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B. Arbic (arbic@umich.edu), D. Memenenlis (menemenlis@jpl.nasa.gov), J. Wang 
(jinbo.wang@jpl.nasa.gov), and other co-authors of Thakur et al. 2022 GRL.

SWOT high-wavenumber signals confront our models with a need for improvement

The wavenumber spectra in global high-resolution 
models capture more high-wavenumber activity than 
gridded AVISO products made from nadir altimetry, and 
lie close to the SWOT spectrum down to about 50 km.

However, the SWOT spectrum has more energy than the 
global models at high wavenumbers.

What is this  high-wavenumber energy? Internal waves? 
Something else? Whatever it is, it is missing from even 
the highest-resolution global models.

Our regional simulations (Thakur et al. 2022) feature much finer horizontal 
and vertical grid spacing than global LLC4320, and they include remotely 
generated internal waves (from global LLC4320) at their lateral boundaries. 
The regional models come closer to the SWOT data but are still insufficiently 
energetic at high wavenumbers.

So, what is missing? Do we need to improve the global models that serve as 
boundary conditions? Do we need even higher resolution in the regional 
models? Larger supercomputers would help!
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• The three-month mean of KaRIn 
SSH shows large-scale ocean 
circulation as well as small-
scale residual mean surface

• The small-scale features are due 
to unresolved small-scale 
bathymetry.

• These will change ocean bottom 
roughness. How does ocean 
simulation especially deep-
ocean mixing respond to refined 
bathymetry? 



TROPIC-SWOT: Submesoscale ocean 
currents in the tropical Pacific

Hypothesis

Daniel B. Whitt, Kydd Pollock, Dimitris Menemenlis, Santha Akella, Morgan Gilmour, Brian Arbic
A partnership with NASA JPL & GSFC, The Nature Conservancy, and University of Michigan

Goals
1. Explore submesoscale (< 500 km) SSHA variability in tropical Pacific using 
SWOT observations and high-resolution models
2. Evaluate surface current estimates from drifter clusters released ~monthly 
under SWOT overpasses near 6N,162W / Palmyra Atoll
3. Discover how submesoscale sea level and currents participate in the strong
2023-2024 El Ni�no and aftermath (likely La Ni�na).

SWOT observes high sea level in the east 
Pacific in Nov 2023 in strong El Ni�no

SWOT reveals submesoscale modulation of sea level anomalies, 
modulated by tropical instability vortices for first time (red/orange)



Can we learn about air-sea 
interaction/upper ocean phys under 
hurricane idalia from SWOT?

Idalia 2023 
12 lives lost
$4B in damage

SWOT mission



Ocean eddies observed by SWOT explain 30 to 50% of moisture supply from ocean to atmosphere. 
As such, these eddies are a significant driver of the global hydrological cycle.
One key factor is the spatial resolution of ocean eddies and associated currents. High-resolution ocean 
currents  from SWOT observations, combined with microwave and infrared Sea Surface Temperature (SST) 
images, enable reconstruction of SST fronts around mesoscale eddies, which are critical to the estimation 
of latent heat fluxes at the air-sea interface and therefore of moisture supply to the atmosphere. 

Adapted from Strobach et al.. (2022) https://doi.org/10.1029/2021GL097003 P. Klein (pklein@caltech.edu)

https://doi.org/10.1029/2021GL097003
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