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Warming extends over 2000 m in depth
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Warming concentrated in Southern Ocean
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Ocean heat content change, 2010-2020 relative to 1980-2000

Li, England, and Groeskamp, Nature Communications, 2023
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Key Points:

e We present a novel 12-month
Southern Ocean pH mapped product.

Southern Ocean Acidification Revealed by Biogeochemical-
Argo Floats

Matthew R. Mazloff! ', Ariane Verdy' ', Sarah T. Gille' "', Kenneth S. Johnson?
Bruce D. Cornuelle' *', and Jorge Sarmiento®

’

SACCF PF SAF STF

210

425

750

Depth [m]

1050

1500

SIZ AZ PFZ SAZ STZ

1 -0.005

{1 -0.01

-0.015

-0.02

pH trend
(decade!)



Mechanisms for Southern Ocean change

heat input from atmosphere For full Southern Ocean
* Advection by mean flow?

« Advection by eddies?

* Air-sea fluxes (heat and

<_ evaporation minus

oceanic heat transport preCipitation)?

southward.displacement of ACC *
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Flux Accuracies and Processes
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Global winds over the ocean: 1 day
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Global winds over the ocean: 1 month
Monthly Mean: CCMP 3.1 2023-04
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Winds: Extremes govern air-sea exchange
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Southern Ocean storms modulate CO2 flux
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Winds: Wind products disagree for extremes

Density

a) Zonal Wind Distributions
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b) Meridional Wind Distributions
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* Wind probability density for 4 products (ERA5, METOP-A, CCMP,

Remote Sensing Systems ASCAT)

e OQutliers that matter for climate not represented consistently

Hell et al, J. Climate, 2021
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Ocean eddies modulate air-sea exchange

i) Eddy Pumping (Isopycnal Heave)
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Vertical processes

Antcycioni: Fady Cyclonic Ecdy j

i) Eddy-Induced Ekman Pumping
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Future satellite capabilities and concepts

 CMER: Copernicus Imaging Microwave Radiometer (launch 2029)
SST winds, ice

 Harmony: (launch 2029) multi-look SAR for winds, waves, currents,
ice

* Butterfly: concept for turbulent heat fluxes

* ODYSEA: Ocean Dynamics and Surface Exchange with the

Atmosphere winds and currents, Step 2 competition this year for
launch in 2030—2032 time frame



CIMR: Higher resolution SST, wind, etc.
Copernicus Imaging Microwave Radiometer

e Concept: New microwave radiometer provides more accurate and higher
resolution all-weather SST, ocean wind speed, SSS, and SIC, with 15 km
resolution SST.

Coverage of CIMR (global)

* In development with ESA
* Launch: 2029+
* Point of contact: Craig Donlon

Number of revisits in 24 hours




Harmony: Wind stress, currents, waves, SST + more

Line-of-sight diversity for high resolution

*3-D surface deformation (DINSAR)
*Ocean surface motion (Doppler)
*Surface winds (scatterometry)

*Improved directional surface wave
spectra

*Sea Surface (skin) temperature

*Cloud-top motion (TIR time-lapse) and
height (TIR parallax)
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Air-sea interactions
all time scales .'
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What can we do with winds and currents?
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