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D Key results

Novel dataset of
650 000+

measurements of
snow depth on sea ice
in 2017-2019

Ground validation
over a 2-D grid

Part of a unique

instrumentation setup

Includes areas not
surveyed by Operation

IceBridge in 2019
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RMSE 7.20 cm
Mean bias 6.35cm
Correlation 0.62

Uncertainty 6.52 cm
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Novel interface picker software
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_ SnowRadar

2-18 GHz frequency-modulated continuous-wave ultra-wideband
microwave radar developed by the Center for Remote Sensing of Ice
Sheets (CReSIS) at the University of Kansas

AWI IceBird missions

Nominal survey altitude [ft] 200 1600
Nominal survey velocity [kn] 110 160
Cross-track footprint! [m] 2.1 6.0
Along-track footprint? [m] 2.0 10.8
Range resolutions [cm] 094-1.14
Transmit power [mMW] 100 1000

1 Cross-track footprint is calculated using a pulse limited footprint over a flat surface.
2 Along-track footprint is calculated using the length of the unfocussed SAR aperture.
3 Range resolution is calculated considering free space and snow density of 300 kg m-3, respectively.
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—§1 L Processing - |l

Interface detection using modified

Wavelet algorithm (Newman et al.,
2014)

« Handles each radar trace independently
and finds abrupt changes in signal

 Haar & Ricker wavelets, continuous
wavelet transform

« Does not depend on thresholds,
transmitted power, or receiver noise

» Precision due to radar system parameters
~1.5cm

* pySnowRadar Python package will be
made public soon
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Fig. 3 from Newman et al. (2014), Assessment of radar-derived
snow depth over Arctic sea ice, J. Geophys. Res. Oceans
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_ First results - validation
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I First results

East Beaufort Sea 200 ft
T T
FYl, n=20070 |
0.05 — mean=24.60 cm
MYI, n=4131
20.04 T mean=30.90 cm
wn
c AMB, n=6026
8 . — mean=31.90cm |
5. 0.03 1
=
£o.02
g
o
0.01 uL"u
0.00 ) DE%
0 20 40 60 80 100
East Beaufort Sea 1600 ft
0.08 T ;
FYI, n=8391
— mean=16.80 cm
MYI, n=1572
g 0.061 T mean=19.20 cm |
c AMB, n=1850
<t m— mean=19.80 ¢m
Z0.044]
=
[+
el
g
e 0.02
0.00 -
0 20 40 60 80 100
Snow depth [cm]
FYI = first-year ice | MYI = multi-year ice
AMB = ambiguous

120°wW

90°wW

60°W [

150°W

KSR | I

150°E

Utgiagvik
(Barrow)

Inuvik

. { .‘ .
:. L
Resolute Bay “ g

30°W oo

30°E

Ice type from the daily 10-km EUMETSAT OSI SAF Global Sea Ice Type product

March-April

2017
2018
2019

120°E

90°E

-~
-
~

- distributions

AN/

0.030

Nansen Sound | Arctic Ocean
T T

0.025

—
—

2017, n=6784
mean=63.10 cm
2019, n=9484
mean=60.70 cm

% i

Probability density
o o o
o o o
= = N
o w o

g

0.005 rlj
0.000 r
0 20 40 60 80 100
Snow depth [cm]
e
| In situ | Alert | April-May 2019
| T
|
— FYl, n=1559
: 0.025 ,ll mean=33.60 cm |
1 MYI, n=2032
s '||JJ —LI T mean=45.10 cm
I £ 0.020 5
2 ir
2 T8 o
[ “_r
1 m
| 2 0.010
&
|
1 0.005 r d|
|
|
! 0.000 -
: 0 20 40 60 80 100
|
|
|

Snow depth [em]

FYI = first-year ice | MYI = multi-year ice

In situ data courtesy of B. Lange & C. Michel

g HELMHOLTZ

ASS0CIATION



—§1 L Application example

East Beaufort Sea | 10 April 2019 | 200 ft East Beaufort Sea | 10 April 2019 | 1600 ft

]
e RIOPS s RIOPS
e SnowRadar . e SnowRadar

open water first-year ice multi—yéar ice ambiglguous open water first-year ice multi—ylear ice ambié]uous
40+ 40 - T
] RIOPS, n=111 — RIOPS ] RIOPS, n=96
35 - — mean=19.24 cm 35 4 j— mean=18.13 cm
SnowRadar, n=85 SnowRadar, n=74

30 m— mean=21.80 cm 30 m— mean=16.30 cm
— > = Pary
§ 25- g § 25 g -
= ()] — QL
ﬁ kel __ 5 ©
220 by 220 Z [
o = e} =
: BT g =l
S 15+ 2 8 15+ L 2
w a n a

104 10 ]

51 51 |_
_ (1 9] | o) | = |
70 71 72 73 74 0 20 40 60 80 70 71 72 73 74 0 20 40 60 80
Latitude [°], 0.5° bins Snow depth [cm] Latitude [°], 0.5° bins Snow depth [cm]
Regional Ice Ocean Prediction System (RIOPS) data courtesy of Environment and Climate Change Canada 7 nerwnovr

| ASS0CIATION

Ice type from the daily 10-km EUMETSAT OSI SAF Global Sea Ice Type product



« Radar and wavelet
algorithm sensitivity to
snowpack properties

» Low survey altitude
» Prone to turbulence
» Radar footprint size

L.

Limitations & challenges Outlook Applications

« Sub-banding radar data

« Combining with ALS and
other products for QA/QC

e Further validation
* Trail Valley Creek
« MOSAIC

* With concurrent
measurements of snow
freeboard and total sea
ice thickness: freeboard to
thickness conversion
on regional scales
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