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A changing climate in the Nordic region

Climate change in Northern Sweden:

Comparing 2071-2100 vs 1961-1990 (SRES A1B)

Lind & Kjellström, 2008



A changing wind climate in the Nordic 
region?
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Change in wind over the Baltic Sea in 70 years time at the time of CO2-doubling

Chen and Aschberger, 2006
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A need for regional ensemble simulations

� Changes are uncertain

� Size and sometimes even sign of changes differs!

� Uncertainties depend on forcing, response and 
natural variability

� Detailed regional climate information is needed
for impact models and adaptation studies

� An ensemble can illustrate uncertainties

� Ensembles can be used to construct probabilistic
scenarios
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Which RCM scenarios to use?

Recommendation to the CES 
project:

1) All available at the 
ENSEMBLES data base !

2) A subset sampling as large
uncertainty as possible

3) A smaller subset consisting
of: 

i) DMI - HIRHAM forced
with ECHAM5 

ii) Met.No – HIRHAM 
forced with HadCM3ref 
(Delivery in summer) 

iii) SMHI – RCA3 forced
with BCM

(rationale: as many
forcing AOGCMs as 
possible)

S. Pryor



ECHAM5REMOMPI-M15

HadCM3Q16 (high)HadRM3Q16Hadley Centre14

HadCM3Q3 (low)HadRM3Q3Hadley Centre13

HadCM3Q0 (ref)HadRM3Q0Hadley Centre12

ECHAM5RACMO2KNMI11

HadCM3Q0 (ref)CLMETH10

ArpègeRM4.5CNRM9

HadCM3Q16 (high)RCA3C4I8

HadCM3Q0 (ref)RRCMVMGO7

HadCM3Q3 (low)RCA3SMHI6

ECHAM5RCA3SMHI5

BCMRCA3SMHI4

HadCM3Q0 (ref)HIRHAMMet.No3

ECHAM5HIRHAM5DMI2

ArpègeHIRHAM5DMI1

GCMRCMInstituteNo.

Selection of simulations



Ensemble mean change (2021-2050 vs 
1961-1990) in T2m
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An example of spread between individual
simulations

• Winter (DJF) changes in T2m in the three
recommended CES simulations

 

 DMI−HIRHAM5−ECHAM5−r3

 

 METNO−HIRHAM−HadCM3Q0

 

 SMHIRCA−BCM



Ensemble mean change (2021-2050 vs 
1961-1990) in precipitation
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An example of spread between individual
simulations

• Summer (JJA) changes in precipitaiton in four
simulations with the same GCM

 

 METNO−HIRHAM−HadCM3Q0

 

 

METO−HC
H

adRM3Q0
 

 ETHZ−CLM−HadCM3Q0

 

 VMGO−RRCM−HadCM3Q0
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Change in annual mean wind speed 
(2021-2050 vs 1961-1990)

• Change in 3 RCM-simulations forced by 3 GCMs

 

 METNO−HIRHAM−HadCM3Q0

 

 DMI−HIRHAM5−ECHAM5−r3

 

 SMHIRCA−BCM

 

 

−12 −9 −6 −3 0 3 6 9 12



Summary of results for the Nordic 
countries

• Largest temperature increase in the northeast in 
winter. All changes are large compared to the 
spread between the scenarios

• Strongest summertime increases in temperatures
over oceans were sea-ice is reduced

• Increasing precipitation in winter and summer

• Larger spread in precipitation than in 
temperature indicating larger uncertainty

• Small changes in wind speed, large spread

• Locally, over ocean, up to c. 10% increase



Uncertainty related to choice of GCM

• Changing seasonality (2021-2050 vs 1961-1990) 
in Sweden

T2m Precipitation Wind speed

Colored lines represent averages over RCMs forced by the same GCM
Gray field is max/min of all RCM simulations



An example of CC in the next few decades

2011-2040
vs 

1961-1990 



Why are differences between ensemble 
members so large?

Winter (DJF)
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Concluding remarks

• The 3 recommended RCM scenarios fit well in the 
wider range of CES/ENSEMBLES RCM-GCM 
matrix

• Uncertainties in climate change can to some
degree be illustrated by the spread between the 
simulations

• Choice of GCM is important, but also choice of 
RCM plays a role as source of uncertainty

• Role of natural variability as a source of 
uncertainty is not addressed in the 
CES/ENSEMBLES RCM-GCM matrix



• Observations
Simulated

• Rubel and Hantel (2001)
ECHAM5

Problems with global climate models

Details in precipitation are not captured: example winter (DJF)
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Downscaling methods: 

Improving global climate 

scenarios

Global Regional

Regional climate models (RCMs) 
� Increased resolution → detailed 

regional forcing 

� Greater number of explicitly 

resolved processes

� Physically consistent

Statistical downscaling (SD) 
� Empirical relationship between 

predictor at the GCM scale and 

predictand at the desired scale
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Increased resolution in RCMs can help

Details in precipitation are improved: example winter (DJF)

 

  

 

 

 

RCA3-ECHAM5

• Observations ECHAM5

 

 

RCA3-ERA40
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Improving boundary

conditions

leads to even better

agreement


