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Wide-band solar radio spectral monitoring in the
Phase II of Chinese Meridian Project

Wang Wei'", Yan Yihua', Tan Baolin?, Tan Chengming', Feng Shiwei’, Liu Fei’, Chen Linjie', Su Cang'

1 National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China
2 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China
3 Shandong University, Weihai, Weihai 264209, China

Abstract: To achieve full-band observation of solar radio emissions, the sun-planetary interstellar monitoring
chain subsystem of the Phase II of Chinese Meridian Project will construct four sets of solar radio spectrometers
covering the decimeter, meter, decameter, and centimeter wavebands, providing reliable data support for solar
physics and space weather research and operations. The system configuration and main technical parameters of the
full-band radio spectrometer are introduced, and the data products and calibration process described.
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Table 1 Instruments of wide band radio spectrometer
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Table 2 Main parameters of wide band radio spectrometer

1 MHz@30~110 MHz

1 30~400 MHz 5 MHz@110~400 MHz
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Development of the wideband magnetic field wave monitor for
the Phase II of Chinese Meridian Project
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Abstract: There are various magnetic field waves with frequencies ranging from mHz to thousands of Hz in
the Earth's magnetosphere. These waves can be categorized into three classes depending on their period: ULF (mHz
to ~ Hz), ELF (~ Hz to hundreds of Hz), and VLF (hundreds of Hz to thousands of Hz). The regular and continu-

ous ultra-low-frequency (ULF) waves in the magneto-sphere, ranging from 1 mHz to a few Hz, are important to
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geomagnetic micropulsations. Recently, whistler mode waves generated by lightning and extremely low-frequency
(ELF) bursts, which can be attributed to earthquakes, were detected near the surface; their frequencies range from
several Hz to a few hundred Hz. The research on the characteristics of ionospheric plasma disturbance caused by
the known ground-based very low frequency (VLF) transmitters, whose frequencies range from a few hundred to a
few thousand Hz, is of great significance for analyzing changes in the ionospheric environment. These magnetic
field waves are crucial for studying various space physical phenomena. As the wave monitoring equipment of glo-
bal geomagnetic stations measures relative changes and a lack of unified calibration, they cannot conduct joint ob-
servations from high to low latitudes and unified comparative studies of the observational data from multiple
sensors. The magnetoresistance sensor (ULF: 0.1 mHz-2 Hz), giant magneto-inductance sensor (ELF: 0.2 Hz-2
kHz), and coil sensor (VLF: 0.2-10 kHz) is used to develop a new generation of broadband geomagnetic wave
monitors, which are placed on the geomagnetic stations in typical areas such as Mohe (high latitude), Beijing's
Ming Tombs (middle latitude), and Sanya Ledong (low latitude), near the 120° meridian chain. Combined with the
data of near-Earth space satellites such as FY-3E and SMILE, the observation ability of various wave phenomena in
the Earth's magnetosphere will be comprehensively improved. The performance test experiment shows that the de-
veloped wave monitor can detect the fluctuating magnetic field at a particular frequency (1 mHz-10 kHz); magne-
tic field detection ranges of: = 65000 nT (ULF frequency band), £ 1000 nT (ELF frequency band), and + 100 pT
(VLF band); with low nonlinear errors: ULF frequency band < 0.044 6 %, ELF frequency band <0.51 %, and VLF
frequency band < 1.18 %; and low noise levels: RMS <0.5554 nT (ULF frequency band), NPS <0.028 nT /NHz
(ELF frequency band), and NPS <0.24 pT/NHz (VLF band). These characteristics enable the proposed broadband
geomagnetic wave monitor to meet the Phase II of Chinese Meridian Project magnetic field detection requirements.

Keywords: Phase II of Chinese Meridian Project; broadband geomagnetic wave monitor; magnetoresistance;

giant magnetic inductive sensor; coil sensor
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Table 1 The installation position of the wideband magnetic field wave monitor
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Fig. 1 Installation station, composition structure, and detection

target of the wideband magnetic field wave monitor
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Fig. 2 Composition and internal interface of the wideband
magnetic field wave monitor
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Fig. 3 Circuit diagram of signal processing circuit based on
HMC1001 (Yuetal., 2023)
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Table 2 Sensitivities and non-linearity test results (ULF fre-

quency band)
| K/(nT-V") Z f.BynT MR %
X 26755.6 15.1 0.0370
Y 30774.0 -1168.6 0.0233
V4 26363.9 —560.5 0.0446

*3 REEAARLANEE AL R (ELF HBO

Table 3 Sensitivities and non-linearity test results (ELF fre-

quency band)
il K/(nT-V™ % 5 BynT LR /%
X 145.3 2.4 0.35
Y 222.8 -10.3 0.51
V4 132.3 -13.3 0.47

®4 REPPEAARLNERENALE R (VLF 5iBD

Table 4 Sensitivities and non-linearity test results (VLF fre-

quency band)
Hlia) K/(pT-V™") EHBy/pT JELR MR 24/%
X 46.5 —38.5 0.78
Y 55.9 —43.0 1.18
50.3 —36.1 0.79
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PERLG BB, ANLAE. By METERIA S, il
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RPE. By MAUA BUEA — & SRR T I “%
R, E % B P R A B 3 ARG 39 A TR T
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[l Jy: £65000 nT (ULF #); +1000 nT (ELF
BB ); +£100 pT (VLF A . [A i XA BAR
e MR 25 [ (LA E-SEM(ED) /& . ULF M
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AZ 4k, ELF 0B e 75 3 Y T4 5 A% 50 Hz Ak 1
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45 ULF B ik 45 R
Table 5 Noise test results (ULF frequency band)

i RMSME/nT
X 0.4777
Y 0.5554
0.4760

%< 6 ELF SBLR: = I 45 2R
Table 6 Noise test results (ELF frequency band)

il ThZGENE R (NPS ) nT/NHz@50 Hz
X <0.028
Y <0.027
z <0.018

7  VLF BB Al 4 R
Table 7 Noise test results (VLF frequency band)

i R (NPS) pT/ANHz@0.2~10 k
X <0.24
Y <0.20
<0.21
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Abstract: A system for the detection of very low frequency (VLF) electromagnetic waves has been developed
by Wuhan University (WHU) with the Polar Research Institute of China (PRIC), and has been successfully de-
ployed by PRIC at the Great Wall Station (GWS, 62.22°S, 58.96°W) in Antarctica, as part of the Phase II of
Chinese Meridian Project. The system has a dynamic range of ~110 dB and a timing accuracy of ~100 ns, and
hence can provide observational data at sufficient resolution to contribute to space physics and space weather re-
search. This paper reports initial measurements of the WHU VLF (Meridian Project-Phase II ID:
OCHCH_WHWMO01) wave detection system at GWS, to demonstrate performance of the system.

Data from nearly one year of routine operation indicate that the system is effective in recording the dynamic
change of ground-based VLF transmitter signals from North America and Europe. The characteristics of VLF trans-
mitter signals observed at GWS during X-class solar flares are consistent with results from previous studies. The
VLF data exhibited a good correlation in space and time with measurements of magnetospheric electron deposition
during geomagnetic storms, as detected in the south Atlantic anomaly (SAA) region. The WHU VLF system addi-
tionally provides data on the wide-band whistler waves as excited by lightning discharge, the spectrum of which ex-
hibits a distinctive dispersion structure.

The unique position of GWS in Antarctica provides the opportunity to obtain observational data on VLF
waves which can be used to investigate multiple aspects of space physics, including the propagation of whistler
waves in polar regions, lower ionosphere disturbance, lightning discharge, and radiation belt electron precipitation
from the radiation belts. These measurements are of critical importance in monitoring near-Earth space weather.

Keywords: whistler wave monitoring equipment; Antarctic Great Wall Station; space weather; VLF wave

propagation; Chinese Meridian Project

JR LB RE, 2 E AT TR R X b
Z)] (Shafer et al., 1994) . Hay, ¥t K22H &
'] AWESOME ( Atmospheric Weather Educational
System for Observation and Modeling of Electromag-
netics) WML R 48 R BUE Wik 10 fT/ VHz, HnJ
S 300 Hz~50 kHz 4= 591 B LI A A 5 1R R 4R

(Cohen et al., 2010) . IT¥eEK, RS TAEMRE
BT JE—AETE, 7 DA F W 5T s TR PR G
e WL PR T BRI i R GER M AT § FE
# 0.5~470 kHz, R B fiz i 1T 35 0.03 T/ VHz

(Cohen et al., 2018; Richardson and Cohen, 2021) .

Penguin (Penguin Micro-VLF Receiver) &K

0 5 =

FARHI B 5 (very low frequency, VLF) iy 4ii
BT 3~30 kHz AL, 2 TR L
KA, T LALE F R RIS L B A B 8
Lz PR B A% 7 (Barr et al., 2000; Bullough et al.,
1976) . Bifi 45 % FEARA B 2 MRy e 4 45 1 ) IR AT
FC, MR RGBS T KR S
S HE L ORFBIREDE, 58 S 28527 (A IR B 231 1)
& AR (i, Belcher et al., 2021; Chevalier et al.,
2007; Fishman and Inan, 1988; George et al., 2019;

Gotkowski et al., 2021; Ni et al., 2022) . JEHJE X
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A . A R EAE (Lessard et al., 2009) . BHiff
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Fig. 1 Block diagram of the WHU ELF/VLF wave detection
system
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Table 1 Transmitter information corresponding to VLF
signals observed at the GWS in Antarctica

b2 AR RS A
B B /kHz
50 Z5/(°)
VTX 18.2 08.387015 N 077.752762 E
ICV 20.27 40.923127 N 009.731011 E
FTA 20.9 48.544632 N 002.579429 E
NPM 214 21.420166 N 158.151140 W
HWU 21.75 46.713129 N 001.245248 E
GQD 22.1 54731799 N 002.883033 W
DHO 234 53.078900 N 007.615000 E
NAA 24.0 44.644936 N 067.281639 W
NLK 24.8 48.203487 N 121.916827 W
NML 252 46.365990 N 098.335638 W
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Abstract: Absolute observation and relative record are two methods in geomagnetic station observation. The
actual values of geomagnetic field elements can be obtained after the relative record data is corrected by baseline
data. Fluxgate theodolite is one of the basic tools required to obtain baseline values and plays an important role in
geomagnetic observations. At present, fluxgate theodolite used in stations requires manual operation, and human

factors affect the observation data quality. Because absolute geomagnetic observation cannot be realized in remote
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areas or areas with harsh environments, some blank areas in the coverage of geomagnetic absolute observation ex-
ist. The second phase of the Chinese Meridian Project will carry out automatic geomagnetic absolute observation of
magnetic declination and inclination for the first time in China's mainland, which will promote the innovation and
development of geomagnetic absolute observation technology. The automatic fluxgate theodolite is a self-de-
veloped equipment from China for automatic observation of magnetic declination and inclination. It adopts non-
magnetic materials and piezoelectric motors, effectively overcomes and eliminates the systematic errors by optimiz-
ing the design, improves the machining process, and compensates for the multi-parameter error algorithm, so as to
ensure measurement accuracy. The equipment has been applied to long-term practical observation in stations such
as Shexian Station in Hebei Province, Helong Station in Jilin Province, Qianling Station in Shanxi Province and
Baijiatuan Station in Beijing. Compared with the observation results of artificial fluxgate theodolite in these sta-
tions, the results show that the main performance of the automatic fluxgate theodolite is the same as that of the arti-
ficial fluxgate theodolite. The equipment has also passed a precursor equipment standard test from the China Earth-
quake Administration, and its functions and performance meet the requirements of absolute geomagnetic observa-
tion for geomagnetic stations.

