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1. Three research questions of the project

e How can the uncertainty of expected seasonal temperature and precipitation changes in
Switzerland be quantified using a multi-model ensemble approach?

e How can end-users make optimal use of the full multi-model information and how can
statistical downscaling help them to obtain information in a high temporal and spatial
resolution?

¢ How will extreme weather events change in Switzerland and Europe? Can we use the
multi-model approach to reliably quantify expected changes and uncertainty in
extremes? How can the characteristics of changes in extremes be preserved in
downscaling? To what degree can patterns be scaled to other scenarios?

2. Research Summary

Climate change is projected to have major impacts on various aspects of our society. In
order to plan the future effectively, reliable information on the expected changes are needed
that can be communicated and applied in end-user models. Such models typically require
information on very local spatial and temporal scales. Several national climate change
assessments (e.g. CH, NL, UK) made first attempts to make available such information by
providing expected changes in mean quantities mainly derived from time slice experiments.
Although today’s climate models (as e.g., developed in P2.1 Schar/Wild) do have comparably
high resolution, there is still a substantial gap to the end-user needs. E.g. the current
climate change scenarios for Switzerland (OcCC 2007, Frei 2004) only consider seasonal
averages for Northern and Southern Switzerland, thus limiting their applicability from a
user perspective. This gap is even wider if climate extremes are considered, which are more
difficult to predict because the relevant processes are often not adequately incorporated in
today’s climate models, and because the events are poorly sampled. Yet it is precisely those
events that are probably most important to society.

P2.3 aims to fill this gap. P2.3 develops and applies statistical techniques to generate
climate change scenarios with high temporal and spatial resolution while at the same time
quantifying the underlying uncertainties. This involves the construction of calibrated multi-
models from transient scenarios (e.g. Scherrer et al., 2005, Tebaldi and Knutti, 2007, Weigel
et al., 2008, 2009) as well as the development and application of statistical downscaling
methods to station level (e.g. Schmidli et al. 2007, Kilsby et al. 2007). Thereby, not only
climate mean variables are considered, but also changes in climate extremes.

3.Data and methods

The recent OcCC (2007) climate change scenarios for Switzerland are based on model runs
from the international PRUDENCE project which do not represent the state-of-the-art any
more. The new scenarios to be developed in P2.3, on the other hand, will be based on the
output of a new generation of Global Climate Models (GCMs) and Regional Climate Models
(RCMs) as provided by P2.1 and particularly by the EU FP6 ENSEMBLES project. The
ENSEMBLES model runs (Jacob et al. 2008) consist of 22 GCM-driven transient RCM
simulations (1950-2050; A1B scenario), which will be available by the beginning of the 3rd
phase of the NCCR Climate. They are based on various combinations of 6 GCMs and 14
RCMs, thus allowing for a probabilistic multi-model approach and a quantification of model
uncertainties.

A methodological key question with respect to the construction of multi-model scenarios is
whether or not all participating single models shall be considered, and whether or not
weights shall be assigned to them (e.g. by applying the method of Buser et al. 2008). This
requires an assessment of model performance with observational data, considering
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appropriate skill metrics (Weigel et al. 2007), such as model bias and the reproduction of
observed climate characteristics (e.g. Liniger et al. 2007, Scherrer et al. 2006, 2008). For
this task, the ENSEMBLES gridded high-resolution observational datasets of daily
temperature and precipitation (Haylock et al. 2008) can be used, as well as homogenized
observational data of MeteoSwiss. These data will also be the basis for the development and
assessment of an appropriate statistical downscaling method.

The downscaled probabilistic multi-model scenarios will not only quantify changes in
climate mean but will also estimate changes in extremes over Switzerland and Europe. In
this context, more fundamental questions regarding the characteristics of extreme events in
climate models will be additionally considered. For example, while changes in many
variables can often be assumed to scale linearly with temperature, this may not be true for
extreme events. Tebaldi et al 2006 have shown that even the globally averaged changes in
dry days (defined as the annual maximum number of consecutive dry days) aggregated over
several models show some change-points where the trends change or reverse abruptly, for
example in the A2 scenario. Moreover, the B1 scenario indicates no significant trends
despite substantial warming. Global models available from the CMIP3 multi-model archive
will be used to test how spatial patterns of changes in extremes vary over time and across
scenarios.

4. Milestones and deliverables

After 18 months:

e Scenarios for seasonal mean temperature and precipitation in regional resolution for
Switzerland and (if possible) the Alps, based on multi-model transient climate scenarios
(A1B scenario, time range until 2050);

o A set of statistical methods to robustly extract extreme statistics from climate model
simulations.

After 36 months:

e A method to combine a statistical downscaling technique with a probabilistic multi-model
approach to generate highly localized time series of temperature and precipitation on
seasonal to daily time scales for Switzerland (A1B scenario, time range until 2050);

e An assessment of projected changes in extreme events in central Europe, with a focus on
robustness, methods on how to combine models, the validity of pattern scaling and the
consistency of the downscaled results.

5. Contribution to the WP2 and collaboration with other NCCR projects and 3rd
parties

P2.3 will be strongly interlinked within WP2, as well as with WP1 and WP3. The dynamical
global and regional climate model runs from P2.1 and P2.2 (as soon as available) together
with model runs from international projects (PRUDENCE, ENSEMBLES) are the basis for
our multi-model calibration effort. Historical model simulations and reconstructions from
P1.1 MONALISA-3, P1.2 PALVAREX-3 and P1.3. DETREE will provide the historical context.
Transient scenarios for end-user modellers (WP3, P4.2) are provided after 18 months
(regional seasonal mean temperature and precipitation) and after 3 years (downscaled to
daily time scales). Swiss scenarios are of prime interest to many other governmental bodies
(e.g. BAFU, OcCC) and economic sectors (e.g. infrastructure as SIA, energy).
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