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Motivation GNSS Remote Sensing GNSS 19100 ... 23200 km

1 \
= A: Low Earth Orbiter

Wickert et al. 2016
Semmling et al. 2016

lono.

= B: Aircraft

Semmling et al. 2014
Moreno et al. 2022

» C: Research Vessels N Y7

Wang et al. 2019 k B
Semmling et al. 2019, 2022 P
Semmling et al. 2023 T .

a

Tropo.

= Application

sea surface altimetry water vapor estimation
sea state estimation  iono. scintillation detection
sea-ice detection A: e.g. PRETTY, h ~ 500 km  C: e.g. Polarstern, h ~ 25 m

B: e.g. HALO, h ~ 3500 m




lonosphere TEC Monitoring with GNSS GNSS 19100 ... 23200 km

Total Electron Content (TEC) 2023-09-26T21:20:00 UT ' _'
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0.00 1.62 3.24 4.86 6.48 8.10 972  11.34 1296 1458  16.20
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lonosphere Disturbance Monitoring with GNSS GNSS 19100 ... 23200 km

1 1
Rate of TEC index - 1 min update 2023-09-26T20:26:00
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DLR IMPC 2023
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Can we benefit from ship-based data?

MOSAIC Expedition and GNSS Data in the Arctic




MOSAIC Expedition and Polarstern Setup
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* GFZ GNSS-R setup “ DLR GNSS setup

MOSAIC expedition: Sep 2019 - Sep 2020
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Cruising Periods: speed > 1 m/s
Drifting Period: speed <1 m/s

N

Helm et al. 2007 Master link (M): up-looking ant.

semmiing et al. 2013 Slave links (S, ,): side-looking ant.
Kriegel et al. 2017 '




MOSAIC Expedition and Polarstern Setup #
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Semmling et al. 2023
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Results of Sea-ice Reflectometry Analysis

How are reflectivity profiles affected by sea-ice conditions
around the ship?




Some Simulations ... #
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Cross-polar: FY Cross-polar: MY
Or 0 'steep
\ / \ / Dry Snow (DS) cover: slope
snow €=1.76+10.00 sl sl
20cm thick ) variable
sea-ice ,<lransparent @ [....Slope 4
" _ —-10[. AOFT A
MLJ tiyear .(MY) ice type: 2 \, __',. )
£=3.31+i0.11 = Ry N
at -1°C, 1m thick 2 -15 -15 / ‘-_..I
,Ltransparent” = v
)

: : _ _ 201 |- - FY 20F 1 |= = MY
Bulk-medium reflection First-year (FY) ice type: ’ - =FY/W 1 - = \MY/W
Slab-medium reflection £e=475+i091 | e DS/FY/W T DS/MY/W

at -1°C, 1m thick 25U : — o5U : :
_opaque® 0 20 40 0 20 40
elevation [deq] elevation [deq]
Kaleschke et al. 2010 Water (W)
£=76.4+i48.5 Coherent superposition of slab reflection result in
at 2°C reflectivity fringes (if top media are transparent).
,opaque”“

Semmling et al. 2022




Cross-Polar Anomalies
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Results of Scintillation Index Analysis

Can we use ship-based scintillation index data
for ionosphere monitoring?




Track of R/V Polarstern (PS)
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MOSAIC expedition: Sep 2019 - Sep 2020 Jun 2020 o
=
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Cruising Periods: speed > 1 m/s (C1) noon Jun 4 to afternoon Jun 8 calm sea, inside fjord

Drifting Period: speed <1 m/s (C2) night Jun 8 high sea state, outside fjord




PS results in relation to ship‘s movement

Ship near Svalbard DLR
Y _ o4 oo
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Summary of Scintillation Results at High Elevations #
DLR

Feb 2020 Mar 2020 Jun 2020 Sep 2020 Oct 2020 Mar 2020 Jun 2020

Days of obs. 28 31 30 30 S| 31 30
Av. Speed [m/s] 0.1+-0.1 0.2+-0.1 0.7+-1.2 0.9+-1.3 4.4+-0.3 - -
Av. Heave [dm] -0.2+-0.1 -0.1+-0.4 -0.1+-0.8 0.0+-0.5 -0.5+-2.3 - -

High elev. Indices

Av. S4 (% to ref.) 0.26 (100) 0.25(95),  0.29 (113)! 0.32(122)"0.31(220) 0.04 (15) 0.04 (16)
Av. o(9) [rad] (%) 0.12 (100) 0.11 (92) 0.11 (93) 0.11 (92) 0.12 (99) 0.05 (41) 0.05 (38)
Av. C/NO [dBHZ] 43+-2 44+-2 44+-3 43+-3 44+-3 51+-1 50+-1
Polarstern Setup Ny-Alesund Station
S4 scint. is ... o(o) [rad] scint. is ... during MOSAIC on Svalbard
Weak 0...05 Weak 0..04

Strong > 0.8 Strong > 0.7
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Conclusions 4#7
DLR

= GNSS remote sensing from a ship requires adapted processing
(separate reflected signals, consider movement and mask out ship structure disturbance)

= Sea-ice: reflectivity profiles are retrieved and fading in profiles indicate presence of
transparent layer (dry snow and multiyear ice)

» Phase Scintillation: for MOSAIC period index in weak scintillation regime
(higher than station data)

= Amplitude Scintillation: index mainly in weak regime, however, increased (by ~20%) In
periods of increased movement (e.g. heave) or increased multipath (calm water reflection)

= sensitivity to moderate and strong iono. scintillation expected, more data needed
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Appendix




o, statistics comparing PS with station data

0, on PS during MOSAIC — all weak (< 0.3 rad)

100 0.15 0.04

= § T 0.03

= = 0.1 &

. be' -

g 50 - 57002

— S 0.05 o

o g 2 0.01
0 > 0 N 0 >

SEORUTORN SEOROEOAR SRR

b‘\'lzg,\\‘lrg,.ﬁ‘ls),b\’& (\K\o &’9,\\‘19,1)’19,5\’19. Q{\\O Q'IS),\\"L/Q‘.&@,,J\'& .;\K\O
goore’ © gogve? © Foore? ©

0, at Ny-Alesund station — all weak (< 0.3 rad)
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Solar radio flux — permanently low
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Remarks:

* In general, all o, on PS and at the station are
classified weak scint.

* 0, on average significantly higher on PS than at
the station (0.05 rad to 0.1 rad)

» almost no changes over the year



S4 statistics comparing PS with station data

DLR
S4 on PS during MOSAIC — weak regime (< 0.5) S4 on PS during MOSAIC — moderate regime (>= 0.5)
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e SRS « reason for increased S4 at PS ?




Movement of Polarstern

MOSAIC expedition: Sep 2019 - Sep 2020 MOSAIC expedition: Polarstern 2019/2020
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Drift - High Arctic - Winter

DLR
_ _ 0, over lat. at IPP (height 350 km)
GNSS obs. in the Central Arctic
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Drift - High Arctic - Winter

DLR
o, for GPS L1 C/A over hour of day o, for GPS L2C over hour of day
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Processing and Masking of Ship-based Data




High-rate GNSS Data Processing
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Scint. Maps

Data Level 2

maps of C/NO

maps of S4, o,

dependent on

rel. bearing

elev. angle

days ... months




Limits of Visibility from the Ship

DLR
C/NO over rel. bearing
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_ 1) ship‘s main mast
Semmling et al. 2023 2) ship's chimney Sep 2019 ... Sep 2020




Limits of Visibility from the Ship

| DLR
o, over rel. bearing
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2) ship’s chimney Sep 2019 ... Sep 2020




