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Abstract The impacts of dynamic and thermodynamic schemes used in the Community Ice
CodE (CICE), the Los Alamos sea ice model, on sea ice concentration, extent and thickness
over the Arctic and Antarctic regions are evaluated. Using the six dynamic and thermody-
namic schemes such as sea ice strength scheme, conductivity scheme, albedo type, advection
scheme, shortwave radiation method, and sea ice thickness distribution approximation, the sen-
sitivity experiments are conducted. It is compared with a control experiment, which is based on
the fixed atmospheric and oceanic forcing. For sea ice concentration and extent, it is found that
there are remarkable differences between each sensitivity experiment and the control run over
the Arctic and Antarctic especially in summer. In contrast, there are little seasonal variations
between the experiments for sea ice thickness. In summer, the change of the albedo type has
the biggest influence on the Arctic sea ice concentration, and the Antarctic sea ice concentra-
tion has a greater sensitivity to not only the albedo type but also advection scheme. The Arctic
sea ice thickness is significantly affected by the albedo type and shortwave radiation method,
while the Antarctic sea ice thickness is more sensitive to sea ice strength scheme and advec-

tion scheme.

Key words: CICE, sea ice modeling, sensitivity test

.M &
1% Az Ye] dge i Fasth F

SAge] Ay e dr} 2] whRe] AR £

= BAlES 243} (e.g, Perovich et al., 2002; Brandt
et al., 2005; Kim et al., 2006; Francis et al., 2009),
750l o] th7leh slde) dughs H5m(eg,
Pringle et al., 2007), -357d¢] 7] wWEel &

*Corresponding Author: Joong-Bae Ahn, Division of Earth
Environmental System, Pusan National University, Busandachak-ro
63beon-gil, Geumjeong-gu, Busan 609-735, Korea.

Phone : +82-51-510-2290, Fax : +82-51-515-1689

E-mail : jbahn@pusan.ac.kr

555

YA Adgs vhe 98% Fagth(e.g., Vancoppenolle
et al, 2009). 30l A4 2 2PIHAAN LpEFE
Fud @] BEe AAF e IS
X1 t}(e.g., Aagaard and Carmack, 1989; Goosse and
Fichefet, 1999; Vancoppenolle et al., 2006).

olgfgt sy o] Wl YIS viAE fae T4
A7} HAATEL o8 95le] YD L A5}
of Zt aze gk v AAS sk Kim et
al. (2006)2 Los Alamos sea ice model (Community
Ice CodE, CICE) @ =4 U] 227k4] BFE

T = U
A A Y FA et vhe-S 1981 dFE 19861

7 ABARL Bl AHngich 2 A3 Y F
At de Dud b U olgdds G



556 AT SR (CICE)S ol &3 a1 sk ) F7) w7 vl

Table 1. Experimental designs for CICE sensitivity tests.

Experimental Name

Selected option

Control

OPT1 Ice strength formulation 1979)

OPT2 Conductivity ((;(())r(l)(;l;cthIty of Pringle et al.
OPT3 Albedo type Four constant albedos

OPT4 Advection Donor cell advection

OPT5S Shortwave Delta-eddigton method

OPT6 Ice thickness distribution ~ Linear remapping ice thickness

approximation

Ice strength formulation (Hibler,

distribution approximation

Ice strength formulation (Rothrock, 1975)

Conductivity of Maykut and Untersteiner
(1971)

NCAR CCSM3 albedos

Linear remapping advection

NCAR CCSM distribution method

Delta function ice thickness distribution
approximation
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Fig. 1. Seasonal cycles of total sea ice area over (a) the north
hemisphere (NH) and (b) the south hemisphere (SH) for
50th year of sensitivity experiments.
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Table 2. Differences as a percentage of mean sea ice area
between OPTs and CTL over the north hemisphere (NH)
and the south hemisphere (SH) during summer and winter of
each hemisphere. Double asterisks (**) represent statistical
significance over 99% confidence level.
NH SH
Area
[%] Summer Winter Summer  Winter
(JAS) JFM) JFM) (JAS)
OPT1 —0.2%* 02 * —5.4%* 0.9%*
OPT2 3.9%* 0.0%* 1.7%* 0.1%*
OPT3 40.2%* 0.5%* 16.1%* 0.7 *
OPT4 —4.0%* 0.1%* —22.4%* 1.0**
OPT5 9.1%* 0.3%* 3.9%* 0.4%*
OPT6 5.5%* 0.6%* 3.5%* 0.7**
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Fig. 2. Differences of sea ice concentration [%)] between each experiment (OPTs) and control (CTL) in the north hemisphere
for summer (JAS).
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Fig. 3. Differences of sea ice concentration [%] between each experiment and control (CTL) in the south hemisphere for

summer (JFM).
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of spinup and 50 years of 6 sensitivity experiments and a
control experiment.
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Table 3. Differences as a percentage of mean sea ice
thickness between OPTs and CTL over the north hemisphere
(NH) and south hemisphere (SH) during summer and winter
of each hemisphere. Double asterisks (**) represent
statistical significance over 99% confidence level.

NH SH
Thickness - "

[%] Summer  Winter Summer  Winter

(JAS) (JEM) (JEM) (JAS)
OPT1 1.1 * —42 * —26.1%*  -20.1**
OPT2 6.1 * 43 * 0.3 * 1.3 *
OPT3 69.8** 51.4%* 3.1 * 56 *
OPT4 -6.2 * -6.3 * —27.5%%  25.0%*
OPT5 20.2%* 9.2%* -2.6 * -0.8 *
OPT6 -3.7 * -2.6 * -53 * 2.8 *
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Fig. 8. Differences of sea ice thickness [m] between each experiment (OPTs) and control (CTL) in the south hemisphere for

winter (JAS).
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