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Disclaimer:

A if you want to hear about sea
Ice, you are too late!

A 1ICWGDA workshop was in
Frascati 5/th Nov.

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

HIGH NORTH NEWS

Operations Conclusion

@ National Oceanic and
Atmospheric Administration Search NOAA sites
U.S. Department of Commerce
Business Politics Arctic Living Opinions Newsletter

Home / News & Features

Warmest Arctic summer on record is evidence of

. accelerating climate change
State of the Climate Report 2023:

The Fourth Warmest Year on
Record for the Arctic Ty dlisetuer —
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Support the Guardian

Print subscriptions | Searchjobs #Signin
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Climate crisis © This article is more than 2 years old
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Eew'dat'a re}\lregls extraordinary global At least 63 people fear
eatlng n t e rctlc ﬁ dead after t_orrent_ial ra ) ) .
gy 2nfloodsinSpain The spring temperatures in Russia and Norway
Temperatures in the Barents Sea region are ‘off the scale’ { &&. Twowomenremoved| break records
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Polar oceans are changing

Global

Summit Events Advocate Magazine Aquademia Podcast Blog
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The Barents Observer f o 7
~” Seafood soUT  MEmBERSHIP  Re TR — @ Polar bears are sustaining ice-related paw
AELIARCE ;: - © injuries in a warming Arctic
E

&> Fisheries

Study: Ocean warming is driving wild Pacific salmon into
Canadian Arctic

10 June 2024 B ‘
By Responsible Seafood Advocate

Study finds that more Pacific salmon are migrating into the Canadian Arctic due to
ocean warming

Arctic tundra on the shores of Kongsfjorden near Ny-Alesund at Norway's Svalbard archipelago. A recent
summer CO2 uptake, permafrost areas lose more CO2 the rest of the year, contributing to greenhouse ga.

Photo: Thomas Nilsen

& ;’,,49?’2?1 Clim;cé change: World's oceans suffer
from record-breaking year of heat

8 May 2024 Share <  Save +

Matt McGrath, Mark Poynting and Justin Rowlatt
BBC News Climate & Science

Unusually warm seas may also have taken a direct toll on one of the most beloved
ocean-going creatures in the coldest continent, the emperor penguin.

"There have been examples of the sea-ice collapsing before emperor chicks have
properly fledged, and there have been mass drowning events," says Prof Meredith.

Warming climate changing CO2 balance in

northern ecosystems E pon
; — . fLos Angeles Times
| that climate change is significantly altering ho i
@ I\/ION GABAY Features Videos Podcasts Specials Articles Shorts ¥ Q = [C02)inpermafrost and non-permafrost areas, s{

Warming is not helping smoother navigation through
the Arctic

4 SHREYA DASGUPTA
25JUL 2024 ARCTIC

Comments Share article
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ations for the global carbon balance.

QUCLIMATE | Bottied water bombshell  Hot spider summer Entrenching coal  About that monsoon  View All >

CLIMATE & ENVIRONMENT

Arctic ocean may absorb less CO2 than
projected due to coastal erosion

May 2024 has been a few degrees warmer than normal.
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Consequences...

with SST > 95%-tile (OISSTv2)
(2001-202 1/mi_ngﬁsn71982-2000)
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ARapid changes in atmosphere coincides | |7
with sea ice losses and ocean warming o, |3
o Significant increase in occurrence and intensity e A
of marine heat waves S = -

o Impacts on marine habitats and species :

migration = o5

o Driving new needs for ocean predictions g ||h" Wl =2
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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

R

(.. and fisks!
T i

" ——
—

Oil spill in ice: Is the
OceanPredict
community ready?

