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Motivation for Sea-lce Reflectometry

1. Importance of Sea Ice:
- crucial effect on Earth’s radiation budget

- crucial factor for maritime activities in the Arctic
Cardellach et al. 2018

2. Sea Ice impact on GNSS signals:

- reflectivity decrease with increasing sea-ice concentration (SIC)

- it decreases also for old (low-salinity) sea-ice types

- roughness effect (elevation dependent)

Semmling et al. 2019

3. Opportunity of MOSAIC expedition:

- R/V Polarstern as platform for one year in Arctic sea ice

- record GNSS data at variable sea-ice conditions
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Measurement & Model
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Polarstern Measurements

MOSAIC expedition 1st leg:

* from Tromsg into the central Arctic
» 86 days (Sep 20 — Dec 14, 2019)

« data permission after Sep 26

Marginal Ice Zone (MIZ):

» Siberian sec. lat. 82°N to 85° N
 3days (Sep 28 — 30, 2019)

* variable sea-ice concentration

Central Arctic (CA):

* during/after mooring to ice floe
* 14 days (Dec 1 - 14, 2019)

* permanently compact sea ice
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MOSAIC first leg: Sep - Dec 2019
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d= 20cm Slave links (S, ,): side-looking ant. LHCP, RHCP

Setup cf.: Helm et al. 2007; Semmling et al. 2019
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ReﬂeCthn MOdEl Semmling et al. 2019

reflectivity:

p(eyp, = SIC
r — ice type

seaice 2

water 1

rel. permittivity: ¢, = 76.4 +148.5; €, =3.31+i0.11
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Reflection Model

reflectivity: — ice t
P.(g,, €, h,)/P ICe Type
(B &2 1)/Py —> thickness

(hy) *

snow 3
seaice 2

water 1

rel. permittivity: ¢, =76.4+i1485; € =331+i0.11; &=1.76+i0.00

* Munoz-Martin et al. 2020
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Semmling et al. (under review)

Reflection Model
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Results for MOSAIC
(first leg)




reflectivity [dB]

DLR.de + Chart 11

Semmling et al. (under review)

Reflectivity Profiles

Or Profiles in MIZ Low-Elevation Range (1° to 10°)
* reflect. between MY and W
* steep slope of bulk model

* noroughness effect

Mid-Elevation Range (10° to 30°)
* reflect. above MY permittivity
* moderate slope (decrease) inversion
4 * small roughness effect
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Semmling et al. (under review)

Reflectivity Profiles

Or Profiles in CA Low-Elevation Range (1° to 10°)
e reflect. between MY and W

 slope deviates from bulk model = slab
* noroughness effect anomaly

Mid-Elevation Range (10° to 30°)
* reflect. below MY

* slope of slight increase

* no roughness effect

— permittivity
inversion
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Inverted Permittivity
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Semmling et al. (under review)

«---FYice

MY ice I Storm event
Dry snow

Ice Concentration Impact
 MIZ: SIC < 1 (¢ rather high)
« CA:SIC=1(glow)
FY ice e+ Storm: SIC decrease (€ increase)

Newice Ice Type Impact

« MIZ: mixed types (€ rather high)
« CA: SY dominates (g low)

“_. « often: € below MY level
O
-10 o :
o Ice Thickness & Temp. Impact
-20 £ -+ ingeneral: € no clear effect of thick.
30 2 (increase) and temp. (decrease)

1) Assist protocol (in-situ)
2) AWI 2020 (sat. rem. sens.)
3) ECMWF 2020 (global model)




DLR.de ¢ Chart 14

Summary & Conclusions

More MOSAIC: Dec 2019

- Jun 2020

MOSAIC Expedition \ Nl

* R/V Polarstern in Arctic over 1 yr

e GNSS reflectometry aboard

e capable to estimate direct and
reflected signal power

Reflectivity Profiles

* bulk reflection in MIZ

e slab refl. with ice penetration in CA

e permittivity inversion shows impact
of SIC and different ice type

More data available

* for MOSAIC’s second leg

* from central Arctic to Fram Strait

e 171 days (Dec 15, 2019 —Jun 2, 2020)

GFZ

DLR Helmholtz Centre

PorsbpaAam

N

90°W| Ao

| =SB

30°E
1) in-situ obs. from the ship, ASSIST protocol

100

80

40

-20

SIC [%] V



DLR.de ¢ Chart 15

Acknowledgements

-y

Supportffom MOSAIC team
G. Spreen, L. Kaleschke, R. Ricker, A, Tavri
Logistics at AWI & Crew of R/V Polarstern
Werkstatt and IT of GFZ Geodesy Department

- -

-

Photo: Sea Ice Albedo,
Isfjorden,Svalbard,
Apr 2018

-

BEUniversita
‘ ; o Bremen
’____-_-__\ ] i i

DLR ¥ Helmholtz Centre
POoOTsSDAM




DLR.de + Chart 16

References

Helm et al. 2007: GORS - A GNSS Occultation, Reflectometry and Scatterometry Space Receiver.
ION GNSS 2007

Kaleschke et al. 2010: A sea-ice thickness retrieval model for 1.4 GHz radiometry and application to airborne
measurements over low salinity sea-ice.
The Cryosphere

ASSIST protocol: Arctic shipborne sea ice standardization tool. Technical report, International Arctic Research Center,
2016, http://www.iarc.uaf.edu/icewatch

Cardellach et al. 2018: GNSS Transpolar Earth Reflectometry exploriNg System (G-TERN): Mission Concept.
IEEE Access

Semmling et al. 2019: Sea Ice concentration derived from GNSS reflection measurements in Fram Strait.
IEEE Trans. Geosci. Rem. Sens.

Munoz-Martin et al. 2020: Snow and Ice Thickness Retrievals Using GNSS-R: Preliminary Results of the MOSAIC
Experiment.
Remote Sensing

AWI 2020: Weekly combined SMOS/CryoSat-2 product, available via https://data.meereisportal.de
ECMWEF 2020: ERA-5 reanalysis data, available via https://cds.climate.copernicus.eu

Semmling et al. (under review): Sea-ice permittivity derived from GNSS reflection profiles: Results of the MOSAIC
expedition.
IEEE Trans. Geosci. Rem. Sens.

GFZ

e N
M'
i e



https://data.meereisportal.de/
https://cds.climate.copernicus.eu/

