Preliminary results from a coupled sea-ice/ocean model
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Introduction

Sea ice is an important component of the global climate system. It insulates the
ocean from the atmosphere in high latitude regions and acts as a barrier to the trans-
port of momentum, heat and mass between the two systems. The sea ice extent in
the Arctic has been decreasing in recent decades with the summer minimum extent
in 2007 being the smallest on record. Understanding these changes to the sea ice is
critical to understanding of how global climate will change in the future. To better
understand these changes we have constructed a regional coupled sea ice-ocean
model of the Arctic ocean.

Figure 1. Domain used in the regional simulations for both the ORCA1-LIM and ORCA1-CICE configu-
rations. Open boundaries are present at the upper and lower edges. The figure shows the bathym-
etry used in the model in terms of level depth. The NOCS model uses 64 levels in the vertical in total.

Model Description

The model consists of two components: the Los Alamos CICE sea ice model' (version
4) and the NEMO/OPA ocean circulation model® (version 9). The two models were
coupled together to allow the exchange of momentum, heat, fresh water and salt.
Since both codes are designed to be coupled to other components of a GCM, existing
frameworks within the codes were adapted to perform the coupling. The domain is
regional and covers the Arctic Ocean and adjoining marginal seas with open bound-
aries at the Bering Straits and at approximately 50 degrees North in the Atlantic ocean
(see Fig. 1). The grid is based on the NEMO/ORCA tripolar grid. Both components are
forced with the Drakkar’ forcing set. The PHC* climatology is used to initialize the tem-
perature and salinity of the ocean. Results from a global simulation are used to force
the open boundaries. The configuration of the model follows that used by the Na-
tional Oceanographic Centre, Southampton (NOCS) as closely as possible, since this
configuration was found to produce good results in the Arctic basin.
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Figure 2. Monthly average sea ice thickness for the winter months of November to April. (Black): ERS
radar altimetry observations®. (Red): Coupled model simulation results.

Figure 3. Monthly average sea ice extent (sea ice concentration > 15%). (Black): SSMI observations.
(Red): Coupled model simulation results.

Comparison with sea ice observations

Sea ice models have numerous parameters that significantly affect the extent, thick-
ness and motion of the sea ice and whose values are poorly known. These include
the surface albedo, ice-air drag coefficient and ice strength. We have varied some of
these parameters in an attempt to reproduce the observed state of the sea ice. From
this “tuned” sea ice model state the effect of changes to various parameter values
and parameterizations can be investigated. The output of the coupled model has
been compared to both sea ice thicknesses (see Fig. 2) and to SSMI sea ice concen-
trations (see Fig. 3). The results show reasonable agreement with observations.

Comparison of ocean results between configurations

The initial configuration used resulted in a rapid cooling of the relatively warm Atlan-
tic layer waters in the Arctic basin (see “CPOM orig”in Fig. 4) compared to the global
simulation of NOCS ("NOCS”in Fig. 4). A similar problem is seen in the unassimilated
model results of the Environmental Science Systems Centre, Reading ("ESSC”" in Fig.
4). The problem has been traced to a lack of warm waters entering the Arctic basin
through the Fram Strait (See Fig. 5). While the NOCS model has ~15 TW of heat flow-
ing through the Fram Strait, the original CPOM model and the ESSC model have heat
flows less than ~5 TW. The cause of the significant difference in water properties be-
tween model configurations using the same models and grids was investigated.
Both the NOCS model and the ESSC model use the LIM2 sea ice model.

Figure 4. Average heat content in the Arctic Basin between 100m and 1000m depth for water warmer than
zero degrees Celsius.

Figure 5. Heat flow through Fram strait of water warmer than zero degrees Celsius averaged per year.

We constructed a regional model of the NOCS model to see if moving to a regional
configuration has a significant effect on the water properties.“CPOM closed” in Fig. 4
and 5 corresponds to a regional version of the OPA/LIM2 model, setup as for NOCS,
and with closed boundaries. “CPOM open” has open boundaries forced with the
global NOCS simulation results. Both show significant improvement in water proper-
ties over the original CPOM and ESSC models suggesting a regional model is capable
of reasonably realistic ocean results. The global NOCS model was also run with 46
levels in the vertical (as used by the ESSC model) as opposed to 64 levels used by
NOCS. The results ("NOCS 46 Level”in the diagrams) suggests vertical resolution is not
responsible for the differences.

The regional CPOM model with open boundaries and that uses the NOCS configura-
tion produces reasonable ocean model output. It will now be used to investigate the
effect of various sea-ice processes on ocean properties. We will also continue to inves-
tigate the cause of differences in the model output of various configurations.
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