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GCFS – German Climate Forecast System 



GCFS – German Climate Forecast System 
Star%ng	  point:	  
MPI-‐ESM,	  as	  used	  for	  CMIPx,	  and	  
decadal	  predic%ons	  (MiKlip)	  	  



GCFS1.0 
•  based on MPI-ESM-LR 
–  T63/L47 with ~1.5 degree/L40 ocean 

•  Atmosphere, ocean and sea-ice initialized 
via full-field nudging 

•  Operational since 2016 
– www.dwd.de/jahreszeitenvorhersage.html 

•  Currently used for C3S 

•  No relevant NAO skill 



Intermediate science version 

•  based on MPI-ESM-MR 
– T63/L95 with ~0.4 degree/L40 ocean 

•  Atmosphere, ocean and sea-ice initialized 
via full-field nudging 

•  Only used by MPI-M and Uni Hamburg for 
scientific purposes 

•  With modest NAO skill: 0.49 



Hindcast skill for winter NAO 

Confidential manuscript submitted to Geophysical Research Letters

Figure 1. Winter (DJF) NAO. The respective leading empirical orthogonal functions (EOF1) of sea level

pressure (SLP) from the ERA-Interim reanalysis (a) and the MR-30 ensemble (b) calculated over the period

from 1982 to 2016. (c) The normalised winter NAO index calculated from EOF1 for the ERA-Interim re-

analysis (black line) and the MR-30 ensemble (red lines). Red dots denote the MR-30 ensemble members.

EOF1 of the re-forecast ensemble (MR-30) explains 41% of the sea level pressure variance for the ensemble

mean, whereas the EOF1 for the ERA-Interim reanalysis explains 50%. Although the overall patterns and

locations of the zero-line are consistent between the MR-30 and ERA-Interim, the exact locations of the centre

of both the negative and the positive SLP anomalies are shifted slightly westward in the MR-30 compared to

ERA-Interim.
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NAO teleconnections 

Confidential manuscript submitted to Geophysical Research Letters

Supplementary Figure S1. Correlation analysis in the assimilation experiment and construction of

autumn predictors. Correlation between October sea surface temperature (a), September sea ice volume (b),

October snow depth (c), October stratospheric temperature at 100 hPa (d) and winter (DJF) NAO from the

ERA-Interim reanalysis (maps on the left). The plots on the right show the predictors calculated as de-trended

means over the region with significant correlations. Significant regions are indicated by stippling on the maps.

The region for the snow predictor is defined as 40�N-90�N and 50�E-150�E. The correlation values shown

on the right plots are significant at the 99% confidence level. Here, an example for the year 2016 left-out in

cross-validation is shown.
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NAO – ensemble subselection 

Confidential manuscript submitted to Geophysical Research Letters

Figure 3. Construction of the sub-sampled ensemble MR-Sub of the winter NAO. Grey four-cell blocks

indicate the normalised winter NAO of each member from the full MR-30 ensemble. Each cell represents one

of the four predictors (from left to right): SST, sea ice volume, snow depth and stratospheric temperature. An

orange-filled cell indicates that the respective ensemble member is selected for the new MR-Sub ensemble

by one or more of the four predictors. The correlations at the 99% confidence level between the MR-30 (grey

line), the MR-Sub ensemble mean NAO (red line) and the ERA-Interim NAO (black line) are 0.49 and 0.86,

respectively. Here, an example for the year 2016 left-out in cross-validation is shown.
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Summer NAO hindcast skill 
Confidential manuscript submitted to Geophysical Research Letters

Figure 2. Comparison between full ensemble and sub-sampled selection. a) Time series of the SNAO

indices of the ERAI reananlysis, the estimation with two predictors (ICE, Tstr) and the full ensemble. Dots

indicate the ensemble members, filled dots the chosen ensemble members for the selection based on the

predictors. b) ACC results of the geopotential hight in 500 hPa in the left column, surface temperature in

the middle column and precipitation in the right column. First row shows the result of the mean of the full

ensemble, the second the mean for the sub-sampled ensemble and the third the anomaly of the sub-sampled

ensemble towards the full ensemble.
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Summer hindcast skill based on NAO 
subselection 

Confidential manuscript submitted to Geophysical Research Letters
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Towards GCFS2.0 

•  Now: GCFS1.0 – based on MPI-ESM-LR 
– T63/L47 with ~1.5 degree/L40 ocean  

•  Intermediate: noGCFS – based in MPI-ESM-MR 
•  T63/L95 with ~ 0.4 degree/L40 ocean 

•  Soon: GCFS2.0 – based on MPI-ESM-HR 
– T127/L95 with ~ 0.4 degree/L40 ocean 