"Photo from Llodysreport - - - s —

A Increase in maritime traffic and exploitation of marine resources in the Arofigs

A Predictive power of traditional knowledge is breaking down

A Support for Antarctic operations and understanding of ice shelf stability

A More open water leading to greater need for "traditional" ocean prediction
products (e.g. currents, storm surge, waves)

Ocean Jung et al. (BAMS, 2016)

Predict
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...but gaps in observations

World Ocean Atlas Regional Climatology: Arctic Region
Contour Interval=1

A Ice cover hinders use of traditional S (20R41)
remote sensing measurements
(SST, SLA) ng Systems
AIn situ coverage extremely sparse lile systems

compared to other regions

AYet, need for accurate predictions
of water mass properties
and mesoscale circulation (like
other regions in the world)

A Some important improvements
over recent years....

climatology remains unreliable

35
2 floats - Argo
¥p floats - Argo

| 3jeochemistry floats

B

—29
erwater gliders

| ,,anGliders

l ing buoys - DBCF
25

r buoys
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Various international efforts underway to
address gaps In Arctic ocean observations

AEU4oceanobs (vww.eu4oceanobs.eu)

: : . . == ArcticROOS
AArctic Passion https://arcticpassion.eu/ —— £uroco0s A nogons
o0 PanArctic ObservingSystem ofSystems pan-AOSS
AArcticROOS

AEuroArgo (www.euro -argo.eu)
AARCGOOS (Lee et al., 2019)
AHIAOOS (hiaoos.eu)

s Pl @
2

Ocean g uneﬁio &
Predict Qe


http://www.euro-argo.eu
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Increasing open water areas could be opportunity
for more observations

In situ Satellites

ASaildrones AAltimeters (SSH, winds, waves, sea ice
. . ) :

AMarine mammals A\I;)V%SC?SI\)/e microwaves (sea ice, SST, SS¢

AUnderwater cables* ASAR (sea ice, winds, waves, doppler

AShips of opportunity currents...)

. Alnfrared (SST)
AZPI’%fIhn_?_ &o?tsl (ALZAMOG’ ATgO.  Rvisible (Oceancolour)
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Numerous efforts to address polar gap

Argo under-under ice

APolarArgo: New Argo technologies
oe.g.Le Traon et al. (2020)
o0 More robust hardware to resist ice damage
o0 Ice detection (ability to abort float assceni
0 Storage of under-ice profiles
o Float localization under-ice

*At the datacenter:
Under-ice positions
are estimated via
interpolation of
known positions

AOneArgo Decade project
0 see OP24 talk by B. King

© |.M. Angel-Benavides/BSH
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Potential impact of Argo floats on Ocean
State Estimate

~ Open water fraction threshold
50%

@.. Wra. ¥ Arctic Observing System Simulation
Experiments (OSSES

ALyu et al. (2021):

0 1x1° Arctic profiling array could substantially
Improve watermass properties

ANguyen et al. (2020):

o0 OSSEwith Argo floats seededin the Arctic basin

o Impact strongly sensitive to ability of floats to
surface

Depth
100-300m

300-2000m

Y 1"(" " - K off | |4

Predict




YOPP

* POLAR
#* PREDICTION

= |
Z Arctic OSE results

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

With YOPP data, sea ice increments are smaller
for a rapid freeze up event suggesting 7d trial
fields provided a more accurate estimate of
conditions.
Salinity increments using YOPP data freshen -
and stratify mixed layer allowing faster surface
cooling leading tdetter representation of
rapid ice formationevent in Beaufort/Chukchi
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by satellite altimetry
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Satellite altimetry

A Increasing open water areas provide greater
potential impact of altimetry

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

0 Lots of cross-overs near 79N

A Also, altimetry in leads (Prandi et al., 2021)

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

Ocean
Predict



esa

CLEAN Arctic

Qesz
@ esa D= [I\}eyvcas.tge ',/_ n:::?:?:;y piE. Observed
niverst y data (Sarsl) BNy 55H for Arctic
E!ﬂnsu ~= c%s Environmental
RIOPS surface :(:.T)'::::znd
6 Copernicus currents, temp, ®_® mitigation
T Marine Service sal .&.
“ng‘fﬁf}:\e - End-users
o)
P . CI A . . A . . I . f b I Eulerian drift RO !
rOjeCt ean Arctic: Assimilation of absolute pollin (T

