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1. Seasonal sea ice predictions



Testing the feasibility of sea ice freeboard
asssimilation in a coupled model

1 
Jan 
1850

Coupled EC-Earth3 run, 
historical forcing
No assimilation

1 
Jan 
2011

50-member ensemble (10-4 K random
SST initial perturbations added to 1 Jan 
2011 restarts), historical forcing

1 
Jan 
2012

1 
Jan 
2013

1 
May 
2012

50-member ensemble with 
assimilation of Arctic sea ice 
freeboard, or thickness, or 
concentration and freeboard

Uninitialised predictions 
(continued from previous 
ensemble)

Initialised predictions

Assimilation method: Deterministic Ensemble Kalman
Filter (DEnKF, Sakov et al. 2008), NERSC implementation
adapted to EC-Earth3. See Massonnet et al. 2015

Key ideas of EnKF:
• The filter updates the fields that are not observed, incl. ocean ones, by exploiting

covariances in the model forecast ensemble. However, here, atmospheric fields are not 
updated

• Under assumptions (unbiasedness, gaussianity of errors), the analyzed ensemble has 
lower bias compared to observations, and lower variance, than the forecast ensemble 

Freeboard on 
May 1, 2012

Model, CS2 freeboard assimilated

Model, nothing assimilated

Observations, CryoSat-2 (CS2)



Note: the observed 2012 September sea ice conditions were affected by the « great » cyclone of early August 2012. 
The occurrence of this event is not predictable, but an ensemble of forecasts should be such that the observed ice
edge lies in between the 0 and 100 % sea ice probability presence contours derived from the forecast ensemble

%Proportion of ensemble members simulating more than 15% of ice

Observed ice edge

The uninitialised ensemble 
is biased high for sea ice

concentration. The 
ensemble overstates the 

probability of finding ice in 
many parts of the basin

Assimilation reduces, but does not eliminate, the biases in the Chukchi-
Beaufort-East Siberian Seas by prescribing thinner ice (see previous slide).

Interestingly, the constraint on concentration alone seems to be as efficient 
as the constraint on freeboard/thickness alone



Results so far suggest:
• That assimilation is always

beneficial for summer sea ice
prediction

• That assimilation of thickness
yields slightly better results
compared to assimilation of 
freeboard

• That assimilation of concentration 
yields good skill throughout the 
summer season à evidence for 
spring-to-fall reemergence of sea
ice area anomalies?

Integrated Ice Edge Error: cumulative area of grid cells where the 
forecasts and the verification data disagree on the event « sea ice

concentration is above 15% »



https://osisaf-hl.met.no/archive/osisaf/sea-ice-index/v2p1/sh/en/osisaf_sh_sie_daily-2years.png

https://osisaf-hl.met.no/archive/osisaf/sea-ice-index/v2p1/sh/en/osisaf_sh_sie_daily-2years.png


No clear signature (yet?) 
of global radiative forcing 
on Antarctic sea ice

Apparent increase in 
persistence/auto-correlation
in area anomalies

Antarctica, are you trying
to tell us something?

Increase in variability

Data: OSI-SAF sea ice index



The Sea Ice Prediction Network South (SIPN South) 
has three main goals:

1) Identify existing efforts in Southern Ocean
seasonal sea ice forecasting (currently scattered) 
and build an international network;

2) Coordinate realistic prediction test cases and 
evaluate the skill of current forecast systems;

3) Lay the foundations for systematic evaluation of 
forecasts in the coming years.



• Antarctic sea ice is potentially
predictable at seasonal time scales

• Mechanism at play: ice area anomalies 
à mixed layer depth heat content 
anomalies à reemergence

• GCM biases may lead to an over/under
estimation of predictability estimates

• Skill of prediction systems exceeds
benchmarks such as persistence
forecast



2017-2018 2018-2019 2019-2020 2020-2021

Number of groups 
contributing

13 12 11 14

Total number of 
forecasts received

160 199 191 243



The 2020-2021 Southern Ocean
summer sea ice forecasts



SIPN South predictions and verifying observations



Integrated Ice Edge Error = 
Area of overestimation
+
Area of underestimation

Goessling, H. F., S. Tietsche, J. J. Day, E. Hawkins, and T. Jung. “Predictability of the Arctic Sea Ice Edge.” Geophysical Research Letters 43, no. 4 (2016): 1642–50. 
https://doi.org/10.1002/2015GL067232.

