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EO Data Delivery\\

ESA Third Party Missions m Chinese EO data m

1. Swarm A/B/C:magnetic 1 file per day, . 30 half-orbits per

field data about 10 years 1. ZH-1: magnetic data day, about 4 years

2. Swarm A/B/C: plasma LR FETEETE 30 half-orbits per
about 10 years 2. ZH-1: plasma data day, about 4 years

data
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«.@Wm‘ The the project’s objectives

CSES-01: launched into a sun-synchronous The Swarm mission was launched on 22 Nov 2013,
circular orbit on 2 Feb. 2018 with an initial with three spacecraft at altitudes from 460 to 530
altitude of ~507 km (Shen et al., 2018a, b). km (Knudsen et al., 2017).

GPS antenna 3D Ion imager

and
ionospheric
sounding

Laser reflector

Thermospheric
density and winds

Absolute scalar
magnetometer

3D- accelerometer

(Rune et al., 2018)




R The the project’s object

1) To cross-calibration/validation of ionospheric magnetic field and plasma parameters;
2) Jointly develop algorithms to eliminate the artificial influences from platforms;

3) Jointly develop and optimize the data processing tools for the magnetometers and Langmuir probe onboard
CSES;

4) Jointly compare the simultaneous measurements of CSES and Swarm during active magnetic conditions;
5) Jointly study the details of some ionospheric structures;
6) To use the potential of working with CSES magnetic data for regional and global magnetic field modeling;

7) To explore the possibility for generating higher level scientific products from the magnetic measurements.
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(6)The Dragon 2021 symposium, July, 2021

(7) Highlight in 2020: Successfully Applied the Dragon 5 project
Proposal : CAL/VAL of CSES/Swarm magnetic field and plasma data
Pls: Xuhui Shen (NINH)

Claudia Stolle (GFZ)

Co-Investigators:

NINH Zeren Zhima, Yanyan Yang, Rui Yan et al.,

GFZ. Chao Xiong (now at Wuhan University), Rodriguez-Zuluaga
INGI Angelo De Santis, Gianfranco Cianchini

INAF-IAPS Mirko Piersanti, Giulia D 'Agelo

NSSC': Bin Zhou, Chao Liu
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Main tasks:
1. Cross-calibration of magnetic ficld and plasma parameters of
CSES/Swarm;

2. Scientific research cooperation:

3. Data and related resources exchanges
4. Jointly training young scientists ;
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Two prominent features of the Ne/Te relation observed by
Swarm satellites are: a) when Ne is larger than 1x10% m=3,

Te are grouped into two branches at equatorial and low
latitudes; b) when Ne is lower than 1x10% m=3 | Te
sometimes becomes very scatter at low and middle latitudes.

Swarm B Ne-Te correlation for |[MLat| <= 50 in different seasons
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-3,
Ne / Iogm(m )
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Swarm B Ne-Te correlation for |MLat| <= 50 In different longitude regions

108 "
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FIGURE 9 | Scatter plot of Ne and Te as measured by Swarm B. Each data point is confined into within the [MLAT|< 50° at around 14:00LT. (A) The observations
during equinoxes, June solstice and December solstice are marked with green, red and blue. (B) The observations in different longitude regions including -180° ~ -90°,
-90° ~ 0°, 0" ~ 90°, 90°~ 180° are marked with red, green, blue and yellow.
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Detailed analysis reveals that the flags used in the Swarm Level-1B plasma density product cannot well distinguish the
two abnormal features of Te, implying further efforts are needed for the Swarm Te data calibration.

[Yan et al., Front. Earth Sci, 2022]
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Xiong et al. (2022) showed that the FP densities
had very low bias compared to the ISR electron
densities

Therefore, we can use the FP data as reference to
calibrate the LP densities

This calibration would depend on many
parameters, and therefore machine learning would
be a very good tool to learn these dependencies

The FP densities are only available for several
orbits per day, mainly before 2020, and therefore
the data are more sparse

However, there is enough data to train a neural

network, which would give a ratio between FP
and LP densities

14
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‘@mﬂ'ﬂ Influence on the in situ.plasma density mé urements: Swarm @ eSd

Ni from LP of Swarm B

.17 25 '
NiLP — ml ul 5 dion (a) ‘1’0 ° Y=-0.00§2X+1.9823
2r(er,) o :
. Irp
Nipp = 2
eAu,- 3
We suggest that the solar flux dependence of LP-derived Ni is -,
related to the ion compositions change at Swarm altitude, P e e
which has not been properly accounted for in the LP P10.7 [sfu]

Ni from LP of Swarm C
Y=-0.0057x+1.6067

processing algorithm. More light ions (e.g., H+), diffusing down (c)25
from the plasmasphere to the Swarm altitude, seem to cause
the overestimation of Ni from LP during low solar activity.

Scaling factor

SwarmB : Nijpeor = —0.0082 X Vpio7 + 1.9823

Swarm A and C : Nippeorr = —0.0057 X V107 + 1.6067 . | | e
50 75 100 125 150 175 200
P10.7 [sfu]
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The SD is caused by satellite-current system adjustment due to t

the solar illumination change at the terminator transition point. ¢

The SP is caused by instantaneous illumination changes of
probe surface when the boom of the electric field detector
installed in the windward panel shades the Langmuir probe.

[Yan et al., JGR, 2022]
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Three disturbance sources:

> Magnetic Torque e
> Tri-Band Beacon - |

e
» Ground shadow =

» Disturbances from the MT basically
concentrate near the magnetic equator and
latitudes around 65°

» Disturbances from the TBB only occur
above the Chinese territory

» Users are suggested to properly check
Flags when using HPM data.
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The residual field (observations minus CHAOS-6-x7 model) for the magnetic field
intensity and the three vector components (in NEC frame)
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» The main trend of the residual field is

» The CDSM scalar data is very good

consistent for CSES and Swarm
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Upper: CSES and Swarm residual field for the
intensity and three vector components (for
latitude<65°)
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Scientific study: ;- 1onosphere cur
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Ms 6.1 Lushan EQ on 1 June 2022 17: 00UT
Location: 30.37°N, 102.94W°
Depth: 17km

Before 30 May 2022, magnetic field is very quiet

90 I I I

Both CSES and Swarm
observed clear disturbance

Spatial distribution of the magnetic field
disturbance: CSES and Swarm
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Goal: achieve high-level scientific outcomes

4. Jointly develop and optimize the data processing tools for the magnetometers and
Langmuir probe onboard CSES;

5. Jointly study the details of some ionospheric structures;

6. To xplore the possibility for generating higher level scientific products from the
magnetic measurements.



Thank you for your attention!




