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September 2007: the 

Arctic black swan
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Number of results from Google Scholar query

« Arctic sea ice prediction » per year of publication

Arctic sea ice prediction: 

an emerging area of research
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Three excellent articles on 

Arctic sea ice predictability

and prediction
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Arctic sea ice prediction

1. From days to centuries

2. What are the ways forward?
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Persistence

Autocorrelation of 1979-2015 sea ice

thickness (model output, one grid point)

Lag [days]

1/e
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Sea ice speed (one point)

Total sea ice kinetic energy

Sea ice concentration (one point)

Total sea ice extent

Total snow on sea ice volume

Total sea ice area

Snow on sea ice depth (one point)

Sea ice thickness (one point)

Total sea ice volume

Persistence of anomalies [days]
Data: satellite (NSIDC) + reanalysis (PIOMAS) + ocean-sea ice global simulations

Lag [days]

Autocorrelation of 1979-2015 sea ice

thickness (model output, one grid point)

1/e

Persistence: a primary source 

of sea ice predictability on a 

spectrum of time scales
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June 20th – July 12th 2015, LANCE-MODIS, 2 images per day

https://forum.arctic-sea-ice.net/index.php?action=dlattach;topic=176.0;attach=18238;image
11



June 20th – July 12th 2015, LANCE-MODIS, 2 images per day

https://forum.arctic-sea-ice.net/index.php?action=dlattach;topic=176.0;attach=18238;image
12



June 20th – July 12th 2015, LANCE-MODIS, 2 images per day

https://forum.arctic-sea-ice.net/index.php?action=dlattach;topic=176.0;attach=18238;image
13



Sources of 

predictability

-Persistence

June 20th – July 12th 2015, LANCE-MODIS, 2 images per day

https://forum.arctic-sea-ice.net/index.php?action=dlattach;topic=176.0;attach=18238;image
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Sources of 

predictability

-Persistence

-Mechanical forcing 

by wind

-Current ice state 

(deformation, age, 

thickness , 

compactness)

June 20th – July 12th 2010, LANCE-MODIS, 2 images per day

https://forum.arctic-sea-ice.net/index.php?action=dlattach;topic=176.0;attach=18238;image
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July August Sept.

Weekly sea ice extent predictability stems from

persistence
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[Simmonds and Rudeva, Geophys. Res. Lett, 2012, Zhang et al., Geophys. Res. Lett., 2013; Parkinson and Comiso, Geophys. Res. Lett., 2013 ]

Great 

Arctic

Cyclone

July August Sept.

Weekly sea ice extent predictability stems from

persistence but can be affected by synoptic events

Sea Level Pressure 6th Aug 2012 

1800 UTC (NCEP-CFSR)
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Persistence

Reemergence through

ice area-SST coupling

Blanchard-Wrigglesworth et al., J. Clim., 2011; Chevallier et al., J. Clim., 2012; Day et al., J. Clim., 2014, Stammerjohn et al., Geophys. Res. Lett., 2012

Correlation date of ice retreat vs 

date of ice advance (1979-2010)

Example of reemergence: melt to freeze up
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Chevallier et al., J. Clim., 2013; Msadek et al., Geophys. Res. Lett., 2014; Sigmond et al., Geophys. Res. Lett., 2013; Peterson et al., Clim. Dyn., 

2015; Massonnet et al., Ocean Model., 2015; Merryfield et al., Geophys. Res. Lett., 2013; Bushuk et al., Geophys. Res. Lett. 2017
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Hamilton and Stroeve, Polar Geography, 2016

FORECASTS

OBS
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Predictions are unfortunately not 

skillful in « operational » mode. 

Possible reasons:

• Technical issues (e.g., fields not 

available at time of forecast) imply that

groups cannot perform as well as on 

retrospective predictions

• Predicting sea ice is tougher today

than it used to be

Hamilton and Stroeve, Polar Geography, 2016

FORECASTS

OBS
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Tietsche et al., Geophys. Res. Lett., 2014

Ensemble spread of total sea

ice volume from 4 GCMs

Interannual time scales: « grey

zone » of sea ice predictability
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Interannual time scales: « grey

zone » of sea ice predictability

Swart et al., Nature Clim. Change, 2014

Distribution of all possible 7-yr trends 

(1979-2013) in September sea ice extent
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Yeager et al., Geophys. Res. Lett., 2015; Årthun et al., Nat. Comm., 2017

Decadal predictions are 

mostly skillful

-In winter

-In the Atlantic Sector

Skill stems from poleward

oceanic heat transport

and from radiative forcing 

(trend)

Forecast

Observed

Forecast

Obs
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Notz and Stroeve, Science, 2016

Arctic sea ice area is slaved

to the forcing

…
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Notz and Stroeve, Science, 2016; Bitz and Roe, J. Clim., 2004; van der Linden et al., J. Clim., 2015

Arctic sea ice area is slaved

to the forcing

…

but thinning rate depends

on initial thickness

CMIP5 models
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Arctic sea ice prediction

1. From days to centuries

2. What are the ways forward?

• There is in general predictability beyond

persistence, but predictive capacity depends on

- Time scale considered

- Season considered

- Region considered

- Parameter considered

• Knowledge of baseline sea ice+ocean state is key

to perform skillful predictions
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September 1993-2007 

mean sea ice

concentration bias

With DA

Without DA

March 1993-2007 mean sea ice

thickness bias (wrt IceSat)

[Chevallier et al., Clim. Dyn., 

X

Reanalyzed thickness: all over the place

Chevallier et al., J. Clim. 2016 37
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Goessling et al., Geophys. Res. Lett., 2016

Error = OVERESTIMATION + 

UNDERESTIMATION

Courtesy Andrea Gierisch

Shipping not 

permitted

Shipping

Permitted

Need for new metrics

and diagnostics

39



Arctic sea ice prediction

1. From days to centuries

2. What are the ways forward?

40



Concluding thoughts
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Concluding thoughts

• Arctic sea ice prediction is « in the making »
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• Arctic sea ice prediction is « in the making »

• A seamless polar prediction community is building

• We are chasing a moving target

Concluding thoughts
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Thank you!
@FMassonnet

francois.massonnet@uclouvain.be@
www.climate.be/u/fmassonWWW
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