totals are calculated from 7a.m. to 7 a.m..
SPARTACUS has been generated in an international collaboration from irregularly distributed
weather stations and is operationally kept up-to-date at the Zentralanstalt für Meteorologie and Geodynamik in Vienna.
INCA
The goal of INCA is the optimal algorithmic combination of all currently available model and observation data in real time for the most detailed, high quality and reliable analysis and forecast of the
current atmospheric state, especially in the Alpine region. After several years of development, the
INCA analysis and nowcasting system is now in operational use. It provides hourly updated forecasts of temperature, humidity, wind, global radiation and quarter-hourly updated forecasts of
cloud cover, precipitation and precipitation type for the whole of Austria on a 1-km grid. INCA
analysis fields – which are used within TRANS-ALP – are available from 2004 onwards, depending
on the parameter investigated.

o TRENTINO – SOUTH TYROL
The precipitation data used for the identification of most relevant events occurred in the period
1980-2020 were retrieved from the meteorological gridded dataset for Trentino-South Tyrol elaborated by EURAC (Crespi et al., 2021). It provides daily mean temperature and precipitation from
1980 onwards on a 250-m resolution grid covering the region and based on a high-quality and homogenized archive of weather station observations. According to the time coding adopted by
the regional weather services, daily precipitation totals are defined as the cumulated precipitation
between 8:00 UTC previous day to 8:00 UTC current day.
In order to allow the comparison with Austrian gridded fields, precipitation data used in this deliverable were upscaled to 1-km resolution and the reference dates were aligned by shifting the time
coding one day earlier.

o VENETO
Regarding Veneto, in the TRANS-ALP project ARPAV decided to develop a "multihazard" methodol-

ogy at a local scale, in a small alpine basin. For the identification of relevant events in the time period from 1984 to 2020, weather data are taken from the automatic meteorological stations managed by ARPAV, a first approach was based on analyzing the meteorological events that had recorded significant ground effects in this basin. Nevertheless, in order to validate the methodology
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proposed here, and to try to harmonize the data with those of Trentino Alto Adige and Austria,
raster maps of daily cumulative precipitation were created using data from the Veneto weather
stations network for the dates indicated in Table 1. Data from more than 180 rain gauges were interpolated for each date.
At a later stage, in order to test the methodology of the 99th percentile in the study
area, ARPAV evaluated the statistic of cumulative rainfall precipitation and the identified extreme
events. The definition of the 99th percentile of precipitation was based on the historical series of
every single rain gauge in the study area, ground effects were checked whenever the weather
events was considered extreme by at least 3 rain gauges out of 13.

3. METHODOLOGY
In a multi-hazard framework, the definition and description of events is not trivial. Main challenges
include:
•
•
•
•

Definition of an event
Identification of the event
Description in terms of spatiotemporal boundaries
Description in terms of magnitude and one or more intensities

o DEFINITION AND CHARACTERIZATION OF EVENTS
How is an event defined? Two broad approaches are possible:
1.
The event is defined “top-down” based on some macro characteristics (e.g., hypocenter location and magnitude in the case of an earthquake, trajectory, radius/size and intensity for typhoons, etc.). The advantage is that it is more likely to describe univocally the event,
since bigger phenomena are easily identified, but it might be difficult to associate observed impact to event´s intensities, since these have to be considered at local scale.
2.
The event is defined “bottom-up” depending on the measured local-scale intensities
of the phenomenon, and/or on the observed impacts. This can be advantageous in terms of
the pairing of impacts with the physical parameters that caused them but might hinder a clear
association with large-area events and therefore a suitable clustering of impacts.
Often, both approaches are used depending on the type of events, their size and observed effects,
although it seems no systematic approach is followed (in Europe). In the case of storms, for instance, addressing large-area events allows for a better identification of regional impacts, although these in turn might be related to different types of sub-events (e.g., strong rain, hail, wind,
etc.).
Within TRANS-ALP, we test two slightly different methodologies for the identification of cross border storm events by considering only precipitation data: (i) the identification of days with cumulated rainfall over all grid points in the considered region exceeding the 99th percentile of the 41year period or (ii) the calculation of the 99th percentile over all grid points in the considered region
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for every day. In both cases, results are ranked based on the value of cumulated rainfall and the
value of the 99th percentile, respectively.