Integrated Ice Edge Error: 
quantification of spatial errors in 
forecasted sea ice concentration

OBSFORECAST

No obs. on 20-21 
Feb. (sensor issue)

https://doi.org/10.1002/2015GL067232


Dynamical model (42 forecasts) Statistical model (3 forecasts)

Probability of sea ice presence

(Too?) sharp but not so
far from observations

Spread but 
with a bias



2. Atmosphere – sea ice – ocean –
ice shelves interactions



Kennicutt, M. C., Bromwich, D., Liggett, D., Njåstad, B., Peck, L., Rintoul, S. R., Ritz, C., Siegert, M. J., Aitken, A., Brooks, C. M., Cassano, J., Chaturvedi, S., 
Chen, D., Dodds, K., Golledge, N. R., Le Bohec, C., Leppe, M., Murray, A., Nath, P. C., … Chown, S. L. (2019). Sustained Antarctic Research: A 21st Century 
Imperative. One Earth, 1(1), 95–113. https://doi.org/10.1016/j.oneear.2019.08.014

https://doi.org/10.1016/j.oneear.2019.08.014


https://www.climate.be/paramour

Decadal predictability and variability of polar climate:
the role of atmosphere-ocean-cryosphere multiscale interactions

Contact: Hugues Goosse (hugues.goosse@uclouvain.be) 

Peri-Antarctic (>30°S) coupled ocean-sea
ice-atmosphere-ice sheet configuration (1/4°)

https://www.climate.be/paramour
mailto:hugues.goosse@uclouvain.be


Charles Pelletier
cpelletier@mercator-ocean.fr

Pelletier, C., Fichefet, T., Goosse, H., Haubner, K., Helsen, S., Huot, P.-V., Kittel, C., Klein, F., Le clec’h, S., van Lipzig, N. P. M., Marchi, S., 
Massonnet, F., Mathiot, P., Moravveji, E., Moreno-Chamarro, E., Ortega, P., Pattyn, F., Souverijns, N., Van Achter, G., … Zipf, L. (2021). 
PARASO, a circum-Antarctic fully-coupled ice-sheet—Ocean—Sea-ice—Atmosphere—Land model involving f.ETISh1.7, NEMO3.6, 
LIM3.6, COSMO5.0 and CLM4.5. Geoscientific Model Development Discussions, 1–59. https://doi.org/10.5194/gmd-2021-315

A model reconstruction of the spatio-temporal variability of 
ice-shelf basal melt rates, 1985-1995 (being extended)

à Key input for GCMs

mailto:cpelletier@mercator-ocean.fr
https://doi.org/10.5194/gmd-2021-315


Greene, C. A., Blankenship, D. D., Gwyther, D. E., Silvano, A., & van Wijk, E. (n.d.). Wind causes Totten Ice Shelf
melt and acceleration. Science Advances, 3(11), e1701681. https://doi.org/10.1126/sciadv.1701681

The Totten glacier 
and ice shelf areas

https://doi.org/10.1126/sciadv.1701681


How to improve the simulated ocean temperature in front of the Totten ice 
shelf ?

• Our NEMO-LIM ocean – sea ice configuration over the Totten 
Glacier area is warmer by more than 1°C in front of the Totten 
cavity (red) compared to observations (blue).

● 0.5 – 0.7°C bias [0 – 300 m] : not enough sea ice production, 
shallower simulated mixed water depth (mld).

=> increase of the mld coefficient
=> increase the air – ice and ice – water drag coefficients

● 0.5 – 1°C bias [300 – 700m] : warmer simulated mixed 
circumpolar deep water compared to observations.

=> change of the ocean lateral boundary conditions

• It results in a new simulation (black) with simulated ocean 
temperature closer to the observations.

Guillian Van Achter (guillian.vanachter@uclouvain.be)
Thierry Fichefet.

mailto:guillian.vanachter@uclouvain.be


Impact of the Southern Annular Mode on ice-shelf basal melt in Antarctica

NEMO-LIM3.6, 0.25°, forced by ERA5

→ CTRL run: repeat-year forcing from 
ERA5 (30 years)
→ SAM+ run = CTRL run + 1𝜎 SAM on all 
forcing variables (20 years)

Deborah Verfaillie
deborah.verfaillie@uclouvain.be

SAM+ - CTRL

● Ice-shelf basal melt increase: 
+40.3 Gt yr-1

● Due to more upwelling of warmer 
and saltier waters

● Ross response is opposite
→ ASL/SAM interaction, more 
vertical mixing and/or less 
upwelling due to stronger slope 
current?



