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The Arctic sea ice dynamics is characterized by a strong intermittency as well as
highly heterogeneous deformation fields. This complexity is expressed by space and
time scaling laws that are coupled together [Marsan et al. 2004; Rampal et al., 2007].
Such scaling properties imply that small scales cannot be arbitrarily disconnected from
large scales, i.e. sub-grid scale physics matters. In addition, they clearly indicate that
sea ice deformation is essentially accommodated by fracture and faulting at different
scales, a vision at odds to the classical continuous, viscous-plastic modelling frame-
work [Rampal et al., 2007; Weiss et al., 2007].

In this study, we evaluate to what extent this classical modelling framework could re-
produce this complexity. The model is the 1/4˚ ORCA025 ocean/sea-ice global model
configuration developed within the Drakkar project [Barnier et al., 2006] on the basis
of the NEMO numerical code. Resolution in the Arctic is∼12km, which is similar
to the resolution of RGPS observations. It is driven from 1958 to 2004 with ERA40
6 hourly re-analysis [Drakkar group, 2007]. The sea-ice code is LIM2, based on a
viscous-plastic (VP) rheology [Fichefet & Maqueda, 1997]. A dedicated run was per-
formed for winter 1997, with outputs saved at 12h intervals.

The modelled ice velocity fields show good correlation with SSMI and RGPS data
[Kwok, 1998] at high temporal and spatial scales (1 month, 100km) but the cor-
relation decreases quickly towards finer scales. On the other hand, strain-rate fields
are poorly represented, with no significant correlations between modelled and RGPS



fields. Moreover, the structure of the modelled deformation fields is dramatically dif-
ferent from the observations. While highly heterogeneous strain patterns localised
along linear kinematics features are expected, the modelled fields are smooth.

In order to evaluate the model performance on a statistical point of view, the strain-rate
distributions were analysed. Modelled distributions substantially differ from observa-
tions. The divergence rate is particularly poorly represented, with expected conse-
quences in terms of ice production estimates. The space and time scaling laws char-
acterizing sea ice dynamics are not reproduced by the model. Instead, the modelled
dynamics mimics the behaviour of a viscous fluid, without intermittency nor spatial
heterogeneity. Therefore, our results emphasize that the VP rheology is unable model
sea ice dynamics correctly. As an alternative, we believe that intermittency and strain
localization arise from elastic long-range interactions. We are thus currently develop-
ing a new mechanics framework for sea ice based on progressive damage of an elastic
plate.
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