o 99TH PERCENTILE METHODOLOGY DEVELOPED BY EURAC
The approach proposed by EURAC is based on the identification of extreme weather events producing the highest precipitation amounts at regional scale. To this aim, the daily precipitation series were cumulated over all points of the 1-km grid covering the region of interest for each
day of the period 1980-2020. The resulting regional series was used to compute the 99th percentile of daily cumulated precipitation and all days in the series exceeding such threshold were selected and ranked based on the corresponding cumulated precipitation.

o 99TH PERCENTILE METHODOLOGY DEVELOPED BY ZAMG
The approach of ZAMG also consists of the calculation of the 99th percentile of precipitation. Instead of determining the dates of its exceedance, the 99th percentile was computed spatially over
the regions of Carinthia and East Tyrol for every single day in the time period from 1980 to 2020.
This analysis is conducted on the SPARTACUS dataset with a spatial resolution of 1 km. Resulting
values of the 99th percentile are subsequently ranked in order to identify days exhibiting highest
precipitation values.

o ADDED VALUE OF CONSIDERING BOTH APPROACHES
The two methodologies introduced in the previous paragraphs do not contradict but rather complement each other since they allow to cover two different aspects of extreme events.
The approach focusing on the greatest daily precipitation sum over the considered region identifies mostly large-scale phenomena which affected a large portion of the analyzed area. In contrary, the second method considering the days with the highest spatial 99th percentile of the gridded values allows to better identify small-scale events with high local precipitation intensity. A further advantage of this method is the better comparability of the spatial 99th percentile to station
data.
In order to not only focus on the large-scale events, but also taking into account the local-scale
phenomena, both methodologies have been applied for both Trentino-South Tyrol as well as Austria. The ranked lists of events resulting for the two areas by the two methods were combined and
the ones with the highest intensities were selected and further investigated within TRANS-ALP as
discussed in the next section.
As shown in section 4 ‚Results and Discussion ‘, although rather straightforward, the methodologies showed to be effective for pointing out meaningful events in the cross-border area which can
be further analyzed by comparing them with local impacts, especially landslides, and by assessing climatological changes in event occurrences.
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o EVENT ANOMALY
Besides the provision of information on event´s intensity, as described in the previous sections, further statistical descriptions are needed to better frame the event potential for damage
and its overall magnitude. Anomaly description hence refers to the extent that a considered event
departs (e.g., in terms of intensity and spatial extent) from the observed or expected distribution
of climate over a given spatial and temporal reference frame. For instance, a specific intensity
measure, as the rainfall at a certain location and of a specific duration, can be characterized in
terms of estimated return interval (e.g., in average once in 100 years). If the statistical characterization of considered events is carried out using relatively short time-series, for instance 20 or 30
years of data, the statistical description could be provided, for example, in terms of exceedance
probability over the considered timeframe, or in terms of percentiles of the underlying distribution. This could be useful to avoid misunderstanding related to the constrained timeframe. For instance, if an event exceeds the intensity of all other events observed in a 10 years-long series,
does not mean that it should be defined as a “once in 10 years” event, since its actual return interval could be much longer.
The concept of anomaly can be used to define at which extent the individual observed intensity
can be labelled as “exceptional” or “extreme” for the considered location and it allows to better compare events occurring in different areas characterized by different climate conditions. The combined information on intensity and anomaly of an event can provide civil protection
authorities and other stakeholders with a simple, but easily interpretable and efficient instrument for the analysis of such events. Moreover, it can also be used as direct input for subsequent
risk assessment tasks.