Keywords: Chinese Meridian Project; geomagnetic monitoring; automatic fluxgate theodolite; measuring
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(a) Magnetic declination and inclination measurement
system; (b) Azimuth orientation device; (c) Recorder
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The induction magnetometer in the Phase II of Chinese Meridian Project
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Abstract: The Earth's induced magnetic field is a result of the electrical current that is generated by the space
current system within the Earth's interior. By observing Earth's induced magnetic field, we can acquire information
on the space current system and the electrical structure of the Earth's interior, which is an important physical para-

meter to study the mechanism of space weather events and seismic sphere coupling. The Meridian Project has set

WiEHER: 2023-03-02; RABHE: 2023-04-26

E&WB.: EEEXRHIEMBENE (TR

Supported by the National Major Science and Technology Infrastructure Projects Grand (Phase II of the Chinese Meridian Project)
“BEEE: £52 (1972, 5, EIBIUL, FENFHHLERY BOW IR T. E-mail: wangxz@cea-igp.ac.cn



https://doi.org/10.19975/j.dqyxx.2023-015
https://doi.org/10.19975/j.dqyxx.2023-015
https://doi.org/10.19975/j.dqyxx.2023-015

°32. HER ST AL (P30 2024 4

up several induction magnetometers in the shape of a "#" along the longitudes of 120° E and 100° E and latitudes of
30° N and 40° N in China's mainland and Antarctic regions, to carry out fixed, long-term, and continuous measure-
ments of the Earth's induced magnetic field. The first phase of the Meridian Project is equipped with 14 LEMI-30
induction magnetometers produced by Ukraine, which have been in routine operation since 2009 and will be integ-
rated with the grid of the second phase of the Meridian Project. Thirteen induction magnetometers will be installed
in the second phase of the Meridian Project, which is scheduled to commence operation in 2023. Together with the
equipment already installed in the first phase of the Meridian Project, a network of 27 induction magnetometers will
be established. China is independently developing the induction magnetometer of the second phase of the Meridian
Project. The magnetic core incorporates a new alloy material with high permeability. The multi-piece superposition
technology was adopted to effectively gather the magnetic field, enhance the induction output signal, and improve
the sensor's ability to pick up weak signals. The test results show that the frequency range of the induction magneto-

meter used in the second phase of the Meridian Project is wider, up to 0.001-30 Hz; its sensitivity is high, with a

resolution of 10 pT; and its long-term operation is very stable.

Keywords: Chinese Meridian Project; geomagnetic monitoring; induction magnetometer
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Table 1 The installation site of an induction magnetometer in
the Phase II of Chinese Meridian Project
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Fig. 1 The induction magnetometer. The induction magnetic
field sensor on the left, and the recorder on the right
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Fig. 3 Frequency response and noise of the induction magnetometer
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Fig. 4 Original observation curve of the first channel of the
induction magnetometer at 17:00-17:18 on December 10
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of the search coil magnetometer
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Table 3 Correlation coefficient statistics between two diffe-
rent sensors

LIPS 1-13818/% 2-2383E/% 3-3iHiH/%

0.99 81.67 81.67 76.88
0.95 93.54 95.83 98.13
0.90 97.71 96.67 99.79
0.85 98.75 97.92 100.00
0.80 100.00 98.13 100.00
0.75 100.00 99.38 100.00
0.70 100.00 99.58 100.00
0.65 100.00 99.79 100.00
0.60 100.00 100.00 100.00
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Digisonde prototype testing and data quality comparison analysis for
Phase II of Chinese Meridian Project
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Abstract: To ensure the detection quality of the domestic model ionospheric digisonde adopted by the Phase 11
of Chinese Meridian Project, prototype testing including technique testing and a data quality comparison was per-

formed. The test was carried out in the National Space Weather Observation Station in Danzhou, Hainan. After the
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prototype digisonde testing process was introduced and completed, the data quality evaluation results were ana-
lyzed in detail. A thorough comparison demonstrated that the prototype reached the overall standard established by
the mature-type DSP-4D in the aspects of quality of ionograms, accuracy of ionospheric parameters (h'F2, hmF2,
foF2, auto-scaled or manual-scaled), and drift velocity. According to the testing results of technical indices, the
peak power of the two transmitting channels is no more than 686 W, and the voltage standing wave ratio is no more
than 2.23. The sensitivity of the receiving channel reached —125 dBm, and the dynamic range reached 105 dB.
The baseband bandwidth of the digital receiver is 70 kHz, and the suppression of outband interference is no less
than 101 dB. The results of the data quality evaluation showed that the average differences between the prototype
digisonde parameters of Fof2, h'F2, and hmF2 obtained using auto-scaling and manual scaling are 0.02 MHz, 28.39
km, and 0.39 km, respectively. The average differences between the three parameters of the prototype digisonde
and those of the DPS-4D obtained using auto-scaling are —0.0 MHz, —2.61 km, and —9.12 km, respectively. The ave-
rage differences between the three parameters of the prototype digisonde and those of the DPS-4D obtained using
manual scaling are —0.13 MHz, 14.7 km, and 3.21 km, respectively. The prototype testing clarified the status of the
technique of the domestic instrument, greatly contributing to its design optimization and finalization. It also estab-
lished a reference for digisonde data quality assessment.

Keywords: Chinese Meridian Project; digisonde; prototype; data quality
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Fig. 2 Overall architecture of the prototype digisonde
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Table 3 Summary of ionosphere parameters comparison results

foF2 hmF2 n'F2
e = e , 23414 0.08 MHz i 25441H: 3.25 km 2= 3MA: 1.3 km
PO TSR L (FEAL) AHIE R AL 0.995 AHEREL: 0.976 AHOCREL: 0.939
e PN R 238 0.02 MHz 254414 28.39 R ZEHE: 0.39 km
ASIBERXT TR (FEAL) FAZBE: 0,948 HI2E 2L 0.388 M AHL: 0.844

A 3 R -8 & (DPS-4D)

FEHLX L DPS-4D( [ S EE )

FEHLY L DPS-4D(F-FhEE i)

fZE¥{E: 0.46 MHz
K FREL: 0.952
Pm2z¥{H: —0.6 MHz
A REL: 0.915

W2 H{E: —0.13 MHz

FHIE R EL: 0.991

IR ZEH{H: 17.25 km
AHIC %K 0.746

fZE¥{E: —2.61 km
AHIC R %L 0.297
ImZEIAME: 14.7 km
AHIE %K 0.904

fmZEd4ME: 7.17 km
FHC AL 0.744
fmZE34ME: —9.12 km
FHIEFEL: 0.629
fmZEI4ME: —3.21 km
AR EL: 0.979

(a) km
foF2 635 900 \ ¥ -
foFl  3.00 200 3 A | E
foE 260 ; .
foBs 370 3 Bt o -NNE
MUF(D) 20.17700 N I 4] -
MD) 3.8 R ’ \ [
D 30000600 N a - SSE
0 M T SSW
nF 15100 500 < i
hF2 199.98 j |1
WE 10499 N \
wEs 10499 400
- S|
hmF2 276,32 300 L
hmF1 138.76
hmE  102.09 50y
fmin 170
&1 685 100 | ] T
BO  130.09
NEmu!
0O 2 4 6 8 10 12 14 16 18 20MHz
(c) km
o ars 0 o
foF1  nan E
foE 340 800
s 430 %
MUF(D) 13.70 NNW
MD) 330
D 30000600 SSE
- i SSW
nWF 32199 500
h'F2 321.99 : 1
WE 9275
wes o450 400 i
hmF2 25502 300 . 0
hmF1 nan -
hmE  nan pfie
200 F T
fmin  1.95
w1 790 100
BO nan
0
0O 2 4 6 8 10 12 14 16 18 20MHz
(e) km
foF2  13.40 900 \ ! -
foFl  nan Y 1 E
wE 280 800 .
foBs 950 -NNE
MUF(D) 46.99 700 h NNW
MD) 351 R
D 30000600 < SSE
s SSW
nWF 31999 500 NS =
hF2 31999 ~
NE 10471 s
wEs 10642400 7 N
hmF2 258.16 300 =
hmF1 nan _
hmE 10488 50 v ‘ i jipial || o Wl e ]
fmin  1.70 b : e A
sl 1390 100 ﬁ%ﬁ L wll '!lhl: o
BO 3088
ol LI TT] l
0 2 4 6 8 10 12 14 16 18 20MHz
Kl 16

