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a crucial issue in quantitative application of SWOT data in oceanography
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Multi -scale Multi-regime Oceanic Motions 

nonlinearly intermingled dynamical regimes of  oceanic flows

prototypes of  oceanic flows

Å vortical (balanced) motions

Åwavy (unbalanced)motions

Ålarge-scale circulations

Åmesoscale flows

Åsubmesoscale flows

Åbarotropic tides

Åinternal gravity waves (IGWs)

Åéé
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Fundamental Issues 

1. Decomposition of  physical variables 2. Decomposition of  governing equations
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Work #1: dynamical decomposition of oceanic flows (Wang et al., 2023a,b)

ü generalized the theoretical framework of  vortical & wavy modes

ü designed a dynamical (spectral) filter to decompose physical variables & governing equations into 

vortical & wavy motions when 4D information of  the flow is available (e.g., simulation results of  LLC4320)
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ü How to separate vortical & wavy motions from SSH (& SSV) snapshots?

SSH & SSV data from wide -swath satellite missions are becoming available

ODYSEA

Pressing Need: dynamical decomposition of (satellite) snapshots
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ü established a PV-based (dynamical) approach for decomposing snapshot physical variables

Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)
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Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)
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ü proof -of-concept application to snapshot physical variables with model data

Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)
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Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)
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Concurrent along-track SSH + SSV Snapshot(MITgcm LLC4320)

Benchmark: dynamical decomposition with Wang et al. (2023a,b) 

Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)
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ConcurrentSSH (SWOT)+ SSV (HFR) Snapshot

Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)
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Work #2: PV-based snapshot decomposition (Wang et al., 2025a,b)

ConcurrentSSH (SWOT)+ SSV (HFR) Snapshot
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Strategy: deep learning dynamically decomposed model data Ą applied to SWOT data

Work #3: What if having only SSH snapshot? òLet Newton AI be!ó

ü a dynamics -guided deep-learning model manages to extract IGWs from SWOT measurements

ü basin-wide observational characterization of  IGWs realized (consistent with the Garrett -Munk spectrum )
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