4. RESULTS
o EVENT LIST
The conduction of both approaches introduced in the section above for the study regions of Trentino - South Tyrol and Austria leads to a total of four lists of events. These have subsequently
been analyzed in terms of common events. In the case of a variety of events, days ranking higher
in Trentino - South Tyrol are ranked lower in Austria and vice versa. The selection of final events
that are to be investigated within the project has been conducted in a matter to incorporate the
highest-ranking events in both regions. The full list of events also revealing the ranks of the events
in the different lists can be found in the appendix of this document.
The focus within TRANS-ALP is laid on 15 events between 1980 and 2020 whose dates of occurrence as well as the local maximum in South Tyrol (ST) and Austria (AT) are depicted in the following table:
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Event date
18.07.1981
31.01.1986
25.11.1990
02.10.1993
20.09.1999
01.11.2003
29.10.2008
27.05.2011
05.11.2014
25.08.2018
29.10.2018
01.02.2019
15.11.2019
29.08.2020
05.12.2020

Local max (AT)
157,7
166,6
93,60
151,0
157,2
158,7
92,0
91,5
248,1
72,7
212,0
103,2
118,6
115,30
251,5

Local max (ST)
128,5
162,9
173,4
144,3
144,6
127,3
148,0
150,6
195,7
119,7
184,6
240,5
166,3
107,4
274,4

Tab. 1 – events selected as significant according to the 99th percentile methodology

Meteorological description of identified events
On the following pages, selected identified events are described in terms of their meteorological
evolution and characteristics as well as – where the information has been available – on their impacts on the regional scale in the cross-border region. Moreover, the relative anomaly has been
visualized for the event day (as listed in Tab. 1) over Austria and Trentino - South Tyrol. The daily
anomalies are computed as the ration to the corresponding monthly climatologies. Indicated values represent the percentage of the mean monthly precipitation sum fallen at that specific
day. Red colors represent low percentages, blue values indicate high percentages of the climatology.

18.07. - 19.07.1981
On Sunday, 19.7.1981, the level of the Adige River reached a record high of 7.30 meters after 30
hours of continuous rain. At 3:15 in the morning, north of Salurn, the dam broke, creating a 200meter gap. 550 hectares of land, 263 dwellings and 34 commercial and craft enterprises were under water, and a third of the population had to be evacuated. Many people were caught sleeping
in their homes and managed to escape at the last moment, miraculously no one was
harmed. During this ten-day flood operation, a total of 587 volunteer firefighters worked 9,799
hours with numerous other helpers, 55 emergency vehicles and numerous boats were deployed (Südtirol News, 2021).
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Fig. 1: Relative anomaly of July 18th, 1981 based on the gridded datasets from Austria and Trentino-South Tyrol.

31.01.- 01.02.1986
The snowfall event was initiated by cold air from northeastern Europe. From 28th to 29th of January
the winds gradually shifted to the southwest, causing strong uplift and snowfall due to the strong
inflow at altitude (600-700 hPa in the ERA analysis), the cyclonic curvature of the isobar lines, and
due to the moist air.
In the evening of January 30th, the flow turned from south to southeast, bringing unusually heavy
snowfall nationwide on 31st January .
In many places, more than two meters of new snowfall were recorded. The heavy snowfall finally
subsided on February 3. Highest precipitation sums in South Tyrol between January 30th to February 1st, 1986 were registered in Bolzano with 121 mm and in San Genesio Atesino with 110 to 140
mm. Due to the breakdown of the electric power supply throughout the country, the snow on the
automatic rain gauges could not be melted regularly (Fink, 2009)

Fig. 2: Relative anomaly of January 31st, 1986 based on the gridded datasets from Austria and Trentino-South Tyrol.
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20.09. - 21.09.1999
On September 19, an extensive low-pressure area with a core pressure of 964 hPa approached Ireland at the 300 hPa level. At the same time, a shortwave wedge crosses the western and central
Alps. Behind it, a strong southwesterly flow was established, which advected very humid air towards the southern side of the Alps. During the night of September 20th, the flow continued to increase at all altitudes and turns more and more to the south. A cold front moved from France to
the central Alps and began to occlude over South Tyrol. Potentially warmer air masses were advected with it, which only moved off to the east in the morning of September 21st. The sky was completely overcast and there is light rain at times, with precipitation intensifying from the morning
onwards due to the approach of the cold front and the resulting strengthening of the southerly inflow. In the night of September 21st, the shortwave trough moved from the Gulf of Lyon over
South Tyrol to the Eastern Alps. Near the Alpine ridge, the occluded part of the front persisted longer and continued to meander eastward along the southern side of the Alps. Therefore,
precipitation in the north of the country continued into the second half of the night, but to a much
lesser extent. It can be assumed that the Dolomites held back a large part of the precipitation.
Many streams have overflowed their banks and floods are being measured along the Adige River
in the lowlands. This is due to the height of the snow line, which is well above crest level
(700 hPa), and to the enormous amounts of rain that the ground could no longer absorb (Fink,
2009).

