TWO COUNTRIES, ONE GOAL — DEVELOPMENT OF PREVENTION DAMAGE
CAUSED BY HAILSTORMS IN AUSTRIA AND SWITZERLAND
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ABSTRACT

Hailstorms in Austria and Switzerland are increasingly causing significant financial losses through building damage. A June 28th, 2021
hailstorm in the Swiss canton of Lucerne resulted in damage to ~10% of insured buildings. To mitigate these losses and provide empirical
information on hail resistance of the building envelopes, analysis of past hail events, including damage locations and costs, is necessary. Ad-
ditionally, hail resistance classes need to be developed and integrated into construction design codes. Switzerland has already adopted hail
resistance classes in its design codes, but these have yet to be implemented in Austria. Defining hail resistance measures within design codes
requires lab testing and robust classification. Here we examine the June 28th, 2021 hail event in Lucerne to highlight building vulnerability

and underline the need for further material testing to significantly lessen building and financial losses in the future.

INTRODUCTION

Hail, typically associated with severe thunderstorms, can be a dangerous and destructive phenomenon. As hail can cause high losses, under-
standing the frequency and severity of hail events is important, not only for economy and daily life, but also for engineering and insurances.
Three-dimensional radar data can provide a comprehensive and widespread indirect estimation of hail occurrence and size, serving as the
foundation for state-of-the-art hail hazard maps. New hail hazard maps for Switzerland were published in 2022 (NCCS, 2021; Trefalt et al.,
2022) and GeoSphere Austria is currently working to update Austrian hail hazard maps (ZAMG, 2012).

One of the regions in Switzerland most affected by hail is the canton of Lucerne which frequently experiences hail related building damage.
Loss statistics, kept by the Association of Public Insurance Companies for Real Estate (APIRE) since 1941 (Imhof, 2022), document many
years with significant hail damage in the canton of Lucerne (Fig. 1). Most notably, on June 28th, 2021 a hailstorm occurred that surpassed
all previous empirical values. On this single day, recorded hail damage was in excess of all previously accumulated annual damage (Fig.
1. While the June 28th, 2021 hail event affected large parts of Switzerland, the canton of Lucerne in particular was affected by the largest
size hail stones (Fig. 2). Here, we use the exceptional event of June 28th, 2021 in Lucerne to illustrate damage patterns and highlight the

potential for preventing losses from hail if appropriately tested building materials are used.
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Figure 1: Lines: Hail-related building damage in the canton of Lucerne since 1950 in terms of the number of damaged buildings in %o (blue line) and loss ratio (ratio of annual loss amount to

total insurance value, orange line). Columns: Average cost per hail damage since 1950 in 1000 CHF (indexed based on the Zurich building cost index). Source: Loss statistics of the APIRE.
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Figure 2: Hailstone sizes on June 28th, 2021; weather radar data showing the maximum hailstone size within 24 hours. lllustration: Meteoradar GmbH, data source: MeteoSwiss. The area

most heavily affected (Canton of Lucerne) is marked by the black circle.

BUILDING DAMAGE FROM THE JUNE 28TH, 2021 HAILSTORM IN LUCERNE, SWITZERLAND

A) METHODS

The evaluation of building damage presented in the following is based on claims data as reported to the claims department of the Lucerne
Public Insurance Company for Real Estate. In most cases, damage estimates were collected by loss adjusters on site. The loss adjusters
are building construction professionals (architects and civil engineers) who inspect building damage, order any necessary loss mitigation
measures, verify the cause and amount of the loss, and advise their clients on possible preventive measures. Loss adjusters receive regular
training to ensure uniform recording of building damage data. For some years now, it has also been possible for customers to directly report

damage via the Internet on the Lucerne Public Insurance Company’s website (gvl.ch).

B) RESULTS AND DISCUSSION

In contrast to earlier hail events where there were relatively few very large hail grains, coarse-grained hail fell exceptionally dense during
the June 28th event, especially around the village of Wolhusen. Typical hail damage to roof surfaces, facades, skylights, photovoltaic systems
and slat blinds was observed (Fig. 3). In addition, many tile and fiber cement roofs were completely destroyed which, as a result, caused
further damage to sub-roofs. Water from intense thunderstorm-related rain was able to penetrate into buildings, significantly increasing
building damage. As the Public Insurance Companies for Real Estate assign the cause of damage according to the initial triggering factor,
damage from water entering the building through hail-damaged roofs was also considered to be hail damage. As a result, the average hail
damage amount, which had, over past decades, ranged between approx. 2,000 and a maximum of 9,000 Swiss francs (indexed), reached an

unprecedented value of almost 26,000 Swiss francs on 60 June 28th, 2021 (Fig. 1.
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The most severely affected areas can easily be identified in Fig. 4. In four municipalities - Ruswil (R), Wolhusen (W), Buttisholz (B) and
Menznau (M) - hail damage amounted to an unprecedented 40 to 45 million Swiss francs within each location (Fig. 4A). In the latter three
municipalities, more than 50% of buildings suffered hail damage (Fig. 4B). In some of the neighbouring municipalities to the northeast, hail
damage also exceeded 20 million Swiss francs, and the proportion of damaged buildings exceeded 50%. In total, the hail event on June 28th,

2021 caused more than 13,000 hailrelated building damages in the canton of Lucerne, a total loss of approximately 376 million Swiss francs.
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Figure 4: A) Distribution of the sum of hail damage losses per municipality in the canton of Lucerne on June 28th, 2021. The highest damage amount (45 million Swiss francs) was recorded
in the village of Ruswil (R). B) Percentage of hail-damaged buildings per municipality in the canton of Lucerne on June 28th, 2021. The highest percentage was reached in Buttisholz (B) with

almost 84%. Cartographic basis: Swisstopo, data source: APIRE loss statistics.

