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Introduction

Downscaling attempts to resolve
the scale discrepancy between
climate change scenarios and
the resolution required for impact
assessment?!

Source: IPCC, 2007

Source: ISPRA, 2008

From the global (~300 Km) to the . @
local scale (1 - 25 km) - ISPRA
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1 Maraun et al., 2010




Introduction

DOWNSCALING

DYNAMICAL STATISTICAL

....In the last years combined approaches have been
developed + high resolution GCMs




Introduction — Dynamical approach

It is based on Regional Climate Models - RCMs

Source: Giorgi, 2008

Q

Most of RCMs are one way nested, 2-way nesting has been ISPRA
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tested in recent years




Introduction — Dynamical approach

GCM and RCM: Temperature and Precipitation

Source: Precis

GCM 300km RCM 50km RCM 25km
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Introduction — Dynamical approach

GCM — RCM: precipitation

100E 105E 110E 115E 120E 125E 130E 135E 14

250 500 750 1000 1250 1500 2000

100E 105E 110E 115E 120E 125E 130E 135E 140E

250 500 750 1000 1250 1500 2000

Observed precipitation

100E  105E 110E 115E 120E 125E 130E 135 14

250 500 750 1000 1250 1500 2000

RCM precipitation

2
ISPRA

Istituto Superiore per la Protezione
e la Ricerca Ambientale

Source: Gao et al., 2008




Introduction — Dynamical approach

Pressure patterns simulated by a RCM and its driving GCM
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Pressure (hPa)

Source: Precis




Introduction — Classical statistical approach

It IS based on;

regional climate is influenced by large scale and local
factors;

the development of a statistical relationship between a
local scale predictand Y (e.g. temperature) and a large scale
predictor X (e.g. geopotential height at 500 hPa)

E(Y]|X)=1(X,B)




Introduction — Classical statistical approach

First CCA of the winter precipitation and geopotential height at
500 hPa (anomalies)

Precipitation
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Source: Xoplaki, 2002




Introduction — Classical statistical approach

Winter composites of temperature anomalies for
positive EA (right) and negative EA (left)

®m [-1-05 = [-050) = [005 = [0.51)

Source: Toreti et al., 2010




Introduction — Classical statistical approach

The main assumptions of SD are:

the statistical relationship between the local scale
predictand and the large scale predictor is stable

Predictors provide a representation of the climate signal
Predictors are adequately reproduced by GCMs

Predictors do not lie outside the range of the climatology
used for the calibration




Introduction — Classical statistical approach

Advantages
computationally inexpensive
can be applied to outputs of different GCMs

provides local and specific information

Drawbacks
the stability of the regression relationship cannot be verified

avallability of observational datasets




Introduction — Classical statistical approach

Aims and objectives@ Data quality and quantity

Downscaling scheme

Data handling

Model calibration
and verification

Generate
scenario

Impact assessment

Adapted from Wilby et al., 2004




Methods
CLASSIFICATION!?

Perfect Prog Model Output Statistics Weather Generators

Statistical relationship

Statistical relationship
between large-scale
variables and local-
scale variables

1 Maraun et al., 2010

between RCM-
simulated variables
and local-scale
observations to
correct RCMs.

Generate local scale
weather series
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Methods - PP

Calibration Projection

1000km . Any GCM

Source: Maraun et al., 2010

Large scale observations are usually represented
by reanalysis

Predictors:
temperature: Z500, SLP, T850...
precipitation: Z500, SLP, SH...

Transformation: reduction of dimensionality, i.e.
PCA, CCA, Weather types,..

Available models: linear model, generalized
linear model, weather type model, artificial neural
network...




Methods - MOS

GCM + RCM

Calibration Projection Calibration Projection

Specific GCM | Specific GCM : Any GCM
control scenario Observation scenario

Specific RCM | Specific RCM Specific RCM | Specific RCM

b b

Observation Downscaled Observation Downscaled

Source: Maraun et al., 2010

Link between simulated predictors and observed predictands, @
e.g. simulated large scale preci and observed preci ISPRA
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Methods - WGs

At heri ..
arcuation . @ Unconditional WGs can
be considered as MOS

dry
wet

WGs with covariates can
be considered as PP

Weather state 1 '<

Weather state 2

Weather state 3 1

Generated rain

Complex WGs

Source: Maraun et al., 2010




Downscaling - preci

Source: Schmidli et al., 2007

HADAMS3P

2071-2100(A2)/1961-1990(cntrl).
Mean winter (DJF) precipitation. 1
GCM, 3 RCMs and 3 SD methods.




Downscaling - preci

Source: Schmidli et al., 2007

HADAM3P

2071-2100(A2)/1961-1990(cntrl).
Max number of consecutive dry
days (JJA). 1 GCM, 3 RCMs and 3
SD methods.




Downscaling - preci

Source: Schmidli et al., 2007

HADAM3P

2071-2100(A2)/1961-1990(cntrl).
90th percentile (wet days SON). 1 W U :
GCM, 3 RCMs and 3 SD methods. @
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Downscaling - preci

RCM (ARPEGE) + MOS.
1961-1990 and 2071-2100 (A2)

Number of winter days with
precipitation above 10 mm

SCENARIO

o}

Source: Déqué, 2007




Downscaling - preci

RCM (ARPEGE) + MOS.
1961-1990 and 2071-2100 (A2)

Maximum number of
consecutive dry days in
summer

SCENARIO

Source: Déqué, 2007




Downscaling - temp

RCM (ARPEGE) + MOS.
1961-1990 and 2071-2100 (A2)

Number of summer heat wave
days

SCENARIO

Source: Déqué, 2007




Downscaling - temp

Source: Tomozeiu et al., 2007

Tpnin]0-DIF Tonin 10-MAM
<

HadAM3P GCM + PP. 2070-2100 (A2) wrt
1960-1900. Seasonal 10t percentile of
minimum temperature




Downscaling - temp

HadAM3P GCM +
PP. 2070-2100
(A2) wrt 1960-
1900. Seasonal
90t percentile of
maximum
temperature and
heat wave
duration index.

Tinax 90-DIF

=13 -0.

5 0.0 0.5 1.0 changes ("C)

Tynax 90-TTA

Fig. 11. As in Fig. 9, but for T,;,,x90 (A2 scenario)

HWD-MAM

Source: Tomozeiu et al., 2007




Planned activities

Data collection, quality control + homogenization
Evaluation of available software/routines for SD

|dentification of two/three SD methods: 1 linear and one
nonlinear (PP) + 1 MOS

Implementation
Selection of GCMs/RCMs

Downscaling of climate scenarios




Thank you!
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