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Disclaimer: 

Åif you want to hear about sea 
ice, you are too late! 

ÅIICWG-DA workshop was in 
Frascati 5-7th Nov.  

ÅHeavy Arctic bias in this 
presentation... (100%)
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Polar regions are warming

Introduction Observations: gaps and opportunities Model processes Operations Conclusion
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Polar oceans are changing

Introduction Observations: gaps and opportunities Model processes Operations Conclusion
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Consequences...

ÅRapid changes in atmosphere coincides 
with sea ice losses and ocean warming

o Significant increase in occurrence and intensity 
of marine heat waves

o Impacts on marine habitats and species 
migration

o Driving new needs for ocean predictions

Barkhordarian et al., 2024 (https://www.nature.com/articles/s43247 -024-
01215-y)
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https://www.google.com/url?q=https://www.nature.com/articles/s43247-024-01215-y&sa=D&source=editors&ust=1731333260422520&usg=AOvVaw2DenmgCcXVg0PH-Cvpworf
https://www.google.com/url?q=https://www.nature.com/articles/s43247-024-01215-y&sa=D&source=editors&ust=1731333260422520&usg=AOvVaw2DenmgCcXVg0PH-Cvpworf
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The growing need for improved polar predictions

Å Increase in maritime traffic and exploitation of marine resources in the Arctic
Å Predictive power of traditional knowledge is breaking down
Å Support for Antarctic operations and understanding of ice shelf stability
Å More open water leading to greater need for "traditional" ocean prediction 

products (e.g. currents, storm surge, waves)

Oil spill in ice: Is the 
OceanPredict 
community ready?

Jung et al. (BAMS, 2016)
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ÅIce cover hinders use of traditional 
remote sensing measurements 
(SST, SLA)
ÅIn situ coverage extremely sparse 

compared to other regions
ÅYet, need for accurate predictions 

of water mass properties 
and mesoscale circulation (like 
other regions in the world)
ÅSome important improvements 

over recent years....
ÅBut climatology remains unreliable 

...but gaps in observations

Distribution of observations from JCOMMOPS (2024-11-11)
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Various international efforts underway to 
address gaps in Arctic ocean observations

ÅEU4oceanobs (www.eu4oceanobs.eu)
ÅArctic Passion (https://arcticpassion.eu/

o Pan-Arctic ObservingSystem of Systems- pan-AOSS

ÅArcticROOS
ÅEuroArgo (www.euro -argo.eu)
ÅARCGOOS (Lee et al., 2019)
ÅHiAOOS (hiaoos.eu) 
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http://www.euro-argo.eu
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In situ 
ÅSaildrones 
ÅMarine mammals
ÅUnderwater cables* 
ÅShips of opportunity 
ÅProfiling floats (ALAMO, Argo, 
zӃ TX³´ Ź Ə

Increasing open water areas could be opportunity 
for more observations

Satellites
ÅAltimeters (SSH, winds, waves, sea ice)  
ÅPassive microwaves (sea ice, SST, SSS, 

winds) 
ÅSAR (sea ice, winds, waves, doppler 

currents...) 
ÅInfrared (SST) 
ÅVisible (Ocean colour) 

*Note also potential use of underwater cables for tomography, geolocation of Argo floats,...
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Numerous efforts to address polar gap

ÅPolarArgo: New Argo technologies
o e.g. Le Traon et al. (2020)
o More robust hardware to resist ice damage
o Ice detection (ability to abort float asscent)
o Storage of under-ice profiles
o Float localization under-ice

ÅOneArgo Decade project
o seeOP24 talk by B. King

Introduction Observations: gaps and opportunities Model processes Operations Conclusion



In
 p

a
rt

n
e

rs
h

ip
w

ith

Potential impact of Argo floats on Ocean 
State Estimate

Arctic Observing System Simulation 
Experiments (OSSEs)
ÅLyu et al. (2021):

o 1x1° Arctic profiling array could substantially
improve watermassproperties

ÅNguyen et al. (2020): 
o OSSE with Argo floats seeded in the Arctic basin
o Impact strongly sensitive to ability of floats to 

surface

Mean normalized temperature error (Nguyen et al., 2020)
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Arctic OSE results

Å Data withholding experiments performed 
using YOPP in situ observations over summer 
2018 using regional ocean analysis system 
(RIOPS).

ÅWith YOPP data, sea ice increments are smaller 
for a rapid freeze up event suggesting 7d trial 
fields provided a more accurate estimate of 
conditions.

Å Salinity increments using YOPP data freshen 
and stratify mixed layer allowing faster surface 
cooling leading to better representation of 
rapid ice formation event in Beaufort/Chukchi 
Sea

Å Impact of in situ observations strongly affected 
by satellite altimetry

No YOPP dataWith YOPP data

Sea ice concentration increment for 2018-10-17

Introduction Observations: gaps and opportunities Model processes Operations Conclusion



In
 p

a
rt

n
e

rs
h

ip
w

ith

Satellite altimetry 
ÅIncreasing open water areas provide greater 

potential impact of altimetry

ÅSWOT has potential to improve constraint on 
smaller scales present in the Arctic

o Lots of cross-overs near 79N 

ÅAlso, altimetry in leads (Prandi et al., 2021)

ÅHowever, inaccuracies in MDT due to short 
observation period an issue (Pujol et al., 2018)

14 days of SWOT data from NERSC virtual laboratory (20240915)
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Project Clean Arctic: Assimilation of absolute 
dynamic topography data in an ocean 

assimilation system for the Arctic

Smith et al. (2024)

