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Climate models still have a large radiative bias over the Southern
Ocean, including ACCESS

Too much radiation allowed to reach the surface
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shortwave cloud radiative effect

Fig: Fiddes et al. 2022, ACP
https://doi.org/10.5194/acp-22-14603-2022




The same Is found generally for the
CMIP6 models

Multi-model mean - CERES-EBAF

Fig: The DJF bias in surface
iIncoming shortwave cloud Hot models n = 19 Likely models n = 22 Cold models n = 4

radiative effect for the CMIP6 ' \ h

models based on their
equilibrium climate sensitivity
against CERES-EBAF
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See Mallet et al. (2023) for details
https://doi.org/10.1525/elementa.2022.00]



https://doi.org/10.1525/elementa.2022.00130

Also In reanalysis!
(a) (b)

Fig: The surface shortwave
radiation bias of ERA5 compared
to observations from the Aurora
Australis over 25 years a) by
month, b) by latitude
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And In forecast models...

Fig: The mean shortwave and
long wave cloud radiate effect
biases based on cloud type in
the ACCESS-C3 model
compared to observations
during CAPRICORN 1 (2016)
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We are also concerned that the
satellite products we use to evaluate

our models are blased

This could make our model biases
even worse.

This is being explored by PhD
student Calum Knight currently.

Fig: The surface shortwave and
longwave cloud radiative effect at
Macquarie Island for ACCESS,
CERES and in situ observations.
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Fig: Pei et al. 2023, ACP
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c2) DJF bias
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The presence of TSR I T
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Fig. 1. Schematic representation of the effect of INPs on marine mixed-phase clouds. Variations on the concentrations of INP both transported and emitted
locally can strongly modify the evolution of low-level clouds by affecting the number of ice nucleation events. Each cloud represents a different time in the

eyvalution of the cloud system. The yellow arrows represent radiative fluxes, the green arrow represents INP sources from below cloud, and the brown arrow
represents INP sources from the free troposphere.

Figure from: Vergara-Temprado et al (2018) PNAS




We want to evaluate the
radiative bias with the new
CASIM microphysics, which
has more opportunity to
connect the clouds to aerosol.

Image taken on V2 of the Aurora Aus.,
2017/18, MARCUS field campaign,
S. Fiddes




We are running the UM RNS (RAL3.1+) over Davis, Antarctica,
targeting a Year or Polar Prediction deployment of instruments

UM version 13.0

RAL3.1+ vs RA2M
CASIM vs WB

Bimodal cloud scheme
1.5 km & 100m resolution
Driven by ERA5S

UM configuration

Grid resolution: 0.0135° x 0.0135° (1.5 km)
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Pei et al. 2024 (submitted JGR Atmos)



We have chosen a complex precipitation event to test the model
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UM shows cold biases and weaker horizontal winds.

RA2M slightly outperforms RAL3 in simulating the surface temperature and wind speed.
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UM models can generally simulate the timing and vertical structure of
the larger-scale clouds, but problems with phase exist.

(a) Observation (b) RAL3 (1.5 km) (c) RAL3 (100 m)
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All model configs are not producing enough cloud at low levels
and the SCLW is not distributed correctly with height or
temperature. RAL3 produces more frequent clouds at right level

This comparison is done with the Ceilometer data combined with the Automatic Lidar Ceilometer Framework (ALCF)
— a simulator to compare model output to observations (Kuma et al. 2021 https://doi.org/10.5194/gmd-14-43-2021)
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https://doi.org/10.5194/gmd-14-43-2021

Significant radiation biases are apparent in both long wave and short wave

(a) Downwelling SW radiation
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Updating the ice nucleating particle parameterization to the Vignon et al.
(2021), derived from observations at Mawson, improves LWP

(a) Liquid water path
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And improves radiation in times where LWP is present.

Downwelling SW radiation
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Similar results when we compare to a comparative atmospheric river event

at Davis In the winter of June 2022.
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Without the INP parameterization the UM performs worse compared to Polar
WRF for the same case study.
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Including V21 improves radiation, again when SCLW is present, also
Improves surface temp at start of period.
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We can do more with these observations and simulations with the EMCC
radar/lidar simulator.

Eg. dig deeper into the microphysics, compare one-to-one with the merged lidar/radar cloud phase product
(shown below)
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THANK YOU

Any gquestions?

sonya.fiddes@utas.edu.au
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