(b) km
foF2 690 900 | [0
foF1  nan ' g E
fE 365 800
foBs nan 4 ! = [w ]
700 ; . NNE
MUF(D) 1;;&; \ | I ' -
M(D . 1
1)( k 3000.0 600 s Il I'l ; SSE
N } SSW
WF 44999 500 8 l‘ \LJ .
F2 449.99 W
WE 9800 B
l:‘ Es nan 400 AN
_— 7 < T
hmF2 224.34 300 i K
hmF1 nan * i
hmE104.11 50y )
_— . LT
fmin 1,70
w1 735 100 e .
BO 12227
0 [
0O 2 4 6 8 10 12 14 16 18 20MHz
(d) km
foF2  6.75 900 H -
foF1  4.90 | . E
wE 390 800
foBs 590 T -NNE
MUF{D)25.14700 I -
MD) 372
D 30000600 SSE
SSW
WF 25800 500
hF2 287.05 .
WE 10242 i
wes 11006 400
hmF2 236.77 300
hmF1 199.61
hmE 11455 500 || L
fmin 175
w1 725 100
BO 12998
0 |
0O 2 4 6 8 10 12 14 16 18 20MHz

FENL A B B R R UERIFE]

Fig. 16 Example ionograms that the prototype digisonde failed to correctly scaled
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Preliminary results of the ionospheric high-frequency Doppler shift
monitor for the Phase II of Chinese Meridian Project
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Abstract: The Phase II of Chinese Meridian Project plans to construct ionospheric Doppler sounding arrays
around Mohe, Beijing, Wuhan, and Shenzhen. Each array consists of one transmitter station and three stations
equipped with the ionospheric high-frequency Doppler shift monitor, which is described in this paper in terms of
system design and preliminary results from its pilot operation. By comparison with a collocated ionosonde, the per-
formance capability of the sounder is validated. At present, the sounders have been installed at seven stations and
have been running continuously for about 1 year. This paper presents observations of various ionospheric disturbances
caused by solar flare eruptions, travelling ionosphere disturbances, and probable large-scale electric field variations.
Once established, the chain of sounder arrays will continuously monitor ionospheric disturbances over eastern
China and contribute to the sophisticated space environment monitoring network of the Chinese Meridian Project.
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Fig. 1 System diagram of the high-frequency Doppler shift monitor
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Progress and prospects based on Qujing incoherent scatter radar measurements

Miao Jiansu'?*?, Ding Zonghua'**", Dai Liandong'**, Yang Song'**, Wu Jian'*?

1 China Research Institute of Radiowave Propagation, Qingdao 266107, China
2 Key Laboratory of Electromagnetic Environment, Qingdao 266107, China

3 Yunnan Kunming Electromagnetic Environment National Observation and Research Station, Qujing 655000, China

Abstract: Herein, the technical characteristics and programme of Qujing incoherent scatter radar (the first one
in China) are described. The measurement ability in the ionosphere, space debris, and the Moon was investigated
using the data. The results showed that this radar is of importance useful for the measuring ionospheric climatolo-
gic property, analyzing storm-time and abnormal enhancement events analysis, studying E-F valley and its vari-
ations, the determining and modeling space debris distribution characteristics and model, and identifying the scat-
ter echo characteristics from the different regions of the Moon. The next work will focus on the measurement of the
structure and evolution of the lower ionosphere and the northern ionosphere crest, storm-time variations, and dis-
turbance characteristics property.
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Fig. 1 Examples of ionospheric echo profile (a) and power spectra (b)
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Abstract: The global navigation satellite system (GNSS) ionospheric total electron content (TEC) and scintil-
lation monitors in the Phase II of Chinese Meridian Project network provide domestic measurements. After 3 con-
secutive days of testing, we used PolaRx5 data with the same antenna as a reference to evaluate the quality of the

prototype data. For scientific research, the continuity and effectiveness of data, as well as the accuracy of vertical
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TEC, amplitude scintillation index, and phase scintillation index values, are the most important indicators. In this
study, we designed data comparison standards for these aspects based on scientific research scenarios, evaluated the
data quality of the prototype, and analyzed the reasons for the characteristics of the detection results of the two
devices. These findings provide a reference for the evaluation of data accuracy.

Keywords: Chinese Meridian Project; GNSS ionospheric TEC and scintillation monitor; prototype testing;

data quality
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Fig. 3 Amplitude scintillation index calculated based on the BDS signal between the prototype and PolaRx5
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Table 5 Comparison of the amplitude scintillation index of the prototype and the comparison device affected by interference
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Fig. 4 Phase scintillation index calculated from BDS signal of the prototype and PolaRx5
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Table 6 Comparison of the phase scintillation index between the prototype and the comparison device affected by interference
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Fig. 5 The third-party algorithm uses C code to calculate VTEC for the Rinex data files of the prototype 9 (blue line) and PolaRx (red

line) from September 20 to 22
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Latitudinal four-peak structure of the nighttime F region ionosphere:

Possible contribution of the neutral wind

Xiong Chao'?", Rang Xinyi’, Huang Yuyang’, Jiang Guoying®, Hu Kun’, Luo Weihua*

1 Hubei Luojia Laboratory, Wuhan 430079, China
2 Department of Space Physics, Electronic Information School, Wuhan University, Wuhan 430072, China
3 State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing 100084, China
4 College of Electronic Information and Engineer, South-Central University for Nationalities, Wuhan 430074, China

Abstract: In this study, we provide a detailed analysis of the latitudinal four-peak structure of the F region
electron density observed by the Swarm B satellite during the night of January 31, 2017. Consisting of three satel-
lites flying at different local times, Swarm provides an opportunity to investigate the temporal evolution of the
nighttime latitudinal four-peak structure. For this event, Swarm A/C did not observe the two crests of equatorial
ionization anomaly (EIA) at 17:55/18:01 LT, but Swarm B, which flew over the same longitudinal sector approxi-
mately 4.5 h later, observed a clear latitudinal four-peak structure. This provides direct evidence that the two inner
peaks of the latitudinal four-peak structure are not remnants of the EIA crests from sunset. In addition, simultan-
eous measurements of the vertical plasma drift from the incoherent scatter radar at Jicamarca and neutral wind from
the ground-based Fabry—Perot interferometer (FPI) at Arecibo were compared to reveal the possible driving mech-
anisms. The observed F region vertical plasma drift was generally downward from sunset throughout the local night
of January 31, 2017, which reveals that an enhanced upward plasma drift is not necessary to cause the nighttime lati-
tudinal four-peak structure. The neutral wind measurements from the FPI located at Arecibo showed enhanced east-
ward and southward components during the night when the latitudinal four-peak structure was observed by Swarm
B, both with a difference of approximately 100 m/s compared with the other two days. This suggests that the neu-
tral winds play an important role in the nighttime latitudinal four-peak structure. Further simulations using the
SAMI2 (another model of the ionosphere) model support these observations. In general, eastward and equatorward
winds from both hemispheres at night provided favorable conditions for the latitudinal four-peak structure.
However, when the equatorward wind is too large, a strong hemispheric asymmetry of the background N, can oc-
cur, which prevents the development of the latitudinal four-peak structure at night.

Keywords: nighttime ionosphere; equatorial ionization anomaly; latitudinal four-peak structure; Swarm satel-

lites; neutral wind

ionization anomaly (EIA), which is characterized by an

0 Introduction electron density (N,) trough above the magnetic equa-
tor and double crests of enhanced N, at approximately

A well-known phenomenon in the low-latitude 15° north and south of the magnetic equator (e.g.,

ionospheric F region during daytime is the equatorial Appleton, 1946; Liang, 1947; Namba and Maeda,
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1939). The daytime EIA is driven by the equatorial
plasma fountain effect. In the equatorial region, the
magnetic field lines are primarily horizontal, pointing
northward, and the daytime eastward electric field
drives the plasma upward via ExB drift. Owing to
gravitational and pressure-gradient forces, the up-lifted
plasma diffuses poleward and sediments downward
along the geomagnetic field lines into both hemi-
spheres, forming two density crests alongside the mag-
netic equator (Duncan, 1960). The two EIA crests typi-
cally appear at approximately 09:00 local time (LT)
and move poleward at a speed of approximately 1° of
latitude per hour for the next few hours (Yeh et al.,
2001). The EIA intensity, represented by the crest-to-
trough ratio (CTR) of the EIA, gradually increases
from morning to noon, then slightly decreases in the
afternoon, and finally reaches its maximum value
between 18:00 and 20:00 LT; this maximum is almost
twice the daytime level (e.g., Liu et al., 2007; Xiong et
al., 2013). The rapidly increasing CTR value after sun-
set is primarily related to the prereversal enhancement
(PRE), which is defined as a sharp increase in plasma
vertical drift after sunset via enhancement of the east-
ward electric field in the ionospheric F region. The F
region dynamo, driven by the F region neutral wind in
combination with the conductivity contrast across the
day-night terminator, is accepted to cause the PRE
(e.g., Eccles et al., 2015; Kelley, 2009).

Previous studies related to the EIA have focused
mainly on its morphology during the daytime and
shortly after sunset, while its appearance and related
mechanism around midnight have not been well
addressed. Woodman (1970) used radar observations
to report the post-midnight EIA features during mag-
netically disturbed periods. Wang et al. (2008) sug-
gested that disturbed electric fields during storm or
substorm periods can produce upward plasma drift,
forming the EIA during late-night hours. In addition,
McDonald et al. (2008) found that during geomagneti-
cally quiet periods, the enhanced EIA during PRE
hours can sometimes last until post-midnight hours.
However, Yizengaw et al. (2009) argued that the two
peaks of the EIA during post-midnight hours in quiet

periods are not the remains of the EIA from sunset
hours; instead, they are caused by reversed vertical
upward drifts related to the F region wind dynamo dur-
ing post-midnight hours. Therefore, the generation of
the post-midnight EIA, especially during magnetically
quiet periods, remains an open issue.

Using occultation measurements from the Con-
stellation Observing System for Meteorology, Iono-
sphere, and Climate (COSMIC) satellites, Zhong et al.
(2019) showed that the nighttime electron densities at
+40° magnetic latitude (Mlat) are generally greater
during equinoxes, forming two bands at all longitudes;
during solstices the middle latitude band in the winter
hemisphere is much more prominent. This nighttime
ionospheric band structure at middle latitudes should
represent the same phenomena as previously reported
for nighttime enhancements of the F2 electron density
peak, NmF2 (e.g., Arendt and Soicher, 1964; Balan
and Rao, 1987; Jakowski and Forster, 1995). These
enhancements are also more often observed in the win-
ter hemisphere and are suggested to be caused by the
enhanced equatorward meridional wind and down-
ward diffusion from the plasmasphere at night
(Mikhailov et al., 2000; Zhong et al., 2019).