Å Developed new Absolute Dynamic Topography (ADT) dataset 
over the Arctic.
Å Avoids the need for Mean Dynamic Topography (as for SLA 

assimilation)

Å Assimilated ADT in Regional Ice-Ocean Prediction System
Å Required various adaptations for spatial scales and under-ice 

assimilation

Å Significant impact on basin-scale sea level and transports 
through key Arctic gateways

Mean sfc currents Impact of ADT assim
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Preliminary results of assimilation of early SWOT observations

ÅAssessedthe impact of assimilation both real and 
synthetic SWOT observations in RegionalIce Ocean
Prediction System (RIOPS)

Å4-km resolution over the Arctic (inc. tides)

ÅSWOT data: AVISO Level 3, release v0.3 

ÅEvaluated for 2023 -09-13 to 2023 -11-22

ÅOSE1: Assimilate only 2 altimeters (Cryosat2, Jason3)

ÅOSE2: Impact of SWOT+2 nadir

ÅReduction of RMS differences in GIN and Beaufort Seas

RMS difference compared to all SLA observations

2 nadir + SWOT (OSE2)2 nadir (OSE1)

Liu et al., Front. in Mar. Sci., 2024
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ÅAssimilating sea surface salinity 
can reduce biases

o This could have important effects for 
ocean stratification and sea ice 
freeze/melt

o However, sources of uncertainty 
leading to the differences remain

Effect of assimilating SSS from 
SMOS

Assimilating SMOS SSS can reduce 
errors compared to CTD data...

é and can have large effects on Freshwater content 
in some regions

Xie et al., 2023 (Ocean Science)

No SSS BEC V2 BEC V3

No SSS BEC V3 - 
No SSS
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SSS is impacted by:  
Å Pacific / Bering Strait (2.500 km3/yr) 

Å Moorings: 0.8 Sv, increasing (Woodgate et al. 2018) 
Å Often 1.4 Sv in models 

Å Rivers (2.900 km3 / yr) 
Å .«N³XJ´ «z Ź

Å Glacial melt 
Å Lacks streamflow measurements
Å Mostly going to North Atlantic, not Central Arctic 

Å Sea ice melt (300 km3 / yr, Edel et al. 2024) 
Å Reduced ice thickness abruptly in 2007 
Å Uncertainties: Lacking observations of  snow depth and sea ice density 

Å Export in Fram Strait is reducing 

Å Precipitations Ɖ evaporation 
Å Increase moisture flux (correlated with the AO) 
Å North of 60N: 8.500 km3/yr -> 9.000 km3/yr 

Å Reduced evaporation 
Å Lacks observations of snowfall à la Edel et al. 2020 (CLOUDSAT) 
Introduction Observations: gaps and opportunities Model processes Operations Conclusion
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Stdev of 4 global 

reanalyses
Mean of 4 global 

reanalyses
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Big spread in modelled SSS... 
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Challenges in 
Ocean Modelling: 
small scale
ÅImportance of small scales in the Arctic 

and important exchanges through open 
boundaries and between shelf and 
interior.
Åe.g. MacKinnon et al. (2021): Processes 

affecting heat redistribution associated 
with subduction of warm(er) Pacific 
waters in Beaufort Gyre
ÅDemonstrates example of processes 

affecting heat exchange and driving 
submesoscale circulation that ocean 
models need to capture.
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Eddies are detected in observations...

Cassianides et al., 2023 (JGR oceans)

The Arctic is a "quiet" ocean, but how quiet should it be?

Manucharyan and Thompson, 2022 (Nature)

Wang et al., 2024 (GMD)

High-resolution simulations 
also show imprint of eddies 
on sea ice

can affect transports 
through key gatewaysPresence of eddies
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New possibilities to inform model processes in the MIZ from satellites
Åe.g. using Doppler shift to retrieve surface currents in the MIZ, or detecting waves under floes

ÅMultisensor approaches to diagnose contributions and reduce uncertainty

Figure courtesy of A. Moiseev Collard et al. (2022)

Introduction Observations: gaps and opportunities Model processes Operations Conclusion



In
 p

a
rt

n
e

rs
h

ip
w

ith

ÅModels suggest strong effects on sea ice 
growth, melt and mobility in MIZ, and 
potential growth in wave-affected area in 
sea ice

ÅHow to validate such models?

ÅAltimetry detection of wave-affected 
area:

o Horvat et al. 2020: IceSat-2 
(detection of wave trough in-ice)

o Zhu et al. 2023: CryoSat-2 (from 
waveform power and the waveform 
stack statistics)

ÅMain challenge: How to link this wave-
affected area to more quantitative (and 
measurable) properties of the ice/wave 
ƚƣċƣĲеШыũŔťĲШƽċƻĲШőĲŔŊőƣЯШŉũŸĲШƚŔǍĲвь

Horvat et al. (2020)

Waves increasingly important in Arctic ?

Wave affected 

locations (IS2)

MIZ extent (model)

Boutin et al.(2022).
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Historically, few in-situ data collected, even less 
available 

ÅOpen Met Buoy program: cheap & light buoys 
o Almost 200 publicly trajectories available 

since 2018 (mostly Barents/Greenland area); 
Rabault et al (2023)

Å ŰĬШċũƚŸШљÉƽŔŉƣњШĤƨŸǃƚШċŰĬШůŸŸƖŔŰŊƚШŉƖŸůШ Âx-UW 
(mostly for the Beaufort area); Thomson et al 
(2023)

Limited available in-situ wave observations

Note: no operational forecast 
model currently has two-way 
coupling with waves and sea 
ice (very costly...)
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