Fig. 3: Relative anomaly of September 20th, 1999 based on the gridded datasets from Austria and Trentino-South Tyrol.

01.11.2003 (Klaus)
On October 29, 2003, a frontal wave over the eastern North Atlantic developed into a stormy low
(KLAUS). This pronounced low-pressure area continued to move over the sea area south of Iceland
in the direction of the Bay of Biscay and intensified. On October 31, KLAUS reached the Bretagne
with its center, reaching a core pressure of 966 hPa.
Due to the increasing air pressure gradient, the first gale-force winds occurred during the morning
and mid-morning hours on the 31st of October. Gusts of 120 km/h were recorded from Sonnenblick, Patscherkofel and Zugspitze, respectively. In Locarno, 151 mm fell in 24 by 7 a.m. CET on
Nov. 1. Robiei reported 121 mmin the same period (Suedstau). On the 1st and 2nd, Carinthia received heavy precipitation. Reisach in the Gailtal and Dellach im Drautal registered 100 mm within
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24 hours. Municipalities of the Carinthian Lesach Valley were only accessible via East Tyrol. In Ebriach (district of Völkermarkt) two houses have to be evacuated due to flood danger (Zentralsanstalt für Meteorologie und Geodynamik, 2003).

Fig. 4: Relative anomaly of November 1st, 2003 based on the gridded datasets from Austria and Trentino-South Tyrol.

29.10.- 30.10.2008 (Yulietta)
From October 28th, 2008, the Mediterranean low-pressure system YULIETTA, which had formed over
Spain, continued to move towards the Alps while increasingly intensifying. On October 29th, rainfall
set in south of the main Alpine ridge with considerable amounts of precipitation recorded. On the
morning of the 30th, storms caused additional damage to the Carinthian power grid. In the areas
of Eisenkappel, Velden/Rosegg, in the Lower Drau Valley and in the Möll Valley, the power supply
to several thousand households is interrupted after trees fall and lines break. Despite the large
amounts of precipitation, the feared floods do not occur for the time being.At the end of the month,
the rivers Gail between Hermagor and Villach and the Lieser flooded. Hermagor and Villach and the
Lieser river flooded, which is considered to be a once-in-five-years situation (Zentralanstalt für Meteorologie und Geodynamik, 2008).
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Fig. 5: Relative anomaly of October 29th, 2008 based on the gridded datasets from Austria and Trentino-South Tyrol.

05.11.- 06.11.2014 (Qendresa)
Low Qendresa was formed on November 4, 2014, by a disturbance in the southern Alps. It subsequently moved over the Ligurian Sea and brought large amounts of rain to central and northern
Italy as well as to the southern side of the Alps. Rainfall totals of up to 450 mm were recorded
within 48 hours as well as wind gusts with a maximum of up to 189 km/h. The station Malga Valine
recorded a precipitation sum of 689 mm in this time period. Quendresa deepened significantly on
November 7th, 2011, becoming a so-called Medicane with a well-defined eye-like feature and
moderate-to-strong, sustained convection around it.

Fig. 6: Relative anomaly of November 5th, 2014 based on the gridded datasets from Austria and Trentino-South Tyrol.
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25.08. - 26.08.2018
In the run-up to a prominent cold front, showers and strong thunderstorms quickly spread across
the entire eastern Alps on Friday, August 24th 2018. On Saturday, the cold front came to rest over
the Alps, and a small low-pressure system also formed over northern Italy. This led to intensified
and heavy rain, especially in the Southern Alps. In addition, colder air flowed in from the north, so
that the snow line dropped to just below 2,000 m by Sunday morning. In the northern Alps it
snowed down to 1,500 m for a short time. In the course of August 26th, the heavy rain then subsided from the west.