Compared to ground-based and COSMIC obser-
vations, in situ N, measurements from low Earth orbit-
ing (LEO) satellites flying in near-circular and polar
orbits, e.g., the Swarm satellites, provide a good
opportunity to investigate the latitudinal distribution of
the ionosphere. With an orbital velocity of approxi-
mately 7.5 km/s, the Swarm satellites travel along
almost the same magnetic meridian, with less than 30
min from one hemisphere to the other at low and mid-
dle latitudes. Within such a period, large-scale iono-
spheric structures such as the EIA are not expected to
change significantly. Xiong et al. (2019) reported that
the two N, peaks at low latitudes could still be
observed by Swarm during post-midnight hours, and
two additional peaks were sometimes also observed at
northern and southern middle latitudes, forming a lati-
tudinal four-peak structure in the nightside ionosphere.
On average, such latitudinal four-peak structures have

very low occurrence rates, accounting for only 4% of



+ 96 MR ST AR (PO

2024 4

the Swarm orbits. Based on the slowly increasing LT
separation between the Swarm A/C and Swarm B
orbits, the temporal evolution of the latitudinal four-
peak structure was also investigated by Xiong et al.
(2019). They found that the four-peak structure can
persist for several hours from pre-midnight to sunrise,
during which the two low-latitude peaks move slowly
poleward but do not shrink toward the magnetic equa-
tor owing to downward plasma motion at night, as
expected for EIA crests. Although Xiong et al. (2019)
suggested that the enhanced meridional wind after
midnight is a possible driver for the latitudinal four-
peak structure of the F region electron density, how-
ever, they did not provide direct wind observations.

In this study, we analyzed simultaneous N, mea-
surements from Swarm, vertical plasma drift data from
the incoherent scatter radar (ISR) at Jicamarca, and
neutral wind measurements from a ground-based
Fabry —Perot interferometer (FPI) for one event. In
addition, simulations using the SAMI2 (another model
of the ionosphere) model were performed to assess the
neutral wind contribution to the latitudinal four-peak
structure. This paper follows the traditional structure.
First, we introduce the dataset and then provide obser-
vations of the examples and model simulations.
Finally, we provide relevant discussion by considering

previous studies.

1 Dataset and approaches

1.1 Swarm satellite and in situ plasma density

measurements

The Swarm mission, consisting of three identical
satellites, was launched into a near-polar circular orbit
on November 22, 2013. During the first mission phase,
starting on April 17, 2014, Swarm A and C flew side-
by-side, separated by 1.4° in longitude, at an altitude of
approximately 460 km and an inclination of 87.3°. The
orbit of Swarm B is approximately 50 km higher than
that of Swarm A/C, with an inclination of 88°. Owing
to precession of the orbits, Swarm A/C require approxi-
mately 133 days to cover the 24-hour LT, while
Swarm B requires approximately 141 days. The differ-

ence in their orbital inclination causes a slowly
increasing difference in longitude between the two
orbital planes amounting to approximately 2° per
month. Further, it should be noted that the second mis-
sion phase of Swarm started in October 2019, during
which the separation between Swarm A and C was
slowly reduced (e.g., Xiong and Liihr, 2023).

The in situ plasma density used in this study was
obtained by the onboard Langmuir probe (LP) of
Swarm with a time resolution of 2 Hz. It should be
noted that in the latest Swarm plasma density data
product (version 05), the algorithm to estimate density
was changed to use a weaker ion current instead of the
delayed and saturated electron currents, as the ion cur-
rent and admittance from the Swarm LP were found to
be more reliable. Therefore, the most recent plasma
density data from Swarm is N, rather than N,. How-
ever, because of the electric neutrality of plasma at
Swarm altitudes, &, is assumed to be equal to V; (e.g.,
Buchert, 2018). Therefore, we still labeled the Swarm
N; measurements as N, in this study. The reliability of
the Swarm N, data was evaluated by comparison with
ground-based N, measurements from the ISR at Jica-
marca (Xiong et al., 2022).

1.2 Vertical plasma drifts from the ISR at Jica-

marca

The vertical plasma drift data used in this study
were measured by the ISR at Jicamarca (geographic:
11.95° S, —76.87° E; Mlat: 0.39° S), which has been in
operation since the 1960s. The primary operational
mode of the Jicamarca ISR is the east-west drift experi-
ment, which aims to estimate the £xB plasma drift per-
pendicular to the magnetic field based on a pair of
measured line-of-sight drift velocities. A detailed
description of the F region drift measurements by the
Jicamarca radar is provided elsewhere (Kudeki et al.,
1999). The EXB records were obtained at a 5 min
cadence, covering an altitude range of 45-900 km at

steps of 15 km.
1.3 Neutral wind from the FPI at Arecibo

A redline FPI system at the Arecibo Observatory
(geographic: 18.35° N, —66.75° E; Mlat: 27.1° N)
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began to monitor the thermospheric 630.0 nm emis-
sion of OI at an altitude of ~250 km in May 2012. The
standard operating mode records measurements in four
cardinal directions (North, South, East, and West) at an
elevation angle of 45°, with a fifth measurement in the
zenith. For each direction, the exposure time is 4 min.
Further details regarding the system operation and data
processing of the Arecibo FPI are given by Kerr
(2013).

1.4 SAMI2 model

SAMI2 is a low- to mid-latitude ionospheric
model developed at the Naval Research Laboratory
(NRL) that simulates the dynamic plasma and chemi-
cal evolution of seven ion species (H', He', N*, O,
N,", NO" and O,") at altitudes of 85-20000 km (Huba
et al., 2000). To investigate the possible contributions
to the latitudinal four-peak structure observed by
Swarm, we used the Fejer model (Scherliess and Fejer,
1999), Mass Spectrometer Incoherent Scatter model
(MSISEO00) (Picone et al., 2002), and horizontal wind
model (Hedin et al., 1996) as inputs for the SAMI2

50

Swarm orbits over Jicamarca

model.

2 QObservations

2.1

ture observed by Swarm B

Examples of the latitudinal four-peak struc-

In this study, we focused on one latitudinal four-
peak event observed by the Swarm B satellite on the
night of January 31, 2017. Fig. 1a shows the orbit of
Swarm B (green) over —70° E at approximately 03:03
coordinated universal time (UTC). The black star rep-
resents the location of the ISR at Jicamarca, the black
triangle represents the position of the FPI at Arecibo,
and the black dashed-dotted line represents the geo-
magnetic equator. Two consecutive orbits of Swarm A
(red) and C (blue) passing —60° E and —84° E are also
presented. The orbits of Swarm A and C were less than
15° in longitude from the orbit of Swarm B, but
occurred 3.5-5.0 h earlier. Assuming that the latitudi-
nal four-peak structure has a longitudinal extension of

greater than 15°, observations from the three Swarm
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(a) Two consecutive orbits of Swarm A (red) and C (blue) on January 31, 2017, as well as one orbit of Swarm B (green) on

February 1, 2017. (b) Electron density profiles from the orbits of Swarm A/C on the west side of the Swarm B orbit. (c) Same
as (b) but for the orbits of Swarm A/C on the east side of Swarm B
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satellites can reflect the time evolution of the four-peak
structure. The N, profiles over Mlat from Swarm B are
presented repeatedly in Fig. 1b and lc, and the corre-
sponding observations from the two consecutive orbits
of Swarm A/C are presented in different colors. Four
clear peaks, indicated by the gray arrows located at
—42°, —=17°, 8°, and 41° Mlat, were observed by
Swarm B at approximately 22:28 LT. However, the N,
profiles from Swarm A/C observed around sunset
hours close to the same longitudinal region do not
exhibit such a latitudinal four-peak structure. The N,
profiles of Swarm A and C are very similar, and the
slight difference is attributed to the 6 min LT differ-
ence between their orbits (Xiong et al., 2016).
Although the two orbits of Swarm A/C cover almost
the same local time, the N, from the east-side orbit is
much stronger in the equatorial region, indicating a
stronger EIA around sunset on the east side.

It should be noted that the N, profiles from
Swarm A/C were observed between 23:24 and 22:00
UTC on January 31, while the N, profile from Swarm
B was observed around 03:03 UTC on February 1;
both dates correspond to the local night of January 31

in the American sector. Therefore, in the reset, we sim-

3 Swarm
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Fig. 2 Closest orbits of Swarm A/B/C on one day (a) before
and (b) after January 31, 2017 around the longitude sec-
tor of Jicamarca

ply refer to the data of the local night, although it may
span two days from the perspective of UTC.

For comparison, Fig. 2 presents the N, profiles of
the three Swarm satellites over the same longitudinal
region, but one night before and one night after the
event shown in Fig. 1. The Swarm B orbits were
approximately 4.5 h later than those of Swarm A/C. In
contrast, the latitudinal four-peak structure was miss-
ing on both nights, indicating that this structure is quite
dynamic from day to day. On the previous night, the
N, observed by Swarm B at equatorial and low lati-
tudes showed very violent fluctuations, representing
typical nighttime equatorial plasma bubbles (EPBs) or
equatorial plasma depletions (EPDs) that have been
frequently observed in in situ satellite measurements
(e.g., Burke et al., 2004; Wan et al., 2018; Xiong et al.,
2010). Similar to Fig. 1c, the N, profiles from Swarm
A/C during the later night clearly show one peak
located at the magnetic equator, which is attributed to
the EIA around sunset.

2.2 Possible influences of the vertical plasma drift

and neutral winds

Before discussing the possible causes of the lati-
tudinal four-peak structure observed by Swarm, we
should explore the prevailing geomagnetic conditions.
Fig. 3 shows the B, component of the interplanetary
magnetic field (IMF) and SYM-H indices during the
three days considered: January 30 to February 1, 2017,
with the different days indicated by different colors.
The B, of the IMF generally varies within +10 nT,
whereas the SYM-H varies beyond —50 nT. Therefore,
only minor influences of high-latitude processes are
expected. The relatively minor variations in B, and
SYM-H on the night of January 31 suggest that the

2017-01-30—2017-02-01

20F
10}
0 v

IMF-B/nT

SYM-H/nT

6 12 18 24

Fig. 3 Variations in the B, of IMF and SYM-H indices on the
three considered days
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nighttime latitudinal four-peak structure was not driven
by geomagnetic disturbances.

