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Coupled processes and the important role of sea ice 

•  Importance of coupling for seasonal 
and longer forecasts has been long 
understood (e.g. El Nino) 

•  Importance on timescales of hours to 
weeks has been recognized more 
recently 

–  Esp. for polar regions 
•  Ice cover acts as a barrier between 

atmosphere and ocean strongly 
modulating fluxes of heat and moisture 

•  Sea ice evolution depends on various 
factors 

–  Waves, atmosphere and ocean 
stresses, snow cover, rivers 

–  Can change rapidly 



The Gulf of St. Lawrence (GSL) Coupled 
Atmosphere-Ice-Ocean Forecasting System 
 

  
•  Running Operationally at the 

Canadian Meteorological Centre 
since 2011 

•  A dynamic representation of sea 
surface conditions improves the 
meteorological forecast locally 

•  Time-evolving ice cover in coupled 
model allows vast stretches of ice-
free water to open up, buffering 
atmospheric temperatures 

•  Use of coupled model results in 
significantly improved forecasts all 
around the GSL 

•  Demonstrates importance of air-sea-
ice coupling even for short-range 
weather forecasts 
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Impact of a dynamic ice cover on 
coupled forecasts over the Beaufort Sea 

R. Muncaster, F. Roy, J.-M. Belanger 

Forecast from global coupled model (GEM-NEMO-CICE; 33km-15km resolution)  
 from the Canadian Meteorological Centre 
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(CPL-UNCPL) 
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Impact of a dynamic ice cover on 
coupled forecasts over the Beaufort Sea 

R. Muncaster, F. Roy, J.-M. Belanger 

Difference in ice fraction Difference in 2m temperature 

•  Coastal polynya formation sensitive to: 
Ø   Atmosphere-ice and ice-ocean stresses, ice 

thicknesses, parameterization of ice strength 
(all things we know poorly!) 

Forecast from global coupled model (GEM-NEMO-CICE; 33km-15km resolution) 

Sea level pressure 

965 mb 

1035 mb 

(CPL-UNCPL) 
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Ice formation and melt 
•  Rapid ice formation events hazardous for 

shipping and marine operations 
•  Often associated with pulses of river 

discharge 
•  Ocean salinity affects freezing point 
•  River discharge can also affect melt 
•  Coupling with hydrological modelling 

important for environmental prediction 

Nghiem et al., 2014 Source: NSIDC 
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High-resolution sea ice observations 
•  Passive microwave 

observations relatively low 
resolution (>25km) and 
sensitive to surface melt 

•  Concentrations can vary 
significantly between products 
due to retrieval algorithms 
used 

•  SAR data provide rich high 
resolution datasets 

–  RadarSAT2, Sentinel1, RCM 
–  Retrieval algorithms greatly 

needed 

10km 
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Recommendations for YOPP 
•  Deploy co-located atmosphere-ice-ocean observing stations 
•  Additional hydrological observations of river discharge 
•  Improved sea ice satellite retrievals 

–  SAR, thickness, … 
•  Improved sea ice data assimilation 

–  ensemble covariances, ice-ocean covariances 
•  Process and modelling studies to constrain uncertainty in sea ice 

forecasts 
–  Atmosphere and ocean stresses, landfast ice, melt ponds, ocean mixed layer 

interactions, rheology -> ice strength, …. 

•  Development of reliable sea ice verification methods 
•  Produce high-resolution experimental coupled forecasts for detailed 

evaluation 
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Environment Canada YOPP Contributions 

Regional Coupled    
Atmosphere-Ice-Ocean 

Prediction System 

Improved models 
and data 

assimilation 

Observing 
system 

evaluations 

Observations 
for assimilation 
and verification 

Improved Products 
(NAVTEX, WMS) 

Ensemble 
forecasting 

Operational 
support 
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Thank you! 