Fig. 7: Relative anomaly of August 25th, 2018 based on the gridded datasets from Austria and Trentino-South Tyrol.

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 – 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
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
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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 similiar, 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.
Vaia brought severe conditions to Northern Italy and surrounding regions, causing over €3.3 billion
in damages. Throughout Italy, 11 fatalities were reported. The storm damaged the Basilica of San
Marco and left 75% of Venice underwater, but it also caused devastating damage to the Alpine forests south of the Dolomites.

Fig. 8: Relative anomaly of October 29th, 2018 based on the gridded datasets from Austria and Trentino-South Tyrol.

01.02. - 02.02.2019 (Pirmin)
On 01.02.2019 at 01 o'clock CET, vortex PIRMIN was located with its center somewhat further
southeast over the Celtic Sea and continued to be occluded. The occluded front initially moved
from the core over the south of Ireland and England and changed into a cold front over Brussels,
which in turn moved to the southwest. Particularly in the Alpine region, this resulted in orograph-
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ically induced heavy precipitation. In San Bernardino, for example, 63 mm were recorded. In Austria, 68 mm fell at the Villacher Alpe. The snow line rose from an initial 1,000 meters to over 1,600
meters. Winds reached hurricane force on exposed peaks in the high mountains. On the Patscherkofel in Innsbruck, wind gusts of over 130 km/h were recorded. But also in the Alpine valleys, the
wind blew in many places with 7 Beaufort or more. Due to the change of wind direction to the
west, mild air was brought in from the Atlantic. In addition, and due to the counterclockwise rotation direction of the cyclones, light foehn occurred at times - especially in the Alpine region (FU
Berlin, 2021).

Fig. 9: Relative anomaly of February 1st, 2019 based on the gridded datasets from Austria and Trentino-South Tyrol.

15.11.- 16.11.2019 (Ingmar)
On 17.11., low Ingmar was located 200 km east of Sardinia with a core pressure below
1000 hPa. It caused some significant weather conditions in Southern Europe. Especially in Italy,
there was persistent heavy precipitation in Bologna, Venice or Naples. In Bologna, for example, 53
mm were recorded between 7 am and 1 pm CET. A total of 107 mm fell there within the entire
day. The highest precipitation totals of the day were measured in the Dolomites, near
Cortina d'Ampezzo. The snow line was between 1200 and 1700 meters, so much of the precipitation fell as snow. In addition, southeasterly winds blew with gale-force gusts in some places;
at the high mountain stations in the Alps, numerous gale-force winds were also reported at Villacher Alpe, Piz Corvatsch and other stations1. Ingmar caused devastating damage to the Alpine forests in South and East Tyrol (Autonome Provinz Bozen, 2019).
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Fig. 10: Relative anomaly of November 5th, 2019 based on the gridded datasets from Austria and Trentino-South Tyrol.

29.08. - 30.08.2020
In the evening of 28.08.2020, a wave disturbance formed south of the Alps over northern Italy on
the cold front of low Lynn. The newly developed wave disturbance brought thunderstorms and
precipitation already in the evening and in the night of August 29th, especially in the south of Switzerland and northern Italy. In northern Italy, the San Siro Alpe Rescacia station reported the largest precipitation amounts with 169 mm over 24 hours, and in Lombardy in Samolaco also almost
150 mm fell over the same period (FU Berlin, 2019).

Fig. 11: Relative anomaly of August 29th, 2020 based on the gridded datasets from Austria and Trentino-South Tyrol.