As shown in Fig. 3, the IMF B, component and
SYM-H index did not show prominent variations on
January 31, 2017, therefore, forces from high latitudes,
e.g., the disturbance wind caused by enhanced Joule
heating at auroral latitudes, should have less influence
on the enhanced zonal and southward neutral winds at
Arecibo. One possible contribution of the upper atmo-
spheric neutral wind could be the forces from the
lower atmosphere (e.g., Hodges, 1967), as internal
gravity waves are capable of producing localized insta-
bilities and may be a dominant source of turbulence in
the upper atmosphere.

Previous studies have shown that the vertical
plasma drift, V,, plays an important role in affecting
the distribution of the F region electron density. There-
fore, we aimed to determine whether the latitudinal
four-peak structure is related to V, above the magnetic
equator. Fig. 4 shows the vertical plasma drift velocity,
V,, measured by the IRS at Jicamarca over the three
considered days. As V, shows a very small gradient at
the F region altitude (Fejer et al., 2014), the average V,
over an altitude range of 300—500 km is shown here.
From sunset to pre-midnight hours, we observe that the
upward V, was lower on the local night of January 31
than the on the other two nights. This result reveals
that an enhanced upward plasma drift is not necessary
for the nighttime latitudinal four-peak structure to
occur. Interestingly, on the local night of January 30,
V, from sunset to the pre-midnight hours was rela-
tively large (maximum value of approximately 40

m/s), providing preferable conditions for the occur-

Vertical plasma drift over Jicamarca

50
2017-01-30—2017-01-31
2017-01-31-—-2017-02-01
2017-02-01—2017-02-02

-75 . | . . . . .
12 15 18 21 0 3 6 9 12
Local time/h

Fig. 4 Plasma vertical drift from the Jicamarca ISR on the
three days; V, has been averaged over the altitude range
0f 300-500 km to focus on the F region

rence of EPBs (e.g., Stolle et al., 2008), as observed by
the Swarm B satellite on that night.

Next, we further analyzed the neutral wind obser-
vations during the three nights measured by the FPI at
Arecibo, which is located within the same longitudinal
sector as the Swarm orbits. It is expected that the wind
data from the Arecibo FPI will accurately reflect the
variation in wind along the orbits of Swarm. In Fig. 5,
the red asterisks and blue squares represent the merid-
ional and zonal winds, respectively, during the three
nights. The zonal wind was generally eastward during
all three nights, which is consistent with the known
diurnal variation of the F region zonal wind from satel-
lites (Emmert et al., 2004; Xiong et al., 2015). Around
22:30 LT on the local night of January 31, the zonal
wind reached approximately 200 m/s, which was
approximately 100 m/s larger than the values on the
other two nights. The meridional wind generally blew
equatorward (southward) on all three nights. One obvi-
ous feature is that the meridional wind showed a much
more intense southward wind between 21:30 and 23:00
LT on the local night of January 31 compared with the
values on the other two nights. The enhanced eastward
zonal wind and southward meridional wind appeared
at the time when the latitudinal four-peak structure was

observed by Swarm B on the local night of January 31,

Arecibo
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Fig. 5 Neutral winds from ground FPIs located at Arecibo
(18.35° N, —66.75° E, Mlat: 27.1°) on three consecutive
nights. The middle panel represents the night during
which the four-peak structure was observed by Swarm B
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suggesting that neutral winds could play an important
role in causing the nighttime latitudinal four-peak

structure.

3 Discussion

In this study, we focused on the latitudinal four-
peak structure of the F region electron density
observed by the Swarm B satellite during the night of
January 31, 2017. Simultaneous vertical plasma drift
and neutral wind measurements from ground-based
ISR and FPI were also analyzed to determine the pos-
sible causes of the nighttime latitudinal four-peak
structure. As indicated above, the vertical plasma drift
on the night of January 31 did not show y apparent dif-
ference from that on the other two nights, while both
the eastward and equatorward winds were enhanced,
indicating that the neutral winds rather than the verti-
cal plasma drift play an important role in causing the
nighttime latitudinal four-peak structure.

In general, this study addresses two main ques-

tions.

3.1 What type of wind configuration is needed to

cause the latitudinal four-peak structure?

Xiong et al. (2019) discussed the possible influ-
ence of neutral wind on the latitudinal four-peak struc-
ture. Assuming a simple configuration of the dipole
magnetic field and a declination of 0°, they found that

the neutral wind was most effective at an inclination of

—40 20 0 20 40 —40 —20 0 20 40

2017-01-31 11:00 UTC—201

—40 20 0 20 40

+45° occurring at £26.6° Mlat, which is close to the
inner two peaks at low latitudes of approximately +20°
Mlat. The wind measurements in our study provide
direct evidence to support the conclusions of Xiong et
al. (2019). However, owing to limited space coverage,
we only obtained the wind variation from one station
in the Northern Hemisphere. More detailed wind distri-
butions along the Swarm orbit in both hemispheres
would be helpful to better evaluate the wind influence.
Therefore, in the analysis below, we consider the simu-
lation results from the SAMI2 model for further dis-
cussion.

Fig. 6 shows the altitude versus Mlat distribu-
tions of the simulated N, from 11:00 UTC on January
31 to 10:00 UTC on February 1, 2017. The selected
longitude is —75° (LT = UTC-5); therefore, our simula-
tions correspond to the 24 hours of January 31, 2017.
From 15:00 UTC (10:00 LT), the two crests of the EIA
at low latitudes are clearly observed in the F region
altitude. Until 22:00 UTC (17:00 LT), an additional
peak in the Southern Hemisphere begins to show signs
of growth. This trend appears to have been caused by
splitting of the crest (at —15° Mlat). In addition to the
two latitude peaks, two extra peaks at —40° and 30°
Mlat are also observed from 02:00 UTC (21:00 LT),
forming a four-peak structure, which is consistent with
the NV, profile observed by Swarm B at 03:03 UTC. In
addition, an obvious difference in the N, intensity
between the two hemispheres is found. Over the next

few hours, the latitudinal four-peak structure becomes

01 10:00 UTC
12.0

lg (N)/m

10.0

—40 20 0 20 40

Magnetic latitude/(°)

Fig. 6 Evolution of N, from the SAMI2 model simulation in the altitude versus Mlat frame
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increasingly apparent. However, at the same time, the
intensities of the two inner peaks decrease. From sun-
rise, the N, at equator and low latitudes starts to
increase, and the peaks at the middle Ilatitudes
decrease.

Fig. 7 shows the altitude versus Mlat distribution
of the zonal wind for each hour; the positive/negative
values correspond to eastward/westward directions.
Here, we focus mainly on the F region zonal wind,
which generally flows westward in the daytime and
eastward at night for the considered longitudinal sec-
tor. However, a clear difference in the two hemi-
spheres is found for the diurnal variation in the zonal
wind. For example, from 11:00 UTC (06:00 LT), a
clear westward zonal wind is first observed in the

southern middle latitudes, with an intensity of approxi-

mately 120 m/s at —40° Mlat, and the maximum west-
ward wind then gradually moves to lower altitudes.
From 19:00 UTC (14:00 LT), the westward wind at the
middle latitudes in the Southern Hemisphere begins to
decrease and then turn eastward, and the widespread
westward wind gradually emerges in the Northern
Hemisphere. From 23:00 UTC (18:00 LT), an east-
ward wind appears in both hemispheres and gradually
increases during the next few hours, while the east-
ward wind at the southern middle latitudes gradually
decreases. At 05:00 UTC (00:00 LT), the zonal wind at
the southern middle latitudes turns westward again,
and the eastward zonal wind in the northern hemi-
sphere starts to decrease and is confined to —10°-30°
Mlat, but it continues to flow eastward until sunrise
(10:00 UTC, 05:00 LT).

2017 01-31 11:00 UTC—2017-02-01 10:00 UTC

600

600
E 400
5200

200 | ‘ 100
600 i
400 f
200 ‘ ‘ = _ 50

—40 20 0 20 40 —40 -20 0 20 40

—40 =20 0 20 40
Magnetic latitude/(°)

-50

f=l
Zonal wind velocity/(m-s™)

—-100

—-40 -20 0 20 40

Fig. 7 Evolution of the zonal wind from the SAMI2 model simulation in the altitude versus Mlat frame

Similarly, Fig. 8 shows the evolution of the
meridional wind, where the positive/negative values
correspond to northward/southward, respectively. Most
of the time, the meridional wind flows northward in
both hemispheres. However, there are clear changes
after 02:00 UTC (21:00 LT). In the Southern Hemi-
sphere, the northward wind increases, while the south-
ward meridional wind in the Northern Hemisphere
strengthens, which agrees with the meridional wind
variations observed by the FPI at Arecibo. From 05:00
UTC (00:00 LT) to 10:00 UTC (05:00 LT), the maxi-

mum northward wind in the Southern Hemisphere is

maintained at approximately 145 m/s.

To better compare with the in situ N, from the
Swarm B satellite, Fig. 9 shows the Mlat profiles of the
simulated N, for each hourly bin. The selected altitude
is 400 km, which is close to the Swarm orbital height,
and the longitude is —75° E. The N, at equatorial lati-
tudes starts to increase and exhibits a single crest
above the equator from 13:00 UTC (08:00 LT). With
development of the EIA, two crests are first observed
from 15:00 UTC (10:00 LT), reaches the maximum
intensity at 18:00 UTC (13:00 LT), and then start to

decrease during the afternoon hours. The simulated
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Fig. 8 Evolution of the meridional wind from the SAMI2 model simulation in the altitude versus Mlat frame

evolution of the EIA agrees well with previous satel-
lite observations (e.g., Xiong et al., 2013). Around sun-
set at 23:00 UTC (18:00 LT), the northern crest (in the
winter hemisphere) almost vanishes. However, one
hour later, the decayed northern crest starts to increase
again, while the southern crest (in the summer hemi-
sphere) slowly decreases. Meanwhile (at 24:00 UTC,
19:00 LT), one additional peak starts to appear at —35°
Mlat, and the peak at approximately 35° Mlat starts to

become visible (though with very weak intensity

owing to the lower background N, values in the North-
ern Hemisphere) two hours later (02:00 UTC, 21:00
LT), forming the latitudinal four-peak structure of the
F region N, in the low and middle latitudes. The four
peaks then persist throughout the night until sunrise,
although with a rather weak intensity. The simulated
evolution of the latitudinal four-peak structure is con-
sistent with an earlier report by Xiong et al. (2019),
which stated that these four peaks can last for several

hours at night.
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Fig. 9 Mlat profiles of N, at 400 km from the SAMI2 model simulations

As seen from both the SAMI2 simulation and
Swarm B observations, the background N, exhibits
prominent hemispheric asymmetry, with much
stronger NV, values in the Southern Hemisphere. Previ-
ous studies have revealed that the neutral wind, espe-

cially the summer-to-winter (trans-equatorial) neutral

wind, push plasma along the magnetic field line, which
causes the trans-equatorial movement of ionospheric
plasma and results in inter-hemispheric asymmetry of
both the magnitude and location (Mlat) of the EIA
crests (e.g., Lin et al., 2007; Xiong et al., 2013). In

addition, ion production and loss are important factors
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in the production of EIA asymmetry through photo-
chemical processes (Dang et al., 2016).

