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1. Introduction

» Problematic : ionospheric scintillations due to ionosphere irregularities
may severely degrade GNSS data in equatorial and high latitudes
regions. Networks of ground based GNSS receivers are used to derive
maps of scintillation intensity, but it inevitably leads to sparse coverage.

» Purpose of the study : add original data points based on the DORIS
system (DORIS 2GHz is near the L1 GNSS frequency at ~1.5 GHz) to
improve the scintillation coverage.

» What will be done : explore if it is possible to define scintillation proxies
based on DORIS data losses, phase signal degradation, or power signal
attenuation, by a comparison to a scintillation data base from GNSS
measurements.
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Introduction

Despite a lower data rate (0,1 Hz instead of 1 Hz for the GNSS) and a lower number of satellites, DORIS can add
valuable information where there is no GNSS receivers

~180° -150° -120° -90" -60° -30° O 30" 60" 90" 120" 150" 180 e o MO L e
90" i ! ’ _ et L €aanIHULES 2
S ; - o 73, . : - : = YELLOWKNIFE {" g . METSAHOVI
ugi = :‘; S ' o = 9
. = : , ~ ST JOHN'S
60 ! _ » GREENBELT TOULOUEE"'GR&SSE: -
RESON PONTA DELGADA 4adib - % REcT | JIUFENG
o \ s
30 ORRO TSEAND : ‘ \ 4 g MANI
MANAGUA"~ 4% vour0U 2o h ’
- 3 BETIO
. SANTACRUZ,, {
0 { ¢ ) MAHE "CIBINONG
FUTUNA o ppeeTE 'V AREQUIPA - .
RIKITHR _‘ ;R LA REUNION AL NOUMEA
-30° ¥ L HARTFBEESTHOEK "‘MRA&E
r’ AMSTERDAM ”:’MOUNT STROMLO
é KERGUELEN ¥ OWENGA
-60° : { RIO GRANDE
. Nif%iw P e - #e— | . . TERRE ADELIE
-ap° 90 2eate : B | =~y
-180° -150" -120° -90° -60° -30° © 300 60" 90" 120" 150" 180° e — e
Selection of real-time or near-real-time (15’) GNSS stations DORIS network (in November 2023) — Yellow rectangles

show where DORIS could add valuable information

_ LlLo



2. Long-term statistics

— As the current solar cycle continues to progress, the level of amplitude scintillation observed worldwide by GNSS receivers
also increases. It peaks during the equinoxes and occurs during the night, starting at the sunset.

— One of DORIS frequency channel is not so far from the GNSS L1 frequency, therefore DORIS signal may also be affected by

scintillations.
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2. Long-term statistics

—> Statistics from Precise Orbit Determination (POD) of Cryosat2 DORIS satellite with the Sal beacon data

— Measurements show that there are higher POE residuals (> 45 mm and > 65 mm) during the night, between 21h and 3h at local
hour. Furthermore, there number of red and orange dots increases as the solar cycle progresses.
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2. Long-term statistics

— Both derived statistics figures clearly show a correlation with scintillation level : high residuals are becoming higher with the
solar cycle, during equinoxes and after sunset.

30 L ] 1 1 | | | L) I I I I I I I I ] ] ) I_I ] | | | | 1 I I I I I I I I l 35 E I ! ! I ! ! I I ! ! I ! I I I I I I I I I E
- — . 30 f--------- frmmmmmmnne T e fomnmmee —— POE residual > 65 mm [-===-~ -
B s el [ iy — POE residual > 65 mm f----- . @ F E E E : : : .
et 1§25 — e I e B S froaemeae
. T e B 1 5. i i : i ; :
s | B - | A Iy B o fr N E
o - N o i i i i -
B e I ) Y R B e — -1 — e I S B B R DR I b ]
5 18 f i | | i :
B L R e B s [ I I e (0 I [ [ SRS I B . E 10 F--J--1---------- — S D I [S—— R - -
E 1 2 ¢ ]
G| S S S— ) E—— D R - ; s L T [ By e | | O B
ot . % 15 18 21 0 3 6 9 12
Jan-2021 Jan-2022 Jan-2023 Jan-2024 Local hour
Derived statistics of the occurrence of high values VS time Derived statistics of the occurrence of high values VS local hour
CLS

_ -



SigmaPhi (rad)

3. Shortterm impact : DORIS data losses

—> Studied scintillation event : February 2259, 2023 — S, = 0,73 rad

— During the phase scintillation event at the equator, beacons located in the zone of maximum scintillation show data losses. The

same behavior has been observed for beacons located at higher latitudes.
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3. Short-term impact : phase signal degradation
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3. Short-term impact : power signal attenuation
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Conclusions

» Results regarding DORIS data losses and the phase signal degradation suggest that
adding original data points based on the DORIS system would be a good way of
completing the global scintillation maps and thus obtaining better coverage of the

event.

» Regarding the analysis of the power signal attenuation, results are more mitigated.

» This study still needs further investigations to:
» confirm the correlation between DORIS degradation and ionospheric scintillation
» and to establish a near real time mapping of a DORIS-derived scintillation proxy.
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