18

Funded by the
European Union

05.12. - 06.12.2020 (Xunav)
In the course of the day of 5.12.2020, a rapidly intensifying and steadily gaining humidity vortex
moved rapidly from the Balearic Islands over the western Mediterranean Sea and Corsica to northern Italy, which led its precipitation field towards the Alps. When the humid air masses hit the
mountain ranges and were thus forced to slide up into significantly cooler air layers, precipitation
was locally further intensified. From Trento, located at the foot of the Alps, 102 mm were reported. Precipitation, which also fell as snow at higher elevations, was even more intense in parts
of Austria: station reports indicated as much as 135.0 mm in Lienz and as much as 144.0 mm in the
nearby mountain community of Sillian.
On 6.12.2020, up to 106.0 mm fell in Ronchi dei Legionari, located northwest of Trieste. Such high
precipitation amounts continued to be observed in East Tyrol: 104.0 mm were reported from Dellach im Drautal, 109.0 mm from Sillian, and 115.0 mm from Lienz. In Italy, the accumulations were
particularly significant in the mountains, where almost everywhere the 200 mm were exceeded; generally between 200 and 400 mm but with peaks in the Belluno area of
499 mm at Sant'Andrea di Gosaldo, 573 mm at Cansiglio, 614 mm at Col Indes and 621 mm at Valpore (ARPA Veneto, 2020).

Fig. 12: Relative anomaly of December 5th, 2020 based on the gridded datasets from Austria and Trentino-South Tyrol.

o DATASETS FOR SELECTED EVENTS
The dataset is comprised of a set of netCDF files, each describing the hazard intensity and its corresponding anomaly for the reference parameter precipitation, in a spatially explicit and
time-stamped representation for each target region separately.

o DISCREPANCIES OF THE DATASETS USED
For this deliverable, three different data sources have been investigated for 15 events, listed in table 1. The comparison of the datasets reveals differences that are to be expected when combining
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data sources from various administrations adopting different standards and definitions. For instance, different time periods are considered for the calculation of daily cumulated rainfall. In the
case of the Austrian dataset SPARTACUS, “a daily precipitation sum is defined here as the precipitation depth accumulated between 7 a.m. of the respective day and 7 a.m. of the following day,
consistent with the standard reading time in Austria.” (Hiebl and Frei, 2017). In the case of Trentino-South Tyrol, daily precipitation totals are defined as the cumulated precipitation between 9
a.m. of the previous day to 9 a.m. of the respective day. In contrary to Austria and Trentino-South
Tyrol, daily precipitation totals in Veneto are currently calculated from midnight of the current
day to midnight of the following day. This leads to discrepancies when comparing the daily cumulated rainfall, especially when maxima of precipitation occur in the morning of considered
days. Another relevant reason for differences among the datasets covering the three study regions is the application of different algorithms for the interpolation of daily precipitation observations. In addition, even if derived by the same algorithm, some discontinuities along the country
borders can occur when combining the regional fields and due to the uneven station data used to
cover the outermost portions of the single grids.

5. FURTHER ANALYSES
o IDENTIFICATION OF HAZARD INTENSITY FOOTPRINTS
In order to test the methodology developed by EURAC, ARPAV evaluated the statistic of cumulative rainfall precipitation and the identified extreme events, so to identify hazard intensity footprints. Due to the extremely time-consuming procedure of data interpolation, as a first step
ARPAV used a simplified method for the identification of extreme events. The definition of the
99th percentile of precipitation was based on the historical series of every single rain gauge (usually
the data series began in 1984-1985), leading to the definition of a different “threshold” for each
location. Ground effects were checked whenever the weather events were considered extreme by
at least 3 rain gauges out of 13. The investigation of ground effects took advantage of the databases of: AVI Project; Giano Project; local newspapers; technical reports and general Google
search. In the calculation of extreme events, only days with valid recorded precipitations different
from 0 were taken into account.1
The test of the 99th percentile methodology of the daily precipitation in the Cordevole study area
has roughly demonstrated that it can be a very useful tool to identify hazard intensity footprints
related to potentially hazardous weather events for autumn-winter phenomena, especially to identify possible dates when weather-related damage occurred.
Nevertheless, the following limits were identified:
• The method is based on the cumulative daily precipitation. This leads to a difficulty in capturing short but very intense precipitation, typical of the summer period, and usually cause to
phenomena such as debris flow;
• In the same way, it does not always capture the evolution of an event over longer periods,
when relevant precipitation (maybe not exceeding the 99%) can be recorded for several days,
leading to critical situations;
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The identification of critical events is based on a first stage of screening where only widespread events (at least 3 rain gauges in the area out of 13) exceed the threshold. The case of
local very intense events (e.g. localised summer storms) is not taken into account;
• Given the good results obtained by the procedure, the limitations listed in the first points
are easily overcome. It is possible, in fact, to carry out the same type of analysis using sub-hourly
time intervals, as well as analysing intervals of precipitation falling on several consecutive days.
In this way it will be possible to identify intense precipitations typical of the summer period and
persistent rainfall which, although not exceeding the 99 th percentile on a daily basis, may cause
damage.