26 CMIP6 models (piControl)

Steve Delhaye (steve.delhaye@uclouvain.be)



3. Observing system design
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APPLICATE in a nutshell
Advanced Prediction in Polar regions and beyond: 
modelling, observing system design and LInkages
associated with a Changing Arctic climaTE

Horizon 2020 EU project
15 partners from 8 countries
8 million EUR
Coordinator T. Jung

2016-2021 (finished)
www.applicate-h2020.eu

http://www.applicate-h2020.eu/


Observational challenges in the Arctic
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Number of observations available and assimilated in 
the ECMWF forecasting system (2019)

The nature of the problem
• The Arctic is data-sparse in conventional observations 

but data-rich in satellite observations
• A lot of observations are either not used, underused, or 

misused in current numerical prediction systems (NPS; 
including NWP and climate models)

• Polar prediction skill is limited in NPS

Hypotheses
• Better uptake of observations in NPS could lead to 

increased predictive skill
• In turn, use of NPS could inform on optimal observing

system usage and design

Objectives
Derive recommendations for the design of 
the future observing systems in the Arctic



Ponsoni, L., Massonnet, F., Docquier, D., Achter, G. V., & Fichefet, T. (2020). Statistical predictability of the Arctic sea ice volume anomaly: 
Identifying predictors and optimal sampling locations. The Cryosphere, 14(7), 2409–2428. https://doi.org/10.5194/tc-14-2409-2020

The knowledge of sea ice thickness at a handful of discrete
locations can be used to partially reconstruct sea ice
volume anomalies (according to numerical models)

https://doi.org/10.5194/tc-14-2409-2020


https://rmets.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)
1477-870X.observing-system-experiments-in-the-arctic-
region

https://www.ecmwf.int/en/about/media-centre/science-
blog/2021/new-insights-polar-observing-systems-using-
numerical-models

https://rmets.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1477-870X.observing-system-experiments-in-the-arctic-region
https://www.ecmwf.int/en/about/media-centre/science-blog/2021/new-insights-polar-observing-systems-using-numerical-models


4. Forecast verification / model evaluation





Statistical

Dynamical



Lin, X., Massonnet, F., Fichefet, T., & Vancoppenolle, M. (2021). SITool (v1.0) – a new evaluation tool for large-scale sea
ice simulations: Application to CMIP6 OMIP. Geoscientific Model Development, 14(10), 6331–6354. 
https://doi.org/10.5194/gmd-14-6331-2021

https://doi.org/10.5194/gmd-14-6331-2021


1. Ice concentration metrics General approach: 
compute scaled absolute errors

1) 1980-2007 At each grid cell 
Mean: ->monthly mean over 12 months 
Interannual variability/trend: monthly 
anomalies ->standard deviation/linear 
regression  
->absolute difference

2) Average spatially weighted by grid cell areas

3) Scaled by typical errors (absolute difference 
between two observations)

Lower values ->  better skill
❖ model errors >> observational 

uncertainty (close to NSIDC-0051)
❖ improved simulations under OMIP2 & 

increased model spatial resolution
❖ lower skill on the simulation of ice 

concentration variability 



https://github.com/XiaLinUCL/Sea-Ice-Evaluation-Tool

The SITool (v1.0) code is publicly available on Github
for use and reuse. It is CMIP6 output-compliant.

https://github.com/XiaLinUCL/Sea-Ice-Evaluation-Tool


And now?

https://blogs.egu.eu/divisions/cl/2021/04/14/generation-polarprediction/

2000 20202010 2030

‘witnessing’ ‘understanding’ ‘predicting’

Bi-polar

GPU-based
models

Interannual
time scales

‘Healthy ecosystems’ 
(models – obs, process-
based vs data-driven)

High-resolution
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Abstract

Starting from essentially nowhere in the mid 2000s, the field of sea ice
prediction has made several breakthroughs in hardly 15 years. This 
spectacular progress, sparked by the dramatic retreats of Arctic sea ice in 
2007 and 2012, has been made possible by the advent of new observational
products and modeling tools, but also by considerable advances in our
theoretical understanding of predictability mechanisms. In this seminar,  I will
review recent EU-coordinated efforts on these topics, with particular
emphasis on modeling, data assimilation and forecast verification / model 
evaluation efforts. I will outline the added value of spring sea ice freeboard
and concentration assimilation for summer Arctic sea ice prediction, present
recent developments in the modeling of the cryosphere-ocean-atmosphere
coupled system around Antarctica, introduce a recently developed model 
evaluation tool for sea ice simulations and present evidence that numerical
climate models hold some potential to (re-)think the polar observing system 
for the next decade. All welcome!


