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GCM(ECHAM4)

Key region for RCMs

RCM (REMO)
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RCM reproduces
AEW dynamics

[ Paeth et al. 20056 |

Key region for RCMs

RCM

Reanalyses
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Open questions in terms of climate
change

» What about model uncertainty on behalf of the driving GCM?
» What about model uncertainty on behalf of different RCMs?

» What about internal spatio-temporal variability in RCMs?

— Do RCMs provide more detailed fingerprints or spatial noise?

= Is RCM output reliable for impact research?
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RCM data from
AMMA / ENSEMBLES / IMPETUS

RCM Institute Resolution 20th century | 21st century
REMO MPI 50 km ERA Interim | ECHAM5-A1B
REGCM3 ICTP 50 km ERA Interim | ECHAM5-A1B
HIRHAM DMI 50 km ERA Interim | ECHAM5-A1B
CCLM GKSS 50 km ERA Interim | ECHAM5-A1B
RACMO KNMI 50 km ERA Interim | ECHAM5-A1B
RCA SMHI 50 km ERA Interim | HadCM3-A1B
HIRHAM METNO 50 km ERA Interim | HadCM3-A1B
HadRM3P Hadley Centre | 50 km ERA Interim HadCM3-A1B
PROMES UCLM 50 km ERA Interim | HadCM3-A1B
REMO U Wirzburg | 50 km ECHAM5-A1B/B1(+LCC), 3x3x
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GCM uncertainty

CMIP3 multi-model ensemble ECHAMS5 ensemble
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RCM uncertainty — 20th century
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RCM uncertainty — 20th century
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RCM uncertainty — future trends
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RCM uncertainty — future trends
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RCM uncertainty — quantatively
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[ Paeth et al. 2011 ]
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RCM uncertainty — forcing scenario

» exact pattern of future land-use changes can hardly be anticipated: highly
fragmented process = stochastic modelling

. . stochastic model
demographic estimates . . ) preprocessor from
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at continental scale

from S. Hagemann

Year 2050
Legend

[l NTERRUPTED AREAS
.EVEHGHEEN NEEDLELEAF FOREST
.EVEHGHEEN BROADLEAF FOREST
[ 0ECIDUOUS NEEDLELEAF FOREST
WS y ; A P % g g5 = e ; e g [l 0ECIDUOUS BROADLEAF FOREST
o/ ¥ o, R Y | Sty e R [ vixep FORESTS

; ‘ i [ cLOSED SHRUBLANDS

[DJoren sHRUBLANDS

[CJwoopy savannas

[CDsavannas

[CJcrassLanDs

.PERMANENT WETLANDS
[CJcropanos

[l URBAN AND BUILT-UP

[T CROPLAND/NATURAL VEG. MOSAIC

6°S [Jsnow anp ice
[C]eARREN OR SPARSELY VEGETATED
[JwaTer BoDIES
[Jno oata
7°S - g i k. i 3 i h : s Data: USGS/IGBPZ
11°E 12°E 13°E 14'E 15°E 16°E 17°E 11°E 12°E 13°E 14°E 15°E 16°E 17°E
Julius-Maximilians- GEOGRAPHISCHES =

. INSTITU
UNIVERSITAT  Heiko Paeth s




RCM uncertainty — forcing scenario

TEMPERATURE (°C) PRECIPITATION (mm)

total change under A1
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= prominent warming
15° and drying in sub-
" Saharan Africa

o e e

40 -30 -25 -20 -15 -10 -03 03 1.0 15 25 3.0 40

o T —

-500 -300 -200 -150 -100 -60 -30 -10 10 30 60 100 150 200 300 500

GEOGRAPHISCHES &
INSTITUT «f

Physische Ge phie

ogra
JuLius-MaximiLians-
UNIVERSITAT WURZBURG

Julius. Maximl!!an&
I U@Hg%ﬁgg Heiko Paeth heiko.paeth@uni-wuerzburg.de



RCM uncertainty — forcing scenario

TEMPERATURE (°C) PRECIPITATION (mm)

total change under A1

= prominent warming
and drying in sub-
Saharan Africa
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relative contribution from land degradation

= land degradation is
primarily responsible
for the drying
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RCM uncertainty — temporal noise

external signal %

3-member ensemble
from REMO (A1B: GHG+LCC):

annual precipitation variability
2001-2050
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RCM uncertainty — temporal noise

external signal external signal %

(°4G) @2ueLieA paulejdxa
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RCM uncertainty — spatial noise

3-member ensemble from REMO (A1B: GHG+LCC): annual precipitation

300 km x 300 km resolution 50 km x 50 km resolution
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30-year trend patterns from REMO

[ Paeth and Mannig 2011 ]

Julius-Maximilians-

I le\H\églélSjgéT Heiko Paeth heiko.paeth@uni-wuerzburg.de

GEOGRAPHISCHES
INSTITUT

Plysische Geographic

JULS-MASIAL
UNIVERSITAT WURZBURG



RCM uncertainty — spatial noise

3-member ensemble from REMO (A1B: GHG+LCC): annual temperature

300 km x 300 km resolution 50 km x 50 km resolution
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Bias correction by MOS
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[ Paeth 2010, Paeth et al. 2011 ]
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Bias correction by weather generator
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Summary

» GCM uncertainty is considerable — but GCM signals are not
directly translated into RCM signals.

» RCM uncertainty is enormous — but LCCs could lead to more
coherent signals.

> Internal spatio-temporal variability in RCMs is high — but
allows for statistically significant signal patterns.

— RCMs provide more detailed fingerprints + spatial noise.

— RCM output is reliable for impact research if bias corrected by
statistical postprocessing.
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Bias correction by weather generator
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