MOTIVATION

In a changing Arctic, machine
learning can be used to predict
and understand sea-ice motion.

Predictability

Increased maritime activity in an
ice-free Arctic requires predictability
of ice motion and positioning.

Machine learning models can be
used to predict sea-ice dynamics
and are more computationally
efficient than traditional physics-
based models.

Physics-based Models

Machine Learning Models

machine
learning
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A Multi-scale & multi-phase problem:
Mass, momentum and energy balances
between the ice, air, and ocean at different
lenath and time scales.

Machine learning can also teach us
about emergent behavior we have
not yet recognized.

Data-driven learning:
Draws information from data & learns
patterns without constraints of physics.

Understanding changes in
sea-ice motion

The response of the ice to the
dynamic mechanisms that drive its
motion Is changing as it melts.

lce motion
s largely
dependent
on wind
speed.
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As the ice melts it Is becoming
more responsive to wind forcing.
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Predictability & model comparisons:
Machine learning models can make skillful one-day predictions of sea-

ice motion, with a few
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(@) A convolutional neural network (CNN) outperforms
conventional linear regression (LR) and persistence (PS)
models. Model skill tends to decrease during months of
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(b) The correlation between the model prediction and
observations is lower In

(c) The CNN largely outperforms the LR model (red),
except for in some (blue) .

Understanding sea-ice motion:

Machine learning methods help gain insight into the behavior of sea-

ice motion and confirm historical results that
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DATA & METHODS

A convolutional neural hetwork
(CNN) is compared to conventional
linear regression (LR) and
persistence (PS) models.

Models make one-day predictions of
sea-ice velocity from inputs of;

Input Variable Dataset
Present-day Wind Japanese 55-year Reanalysis
Velocity

Previous-day Sea-lce Polar Pathfinder Dally Ice Motion
Velocity

Previous-day Sea-lce Nimbus-7 Passive Microwave
Concentration

Satellite Data Validation
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Tethered Profilers.
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FUTURE WORK

Explainable Al (XAl) methods will be
applied to understand trends in the
changing relationship between wind
speed and sea-ice speed.
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XAl relevance heat maps

Present-day sea-ice velocity

XAl heat
maps show
relevance of
each input.

annns -‘ XAl heat map for each input.
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