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ABSTRACT

In recent years, there have been repeated flood events of different annuality and with different extent of damage in the province of Tyrol.

In order to record and analyze these events, a standardized documentation is carried out in the flood database. This paper focuses on
fluvial flood events in the responsibility of the Federal Water Engineering Administration Tyrol in the period from 2013 to 2023. A total of
193 entries were analyzed. In a predominantly number of events, the dominant process type turned out to be lightly and strongly fluviatile
sediment transport. The most frequent causes of flooding were blockage due to deposition in the channel, channel breakout/displacement
and overbanking. On average, about 17 flood events occurred per year, with most of them occurring in the west of Tyrol. These results show

the importance of standardized documentation for the analysis and understanding of flood events and their impacts.

INTRODUCTION

In recent years, the province of Tyrol has repeatedly experienced flood events of varying annuality and with varying degrees of damage. In
some cases, considerable damage was caused to residential buildings, commercial and infrastructural facilities as well as to agriculture. The
flood events of the last years showed the wide range in the meteorological and hydrological development as well as in the impact on site.
In June 2013, a massive flood event took place in the town of Kossen (district of Kitzbiihel). The Groflache river overflowed its banks and
flooded the local area, which had already been affected by floods several times in the past. In June 2019, snowmelt and local heavy rainfall
caused the levels of the Inn river in Tyrol to rise over the 30-year flood mark. In July 2021, heavy rainfall resulted in the flooding of creeks
in the town of Kufstein (district of Kufstein) with strong fluviatile sediment transport as well as massive riverbank breaks at the Kelchsauer
Ache river (district of Kitzbiihel). In August 2023, the discharge of the Otztaler Ache river (district of Imst) reached the value greater than a
100-year flood. Other tributaries to the Inn river reached peak flow values in the range of a 10- to 30-year event.

For the purpose of immediate notification of damage (initial report), prioritization of damage repair, documentation and information as well
as reporting obligations etc., flood events are recorded in a standardized manner in the flood database (Hochwasser-Fachdatenbank) by the
responsible provincial department. In this context, also those flood events are to be recorded in which protective structures showed their
effect and damage could be prevented. The monetary amount of damage prevented is roughly estimated by experts and the effect of the
protective measures is described in text.

In the following, reference is made exclusively to fluvial (from the river) flood events at rivers in the responsibility of the Federal Water

Engineering Administration Tyrol. Their spatial and temporal variability is analyzed in the period from 2013 to 2023.

METHODS

The flood event documentation and evaluation of protective structures is part of the Austrian guidelines for hydraulic engineering. Besides
the above mentioned benefits of standardized reporting flood events, a record in the flood database is prerequisite for the funding of imme-
diately protective measures. The required entry in the flood database is done by the responsible provincial department.

Right after a flood event, the initial report with all relevant and easily collectable data (e.g. location, municipality, time of event etc.) is to
be transmitted to the flood database and can be supplemented or updated at any time. The final report includes information about what
happened, where it happened, when it happened and why or how the event occurred including meteorological and hydrological data. In
the case of quantitative information, it is indicated whether it is a measured or an estimated value, a value still to be collected or whether
it cannot be determined. The input and transmission is done via the Water Information System Tyrol (WIS). This is a central database for
the documentation and analysis of comprehensive water management data and is linked to the Geographical Information System of the
Province of Tyrol (Tiris). The required content of the event documentation is depending on whether it was an event without or with sig-
nificant damage (e.g. fatalities). In the case of events with significant damage an detailed event analysis has to be planned and executed.
Flood events without any reported damage also have to be recorded to document and evaluate the effect of protective structures. Usually,

the damage prevented is roughly estimated by experts.

RESULTS AND DISCUSSION
For the evaluations, 193 entries in the flood database in the period from 2013 to 2023 were analyzed for the province of Tyrol. This was
done for fully completed event reports and events reports that were still in progress.

The most frequent causes of flooding were blockage due to deposition in the channel, channel breakout/displacement, overbanking and
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combinations of these. In the time from 2013 to 2023 approximately 17 flood events occurred on average a year with an increasing number
of reported events in the last 5 years. The increase can have different reasons, also be due to the fact, that at the start of the database, not
all events were recorded in the same quality as now. The events are spread throughout the province, with most flood events occurring in
the west of Tyrol (93 events in the districts of Imst and Landeck). Figure 1 shows the spatial spread of flood events and the affected river

sections in the considered period from 2013 to 2023.

MNumber of flood events (2013 - 2023) —— Flood events 2013 - 2023

per municipality
Rivers in the responsibility of the Federal Water Engineering Administration
1 Tyrol ("Bundeswasserbauverwaltung”)
. 16 [ District border

Figure 1: Spatial spread of the flood events (RE Reutte, IM Imst, LA Landeck, KU Kufstein, KB Kitzbiihel, | Innsbruck, IL Innsbruck-Land, SZ Schwaz, LZ Lienz).

Of the 193 reported events, 133 events were observed frequently (0 - 30 years), 53 events were observed several times (30 - 150 years) and
7 events were observed rarely (> 150 years).

The spatial spread of dominant process types is shown in Figure 2. The analyzed river types are mainly valley rivers in the responsibility
of the Federal Water Engineering Administration Tyrol. The dominant process type was found to be flood without sediment transport in 28
events, slightly fluviatile sediment transport in 42 events, strongly fluviatile sediment transport in 76 events, debris flow-like sediment trans-
port in 32 events, and debris flow in 15 events. According to this, slightly and strongly fluviatile sediment transport were predominant during

the period considered. The year with the most documented flood events (41 events) is 2023, followed by 2020 and 2021 (24 events each).
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Figure 2: Spatial spread of dominant process type (RE Reutte, IM Imst, LA Landeck, KU Kufstein, KB Kitzbihel, | Innsbruck, IL Innsbruck-Land, SZ Schwaz, LZ Lienz).
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CONCLUSIONS

Standardized documentation of flood events enables an analysis of the spatial and temporal spread, causes and effects of flood events.
Studies on frequency and intensity generally provide valuable information for the assessment of possible effects of climate change on flood
events in Tyrol, although longer time series will be necessary for reliable statements. In order to extend the time series, it would also be
conceivable to process historical data. Furthermore, the documentation serves as a basis for the preparation of hazard zone plans and for
the evaluation of already built protective measures.

In the period under consideration, flood events occurred in many regions of Tyrol and some of them caused major property damage
amounting to several million euros. Based on the executed analyses, an accumulation of events could be determined in the west of Tyrol
and for the process type of slightly and strongly fluviatile sediment transport. The most documented flood events in the responsibility of the

Federal Water Engineering Administration in Tyrol occurred in the ongoing year 2023.
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