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The Northern Hemisphere Polar Jet Stream and its Connection to the 
Seasonal Prediction Skill of Weather Regimes over Europe

Motivation: The frequency of extreme weather events, such as storms 
or cold spells, critically depends on the prevailing weather regime —> 
seasonal predictability of these regimes is important. 

Problem: Currently, the ability of seasonal prediction systems to 
predict such weather regimes over Europe is limited (Fig. 1a). 

Approach: Weather regimes and the location of the northern 
hemisphere polar jet stream interact with each other. Specific 
weather regimes are associated with a northern, central, or southern 
position of the jet stream (northern position: Ridge Regime, central 
position: Zonal Regime (NAO+), southern position: Greenland 
Blocking (NAO-)). We try to use the relationship between weather 
regimes and the location of the jet stream to improve seasonal winter 
forecasts over Europe. The high correlation between the location of the 
jet stream and the NAO index, which represents two distinct weather 
regimes (Fig. 1b), serves as motivation. Furthermore, the high 
correlation between the ERA-Interim reanalysis and the MR-30 
ensemble for the location of the jet stream (Fig. 1c) shows higher 
potential for an improved forecast than the NAO index. 


Data: We use a seasonal prediction system based on the Max-
Planck-Institute Earth-System-Model (MPI-ESM) and investigate a 30-
member ensemble started every November, as well as the global 
reanalysis ERA-Interim as an observational reference. 

Fig. 1: Connection between the predictability of the jet streams latitude and the NAO index. a) Anomaly correlation plot as 
quantification of the prediction skill in the North Atlantic region for sea level pressure (SLP) in DJF. Shown are correlations 
between ERA-Interim and the MPI-ESM ensemble mean. b) Correlation between jet streams latitude and winter NAO index 
for the ERA-Interim reanalysis. c) Northern hemisphere winter polar jet streams latitude calculated from the maximum 
westerly wind speed over 900-700 hPa between 0° to 60°W for the ERA-Interim reanalysis (red line) and the MR-30 
ensemble (blue line) and faint line showing the same time series after its variance has been adjusted to the observed 
variance (blue dotted line). Blue dots denote the MPI-ESM ensemble members.

Correlation coefficient: 0.80 

Correlation coefficient: 0.63 



To quantify the jet stream, the northern hemisphere 5-day-running-mean 
zonal wind is averaged over 900-700 hPa. The jet stream's speed is defined 
as the maximum westerly wind speed, whereas the jet stream's latitude is 
defined as the latitude of the maximum wind speed. This method results in 
99,900 polar jet stream lines, 30 for every winter day within our time period (37 
years x 90 days per winter x 30 ensemble members). 


To associate different jet stream latitudes with weather regimes, we classify 
our data through a k-mean clustering. For the jet stream positions the k-
means clustering separates the given jet stream core lines into groups with 
similar jets stream latitudes and shapes. We then average the corresponding 
SLP anomaly fields of all winter days within each cluster group. With this 
method, it is possible to assign a specific pressure anomaly field to every 
cluster of jet stream positions. The position of the jet stream allows us to 
draw conclusions about 3 dominant weather regimes. This relationship can 
not only be found in the ERA-Interim, but also in the MR-30 ensemble (Fig. 2). 

Clustering of the Jet Stream Latitude

Fig. 2: Northern hemisphere winter polar jet stream locations in DJF with the corresponding SLP- fields according to the jet 
streams location, for the ERA-Interim reanalysis (left column) and the MR-30 ensemble (right column). Clustered with k-
means (k=4). Black lines show the mean jet stream position within a cluster. Red colors show positive anomalies in SLP, 
while blue colors show negative anomalies. The first row shows a southern position of the jet stream, associated with the 
Greenland Blocking, the second row shows a central position of the jet stream, associated with the Zonal Regime, and the 
third row shows a northern position of the jet stream associated with the Ridge Regime.  



Comparison between ERA-Interim, the Ensemble Mean, and the 
Ensemble Selection

After we established that weather regimes can be 
determined from the location of the jet stream, 
the next step is to check how well the ensemble 
mean and ensemble selection agree with ERA-
Interim. 

We calculate the two dominant regimes (based 
on the number of days they occur each winter) in 
ERA-Interim and in the MR-30 ensemble mean 
without clustering the position of the jet stream. 
Furthermore, the two dominating clusters are 
shown for our selection method i.e. clustering the 
position of the jet stream and discarding the 
second NAO phase (this means the less 
dominant one).

Our selection of ensemble members leads to 
a much greater agreement with ERA-Interim 
than the MR-30 ensemble mean. 

Fig. 3: Two most dominant clusters per winter season in ERA-Interim (first row), the MR-30 ensemble mean without clustering, with an agreement of 44.60% on 
ERA-Interim, (second row) and the MR-30 ensemble with clustering and discarding the second NAO phase, with an agreement of 68.92% on ERA-Interim, 
(third row). Colored boxes mark regimes matching with ERA-Interim, while grey boxes mark differences. Dots within the different clusters mark the most 
dominant cluster.  



Prediction Skill of Different Common 
Regimes

Anomaly correlation coefficient (ACC) plots show how well the MR-30 
ensemble SLP data match with the ERA-Interim reanalysis data in time and 
space. To quantify the prediction skill for SLP, we analyze ACCs between ERA-
Interim and all ensemble members (Fig. 4a) and between ERA-Interim and 
different selections of the ensemble members (Fig. 4b-e).

Especially the most and second most common clusters per winter show high 
correlations, in some regions even higher than the ensemble mean. 
Furthermore, the third most common clusters per winter show a poor prediction 
skill. 


Fig. 4: Anomaly correlation plot as quantification of the SLP prediction skill in the North Atlantic region in DJF. Shown are 
correlations between ERA-Interim and all MPI-ESM ensemble members (a), between ERA-Interim and a selection of 
ensemble members that show the most (b), second most (c), third most (d) and fourth most (e) common regime per winter. 
Dots represent significance at a 95% confidence level. 



Results and Conclusion

Conclusion:  

• Our results show that complex phenomena such 
as weather regimes might be predictable on a 
seasonal scale for winter.  

• Our MPI-ESM ensemble selection is able to 
represent the  dominant weather regimes in 
almost all winters. 

• By using a simple relationship, such as the 
location of the jet stream, we can improve the 
prediction skill for SLP.

Fig. 5: Anomaly correlations between ERA-Interim and a combination of the two most common clusters with (a) and without (b) the other 
NAO-phase. Dots represent significance at a 95% confidence level. 


Based on the previous results, it seems reasonable to 
combine the two most common clusters. Again, anomaly 
correlations between ERA-Interim and our selection of 
ensemble members (as introduced before) due to clustering 
of the jet streams position (Fig. 5a), and between ERA-
Interim and the same selection without the second NAO-
phase (Fig. 5b) are shown. Our selection of ensemble 
members leads to an increase in the prediction skill for 
SLP over the North Atlantic. 
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