As previously discussed in the ISR measure-
ments, the vertical plasma drift plays no significant
role in causing the latitudinal four-peak structure;
therefore, the SAMI2 simulated vertical plasma drifts
are not shown here. One interesting feature is that the
decayed EIA northern crest around sunset starts to
increase again from 19:00 LT. By analyzing the distri-
bution of zonal and meridional winds at that time, we
found that the eastward zonal wind increases drasti-
cally in the northern low and middle latitudes one hour
before and continues to flow eastward for the remain-
ing few hours. The meridional wind does not show a
clear variation at this time or before, but the north-

ward wind in the northern low latitudes decays drasti-

2017-02-01 03:00 UT

0 I I I I I
=50 —40 -30 -20 -10 0
Magnetic latitude/(°)

Fig. 10 Mlat profiles of N, at 400 km from the SAMI2 model simulations with modified (a) zonal wind and (b) meridional wind

Compared to the zonal wind, the meridional wind
has a larger influence on the latitudinal distribution of
the four-peak structure. At 22:00 LT, the meridional
wind between 20° and —50° Mlat is directed mainly
northward with stronger intensity at southward lati-
tudes, while between 20° and 50° Mlat, it is mainly
directed southward. The simulated equatorward wind
in both hemispheres represents the typical F region

wind at night. With such a configuration, the merid-

10 20 30 40 50

cally from 20:00 LT.

As a further test, we modified the zonal and
meridional winds in the Horizonal Wind Model
(HWM) to determine whether they influence the latitu-
dinal distribution of N,. Similar to Fig. 9, the selected
altitude is 400 km, longitude is —75° E, and time is
22:00 LT (03:00 UTC). A scaling factor &, with values
of 0.5, 1, 2, and 4, was applied to the winds, and the
corresponding N, profiles are shown in Fig. 10. The
zonal wind appears to have a minor influence on the
latitudinal profiles of the four-peak structure. At 22:00
LT, the zonal wind between —20° and 50° Mlat is
directed eastward, while between —20° and —50° Mlat
it flows mainly westward. With increasing intensity
(k = 4), only the peak at the southern middle latitudes

moves equatorward by a few degrees.

2017-02-01 03:00 UT

0 I I I n i n n I
-50 =40 -30 —20 —-10 0 10 20 30 40 50
Magnetic latitude/(°)

ional wind from the middle latitudes pushes plasma
along the magnetic field line to higher altitudes, where
the ion-neutral collision frequency is lower; thus, the
plasma can exist for a longer time. Together with the
downward-diffused plasma flux from the plasmas-
phere to the ionosphere at night, it is possible to cause
the accumulation of plasma at middle latitudes, form-
ing an enhanced plasma density band at +40° Mlat
(e.g., Zhong et al., 2019). As shown in Fig. 10b, when
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the meridional wind is reduced to half its value, the
two N, peaks at middle latitudes disappear, confirming
that the meridional wind plays an important role in the
formation of nighttime mid-latitude peaks. However,
when the meridional wind is enhanced by a factor of 2
or 4, the N, in the southern middle latitudes reaches as
high as 13.5x10" m, while the N, in the equatorial
and Northern Hemispheres is only about 1.5x10" m™.
back-

ground N, makes the latitudinal four-peak structure

Such strong hemispheric asymmetry in the

invisible. This result also suggests that an excessively
strong meridional wind is not favorable for the appear-
ance of a latitudinal four-peak structure at night.

The SAMI2 simulations agree well with the in
situ N, measurements from Swarm, vertical plasma
drift data from the ISR, and neutral wind measure-
ments from the FPI. Compared to the observations, the
model provides a detailed time evolution of the latitu-
dinal four-peak structures, as well as relevant quanti-
ties. However, it should be noted that the simulation
results from SAMI2 for the three days considered are
very similar, whereas the observed N,, plasma drift,
and neutral winds exhibit distinctive differences. From
this perspective, the SAMI2 model is not sufficiently
precise to reflect the day-to-day variability of the iono-
sphere.

At the topside ionospheric altitude, the neutral
wind can push plasma along the magnetic field line.
For example, owing to the inclination of the magnetic
field line at mid-latitudes, the enhanced equatorward
wind pushes plasma along the field line to higher alti-
tudes. Because neutral-ion collisions are less frequent
at higher altitudes, the plasma at higher altitudes can
survive longer. Therefore, the equatorward wind is
expected to enhance the plasma density in the topside
ionosphere.

The HWM or SAMI2 models only provide the
horizontal wind. However, it is more appropriate to
convert the horizontal wind into magnetic field-aligned
(Wpar) or vertical (Wper) components when dis-
cussing its influence on the plasma density in the top-
side ionosphere. The magnetic field-aligned compo-
nent can be expressed as follows:

Wpar = (V-cosD + U -sinD) - cosl (1)

Similarly, the vertical component can be expressed as
follows (e.g., Liu et al., 2010):

Wper = (V-cosD + U -sinD) - cos/ - sin/ 2)
where U and V are the zonal and meridional wind com-
ponents, respectively; and D and / are the magnetic
declination and inclination angles, respectively. Tak-
ing the values of U and V from the HWM model
(included in the SAMI2 simulation) and D and [ from
the IGRF model, the latitudinal profile of Wper at an
altitude of 400 km is obtained, as shown in Fig. 11. No
clear latitudinal four-peak structure is seen in the Wpar
or Wper profiles. The results also reveal that the
detailed mechanism or contribution of the neutral wind
to the latitudinal four-peak structure is more complex,
requiring further investigation using model simula-

tions.

3.2  Are the inner two peaks of the four-peak
structure the remnants of EIA crests from sunset

hours?

From the N, evolution from the SAMI2 model
simulations, as shown in Fig. 6, it appears that the
inner two peaks of the latitudinal four-peak structure at
night are remnants of the EIA crests from sunset. How-
ever, as shown in Fig. 1, the N, from two consecutive
orbits of Swarm A/C (on both the east and west sides
with respect to the Swarm B orbits) do not show two
crests of the EIA around sunset. However, the N, from
Swarm B, which passed between the two orbits of
Swarm A/C and approximately 4.5 h later, shows a
clear four-peak structure. This provides evidence that
the two inner peaks are not remnants of the EIA crests
from sunset, which seems to contradict the model sim-
ulations.

The continuous vertical plasma drift measure-
ments during the three days considered also provide an
opportunity to answer this question. The intensity of
the EIA from sunset to midnight is strongly related to
the vertical plasma drift during the PRE. Around sun-
set (indicated by the yellow shadow in Fig. 4), V, is
generally downward on the local night of January 31,
which indicates that the EIA should be quite weak

around sunset at this longitude. The relatively weaker
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Fig. 11
tions (1) and (2)

EIA on this day is further supported by the fact that the
maximum N, at low latitudes measured by Swarm A/C
is the lowest of the three days. Therefore, no strong
EIA of the two crests is expected to form after sunset
on January 31, and the two inner peaks of the latitudi-
nal four-peak structure observed by Swarm B are
caused by other drivers, such as the neutral winds.

In this study, we conducted an event analysis of
the nighttime latitudinal four-peak structure at low and
middle latitudes. However, owing to the limited num-
ber of ground-based stations, we provided neutral wind
observations from only one FPI located at Arecibo. To
better resolve the wind contributions from neutral
winds, FPIs located at different latitudes but along the

same longitude would be helpful. From this perspec-

Latitudinal profile of (top) Wy, and (bottom) 17, at an altitude of 400 km for different UTC, calculated according to Equa-

tive, the Chinese Meridional Project provides an excel-
lent opportunity to investigate the latitudinal structure
of the ionosphere, and further studies are encouraged
in the future.

4 Summary

In this study, we provide a detailed analysis of the
latitudinal four-peak structure of the F region electron
density observed by the Swarm B satellite during the
night of January 31, 2017. Simultaneous vertical
plasma drift and neutral wind measurements from the
ground-based ISR and FPI were also compared. The
main findings are summarized below.

(1) For this event, the two consecutive orbits from
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Swarm A/C, on the east and west sides with respect to
the Swarm B orbit, do not show two crests of the ETA
around sunset. In contrast, the N, from Swarm B, in
which passed between the two orbits of Swarm A/C
and approximately 4.5 h later, shows a clear four-peak
structure. This provides strong evidence that the two
inner peaks of the latitudinal four-peak structure are
not remnants of the EIA crests from sunset.

(2) The F region vertical plasma drift measured
by the ISR at Jicamarca is generally downward from
sunset throughout the local night of January 31, 2017,
which reveals that an enhanced upward plasma drift is
not necessary to cause the nighttime latitudinal four-
peak structure.

(3) The neutral wind measurements from the FPI
located at Arecibo show enhanced eastward and south-
ward components during the night, when the latitudi-
nal four-peak structure was observed by Swarm B,
both with a difference of approximately 100 m/s com-
pared to the other two days. This suggests that the neu-
tral winds play an important role in the nighttime lati-
tudinal four-peak structure.

