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Introduction: Radiation Bias and Southern Ocean (SO)

Multi-model mean - CERES-EBAF
1.V .

Southern Ocean Clouds are:

e Essential to global radiation
e But are poorly understood
e Limited available observations

e Model parameters are NH-oriented

Simulated Antarctic Clouds
“bright” enough?
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W m~2
Fig 1. Bias of surface incoming
shortwave radiation between mean of Coupled
Model Intercomparison Project phase 6 (CMIP6)
models and the CERES-EBAF satellite product
during Austral summertimel'l.



Introduction: Observation of Natural Marine Cloud Brightening

All Years, High Nd Quartile Locations (115860)
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Fig 2. Geographic distribution of the
high-Nd-quartile cloud scenes during Austral
summertime, Mace et al., (2021)
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Introduction: Activation of cloud droplets in CAMG6
— Abdul-Razzak and Ghan (2000)

a) Cloud Condensation Nuclei b) the Maximum supersaturation (SS_ )
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+ :cooling in adiabatic ascent (f1)
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SO clouds: Aerosol-limited OR updraft limited regime



Introduction: SO clouds are Aerosol-limited

: . _VIEIYIX;1] UKESM1
Sobol’s index S; = v
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Introduction: High N
SSO

Niu et al. 2024 JGR-A
(doi 10.1029/2023JD040396)

Observed polar-ward:

e increased N, .,

e decreased N, .4,

= |lead to increased NCCN over the
summer SSO
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cause high N, over summer
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Fig 3. Latitudinal dependence of
Accumulation-mode-aerosol (70 nm < D <1000 nm) number
concentration (Ac) from Ultra High Sensitivity Aerosol
Spectrometer (UHSAS), particles with 70 nm < D <100 nm, and
700 nm <D <1000 nm



V3 Hobart-Mawson(01/16-03/04)

Aurora Australis ship track
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Introduction: CAM6 CCN Bias

Niu et al. 2025 JGR-A:

A. CAMG6 missing small sulfates
B. Sometimes overestimate sea salts

(doi 10.1029/2024JD042/34)
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To do list:

A. Tuning up sulfates 1
B. Tuning down sea salts|
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A. Tuning down sea-salt emission scheme over the SO

Daniel C. O. Thornton & Sarah D. Brooks

Over the SO:

U,,>*" parametrization

(Monahan & Muircheartaigh, > ReFIuc.:ed 1:s|en5|t|V|ty2%f sea-salt
1980; Gong, 1997, 2003 Clarke emission flux to U,

et al., 20006) (Revell et al., 2019; Hartery et al.,

2020; Kang et al., 2022)



B. Tuning up sulfates

Free troposphere
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A. Tuning down sea-salt emission scheme over the SO
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Sea salt case in Nov 2017

Oct 30-Nov 9, 2017

42.5°S-60°S

U103'41 — U102'8 solved the
overestimation of NCCN
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B. Sulfate case

Jan 17-29, 2018

45°5-68 °S
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Take home message

1. MARCUS Seasonal + Regional — sea salt scenario + sulfate scenario
2. Both modifications improved the N, over the SO

3. Sea salt emission power law can be regional dependent

4. Low bias of N, in the summer SSO related to lack of S

Potential improve if:

1. Fully coupled ocean + atmosphere + chemistry

Adding aqueous-phase reactions of DMS oxidation intermediates (e.qg.
DMSO, MSIA, HPMTF); adding species such as MSA, BrO, MeSH
DMS climatology emission — current flux

4. Oxidation ratios of reactions..

W



Next Step:

Lifetime of Ac sea salt and sulfates
Influence from synoptic uplift and
descend

The following influence on clouds
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