!

dynamic topography data in an ocean
assimilation system for the Arctic

sfccurrents

RXLONG2 0-0 m
a5 —

—t

Developed new Absolute Dynamic Topography (ADT) datase
over the Arctic.
A Avoids the need for Mean Dynamic Topography (as for SLA
assimilation)
Assimilated ADT in Regional-loeean Prediction System
A Required various adaptations for spatial scales and uiwer
assimilation
Significant impact on basicale sea level and transports

through key Arctic gateways

Smith et al. (2024)
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Preliminary results of assimilation of early SWOT observations

A Assessedthe impact of assimilation both real and RMS difference compared to all SLA observations

synthetic SWOT observations in Regionallce Ocean 20230913:20231122
Prediction System (RIOPS) |

A 4-km resolution over the Arctic (inc. tides)

A SWOT data: AVISOLevel 3, release v0.3

A Evaluatedfor 2023 -09-13 to 2023 -11-22

A OSE1:Assimilate only 2 altimeters (Cryosat2, Jason3)

A OSE2: Impact of SWOT+2 nadir
A Reduction of RMS differences in GIN and Beaufort Seas

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

worse better

T T T T
-20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0

Ocean
Predict Liu et al., Front. in Mar. Sc2024
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Effect of assimilating SSS from

SMOS

AAssimilating sea surface salinity

can reduce biases

SSS deviation (psu)

Operations Conclusion

Assimilating SMOS SSS can reduce
errors compared to CTD data...
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o This could have important effects for 6 and can have large effect
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SSS is iImpacted by:

A Pacific / Bering Strait (2.500 km3/yr)
A Moorings: 0.8 Sy, increasing (Woodgate et al. 2018)
A Often 1.4 Svin models

A Rivers (2.900 km3 / yr)
A . «N3 XJ~ «z Z

A Glacial melt
A Lacks streamflow measurements
A Mostly going to North Atlantic, not Central Arctic
A Seaice melt (300 km3 / yr, Edel et al. 2024)
A Reduced ice thickness abruptly in 2007
A Uncertainties: Lacking observations of snow depth and sea ice density "
A Export in Fram Strait is reducing .

Atmospheric
Transport

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

A Reduced evaporation
A 1| acks nhservatinns of snowfall A l1a Fdel et al 2020 (C1 OLIDSAT)

Introduction Observations: gaps and opportunities Model processes Operations Conclusion
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Big spread in modelled SSS...

Sea ice area fraction [%]

Sea watehsaligity,{10°-3]
T T . /I//L/’ @d@dh y
20 40 60 ; by Copernicus Marine Service

T U
0 05 1
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Sea water salinity [10%-3]

28 30 32 34

iean of 4 global

Stdev,of 4 global
panalyses y

‘, ’ reanalyses
2021 Sep 12, 05:00 UTC - -0.5 m

« , Ocean . SYM
o Predict POS
i, \ A‘ ’ :

— .'.‘-
unesco @

Intergovernmental 2[] 2 ’I United Nations Decade
Oceanographic of Ocean Science
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Challenges In
Ocean Modelling:
small scale

A Importance of small scales in the Arctic
and important exchanges through open
_bct)ur]darles and between shelf and
interior.

A e.g. MacKinnon et al. (2021): Processes
affecting heat redistribution associated
with subduction of warm(er) Pacific
waters in Beaufort Gyre

A Demonstrates example of processes
affecting heat exchange and driving
submesoscalecirculation that ocean
models need to capture.

Introduction Observations: gaps and opportunities

Temperature / °C
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Model processes

100 m depth
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can affect transports
through key gateways

(c) BS freshwater transport, low

Presence of eddies

Eddies are detected in observations...