(4) Simulations using the SAMI2 model support
these observations. In general, eastward and equator-
ward winds from both hemispheres at night provide
favorable conditions for the latitudinal four-peak struc-
ture. However, when the equatorward wind is too
large, strong hemispheric asymmetry of the back-
ground N, can occur, which prevents the development
of a latitudinal four-peak structure at night.
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Recent research progress on planetary waves in the middle and

upper atmosphere during sudden stratospheric warmings

Ma Zheng', Gong Yun'", Zhang Shaodong'~

1 School of Electronic Information, Wuhan University, Wuhan 430072, China
2 Guizhou Normal University, Guiyang 550001, China

Abstract: Sudden stratospheric warming (SSW) is a violent atmospheric disturbance in the polar region of the
winter hemisphere. The drastic changes in temperature and wind during SSWs are considered to be the main rea-
sons for the abnormal increase in the energy of atmospheric waves in the upper and middle atmosphere in the
winter hemisphere. Meteor radar is an important ground-based detection equipment that can stably and continu-
ously detect neutral wind in the mesosphere and lower thermosphere (MLT) region. Based on one of the National
Major Science Infrastructure Projects, the "Meridian Project", China has built several meteor radar observation sta-
tions to conduct long-term stable and continuous monitoring of the neutral wind in the MLT region, which provides
important observation data for revealing the physical mechanism of abnormal changes in atmospheric waves dur-
ing SSWs. Here, we briefly review the research progress on planetary waves in the middle and upper atmosphere
during SSWs in recent years, especially the scientific findings based on the meteor radars in the Chinese "Meridian
Project". The trigger mechanisms of the enhanced planetary waves during SSWs are discussed. With the comple-

tion of ten meteor radars in the second phase of the "Meridian Project", this paper prospects the use of its meteor
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radar monitoring network to further study the characteristics of atmospheric waves in the middle and upper atmos-

phere during SSWs.

Keywords: sudden stratospheric warming; Chinese Meridian Project; meteor radar; atmospheric planetary

waves
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L E R R A (sudden stratospheric warm-
ing, SSW) & K AE T4 Z LRI IX R R R A5
P, JLRFAE A A% DX P30 20 AR A R T LR K
b T A B R DX TR 2 A 2 e RS R ek 5
Y ;i ¥ (Baldwin et al., 2021; Butler et al., 2017) .
w1 pTR, 2018 4F 12 A & 2019 4 1 H Hi 1A,
B A T R SRR SSW A, Al IX
JiJZ (10 hPa =% 1 90°ND (¥ H T3 A (468D
7 — JA i ) Ay TR I 60 K, 3z Tz Y+ 4R 4
I3 CE/) . SSW IR A R E Sl T4
RGNS AT AL 5 KR SR AR A AR
RSN T 5 1 DX P00 2 AR IR . B X P
JERGRIRAS ISR CRAR 2 i1 47=F
Borbsn 2 AL R g e A R R, AR T
KAHTCRE I — WO R RJER RSN, AT
Wi 4 A A 2= 2 BROAS [A] B8 22 1 K 0IR A (Charlton
and Polvani, 2007; Harvey et al., 2002; Manney et al.,
2022) . AEXU)ZE, SSW Ll i M i 47 B I AR 1k
FEMART IR R, 38 8 A5 B8 40 Hh DX H A Sy 5
% ) M R A (King et al., 2019; Waugh et al.,
2017); fiAE ), SSW A Hl i A 1 5 X
R FE A0 TR L B L 2 B 2 BRI AT B R
(198 (Laskar et al., 2019; Liu et al., 2004; Stray et
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Fig. 1 The climatological temperature evolutions at 90°N and
10 hPa since 1980 (blue) and during the winter of 2018-
2019 (red)

al., 2015); JLAERWA A DB SSW K5 1)
RN PR 2l B0 Wk B R R I AE S
(Gong et al., 2013, 2018a; Jin et al., 2012; Xiong et
al., 2013; Zhang et al., 2020) . A t, ¥ ABF 5%
SSW I ) v iy J22 KA Bl R ML R I AR, X
PR AP RO RE RIS 2h B 5 R IR S LI
MAE IS AR R AR (FAE AN EK
BRI A PR A B AT ) (1) ) S [ 38k s it o ]
J= A #4 )2 (mesosphere and lower thermosphere,
MLT) P X7 IR o 4 i e e ok, DR
REM K IR e IR SR At v N 0 3 1 XU 15 5L
B2 Mg i T At A % (Chau et al., 2021,
Poblet et al., 2022; Stober et al., 2018; Yi et al., 2018,
2019; Yu Y etal., 2017) . fit s Hik— MR fit i VG
124 80~100 km. I i) 73 # 5 y 1/ L w22y
HEA N 2 km BRI B LA R A (24 /NP 1)
TS LINAE AF I 5T AT AT DL SEAf ¢ MLT X 48K
RUEBN AR AR TR IR BB A s R KR
W IR AL T ST Bl BERL. Wy, EAZR
FE EATBRI) 2 G AL T IS IR LI, 4 46 7R 5
AN AN N R SR i RSSO/
(Wan and Xu, 2014) . [H 5 H AR BB EE 1%
WH—— “ LR, CARTRE B s Fs
R T WG WA HE (Dou et al, 2010;
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physics, Chinese Academy of Sciences (IGGCAS)
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Fig. 3 Distribution of geopotential height (unit: m) at 10 hPa in
the Northern Hemisphere on January 5, 2019 (after the
2018/2019 SSW). The polar vortices (indicated by blue
regions) are splitting over the Atlantic region (0°-60°W)
(modified from Ma et al., 2020a)
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Fig. 4 Daily mean meridional (positive northward) and zonal
winds (positive eastward) observed during the 2018/
2019 SSW by the meteor radar at Mohe. The quasi-4-
day oscillation during the SSW (around day 30) is evi-
dent in the meteor wind (modified from Ma et al.,
2020b)
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Fig. 5 Normalized LS periodogram of the zonal winds obser-
ved by meteor radars at Mohe, Beijing, and Wuhan after
the March 2020 SSW. Quasi-10-day waves were cap-
tured at all three stations (modified from Yin et al.,
2023)
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Fig. 6

The amplitude (a) and phase (b) variations of the quasi-4-day wave in the meridional winds during the 2018/2019 SSW over

Mohe. Fitting results derived from MERRA?2 reanalysis data and meteor radar winds are presented with blue and red lines,

respectively (modified from Ma et al., 2020b)
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Fig. 7 Normalized LS periodogram of the meridional winds

over Mohe during the Antarctic SSW in September
2019. The amplitude of the observed quasi-6-day wave
is significantly larger than the climatological level,
which is an interhemispheric response to the SSW
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Fig. 8 Simulations of the new fitting method based on syn-
thetic data, including (a) stationary planetary waves 1
and 2 and (b) westward and eastward Q5DOs with zonal
wavenumbers of 1 and 2. (c) and (d) Daily amplitudes of
the fitted Q5DOs obtained from the original least-square
and new fitting methods (modified from Ma et al.,
2022c)
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Abstract: The Phase II of Chinese Meridian Project will deploy 10 meteor radar systems in China. To pro-
mote the advancement of domestic ground-based observation technologies, the project managing headquarters are
engaged in a special campaign for the localization of meteor radar production. To ensure that the domestically manu-

factured product meets the requirements, prototype testing was carried out, including a technique indicator test and
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data quality evaluation. According to the results of the field technique indicator test, the prototype fully met the re-

quirements. Further, the data quality was evaluated using the EMDR meteor radar data as a reference. The main

comparison parameters included valid meteor count, space-time distribution of meteor number, height distribution

of diffusion coefficient, and distribution of wind field at varying height and time. This study mainly explains data

quality evaluation results, revealing some basic characteristics and laws of meteor radar observation, in an attempt

to testify the capability of the prototype and provide a reference for future meteor radar data quality evaluation.

Keywords: Chinese Meridian Project; meteor radar; prototype testing; data quality
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the difference between the two)
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Abstract: The Phase Il of Chinese Meridian Project atmosphere wind-temperature-metal-constituents LIiDAR
at Mohe (122°E, 53°N) station uses a resonance fluorescence scattering mechanism to detect the metal layer com-
position in the upper atmosphere at 80-120 km , and subsequently uses these metal components as tracers to study
various complex chemical and kinetic processes in the middle and upper atmosphere. The time resolution of this
LiDAR is 1.1 min and the spatial resolution is 30 m. With high spatial and temporal resolution, we obtained a high
signal to noise ratio for Ca number density. Further, we analyzed the evolution of Ca number density with time and
height in January 2023. We observed that the peak value of background and sporadic Ca number densities reached
approximately 33.55 cm™ and 53.64 cm, respectively. In comparison with that in Yanqing (116.0°E, 40.5°N) sta-
tion, the Ca number density in Mohe station was higher. Moreover, while examining the Ca observation studies
conducted at foreign stations, we found that the Ca number density in Mohe was close to that of Kuhlungsborn sta-
tion (54°N, 12°E; Germany) and was higher than that of Observatoire de Haute Provence station (44°N, 6E;
France). Additionally, during January 12—14, 2023, we observed calcium meteor trails, consistently appearing near
the peak of the metal layer spectrum.

Keywords: LiDAR; Ca count density; meteor trail
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Table 1 Calcium atom observation of LiDAR parameters in
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Chinese Meridian Project near-surface atmospheric electric field observations
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Abstract: The near-surface atmospheric electric field is an important parameter in disciplines such as space
physics and atmospheric science. Variations in the atmospheric electric field represent the state of the global atmo-
spheric circuit and charge distribution in the near-surface atmosphere, which is affected jointly by meteorological
activities (including precipitation, wind speed, relative humidity, and lightning), geological activities (earthquakes,
landslides, mudslides, etc.), and solar activities (including solar flares, geomagnetic activities, coronal mass ejec-
tions, and high-energy proton events). The atmospheric electric field's near-surface average value in a specific re-
gion during the calm period is represented by its average daily variation characteristics. This average value is im-
portant to study the fluctuations in the near-surface atmospheric electric field at different latitudes, which are caused
by geological or solar activities. To realize the three-dimensional detection of the whole circle and multiple ele-
ments of the solar-terrestrial space environment, several atmospheric electric field observation stations were built
under the Meridian Project at the poles and several regions in China. The present study introduces observations

made at seven such stations. It mainly included observations by the field-mill-type atmospheric electric field instru-
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ment, the data format, and information on clear days during November 2021-October 2022 at the Tibet Gar Station.

