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Abstract

The lateral size of sea ice floes is receiving increasing attention as an important variable for the polar climate system. We have
developed a model for prognostic evolution of the floe size distribution, which emerges due to five key physical processes: new
ice formation, welding of floes in freezing conditions, lateral growth and melt, and fracture of floes by ocean surface waves. As a
result of the model’s foundation in the governing physics, free parameters occurring in the equations can be directly constrained
by observations. Initial model experiments provided insight into the relative importance of various processes, showing floe
freezing processes were particularly important for simulation of the floe size distribution. Previously, physical descriptions of
lateral growth and welding together of floes had not been constrained by observations. This motivated an analysis of images
obtained by drifting wave buoys (SWIFTs) deployed in the autumn Arctic Ocean to quantify these processes in-situ for the
first time. We separated floe area growth due to welding from that due to lateral expansion, and compared observations to
our physical descriptions of the individual processes. We also found a strong limitation on floe sizes imposed by the wave field.

These results have been used to inform new physical descriptions of processes important for the sea ice floe size distribution.
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Observations for FSD model validation are currently
unavailable. Simulations reveal floe size characteristics that
provide a hypothesis to test against observations in the future.
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* Plots outlined in red show data
for both SWIFTS and note
regression statistics in the legend

LEFT: An example SWIFT image (a) as
captured, (b) orthorectified, (c) with an
area estimate (blue shading), (d) with the
discrete floes found by a user-specified
threshold (red squares), and (e) with the
floe components found by a user-specified
threshold, which split one discrete floe
from (d) into two floe components (yellow
circles).

Trying to describe evolution of
the FSD in space and time for
model development
highlighted observational
gaps. We identified floe
freezing processes as being
particularly poorly-observed,
motivating observations

Observational results for floe welding informed version 1 Version 2 of the FSD model sets
of the FSD model, which simulates a sea ice FSD showing the sizes of new floes based on
physically reasonable characteristics. However, the the tensile stress mode. Model
assumption that new ice forms as pancakes had a strong results underline the importance
effect on the FSD, motivating a return to the observations. of ocean surface waves in
determining the FSD.
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Simulation results

developed a model for prognostic evolution of the FSD, which emerges due to five key
physical processes
gained insight into the relative importance of various processes for simulation of the FSD
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