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ABSTRACT

Climate change strongly impacts mountainous areas as seen for instance in the Salzburg region, which is situated in the Eastern Alps region
of Austria, is home to 562.704 inhabitants, covers 7.154,56 km? and represents one of the major tourist areas in the country. The main climate
risks identified - in collaboration with local stakeholders - for this region are related to extreme precipitation events, as well as windstorms
and cause damages to buildings, infrastructure and people. Using high resolution climate model simulations (WRF, COSMO-CLM), initialized
by CMIPG6 global model input, the local impacts related to extreme precipitation and windstorms, during specific global warming levels
(1.5°C, 2°C, 3°C, 4°C) are analysed. Further, the recurrence time of the single hazards, as well as the compound events is identified. Based
on the high-resolution climate projections, using open-source flooding and damage models, a first estimate of future potential damage is

presented.

INTRODUCTION

Anthropogenic climate change has caused immense damages over the past years, with new extremes being reached almost each year.
Austria is highly affected by the increasing temperatures with inhabitants of urban areas especially suffering from extreme (summer) tem-
peratures, whereas rural areas are more affected by changes in precipitation pattern. Even though the annual precipitation sum is staying
rather constant, there is observed change in its distribution. Longer periods of drought are punctuated by extreme precipitation amounts.
Especially in mountain areas, the combination of increased temperature and extreme precipitation intensities cause flooding and damage

to settlements and infrastructure.

Apart from single hazards, compound events are gaining importance. As they increase, they relate to greater risk and higher damages. Within
the presented study, the single and compound occurrence of the hazards flooding, and severe winds are investigated. For this region con-
sidered extreme precipitation and winds pose a problem, since storms cause fallen trees, that might block the torrent protection, increasing
flood risk. To understand future risks, two regional climate models (RCM, WRF, COSMO-CLM) are used that are driven by two CMIP6 global

model boundary conditions, representing newest, state of the art high resolution (2 — 5km) climate projections for the Salzburg region.

METHODS

Assessing flood and wind hazards, as well as estimating the potential effects of climate change, is a critical undertaking for regions like
Salzburg, characterised by complex terrain. To accomplish this task, we utilised two regional climate models (WRF Skamarock 2019, COS-
MO-CLM (CCLM) Rockel et al., 2008 ) to dynamically downscale two CMIP6 global climate models (MPI-ESM1-2-HR, EC-Earth3) to Skm and
2km spatial resolution (Miiller 2018, Doscher 2021). Producing these high-resolution climate projections allows a comprehensive analysis of
the region's change in climate, catching also small-scale and locally specific developments. The regional model's performance is validated
by using ERA5 data (Hersbach 2020) to initialize the models. To estimate the regions damages and express them in monetary terms we use
the weather and climate damage model CLIMADA (Aznar-Siguan 2019) which provides also a Cost-Benefit analysis (Bresch 2021) of climate
adaptation measures. The hazards used by the damage model are calculated from the downscaled climate projections and are expressed
through the severe storm index (SSD for storms and the water level for floodings. While the SSI is directly calculated from the climate pro-
jections, we use the physics-reduced hydraulic model SFINCS (Leijnse 2021) to compute the flooding water levels. To run the model, we use
a local digital elevation model with 1m spatial resolution in combination with open-source river data (Yamazaki 2019, Lin 2020), infiltration

data (Jaafar 2019, Buchhorn 2020) and the climate projections bias-adjusted precipitation data.
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Figure 1: Schematic depiction of regional climate modeling and application to VIA studies. VIA = vulnerability, impacts, and adaptation; RCM = regional climate model; GCM = global climate

