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Sensitivity analysis to model numerics and parametrizations

In order to examine how sensitive our results are to the chosen numerics and
parametrizations of our 1D configuration, we conduct a number of runs for which we
vary several key numerical parameters related to wave-induced turbulence. We choose
the run from sections 3 to 6 with a 4-day storm at 15 m/s on August 15, that is initialized
with the temperature and salinity profiles of the 1D ensemble (Figure 1b,c), and vary
these parameters one by one.

The first parameter we test is for the Langmuir circulation parametrization (Axell,
2002). We vary the constant parameter cf,cr (section 2.1) which must be chosen between
0.15 and 0.54 according to Axell (2002). Following Couvelard et al. (2020) we have used
0.30 in order to better represent the mixed layer depth. We therefore test the sensitivity
of the run to two other values of this constant: 0.15 and 0.54.

The second parameter we test is also for the Langmuir circulation parametrization

which contains the surface Stokes drift, defined as a percentage of the 10-m wind speed:
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agp = ugp,/Ui0 = 1.6% (Li & Garrett, 1993, section 2.1). Results obtained with a
global wave model suggest that the global annual mean of this percentage varies between
0.8 to 1.5% (Rascle et al., 2008). We test the sensitivity of the run to two other values of
this percentage, agp = 0.8% and 1.2%, in order to cover this range of values.

The third parameter we test is for the wave breaking parametrization (Craig & Banner,
1994; Mellor & Blumberg, 2004): we vary the Craig and Banner (1994) constant of
proportionality acg which depends on the ”wage age”. According to Mellor and Blumberg
(2004) this constant varies between 57 for mature waves to 146 for younger waves. Here
we have used a constant equal to 100 following their suggestion. We therefore test how
sensitive the run is to two other values of this constant: 57 and 146.

The fourth parameter we test is for the attenuation of the Langmuir circulation in
the presence of ice. The effect of the Langmuir circulation is weighted by the sea ice
concentration between 0 and 25% and cut off for sea ice concentration values greater than
25% (section 2.1). We test how sensitive the run is to an attenuation weighted by the sea
ice concentration between 0 and 10%, and to no attenuation as well.

The fifth test we do is for the penetration of TKE below the mixed layer (Rodgers et
al., 2014) which we turn on or off (e, = 1 or 0, respectively). This parametrization relies
on the choice of many parameters that are poorly constrained. The runs in this study are
conducted without it to avoid having a redistribution of TKE, meaning that the relative
effect of the storm is more important than with the parametrization turned on.

Results for the sensitivity analysis are given in Figure S1. The red cross corresponds to
the case study run presented in sections 3 to 6 (referred to here as the ’experiment run’).

The values of the parametrizations for this run are: ¢y = 0.30, agpy = 1.6%, acp = 100,
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25% for the sea ice concentration cut off of the effect of the Langmuir circulation, and
e; = 0. The colored dots represent the runs from the sensitivity analysis. For each run
we change only one parameter from the experiment run.

The sensitivity runs are very close to the experiment run, except for the runs with
e; = 1 and with ¢y = 0.54 (Figure S1). For the runs close to the experiment run, the
ice formation dates and the sea ice thicknesses maximum do not vary much when the
parametrizations are modified (on the order of hours and millimeters respectively). When
compared to the ranges of results that we have found (section 3: 2 weeks and 10 cm
respectively) these results suggest low sensitivity to the choice of parametrizations. The
runs with e; = 1 and with ¢, = 0.54 are significantly different in mixed layer depth
and temperature evolution, especially after the storm (differences of 5-20 m for the mixed
layer depth and on the order of 107! °C for the mixed layer temperature). This leads to
differences in ice formation date and sea ice thickness maximum on the order of days and
centimeters respectively. This can be explained by the fact that these parametrization lead
to increased TKE production or redistribution, resulting in deeper mixed layer depths,
thereby accentuating the findings discussed in sections 3 and 7. Therefore we opted for
e; = 0 and ¢, = 0.30 in our study to enhance the relative impact of storms on both the

ocean and sea ice.
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Figure S1. (a) Sea ice thickness maximum as a function of ice formation date. Colours indicate
the parameter or parametrization that is tested: Langmuir circulation (blue dots), Stokes drift
(green dots), and wave breaking parametrizations (red dots), sea ice concentration cut off of
the LC (orange dots), parametrization of redistribution of TKE in the mixed layer (purple dot).
The experiment run from our study is represented with the red cross. The constants of the
parametrizations for this run are: cy,c = 0.30, agp = 1.6%, acy = 100, 25% for the sea ice
concentration cut off of the Langmuir circulation, and e, = 0. (b) Time series of mixed layers
depths and (c) mixed layer temperatures. Colours are the same as panel (a). Time series for the

experiment run are dotted red. The orange shading represents the storm duration.
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