Multi-column ocean grid for ocean mixing under sea ice in
CESM
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2-column ocean grid (2cog) experiments scheme
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Case settings

Model: POP-CICE active on GX1 grid
CORE 2 forcing data from 1948 to 2009

Parameters are default CESM 1_1 1 setting except:
1) Control case, surface flux (heat and salt) /=/Y0 pJ0 + U1 pi1

ice concentration.

3) Case fix, pJ0 is a constant (0.001%) when sea ice present.
When Fl0salt =F£—P+FIBR new_ice, the results are almost identical to
that of the control. The following discussion, AY0salt =F—P+FIBR all ice,

4) Case n5 is a single column case with parameterization n=5 (Nguyen
2009, Jin 2012):

MLD
AS(z) = Az™; ASdz = Total brine rejection
]
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Model-data comparison of Mixed-layer depth (MLD) in March
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Comparison of model
MLD with 29 ITP datasets
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Why we need FI0salt =F—-P+FIBR _all ice,
instead of £I0salt =£—P+FLBR new ice

The brine rejection in real world are spatially patchy
under sea ice, and more observations are needed.

E.g., photo and film from BBC: frozen planet,
Vertical ‘brinicle’ ice finger formed in 5-6 hours




Salt Rejection by Sea ice during growth (Lake and Lewis, 1970)

Sea ice section were taken from Cambridge Bay (69N, 105W).
Small tubes (2-3cm high) occupy 5% of interface area

Major channels (far up into ice interior) accounts for 0.2% in every
180 cm? over the area of 1m?

Z = CONST.
PLANE

Fig. 8. Schematic drawing of a brine drainage
channel and its feed arms. Feed arms are formed
of inclusions inclined to the vertical at angles in
the range 40°-54°.




Bring rejection distribution under ice
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CESM control and MCOGTS01 runs
--- Comparison with time series of
ice thickness and lead fraction
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Summary

« A multi-column ocean grid (MCOG) scheme (2-column here) is tested in a
global coupled POP_CICE setting in CESM 1_2.

« Sensitivity studies showed significant model improvements of simulated
MLD when brine rejection salt flux is applied to a small portion of the grid
area.

Completed works, challenges and future directions

Completed works:

 Identifying the model errors related to the ocean mixing process under sea
ice using observations and idealized model experiments.

« Finding optimum solutions including various parameterization schemes and
implementing multi-column ocean grid (MCOG).

Challenges:

* Analysis of the impact of the MCOG method on other parts of the climate
models.

« Observations are needed to confirm some hypothesis.

Future works:

* Reorganize/ standardize model code implementation in CESM for broad
community users.

* Conduct fully coupled runs and results analysis.

» Have the schemes tested and compared with GFDL model
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