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UFS Driver
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Sea Ice Modeling in UFS
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CICE®G6

Department of Energy Based Model
O Los Alamos National Laboratory (LANL)
CICE consortium
O  DOE, NSF, US Naval Research Lab,
NASA, NOAA, DMI, Environment
Canada, iPAN
Y degree tripolar grid (same as ocean)
5 thickness categories
Mushy thermodynamics
B-grid
JEDI-SOCA (Sea-Ice Ocean and Coupled
Analysis) for initialization (sea ice
concentration, sea ice thickness, snow
thickness)
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CICE Coupling
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Sea Ice Results from Prototype 8

Forecast Setup: Observations:
e Every 1st and 15th day from April e Sea Ice Concentrations/
2011 to March 2018 Extent
e 35 Day Forecasts o NASAA-Team Sea Ice
e Prototype Testing Runs Thickness

Initial Conditions:

e CICE: CPC analysis (CSIS) (
Liu et al. 2019)

e MOMG6: CPC 3DVAR

e FV3: GEFS Reanalysis
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https://www.nws.noaa.gov/ost/climate/STIP/44CDPW/44cdpw-YLiu.pdf

Northern Hemisphere Comparison
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NH Sea Ice Extent
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NH Sea Ice Extent

P8 minus OBS

Negative bias in Sea Ice
extent

Negative bias in initial
conditions

million sq km

Greater negative biases
during summer melt months
o More rapid melt

-1.5

T T T T T T T T T
00 30 6.0 90 12.0 15.0 18.0 21.0 24.0 27.0 30.0 33.0
Forecast Day

& NATIONAL WEATHER SERVICE Building a Weather-Ready Nation // 8


https://www.commerce.gov/

JJA Ice Extent
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Southern Hemisphere Comparison
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SH Sea Ice Extent

P8 minus OBS SH sea ice extent biases are

~J larger than NH biases.

P8 SH sea ice extent is mostly
greater than observations
except during seasons melt
period.

million sq km

Larger differences in initial
sea ice compared to
observations when
comparing to NH
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DJF Ice Extent

Week 1 Week 2

MAM Ice Extent
Week 1 Week 2
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Sen3|t|V|ty to Physics

P8 is result of constant development of the UFS

e Each prototype had multiple changes that results in difficulties when isolating the cause of
change

e Limited HPC resources to test individual changes

e However, GSL re-ran P8 with the old GFDL physics for analysis

e Hypothesis: Thompson microphysics can represent the clouds in the Arctic more accurately, in
particular with respect to low-level mixed-phases clouds, which leads to a better
representation of surface radiation, and then sea ice.

Thompson Microphysics GFDL Microphysics
P8 previous prototypes of UFS (ops since 2019)
double microphysics (mixing ratio and single moment microphysics (mixing ratio)
droplet size)

*Runs completed by NOAA/ OAR/ GSL Ben Green and Shan Sun*
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Sea Ice Extent: Sensitivity to Physics

NH: P8 minus P8: GFDL SH: P8 minus P8: GFDL
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Overall, there are not large differences between NH sea extent with the changes
in microphysics

However, Thompson microphysics systematically produces more sea ice in the
NH winter months
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NH Sea Ice Extent
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NH September: Sensitivity to Physics

Low Cloud
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NH February: Sensitivity to Physics
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Comparison to CFSv2

NH: P8 minus OBS NH: CFSv2 minus OBS
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e P8 sea ice extent
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Conclusions

e |[nitial look at large scale sea ice in the global UFS runs
e Sea ice extentin NH is reasonable
e Larger biases occur in the SH compared to the NH.
o The initial sea ice in SH summer season should be examined is greater detail
e The switch to Thompson microphysics slightly alters the sea ice extent predictions
o In particular, NH winter sea ice is greater with Thompson microphysics and
results in closer agreement to observations
o Corresponding with higher low-cloud fractions. However, more analysis of cloud
properties is needed
e Shorter Term Updates:
o Ensembles
o Initialization in weakly coupled DA system
e |onger Term Updates/testing:
o C-Grid
o Meltponds, aerosols
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Thank You!

neil.barton@noaa.gov
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Sea Ice Thickness: Nov
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Obs

Sea Ice Thickness
Comparison

Week 1 average of Sea ice
thickness

Initialized from CPC analysis
© Biases similar to
initialization
Collow et al. (2019

Overall decent agreement for
no assimilation of thickness

Higher sea ice thickness
values north of Canada in the
model compared to
observations
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