Damage evaluation according to building type shows that only residential buildings were damaged by hail to a markedly above-average
extent (70%) in relation to their share of the total building stock in the canton of Lucerne (55%). This indicates that the building envelope

of residential buildings is particularly sensitive to hailstorms.

Building vulnerability is primarily determined by construction practices and the materials used in construction. As such, structural elements
of residential buildings appear to be particularly susceptible to hail damage. Interestingly, residential buildings built before 1960 show
similar vulnerability to non-residential buildings (Fig. 5). Around 5% of the building stock older than 1960 was affected by the 2021 event.
For younger residential buildings (construction years before 2000), this value increases nearly linearly to 15 - 20%. For residential buildings
younger than 2005, the increase in vulnerability per year of construction is not as distinct with the percentage of buildings affected remaining
around 20%. These results show that the hailstorm on June 28th, 2021 damaged about one in twenty buildings from the construction period
1930 - 1960, while about one in five to six residential buildings from the construction period 1995 - 2019 suffered damage during the same
event. For comparison, the proportion of non-residential buildings that were damaged during the event lies around 5%, independent of
construction year (Fig. 5). In other words: While hail vulnerability in residential buildings has strongly increased in recent decades, vulner-
ability of non-residential buildings has remained fairly constant despite increasingly modern construction elements in newer non-residential

buildings.
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Figure 5: Orange: Relative share of residential buildings damaged in the canton of Lucerne on June 28th, 2021 in relation to the total residential building stock. Green: Percentage of non-res-

idential damaged buildings according to year of construction from 1930 onward. Source: APIRE loss statistics.

Case studies in Switzerland (Imhof and Choffet, 2012; Imhof et al., 2015) have shown that between 50 to 60% of damage cases are related to
roof surfaces, facades and blinds. These cases of damage account for approximately 60 to 80% of total losses in Swiss francs. Roof surfaces,
facades and blinds are exposed, relatively large-surface structural elements of the building envelope and are mostly made of materials with

low to moderate resistance to large hail stones. As a result, these elements are particularly susceptibe to large losses.

The construction (architecture) of buildings also has an influence on hail vulnerability. Over time, the overhang of pitched roofs in modern
building designs has increasingly been shortened or replaced by flat roofs. As a result, the facade has largely lost the traditional screening
effect provided by the roof. Furthermore, the demand for energy efficiency has led to widespread use of plaster on exterior insulation, which
is generally less hail resistant than plaster applied directly to masonry. Previously common wooden shutters, which usually required a simple
coat of fresh paint after a heavy hailstorm, have increasingly been replaced by modern venetian blinds which are particularly vulnerable
to irreparable hail damage. Finally, some modern building materials (for example plastic and fiber cement) show significant aging effects

resulting in loss of their original resistance due to weathering and UV radiation.

IMPACT TESTING

To ensure that hail resistant materials are available for construction in both Switzerland and Austria, ongoing testing in laboratory facilities
uses artificial ice balls to shoot at construction materials in order to determine their respective hail resistance (Fig. 6). Following hail events
in the summer 2021, hail damage to clay tiles, photovoltaic systems (PV), thermal insulation systems and metallic materials of building en-
velopes were documented during on-site inspections and compared with damage from laboratory tests. As described in Starl (2023), overall
fracture patterns from laboratory testing (i.e. especially according to Association of Cantonal Fire Insurance ACFI test specifications) were

representative of real hail damage.

The Hail Impact Protection Register (hagelregister.ch / hagelregister.at) contains construction materials that are tested according to stand-
ardised test specifications at seven testing institutes in Switzerland, Austria and Germany and are divided into the five hail resistance classes
HR 1 to HR 5. The numbers correspond to the maximum grain size in centimetres that a component can withstand. The higher the HR
value, the higher the hail resistance. Quality criteria for hail impact tests and associated hail testing facilities that ensure reproduceable test
results are also defined in the hail register. As shown in Starl (2023) certified hail-resistant construction elements up to HR 4 are usually
not significantly more expensive when compared with untested products. According to Austrian hail hazard maps, about 65% of Austrian
buildings are currently located within a zone that would require HR 4 to prevent damage from hail events within a 40 year return period.
Given the typical > 30 year lifespan of roofing, using building materials with hail resistance HR 4 can substantially reduce the probability of

hail damage thus increasing sustainability and long-term cost-effectiveness of building materials in hail prone regions.
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Figure 6: A) Hail impact testing facility able to test all products that could be exposed to hail. Photo: IBS, Linz. B) Impacts of artificial ice balls shot on a PV-panel in the laboratory. Photo:

Hans Starl.

CONCLUSIONS

Buildings constructed according to traditional methods are less sensitive to hailstorms than modern buildings. This is mainly attributed to
building designs and materials. It is therefore recommended to use hail-resistant construction materials to mitigate the increasing vulnerabil-
ity of residential buildings to hail damage. The hail register (hagelregister.ch, hagelregister.at) provides an overview of such robust construc-
tion elements. If state-of-the-art hazard maps and hail resistant building materials are integrated into natural hazard management through
building standards, resistance to hail can be significantly improved. Consequently, building damage resulting from extreme events can be

kept at a level that is manageable for the risk community including building owners, insurance and reinsurance companies.
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