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•  Model data: 
–  T, P  REMO [JACOB et al. 2001]: 

•  RCM of MPI Hamburg, 0.5° 

•  IMPETUS simulations: 1960-2050, 3 runs, 
forced by coupled GCM ECHAM5/MPI-OM, 
A1b, B1, land use scenarios 

–  SLP  ECHAM5 [ROECKNER et al. 2003]: 

•  GCM of MPI Hamburg, T42 ~ 1.875° 

•  Observations: 
–  T, P  E-OBS 2.0 [HAYLOCK et al. 2008]: 

•  Gridded daily station data, 0.5°, 1950-2008              

–  SLP  NCEP/NCAR [KALNAY et al. 1996]: 

•  Global monthly reanalysis data, 2.5°, 1948-today 

Models and observations 
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Circulation of model ensemble members 

•  Different ECHAM5 ensemble members show 
different trends of winter NAO 1961-1990 

 Circulation strongly depends on initial conditions 

PC time series and 
linear trend lines 
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Multiple Regression: T/P  Circulation 

•  Multiple Regression 1961-1990: 
•  E-OBS T+P  NCEP circulation modes 

•  REMO T+P  ECHAM5 circulation modes 

•  Cross validation (6 bootstrap years, 1,000 iterations) 
 selection of predictors with robustness > 50% 

Robustness [% of 1,000 iterat.] Multiple regression coefficient 

Predictor [EOF number] Explained variance [%] 

EA NAO Example: 
first predictor 
winter temp. 
E-OBS+NCEP 



Multiple Regression for Winter 
1. Predictor Exp. Variance of all predictors 
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Winter Precipitation Trends 1961-90 

NAO + EA NAO NAO + EA 

E-OBS REMO Linear Regression 
(α = 5%) 

Original 
trend 

Circulation- 
unrelated 

Circulation- 
related 



Summer Temperature Trends 1961-90 
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Multiple Regression for 1961-2050 
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Explained variance of all predictors [%]: 
1961-1990 1961-2050 A1b 1961-2050 B1 

 Future impact of circulation mostly decreases, esp. on winter T 



Linear Regression (α = 5%): 
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  More strong, significant circulation-unrelated trends than in 1961-90 

  Circulation amplifies circulation-unrelated trends, except for winter P 

Winter+Summer T+P Trends 1961-2050 

Block NAO 



Summary and Conclusions 

•  Validation + Multiple Regression 1961-1990: 
•  Weak circulation-unrelated trends, except for summer T 

•  Circulation explains up to 80% of T+P variance in winter 

•  Differences in T+P trends can be explained by differences in 
circulation (Win: NAO+EA, Sum: Block+SCA) 
 Physics of model circulation correct, but not in phase 

•  Model circulation strongly depends on initial conditions 

 strong impact of initial conditions and interdecadal 
model variability (circulation) on present-day RCM trends 

•  Multiple Regression 1961-2050: 
•  Strong circulation-unrelated trends of warming and drying 

•  Impact of circulation mostly decreases, esp. for winter T 

 GHG signal seems to emerge from interdecadal variability 



Attachment 

Thank you very much 
for your attention !!! 


