
What still surprises you about classical ocean physics?

What is something you recently learned from your research?

The power of the thermal wind relationship!

Ocean stratification provides key constraints on:


• Mesoscale, submesoscale, and vertical circulations (SWOT);

• Surface and interior water mass transformation rates (overturning rates);

• Ocean-ice interactions in polar regions.

Inter-shelf-sea exchange is a critical component of the 
overturning circulation at the Antarctic margins.

• The Antarctic margins are vulnerable to dramatic regime shifts over the next decade;

• Monitoring these changes requires a large-scale observing network; 

• Mechanistic understanding requires an ambitious effort to couple in situ observations 
(floats/gliders) with satellite observations (SWOT, ICESat-2, PACE, EDGE); 
• Opportunities to contribute to Antarctic InSync and International Polar Year 5 (2032-33) 
activities.
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Figure 1. Overview of the FOCUS study area. (a) Distribution of eddy kinetic energy (EKE;
colors, logarithmic scale, e.g., �1 = 10�1 m2 s�2) and bathymetry (contours) in the FOCUS
study region. The red box in the inset map highlights the region of the Southern Ocean shown
in panel (a). EKE is diagnosed from the gridded DUACS altimetry product, and is enhanced in
the lee of the Southeast Indian Ridge. The bathymetric contour interval is 1000 m. (b) Absolute
dynamic topography (ADT; m) from January 15, 2024. The purple and green symbols show the
position of glider profiles along their trajectories; white and red symbols are start and end locations,
respectively. Only every fifth dive position (roughly daily intervals) is shown for clarity. The black
dashed line highlights a cyclonic eddy shed from the Polar Front that is the focus of this study.
This is the same region shown in panels (c,d). SWOT sea level anomaly (SLA; m) overlaid on
gridded DUACS SLA from (c) January 9, 2024 and (d) January 19, 2024.
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Figure 4:  Example derivation of buoyancy, buoyancy gradients and velocity

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 4. Reconstruction of interior fields. (a) Snapshot of absolute dynamic topography (ADT;
m) from January 28, 2024 in the FOCUS study region. (b) Inferred buoyancy (m s�2) distribution
at 400 m depth. (c) Across-track surface velocity field (m s�1) based on cyclogeostrophic balance.
(d) Inferred vertical velocity (m day�1) at 400 m depth, based on the QG-omega equation. (e)
Along-swath section of vertical buoyancy gradient, N2 (log10 s�2), based on the inferred buoyancy
field. (f) Along-swath section of along-swath horizontal buoyancy gradient, M2 (s�2), based on
the inferred buoyancy field. (g) Along-swath section of cross-track velocity (m s�1) based on the
surface velocity and thermal wind inferred from the buoyancy field. (h) Along-swath section of
vertical velocity (m day�1) inferred from the QG-omega equation. For panels (e-h), the position
of the section is indicated by the black line in panels (a-d). The contours in panels (e,f,h) show
potential density with 0.1 kg m�3 intervals; the contours in panel (g) show the Rossby number
(⇣/f ) with intervals of 0.1 (positive = solid lines; negative = dashed lines; black line is the zero
contour).

28

Figure 4:  Example derivation of buoyancy, buoyancy gradients and velocity

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 4. Reconstruction of interior fields. (a) Snapshot of absolute dynamic topography (ADT;
m) from January 28, 2024 in the FOCUS study region. (b) Inferred buoyancy (m s�2) distribution
at 400 m depth. (c) Across-track surface velocity field (m s�1) based on cyclogeostrophic balance.
(d) Inferred vertical velocity (m day�1) at 400 m depth, based on the QG-omega equation. (e)
Along-swath section of vertical buoyancy gradient, N2 (log10 s�2), based on the inferred buoyancy
field. (f) Along-swath section of along-swath horizontal buoyancy gradient, M2 (s�2), based on
the inferred buoyancy field. (g) Along-swath section of cross-track velocity (m s�1) based on the
surface velocity and thermal wind inferred from the buoyancy field. (h) Along-swath section of
vertical velocity (m day�1) inferred from the QG-omega equation. For panels (e-h), the position
of the section is indicated by the black line in panels (a-d). The contours in panels (e,f,h) show
potential density with 0.1 kg m�3 intervals; the contours in panel (g) show the Rossby number
(⇣/f ) with intervals of 0.1 (positive = solid lines; negative = dashed lines; black line is the zero
contour).

28

Figure 4:  Example derivation of buoyancy, buoyancy gradients and velocity

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 4. Reconstruction of interior fields. (a) Snapshot of absolute dynamic topography (ADT;
m) from January 28, 2024 in the FOCUS study region. (b) Inferred buoyancy (m s�2) distribution
at 400 m depth. (c) Across-track surface velocity field (m s�1) based on cyclogeostrophic balance.
(d) Inferred vertical velocity (m day�1) at 400 m depth, based on the QG-omega equation. (e)
Along-swath section of vertical buoyancy gradient, N2 (log10 s�2), based on the inferred buoyancy
field. (f) Along-swath section of along-swath horizontal buoyancy gradient, M2 (s�2), based on
the inferred buoyancy field. (g) Along-swath section of cross-track velocity (m s�1) based on the
surface velocity and thermal wind inferred from the buoyancy field. (h) Along-swath section of
vertical velocity (m day�1) inferred from the QG-omega equation. For panels (e-h), the position
of the section is indicated by the black line in panels (a-d). The contours in panels (e,f,h) show
potential density with 0.1 kg m�3 intervals; the contours in panel (g) show the Rossby number
(⇣/f ) with intervals of 0.1 (positive = solid lines; negative = dashed lines; black line is the zero
contour).

28

Figure 4:  Example derivation of buoyancy, buoyancy gradients and velocity

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 4. Reconstruction of interior fields. (a) Snapshot of absolute dynamic topography (ADT;
m) from January 28, 2024 in the FOCUS study region. (b) Inferred buoyancy (m s�2) distribution
at 400 m depth. (c) Across-track surface velocity field (m s�1) based on cyclogeostrophic balance.
(d) Inferred vertical velocity (m day�1) at 400 m depth, based on the QG-omega equation. (e)
Along-swath section of vertical buoyancy gradient, N2 (log10 s�2), based on the inferred buoyancy
field. (f) Along-swath section of along-swath horizontal buoyancy gradient, M2 (s�2), based on
the inferred buoyancy field. (g) Along-swath section of cross-track velocity (m s�1) based on the
surface velocity and thermal wind inferred from the buoyancy field. (h) Along-swath section of
vertical velocity (m day�1) inferred from the QG-omega equation. For panels (e-h), the position
of the section is indicated by the black line in panels (a-d). The contours in panels (e,f,h) show
potential density with 0.1 kg m�3 intervals; the contours in panel (g) show the Rossby number
(⇣/f ) with intervals of 0.1 (positive = solid lines; negative = dashed lines; black line is the zero
contour).

28

FOCUS-SWOT field campaign:

Estimating S. Ocean vertical velocities

Ross Ice Shelf

DSW

export

sites

Thompson et al (Comm. Earth Env. 2026)

Thompson et al (in prep)

ICESat-2

SSH variability

Andy Thompson (Caltech)


