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Together with two other studies (X5.385, X5.387) this
investigation contributes to the development of a warning
system protecting the population against weather-induced
damage events.. It aims at supporting decision-makers in the
short, medium and long term by providing information on
upcoming damage events. Our focus is on landslides, floods and
heat waves, which are quantified by so-called Climate Indices
(CIs, Matulla et al. 2017) -- e.g. specific occurrences of periods
exceeding certain amounts of precipitation totals. Beyond that
this study applies risk analysis methods (e.g. Value at Risk) to
access the suitability of currently planned adaptation strategies.

Continental scale climate change projections are forced by potential
evolutions of humanity throughout the 21st century called RCPs :

The above listed ensembles of RCP scenarios realized by GCMs are transferred to the local scale by the application of the Analogue Method
(which is presented in detail at X5.387 ). On this basis and by the help of the Climate Indices (whose derivation is depict in X5.385) future
evolutions of potential threats are calculated.

The extreme events induced by climate change (landslides, floods and heat
waves) will get increasingly more importance throughout the decades to
come. The fact the European Alps have already experienced a warming that
exceeds that of the entire globe by a factor 2 and its complex terrain
highlights the necessity of such analyses-strategies.

Figure 3a.: Sketch of a GCM realization
driven by a very optimistic scenario.
Figure 3b.:Example for the CI ‘cold
Fennoscandian winters’ requested by
European Road Authorities. The black
curve shows the observed probability
distribution whilst red and green curves
represent RCP4.5 and RCP8.5,
respectively. So, currently ‘normal’
winters will seldomly occur in the farther
future whilst very warm winters in the
future haven’t been experienced so far.

Figure 1.: Future-scenario-tree with the climate-friendly RCP4.5 and the 'business as usual’ scenario
RCP8.5. On the right you see the CO2 concentrations up to 2100 on which the scenarios calculate.

2. INFRASTRUCTURE AND CLIMATE THREATS
The study focuses on identifying and quantifying atmospheric
phenomena potentially triggering hazards like landsides,
floods and heat waves, which may cause damages to
infrastructure and pose threats to society.
These are, for instance, Flash floods, Large-scale floods,
Landslides.

 RCP4.5 (estimated CO2 level by 2100 is 650 ppm, stabilization after 2100)
 RCP8.5 (estimated CO2 level by 2100 is >1370 ppm, still rising after 2100)
 GCM Projections provide values of various weather elements at a
number of several pressure levels
 To carry out daily based local-scale climate change projections
(ensembles) we need to apply Downscaling (see X5.387) on daily
resolved GCM runs forced by the just mentioned RCP scenarios.
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Figure 2.: Number of GCM runs for the considered parameters and the selected RCPs.

Heat related weather phenomena can cause: Health
problems, Water scarcity, damage to road infrastructure, etc.

GCMs:
 Canadian Centre for Climate Modelling and Analysis – CanESM2
 Met Office Hadley Centre – HAdGEM2-CC
 Met Office Hadley Centre – HadGEM2-ES
The aim of our rather new approach is to analyze the potential future
change of CIs (Climate Indices – see X5.385), which are derived by the
application of empirical, statistical downscaling (ESD) methods – in our case
the Analogue Method (see X5.387). Thereby we focus on the so-called
‘business as usual’ pathway (RCP8.5) and the more ‘climate friendly’ RCP4.5
pathway. Currently our resulting local-scale ensembles consist of 12
members for each RCP. Therefrom we calculate probability distributions of
potential changes in hazard occurrences (frequency, intensity and duration)
on a 1 km grid across Austria for different future climateperiods (‘near
future’ : 2021-2050 and ‘farther away future’ : 2071-2100).

BERNOULLI PRINCIPLE (VALUE AT RISK) – ASSESSMENT OF THE USEFULNESS OF PLANNED ADAPTATION STRATEGIES
This principle has been so far primarily applied in economy, insurance industry and banking – supporting responsible bodies by guiding
rational decisions. By the application of this method to climate change scenarios (please see above) we expect to support decision makers
within disaster protection and disaster relief organizations – planning medium to long term procurement strategies and restructuring
operational plans.
By this principle we assess different adaption strategies in terms of their
suitability towards climate change and, thus, within a changing risk landscape.

Enlarge the ensemble of downscaled GCM projections
Increase the number of ensembles (more potential pathways of mankind)
Vary different adaptation measures with the Value at Risk method
Carry out various case studies covering numerous threats
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Figure 4.: Concave Utility function U(x) with drawn expectation value of
utility E(x) and the utility of the expectation value E[u(x)].

Based on contingency tables and previously calculated local-scale climate change information on hazard occurrences, the application of Value
at Risk helps to arrange various adaption strategies according to their suitability. This analysis can be carried out repeatedly under varying
risk preferences (e.g. concave curves, linear functions and convex curves) . Value at Risk is, thus, used to carry out the risk analysis of the loss
events and, as a further consequence, identifies appropriate adaption measures.
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The blue curve characterizes the attitude of the decision maker (who may be
the mayor, or the entire affected population, …) towards weather driven
pending risks (landslides, floods, …). This curve is called ‘utility function’ and
characterizes the risk-preference of the decision maker. Figure 4 shows a
concave curve shape and is typical for ‘risk-adverse’ attitude (the utility of the
expectation value U(E[x]) is larger than the expectation value of the utility
E[U(x)]. The risk premium λ reflects the difference between the expectation
value and U-1(E[u(x)]). This value is paid in order to avoid the pertaining risk.
The risk-premium is defined by E[x] - U-1(E(u(x)]).
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Figure 5.: Value at Risk sketches a set of results pertaining to various risk-preferences.
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