model. Source: Giorgi, F. 2019. Impacts model in the presented study

However, by combining these hazards with exposure and vulnerability curves a monetary estimate of the damage caused by the hazards is
provided. While there are already exposure data (Eberenz 2020) and vulnerability curves available in the damage model, we update them
to the region's specifics with infrastructure and damage data provided by local stakeholders to further increase the result’s accuracy. The
changes in the hazard’s frequency and intensity are calculated from the climate projections for the shared socioeconomic pathways SSP1-26
and SSP5-85 (Riahi et al., 2017, Gidden et al., 2019, O’Neill et al., 2021). These two scenarios were chosen, as they represent very different
future conditions. SSP1 (Sustainability — Taking the green road) represents a scenario with strong focus on sustainable development, relating
to changed reduced material consumption as well as economic growth, whereas SSP5 (Fossil-fueled development — Taking the highway)
builds upon material intensive consumption and strong economic growth, resulting in high mitigation challenges. The numbers “2.6” vs “8.5”
relate to the W/m2 increase by 2100 and are defined by possible policy assumption. The SSP1-2.6 causes a global temperature increase of
about 1.5°C by 2100, thus in line with the Paris-agreement, whereas 8.5 relates to a global temperature rise of about 4.5°C. By using both

scenarios, the representation of all global warming levels, up to 4°C, are ensured.

RESULTS AND DISCUSSION
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Figure 2 Heat days (hd30, left and middle) and it's climate change signal (right) compared to 1981 - 2010 for different periods (near/mid/future) for the SSP585 scenario simulated with
COSMO-CLM.

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 88



First, we analyse the climate conditions within the Salzburg region in terms of climate indicators such as mean annual temperature, num-
ber of heat days, number of tropical nights, mean annual precipitation sum, etc. An example is given in Figure 2 displaying the heat days’
climate change signal for different periods (near 2021 -50, mid 2041 — 2070, far future 2071 - 2100) in the SSP585 scenario. Not only does it
show a strong increase in heat days in the lower elevations of the alpine foothills and the city of Salzburg but also in the inner alpine val-
leys especially for the far future period, this increase is stronger within CLM than WRF. For the hindcast simulations (1981-2010) the results
are verified against the re-analysis data set CHELSA to evaluate the models’ performance. For instance, WRF simulates higher precipitation
amounts but lower precipitation intensities than COSMO-CLM in the chosen configuration, resulting in higher RMSEs when compared to
CHELSA. Concerning extreme events, peak over threshold indicators such as maximum precipitation for a specific time (e.g. 1 day) or the SSI
are used and the model performance analysed for selected past events. For future periods (near (2021-2050), mid and far future (2041 — 2070,

2071-2100), Figure 3) the boxplot displays an increase in intensities for both SSPs, in the median, quantiles as well as maximum intensities.
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Figure 3: summer (June, July, August) maximum precipitation for 1 day, for past and future periods (hist = 1981 — 2010, near = 2021 — 2050, mid = 2041 — 2070, far = 2071-2100) ; box =

median, 1st and 3rd quantile, x represent very intense events outside the 1.5 1QL range; left : CLM, right : WRF (please be aware of different y-Axes )

To choose suitable events, but also to understand climate change impacts on infrastructure (e.g. electricity production), co-creation process-

es such as a community of practice, were established.

Concerning compound events, based on the information gained from CoP representatives, a first study was performed for analysing their

compound or consecutive occurrences (Figure 4), displaying a decrease under 3°C GWL.
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Figure 4: Number of days between a strom event (>70 km/h) and rain fall event (20mm / day), left : past period (1981-2010) and future period (GWL 3.0°C, CLM)
As a first step for impact assessment, the CLIMADA built in data for hazard (ISMIP flooding data) was used as well as the exposure data based
on open-source GDP (https://zenodo.org/records/7898409). This first approach of damage assessment displays an average mean damage

of up to 1 Mio. € for the past period (1981-2010, Figure 5)
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Figure 5: expected annual damage for period 1981-2010

CONCLUSIONS
The regional climate model simulations present new insights on local climate change impacts under different global warming levels. Using
these insights, the presented damage model provides a quantitative assessment of past and potential future damages that aim at enabling

local stakeholders to take action and increase local resilience of settlements and infrastructure.
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