
SUPPLEMENTARY MATERIAL FOR ”DRIVING
MECHANISMS OF AN EXTREME WINTER SEA-ICE

BREAKUP EVENT IN THE BEAUFORT SEA”

JONATHAN W. RHEINLÆNDER 1,2,∗, RICHARD DAVY 1,
EINAR OLASON 1, PIERRE RAMPAL 4,1, CLEMENS SPENSBERGER 3,

AND TIMOTHY D. WILLIAMS 1

1Nansen Environmental and Remote Sensing Center and Bjerknes
Centre for Climate Research, Bergen, Norway

2Department of Earth Science and Bjerknes Centre for Climate
Research, University of Bergen, Bergen, Norway

3Geophysical Institute, University of Bergen and Bjerknes Centre
for Climate Research, Bergen, Norway
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Text S1.
To demonstrate how the breakup and formation of leads impact the
local surface energy budget and ice formation, we compare the stan-
dard run (WRF10, Supplementary Fig. S5a) to a simulation where the
ice dynamics is turned off in the model (only the thermodynamics is
considered, Supplementary Fig. S5b). In the later case the breakup
is suppressed because the sea ice does not respond dynamically to the
wind forcing. The corresponding time series of the average heat fluxes
in the Beaufort Sea are shown in Supplementary Fig. S5c. When leads
are present, average heat fluxes are consistently higher (by up to 10
W m−2) and is directly attributed to the stronger heat loss in open
leads which starts forming around February 21. In addition, because
the pack ice is thinner in WRF10, the heat flux through the ice is
also larger. In both simulations, the variability in heat fluxes is largely
dominated by the synoptic-scale weather patterns (transport of heat
and moisture by the storm) but also the gradual thickening of the ice
pack which limits heat conduction.

The large heat loss from the ocean promotes new ice formation. In
the standard case there is a total volume growth of 346.2 km3 of which
67 km3 occurs in leads and 279.2 km3 in the pack ice (Supplementary
Table S1). In the case where leads are absent (i.e. the no-motion
simulation), all of the thermodynamic growth occurs in the pack ice
giving a total volume growth of 277.3 km3. This is almost identical to
the standard run, which suggest that the formation of leads associated
with the breakup has a negligible effect on the growth of the thicker
pack ice. Furthermore, it clearly demonstrates that the new ice growth
in leads, associated with the breakup, is responsible for about 20% of
the thermodynamic volume growth in the Beaufort Sea.

Movie S1. Animation of the Beaufort Sea breakup event in February–
March 2013 simulated by the stand-alone version of neXtSIM forced by
the Polar-WRF atmospheric model at 10 km horizontal resolution. The
lead fraction (colours) is calculated as the combined fraction of open
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water and ice thinner than ∼25 cm in each grid cell (1-sic + sic thin).

Movie S2. Movie of the breakup event in the Beaufort Sea captured
by the Suomi NPP satellite during February and March 2013. Obtained
from https://svs.gsfc.nasa.gov/11238 with credit to NASA’s Earth
Observatory.

Table S1. Simulated volume changes (km3) in the
Beaufort Sea for the different neXtSIM experiments. The
total thermodynamic growth is separated into ice growth
in leads and pack ice (see definitions in the main text).
The change in ice volume (∆SIV ) is estimated from the
thickness distributions by comparing before and after the
breakup event.

Expt growth in leads growth in packice total ∆SIV
WRF10 67 279.2 346.2 112.9
WRF20 68.9 279.7 348.5 105.9
WRF40 74.6 284.0 358.5 91.7
WRF80 74.2 289.5 363.8 108.1
SIT*0.5 80.9 363.5 444.4 301.5
SIT*1.5 47.5 226.4 273.9 22.9
SIT*2.0 22.1 188.6 210.7 62.4
no motion 0.0 277.3 277.3 276.2

https://svs.gsfc.nasa.gov/11238
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Figure S1. Simulated lead fraction and ice veloci-
ties averaged from Feb-18 to Mar-1 for the (a) Brit-
tle Bingham-Maxwell (BBM), (b) elastic–viscous–plastic
(EVP) and (c) modified EVP (m-EVP) rheology. The
values in the legend corresponds to the number of sub-
cycling steps used in the solver. The BBM is the one that
is analysed in our paper and all three experiments were
started from the same initial conditions and with same
forcing (Polar-WRF at 10–km resolution). In both the
EVP and m-EVP cases the ice first breaks up at Banks
Island associated with the strong shear in this region,
and does not show the gradual eastward propagation of
fractures from Point Barrow as is the case for the BBM
simulation. Note in particular the non-uniform ice ve-
locity distribution in the BBM case, giving rise to sharp
gradients in the ice cover.
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Figure S2. Impact of atmospheric model resolution on
storm propagation. Maps of wind speed (color) and mean
sea level pressure (black contours) from February 19 to
February 27 simulated by neXtSIM forced by the Polar-
WRF model at different horizontal resolutions; (a) 10–
km, (b) 20–km, (c) 40–km and (d) 80–km. Sea level
pressure contours are shown at 5 hPa intervals.
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Figure S3. Impact of atmospheric resolution on storm
propagation. Hovmoeller plots of wind speed (colour) in
the Beaufort Sea during the breakup event simulated by
neXtSIM forced by the Polar-WRF model at (a) 10–km,
(b) 20–km, (c) 40–km, (d) 80–km horizontal resolution
and (e) ERA5 reanalysis at 30–km resolution. The tran-
sect is shown in f. Black contours represents the 10 m
s−1 wind speed. Red contours shows the 5 cm s−1 ice
velocity along the transect.
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Figure S4. Maps of initial sea-ice thickness fields (on
Feb-13) in the Beaufort Sea from CS2SMOS for (a) the
standard (WRF10) experiment, (b) SIT*0.5, (c) SIT*1.5
and (d) SIT*2.0. The thick black line marks the 2 m
ice thickness contour. (e) CMIP6 model projections for
SSP126, SSP245, SSP370 and SSP585 for the Ensemble
mean sea-ice thickness in the Beaufort sea in January-
February-March. Insert shows how the region is defined
(following WorldSeas IHO). Under SSP585 the first year
when thickness reaches 0.69 m is 2073.
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Figure S5. Impact of breakup on surface heat fluxes.
Maps of upward heat fluxes from the ocean to the atmo-
sphere averaged over the period February-20 to March-01
for the standard WRF10 (a) and no-motion (b) simula-
tion. In no-motion the sea-ice dynamics is turned off. (c)
Time series of average upward heat flux (W m−2) in the
Beaufort Sea for WRF10 and no-motion. The diurnal
cycle is clearly visible, increasing throughout February
and March as the Sun rises higher in the sky. Note in
particular that the curves diverge around the time of the
storm. The area used for averaging is indicated in b.
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Figure S6. Total ice thickness growth (m) and growth
rate (m 3 hrs−1) in the Beaufort Sea for three different
ice categories: new ice (frazil ice growth in open water),
young ice (thickness <∼25 cm) and old ice (thickness
>∼25 cm). The thickness growth is calculated by divid-
ing the volume of ice grown for each respective ice type
by its area.


