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Pan-Arctic Freshwater System is changing

e Long-term & short-term Shift Post-2010: The robust freshening of the Arctic upper layer
observed in the early 2000s has transitioned into a more complex, less clear signal after 2010

o Freshwater redistribution: Freshwater is redistributed within
the Arctic basin, likely impacting regional circulation

e The"hidden" inputs: A significant portion of the freshwater
budget—notably groundwater and river discharge—remains
poorly constrained in current models

o« The Halocline Change: Increased vertical mixing and the
subsequent weakening of the halocline present a direct risk
to the stability of the Arctic sea ice cover and ocean-
atmosphere heat exchange



Insufficient Temporal Coverage in In-Situ Records
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Surface Salinity as a proxy ?

JGR Oceans

RESEARCH ARTICLE
10.1029/2020JC016110

Special Section:
The Arctic: An AGU Joint
Special Collection

Key Points:

« Sea surface salinity (SSS) is found to
be a good proxy for characterizing
fresher changes in much of the

Sea Surface Salinity as a Proxy for Arctic Ocean
Freshwater Changes

Séverine Fournier' (%), Tong Lee' (%), Xiaochun Wangz, Thomas W. K. Arrni(age3 , Ou W::mgl,
Ichiro Fukumori' (%), and Ron Kwok'

'Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA, Joint Institute for Regional Earth
System Science and Engineering, University of California Los Angeles, CA, Los Angeles, USA, *Earth System Science
Interdisciplinary Center, University of Maryland, College Park, MD, USA
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RESEARCH ARTICLE
10.1029/2019JC015449

Key Points:

« Satellite data are combined in novel
ways to infer steric height in the
Barents Sea

+ Heat and freshwater contents are
estimated from satellite and in situ

Freshwater Content (m)
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Water Mass Properties Derived From Satellite
Observations in the Barents Sea
Benjamin L Barton** (), Camille Lique’ ("), and Yueng-Djern Lenn”

'Univ. Brest, CNRS, IRD, Ifremer, Laboratoire d'Océanographie Physique et Spatiale (LOPS), IUEM, Brest, France,
?School of Ocean Sciences, Bangor University, Bangor, UK, *National Oceanography Centre, Liverpool, UK




Existing Challenges

]
Challenges Physical Impact Resulting Error
Stratification Surface is decoupled from the deep ngr/u.r?derestlmatlon oftotal FWC
variability
Alpha vs. Beta Temperature influences sea level Misattribution of SLA to freshwater
Vertical Mixing Weakening halocline >SS stays fresh while deeper layers

saltify

How can satellite SSS be better integrated with
subsurface data to improve estimate of FWC variability?




Concept

Correlation
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Predictability

Surface info. % Subsurface Structure

Train Output

In situ Profiles === Prediction Model —3p Reconstructed Salinity Profiles
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Satellite SSS + other surface info. FWC/Halosteric Estimate




Predicting Vertical Structure from Surface

— Data Pre-Processing Dimensionality Reduction

Vertical Interpolation

| |
In-Situ Salinity Profiles : Standard I Empirical Orthogonal
UDASH, CORA | Profiles Function (EOF) Analysis
I

Leading Modes Local
Amplitudes (4)

Satellite Measurement
ESA SSS CCI v5.5

Objective Analysis
ISAS Climatology Weighted” §

| Distance to Boundary Training/
! Validation

90/10 + Bootstrap Validation

Reconstruction
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Satellite SSS vs Insitu Dat
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SSS & FWC relationship
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Mode1 Mode 2 Mode 3

Decomposition & Prediction

Local Amplitudes of in situ profiles
& predicted amplitudes using satellite SSS—>
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Decomposed Vertical Structures
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Validation & Benchmark
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Comparison withEN4

22°E Section, SEN4

22°E Section, Spgec.

35°E Section, Spee.
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Variability of FWC

e Reconstructed FWC tracks
SSS/SIC variability
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Take Home Messages

o Preservation of Vertical Structure: By utilizing in-situ profile data for model training, the
reconstruction successfully preserves the vertical salinity structure and inherent subsurface
variability.

« Optimized Machine Learning Framework: A robust yet computationally efficient approach was
employed to maximize predictive skill despite the limited number of available Arctic profiles.

e Enhanced Spatial Resolution: The model captures sharper spatial gradients compared to EN4
and provides more precise definitions of the bottom boundary layers.

e Future Outlook: While the current method demonstrates strong potential, future iterations will
focus on improving intraseasonal consistency and ability to capture complex non-linear terms.
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