o CLIMATOLOGICAL ANALYSES OF IDENTIFIED EVENTS
After their identification, relevant events were analyzed in terms of climatological changes
of their occurrences. Comparing the seasonal distribution of events (identified via method 1) in
Austria and Trentino-South Tyrol, respectively, Figures 13 (Austria) and 14 (Trentino – South Tyrol) reveal overall same characteristics. A slight difference is visible for the summer months June,
July and August, when the number of events is clearly higher in Austria than in South Tyrol. This
difference might stem from the different climatological characteristics of the target regions, as described in the introduction. The regions of Carinthia and East Tyrol are prone to convective systems in the summer months, thus possibly leading to a higher number of extreme precipitation
events in summer. The annual precipitation cycle in Trentino-South Tyrol exhibits a summer maximum in central and northern areas with predominance of convective phenomena, while southern valleys are more influenced by Mediterranean climate and characterized by drier summer conditions.

Fig. 13: Seasonal distribution of events in Austria

Fig. 14: Seasonal distribution of events in Austria

When comparing the distribution of the local maximum of daily cumulated rainfall
for the events identified, Figures 15 (Austria) and 16 (Trentino - South Tyrol) show different peaks.
Whereas most events in Trentino - South Tyrol exhibit the highest number of events with a local maximum daily cumulated rainfall between 77.2 and 101.2 mm, most events in Austria reveal
a local maximum between 108.7 and 132.7 mm. The reasons for that might be connected with the
higher number of events during the summer months since convective systems can lead to higher
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local precipitation amounts. It is worth noting that such metric is used to derive a preliminary evaluation of the differences in event characteristics between the two considered regions, but since
it is based on a single gridded peak, vlaues need to be considered cautiously.

Fig. 15: Distribution of daily maximum rainfall of events in Austria

Fig. 16: Distribution of daily maximum rainfall of events in Trentino – ST
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7. APPENDIX
o DATA AVAILABILITY
The datasets described in this report, composed by a set of zipped folders including all meteorological data describing the considered events is freely available for consultation and download
from the TRANSALP data repository at https://maps.eurac.edu/documents/?limit=20&offset=0&doc_type__in=archive&group__group_profile__slug__in=trans-alp-project-public
NOTE: For tracking and reporting purposes the interested users are required to register in the
maps.eurac.edu platform and send a request by email to massimiliano.pittore@eurac.edu.

o LIST OF EVENTS
DATE

18.07.1981
31.01.1986
25.11.1990
02.10.1993
20.09.1999
01.11.2003
29.10.2008
27.05.2011
05.11.2014
25.08.2018
29.10.2018
01.02.2019
15.11.2019
29.08.2020
05.12.2020

MAX_ST

128,5
166,6
93,60
151,0
157,2
158,7
92,00
91,5
248,1
72,7
212,0
103,2
118,6
115,30
251,5

MAX_AT

157,7
162,9
173,4
144,3
144,6
127,3
148
150,6
195,7
119,7
184,6
240,5
166,3
107,4
274,4

RANK_ST
(CUM/99TH
SPATIALLY)
11/25
3/8
23/63
8/20
6/14
22/11
25/66
57/96
4/3
111/2/2
37/93
31/51
9/24
1/1

RANK_AT
(CUM/99TH SPATIALLY)
2/8
45/14
10/5
42/20
95/47
24/27
35/27
22/45
17/10
20/65
3/7
27/4
4/3
115/56
9/1
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