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Challenges for Dynamical 
Models in Simulating the 

Atmospheric Response to sea 
ice forcing



ENSO and Surface Temperatures
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Last winter’s dynamical model ensemble forecast from the North American multi-Model Ensemble 



How Arctic Variability and the Polar Vortex 
Impact Hemispheric Weather

Polar vortex (stratosphere)

ü Low sea ice and high snow cover favor ridge-trough couplet over Eurasia that is 
disrupBve of the polar vortex

ü Polar vortex disrupBon is followed by a warm ArcBc/cold conBnents paDern

Cohen et al. 2014
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Sea Level Pressure Precursor Jan 2018

Cohen et al. 2018



Dynamical winter forecasts Winter 2017/18 – major polar 
vortex disruption in February

Cohen et al. 2018

The past two winters 
have been characterized 
by strong polar vortex 
variability

The dynamical model 
forecasts have performed 
relaBvely poorly and 
their forecasts resemble 
more each other than 
the observaBons

StaBsBcal model has 
performed beDer using 
ArcBc sea ice and snow 
predictors

American GCMs

European GCMs

StaBsBcal model
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Sea Level Pressure Precursor Fall 2018



Dynamical winter forecasts Winter 2018/19 – major polar 
vortex disruption in January

European 
GCMs

Statistical
model

American 
GCMs



Stratosphere-troposphere coupling

Furtado et al. in preparation

Tropospheric precursors to PV disruptions in models do not match the observations



Stratosphere-troposphere coupling

Furtado et al. 1996

Lack of downward propagaBon of signal in models, which ends at the tropopause.



Stratosphere-troposphere coupling

Furtado et al. in preparaBon

EP flux couplet at the Jet Stream level shiXs the Jet Stream equatorward but is missing 
in the models



Dynamical winter subseasonal forecasts Winter 2017/18

Not initialized 
with PV 
disruption 

IniBalized 
with PV 
disrupBon 

Models 
resemble 
each other 
more so than 
the 
observations

StaBsBcal 
model using 
ArcBc 
predictors 
outperforms 
dynamical 
model even at 
longer lead 
Bmes

Cohen et al. 2018



Winter 2018/19 NOAA vs. Observed

Winter forecasts heavy reliant on ENSO (model and historical) performed poorly 



Conclusions
• Models are overly sensitive to ENSO forcing and insensitive to Arctic and polar 

vortex variability on subseasonal to seasonal timescales.

• Models exhibit the same temperature variability when a polar vortex disruption 
as to when there is no polar vortex disruption and show more similarity to each 
other than to the observations.

• There seems to be a convergence that negative sea ice anomalies force 
ridging/high pressure in the region that is favorable for disrupting the polar 
vortex.

• The models struggle with simulating Ural/Scandinavia blocking as a precursor to 
polar vortex disruptions. In addition, even if a polar vortex disruption occurs in 
the model it is unlikely to have an impact on the lower troposphere.

• Until these model issues are resolved it will be a challenge to identify the 
tropospheric response to sea ice loss.

• One caveat – possible consensus that  CMIP6 models are converging a 
consistent -NAM response to sea ice loss.
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