4.4

High-resolution simulations

150 5 £
e Q>)‘ . [l .
54 120 5 also show imprint of eddies
7= = & .
100°We 5/ i‘j"é 100°We :; 2 i on sea ice
R0°T B DV *y fo 5 80°W 3_; .3 {[——ACCESS-MOM —— FSU-HYCOM E
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50 = =) _‘7 CMCC-NEMO —e—Observation | f
2 60°WH~ 22 , 0.5
25 20 1960 1970 1980 1990 2000 2010 2020
Year
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8 3000 &
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= 20005 g
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RS — Eurasian Basin = 20 1960 1970 1980 1990 2000 2010 2020
= \—— Canadian Basin [ 100005 Year Manucharyarand Thompson, 2022 (Nature)
5 5 Wang et al., 2024 (GMD)
8 9] 5000 %
g E H . " . " H 1
I I o I D et et B . e ot , 2 The Arctic is a "quiet" ocean, but how quiet should it be?
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New possiblilities to inform model processes in the MIZ from satellites
A e.g. using Doppler shift to retrieve surface currents in the MIZ, or detecting waves under floes

A Multisensor approaches to diagnose contributions and reduce uncertainty

MODIS Aqua & AMSR2 Sentinel-1B EW HH Sentinel-1B EW HH
SEA ICE CONCENTRATION (%) SURFACE RADIAL VELOCITY (m/s) SURFACE ROUGHNESS (dB)
GREENLAND — 100 GREENLAND GREENLAND
" L0.12
direction " s
- 80 e Mesoscale
L 0.50 AC Eddy /» < 0-10
BN
L 60 F0.25 0.08
2 0.06
40 L -0.25
0.04
- —0.50
20
8 0.02
-1.00 0.00

Figure 1.1. MIZ structures in the Denmark Strait on 14th November 2020: (a) Sea ice concentration derived from the thermal infrared
sensor (MODIS) and passive microwave radiometer (AMSR2) observations (Ludwig et al. 2020), black barbs indicate wind field at 10m
height at time of SAR acquisition from ECMWF; (b) Sea ice and Ocean surface radial velocities derived from the Sentinel-1B Doppler
Centroid Anomaly - negative/positive values indicate motion to the left/right; (c) Surface roughness from Sentinel-1B. The yellow
curves display the sea ice edge derived in the left image. The presence of a clockwise rotating mesoscale eddy is marked with white
arrows. All datasets are provided at a 1 km grid resolution.

- Figure courtesy of A. Moiseev S | Collard et al

.‘ (2022)
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Waves increasingly

A Models suggest strong effects on sea ice

growth, melt and mobility in MIZ, and el
potential growth in waveaffected area in '
sea ice
A How to validate such models? 10T
A Altimetry detection of waveaffected 03 0.8 3
area: 0.6 £
o Horvat et al. 2020: IceSa2 v 0.4 §
(detection of wave trough inice) 02 8
0 Zhu et al. 2023: CryoSa® (from v 00 8
waveform power and the waveform
stack statistics) 0

A Main challenge: How to link this wave ‘ '
affected area to more quantitative (and Horvatet al. (2020
measurable) properties of the ice/wave ) o
FqcaqlellblG R JWs ¢ 2 W6 IJRNGEqAWNG YW RAWB

Boutinet al.(2022).
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Limited avallable In-situ wave observations

Historically, few in-situ data collected, even less
available

A Open Met Buoy program: cheap & light buoys
o Almost 200publicly trajectories available
since 2018 (mostly Barents/Greenland area);
Rabaultet al (2023)
A Ul Weidt YWbEs RnamwllHez Y iuwl
(mostly for the Beaufort area); Thomson et al
(2023)

Note: no operational forecast
model currently has twoway
coupling with waves and sea

ice (very costly...)

Ocean
Predict
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