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1. Where we started

Wave-ice interactions
Pancakes and other water-ice mixtures (Rogers et al.
Effects of floe size & ice break-up on ice attenuation (Stopa et al. 2018, Ardhuin & al. 2020)

Remote sensing capabilities
SAR : Ardhuin et al. (2015, 2017 ...)
IceSat-2: Horvat et al. (2020) showed evidence of waves in sea ice

CFOSAT 3rd international Science Team meeting, St Malo 2022 Slide 2



2. What can be observed

From « ice height » to vertical Direction of wave propagation

" . : - sun
velocities: waves in ice show up in
remote sensing data

.

ICESat-2: laser altimeter

Sentinel 2: optical imager

yTd
CFOSAT and ﬁ:

Sentinel 1: radar imager
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2. Wave parameters from ICESat-2 e elevation (m)
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3. Wave spectra from S2

Optical imagery with grazing sun
cos(6;)

cos(fsun)

PL1c = Ptrue

gives a MTF,

M = ktan Osyy, cos(dsun — ¢
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3. Wave spectra from S2

One minor issue:
water-ice edges (floes, leads)

Here: 10 m resolution

2.5
NB: next generation S2 will

Have 5 m pixels! E
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1.5 s
we should correct MTF
for water fraction 1]
(defined using threshold ...)
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3. Wave spectra from S2
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Optical imagery with grazing sun
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3. Wave spectra from S2 Other examples
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3. Wave spectra from S2 Other examples
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3. Wave spectra from S2 Other examples
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4. Wave signatures in S3 - FFSAR

z

Sentinel 3 L1b data: O(300 m) along-track res. dx

can do any dx !

Going back to L1a:
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4. Wave signatures in S3 - FFSAR

The same swell-in-ice event ...
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4. Wave signatures in S3 - FFSAR

Tsame swell-in-ice event ...
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5. Last sensor: CFOSAT's SWIM instrument
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5. Last sensor: CFOSAT’'s SWIM instrument

In this case modulations are averaged over O(20 km)
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5. Last sensor: CFOSAT's SWIM mstrument

But ... Ice features can also
give modulations!

Hard to discriminate without a real
image of the surface ...
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Conclusions

All radar and optical systems that can resolve them see waves in sea ice but,

- Imaging mecanism often non-linear

- Ice features lead to errors in wave parameter retrievals

- errors are more easily detected in high resolution imagery

- Optical imagery at res. < 10 m can also provide floe size information, which is
critical for wave dissipation (e.g. Ardhuin et al. GRL 2020)
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