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Abstract 

 
Sea-ice deformations in the Arctic Ocean are of great influence on the local and basin-wide 
sea-ice and ocean states. The pack ice deformations indeed affect the ice mass balance, the 
vertical heat fluxes between the ocean and atmosphere, and the upper ocean salinity. In 
sea-ice models, the properties of the simulated sea-ice deformation fields are largely set by 
the chosen sea-ice rheology, i.e. the relation between the internal ice stress and ice strain 
rates. While satellite-derived deformation fields from the RADARSAT Geophysical 
Processor System (RGPS) are known to exhibit power law scaling properties in their spatial 
organization as well as in their probability distribution functions (PDFs), it has been 
suggested that the most common sea-ice rheology used in Arctic sea-ice models, namely the 
viscous-plastic (VP) rheology, is not able to reproduce such scaling properties. While 
increasing the spatial resolution of the VP sea-ice models was found to be somewhat 
effective at improving the representation of sea-ice deformations, the effects of using 
different mechanical strength parameters estimates on the deformation fields has not yet 
been investigated. We therefore conduct a sensitivity study to investigate the effects of 
changing the ice mechanical strength parameters on the deformation fields and to answer 
the following question: Is the VP rheology fundamentally unable to produce realistic 
deformation fields, or can a modification of the mechanical strength parameters improve 
the representation of sea-ice deformations? To do so, we first reformulate the VP rheology 
in terms of the ice shear and compressive strength parameters, S* and P*, and we also allow 
the ice to have non-zero isotropic tensile strength, as represented by the ice tensile strength 
parameter T*. Our results show that simulations with control values of mechanical strength 
parameters are not able to reproduce the observed RGPS deformation rate distributions, 
but good agreement is obtained by reducing the ice strength in compression or increasing 
the ice shear strength. When considering additional metrics such as the ice drift error, mean 
ice thickness fields, and spatial scaling of the deformations, our results suggest that 
reducing the compressive strength is a better solution than increasing the shear strength of 
sea ice for Arctic-wide simulations of the sea ice cover using the VP rheology. 
 
 


