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Background: Example of the difference to reveal the variation of irregularities
or scintillation from different parameters

0,

ROTI > 2 TECU/min

%
N i L2 LoL

270°

0.5

0 180°

Gao et al., 2023

0 0 0
330 0.8 30 |EN0.2<S4<0.4 330 0.8 30 |[10.4<54<0.6 330 0.8 30 |[EE0.6<84
300 8 60 300 0 60 300 09 60
0.4 0.4 04
0.2 0.2
270 % 920 270 90
e /L.‘v
240 120 240 120
210 150 210 150
180 180 180
Moder. t04 S4<0.8 31090634

/39\ S4 Occur ence F(ate (%) S 39 S4 Ocot

S4 classified with different strength

. EEN0.2<84<0.4 2014
I 0.4<S4<0.6
24/[_Jo.6<S4 Iﬂ :
s 11 [k _
eg 0..._._..._._......_.‘--._..__._.._.;_:... Ll.. hhhhh !
8 45 I 0.2<Phi<0.4 .
P ' [ 0.4<Phi<0.6
S 17|[los<Phi |
o 054 L L -
g 0+———— .-__..___?_______..,__L: | ek 00 00|
8 I 0.5<ROTI<1 I
1 | 1<ROTI<2 a
2<ROTI
v ot WNMNNNL
8 [ [R] I
— 8000 1 L2
o
» 4000 - j .
7] = ‘
3 0 ! L . .|| 1 P | | -
w go- |EEMFSF
.g 60 | |L_IRSF|
2 40 :
0-+-® = - . : nJ-|l—|iI]1|I|I]ILI—\.
7 9 11 13 15 17 19 21 23 1 3 5 74

Local Time

Current understanding about the characteristics of
lonospheric irregularities/scintillation usually depend
on the different effects of ionospheric irregular
structures on radio wave signals, but these effects are
not accordant sometimes in detail.
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Background: Irregularities and Positioning accuracy

: Compared to the space
weather effect on the
L sl I GNSS carrier signal,
people are more
R S|y interested and easy
e 1§ understanding in space
T : weather impact on
oz 3 _— GNSS positioning
e e+ o accuracy
: . | 2 :;
ROTI Map PPP error using RTKLIB PPP

September, 9, 2017 Storm, Geng et al., 2022



Questions

»The consistency and differences of the ionospheric irregularity/scintillation
parameters to reveal the morphological variation.

» Although it is widely accepted that ionospheric scintillation can affect the
quality of GNSS observations, the error level and factors influencing GNSS
positioning accuracy should be analyzed in detall.

Motivation

» Showing the consistency and difference of the irregularities
distribution with different parameters

» Giving the impact of the ionospheric irregularities on PPP accuracy,
carrier signal during storm and analyzing the key factors affecting
PPP accuracy.
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> Precise Point Positioning

© Notice: The Canadian Geodetic Survey (CGS) is releasing a new version of NAD83(CSRS) and a new velocity grid NAD83(CSRS) v8 -
NAD83v80VG

Precise Point Positioning

© CSRS-PPP update - ITRF2020/1GS20 Reference Frame Adoption

Beginning with GNSS observations collected on Sunday, 27 November 2022, CSRS-PPP will output ITRF solutions in
the IGS20 reference frame. This new frame is the International GNSS Service (IGS) realization of ITRF2020. To learn
more about this change and what the impacts may be on your submissions, please visit the CSRS-PPP modernization
Rage.

CSRS-PPP service upgrade from version 2 to version 3

On Tuesday, 20 October 2020 at 11:00 EDT, the Canadian Geodetic Survey of Natural Resources Canada updated the
Canadian Spatial Reference System Precise Point Positioning (CSRS-PPP) service. This CSRS-PPP modernization
includes PPP with ambiguity resolution (PPP-AR) for data collected on or after 1 January 2018. Data collected prior
to this date will continue to be processed with the IGS final products without ambiguity resolution. For more
information, please visit the CSRS-PPP modernization page or download the tutorial describing the changes.

Data

» ~250 GNSS receivers from CMONOC
Netr 9)

ROTI. Loss of Lock.
» 18 ISMRs from China Meridian Project (CMP)
S4 (elevation>30° )

» lonosonde from CMP

lonograms (Q type SF)
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Space environment condition during Storm on Dec. 1, 2023
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Solar wind suddenly increased from 320 to
450 km/s at 0: 30 UT. After lasting about 9
hours. It suddenly increased to~540 km/s at

09:40 UT

Then, IMF Bz turn southward and lasting
about 3.5 hrs

In the meantime, IEy turns eastwards
lasting 3.5 hrs (local time :18:00 tp 22:00)

Minimum SYM-H: -132 nT at about 13 UT

Maximum Kp: 7



Result: ROTI, SNR, S4 from low to middle latitude receivers during the storm
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The scintillation occurred,
and its strength decreased
from low to middle
latitude showed in ROTI,
S4 index

The quick fluctuation of
SNR (signal fading) in L1
and L2 occurred during
storm, L2>L1

The beginning time of
scintillation: low latitude at
about 11: 40 UT, middle
latitude 12: 00 UT

SNR in L1 (Blue) and L2 (red) carrier signal 9



Result: lonogram at Danzhou and Wuhan I EPE
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Result: Spatial and temporal distribution of ROTI, LoL and S4 value e g X ¥
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Results: Impact on CMONOC GNSS PPP accuracy
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Three coordinates components
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GNSS station (kinetic CSRS- PPP)
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Errors 1-3 m
Lasting time about 3 hours

No affected
Average error:3-5 cm
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Results: Scattergram of the Impact on CMONOC GNSS PPP accuracy
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Result: Distribution of PPP 3-D Error and the total number of
LoL from each receiver during continuous time interval
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Discussion
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During geomagnetic storms, multiple ionospheric scintillation parameters exhibit

significant fluctuations, indicating the presence of ionospheric irregularities. However,
there are slight differences among these parameters in characterizing the spatiotemporal
distribution of ionospheric scintillation.

During geomagnetic storms, the occurrence of ionospheric scintillation leads to an
increase in the average PPP positioning error across China. Compared to higher—latitude
regions, the lower—latitude areas experience earlier onset of positioning error
disturbances, longer persistence, and greater error magnitudes, with the maximum 3D error
reaching approximately 1 meter.

The distribution and evolution trend of dynamic PPP errors are similar to the pattern of
the Lol index, with regions exhibiting higher LoL counts generally demonstrating elevated
dynamic PPP errors compared to quiet regions.

The impacts of loss—of—lock and positioning errors are primarily observed below 30° N,
whereas multi—parameter observations indicate that irregularities can extend to around
40° N.

Zeng, Y., Zhang, D., Li, K,, Tian, Y., & Yang, G. (2026). The evolution of the ionospheric irregularities and
their effects on GNSS over China during the geomagnetic storm on 1 December 2023. Space Weather,
24, €20255W004882. https://doi.org/10.1029/20255W004882
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