The average daily variation in the atmospheric electric field during this one-year period was analyzed. Finally, the

comparison of the average daily atmospheric electric field curve with the standard "Carnegie curve" was discussed.

Keywords: Chinese Meridian Project; atmospheric electric field; ground-based observation
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Fig. 1 Map of the completed Chinese Meridian Project atmospheric electric field observation stations
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Table 1 Description of the atmospheric electric field data formats
(a2 s 34 BT 44 BE G /BB DA L sRAg
01 i Hour 0~23 h 12
02 =i Colon / / Al
03 ix Minute 0~59 min 2
04 =i Colon / / Al
05 (i Second 0~59 s 12
06 R Electric Field -50~50 kV/m LATA S KSR A AT
R 2 PERIEKEE 2021 4F 11 A 1 KU EdE R 1)
Table 2 Example of atmospheric electric field data obtained from the Tibet Gar Station on November 1, 2021
)] H13% ] M3 P 1] Hi%
00:00:01 0.49 11:59:59 0.51 18:00:03 0.495
00:00:02 0.488 12:00:00 0.51
00:00:03 0.488 12:00:01 0.507 23:59:56 0.45
00:00:04 0.488 23:59:57 0.45
00:00:05 0.488 18:00:01 0.505 23:59:58 0.45
18:00:02 0.502 23:59:59 0.447
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Fig. 3 Average daily variation in the fair atmospheric electric
field at Tibet Gar Station

FHERRTHI FME (R KA H
AT BN P A BUE RS- ED) /B 100%,
KRS R /N I35 H AR 5% S48 1 Al
Wil 3b fron, L2 o bR ) A i gk th £k 7
(Harrison, 2013) . JHLEXFLE AR B, P9 4% i 2451k,
W P30, P es 2l 1) I R OK A< L H A A i 2
AR AR B bRl M 2630, 3K DAL A A ek g 7K 3l e

BV PR ARG AT 2 T PR U A X YL I i) 22 S K
JLJR 28 (1) VG5 E /R i A7 76 H H H V% 8%
N, T AR AR A AR EALINAS B AR
PR, TR A AR RN, (Mkrtchyan et
al, 20200, SFEMWEMHEGEMHAR; (2) 5
“CRm Al AR LSRR, P R
Tl S 1 TR, T A TG 28 AR TBUR R B4 5
KA HLIZ Ak

4 5 w

KL EENAET P4 TREH RS oI W,
A5 B ORI Bk o e Rk
BB RS RS HAR i 2. 2 5, RN
TR R AN FORPH A (LG RBIRESE. H %24
st KPR FE) AR R ANF
H DX PR RSB U R, DO BH X e 38 3ot 5
JZ FLES A A R 5 S a3 1 A R

T TR TR T P 2 ) R 5 B AR
OB B, S0 IRk B SCRF T K s /K P 1)
RGBT IEAE @0 TR 0, B 1%
IR BH PR ELEERI , A SR 2% 1R PR 55 (K 3R DS B8 ~7.
A HnA .

RS RIR

VUGS B & #2021 4F 11 H 2 2022 45 10 H #1H] KA
HIZEEE Al WEHE & (doi: 10.57760/sciencedb.07234) F#k.

BU5

TR DY R R L 7R 5 AR I R e e A By, T
TRRI SR

References

Afreen S, Victor J, Nazir S, et al. 2022. Fair-weather atmospheric elec-
tric field measurements at Gulmarg, India[J]. Journal of Earth Sys-
tem Science, 131(1): 1-19. DOI: 10.1007/s12040-021-01745-5.

Anisimov S V, Shikhova N M, Kleimenova N G. 2021. Response of a
magnetospheric storm in the atmospheric electric field of the mid-
latitudes[J]. Geomagnetism and Aeronomy, 61(2): 180-190.

Chen Q D, Liu R, Liu Y, et al. 2020. LF/VLF electromagnetic pulse
measurement system[J]. Chinese Journal of Radio Science, 35(5):
791-798 (in Chinese).

Gurmani S F, Ahmad N, Tacza J, et al. 2018. First seasonal and annual
variations of atmospheric electric field at a subtropical station in Is-
lamabad, Pakistan[J]. Journal of Atmospheric and Solar-Terrestrial
Physics, 179: 441-449.


https://doi.org/10.57760/sciencedb.07234
https://doi.org/10.1007/s12040-021-01745-5
https://doi.org/10.1007/s12040-021-01745-5
https://doi.org/10.1007/s12040-021-01745-5
http://dx.doi.org/10.1007/s12040-021-01745-5
https://doi.org/10.1134/S001679322102002X
https://doi.org/10.13443/j.cjors.2019092001
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1016/j.jastp.2018.09.011

55 H1 Rk, 2.

T TR RIS O A

. 143 -

Harrison R G. 2013. The Carnegie Curve[J]. Surveys in Geophysics,
34(2): 209-232. DOI: 10.1007/s10712-012-9210-2.

Harrison R G, Nicoll K A. 2018. Fair weather criteria for atmospheric
electricity measurements[J]. Journal of Atmospheric and Solar-Ter-
restrial Physics, 179: 239-250.

Huang Y, Wu A K, Zhang S X. 2018. Influence of environmental fea-
tures on the atmospheric electric field and correction[J]. Electronic
Measurement Technology, 41(1): 35-38 (in Chinese).

Li L, Chen T, Ti S, et al. 2022. Fair-weather near-surface atmospheric
electric field measurements at the Zhongshan Chinese Station in
Antarctica[J]. Applied Sciences, 12(18): 9248.

Li Z F. 2018. Design of digital atmospheric electric field instrument
based on FPGA[J]. Technology and Innovation, 22: 136-137 (in
Chinese).

Lu B Y. 2012. The research on the application of the data of atmosphe-
ric electric field in lightning warning[D]. Chengdu: University of
Electronic Science and Technology (in Chinese).

Luo F S, He Y H, Zhang J, et al. 2004. The new inverted electric field
mill[J]. Chinese Journal of Space Science, 24(6): 470-474 (in
Chinese).

Ma Q M. 2014. Principle and Technology of Lightning Monitoring[M].
Beijing: Science Press, 3-5 (in Chinese).

Mkrtchyan H, Karapetyan G, Aslanyan D. 2020. Atmospheric electric
field variations during fair weather and thunderstorms at different
altitudes[J]. Journal of Atmospheric and Solar-Terrestrial Physics,
211: 105452.

Smirnov S. 2014. Reaction of electric and meteorological states of the
near-ground atmosphere during a geomagnetic storm on 5 April
2010[J]. Earth, Planets and Space, 66(1): 1-8.

Sun J Q. 1987. Basics of Atmospheric Electricity [M]. Beijing: China
Meteorological Press (in Chinese).

Tacza J, Raulin J P, Mendonca R R, et al. 2018. Solar effects on the at-
mospheric electric field during 2010-2015 at low latitudes[J].
Journal of Geophysical Research: Atmospheres, 123(21): 11970-
11979.

Wang C. 2010. New chains of space weather monitoring stations in
China[J]. Space Weather, 8: S08001. DOI: 10.1029/2010SW
000603.

Wang C, Chen Z Q, Xu J Y. 2020. Introduction to Chinese Meridian
Project-Phase II[J]. Chinese Journal of Space Science, 40(5): 718-
722. DOLI: 10.11728/cjss2020.05.718.

WuMJ, DuL P, Chen Y B, et al. 2010. Research on the characteristics
of atmospheric electric field and lightning early warning techno-
logy[J]. Meteorological, Hydrological and Marine Instruments,
27(1): 10-14 (in Chinese).

WuT, Lu W T, Liu X Y, et al. 2009. Characteristics of near-ground at-
mospheric electric fields under different weather conditions in

Beijing[J]. Journal of Applied Meteorological Science, 20(4): 394-

401 (in Chinese).

Yan M H, Xiao Q F. 1990. Analysis of the characteristics of the atmo-
spheric electric field in the western Pacific Ocean from September
to November in 1988[J]. Plateau Weather, 9(4): 395-404 (in
Chinese).

Yaniv R, Yair Y, Price C, et al. 2017. Ground-based measurements of
the vertical E-field in mountainous regions and the "Austausch" ef-
fect[J]. Atmospheric Research, 189: 127-133.

Zhang H M, Zhang Y J, Yang S G, et al. 2013. Atmospheric electric
field and its relationship with air pollutants in Taiyuan area[J].
Journal of Environmental Sciences, 36(9): 66-69 (in Chinese).

Zhang Y, Zhang W B, Wang Z H, et al. 2015. Analysis of fair-weather
atmospheric electric field over Eurasian Continent[J]. Transactions
of Atmospheric Sciences, 38(5): 703-709 (in Chinese).

Zhang Y J, Meng Q. 1998. Atmospheric electricity characteristics in the
eastern Qinghai-Tibet Plateau[J]. Plateau Weather, 17(2): 135-141
(in Chinese).

Zhou Y J, Chen C P, Liu L P, et al. 2000. Atmospheric electric field in
hail weather system in Naqu area of Qinghai-Tibet Plateau[J]. Pla-
teau Weather, 19(3): 339-347 (in Chinese).

Bt e 32535 3k

BREF A, X%, XU, 2. 2020. AR/ B0 A R Sk b 5 R ZEF
] PR, 35(5): 791-798

HER, Seacdh, TR, 2018, S HUIREE AA AL I I B R i R 15
IE[]. I ERA, 41(1): 35-38

Z=r1E . 2018. 55T FPGA 7 A KA g i vk [J]. BHE 50057,
22: 136-137

FEIRYR . 2012, K HL 37 200 78 B H TICE o) B E ST [D]. AR -
S N

B, T, SK{E, 2E 2004 B AL
RBl222q), 24(6): 470-474.

. 2014 BRI SR [M]. bRt Bl HaL, 3-5.

ISR 1987, KA H A (M. db: A% At

SEHAVE, MR, BEER, 4. 2010, K I ERE M R T
ARWFF [3]. RBIKSCHEFAES, 27 (1D: 10-14.
R, B, XIBERH, & 2009, JbTHEXOR [E RS SR R b
KA. M HAZ S, 20(4): 394-401.

HHEL, PIKE. 1990. 1988 4F 9—11 H T4 AT ¥E#fE X K74
MEA BT[] BRA S, %4)3%4%

IKHEHT, Tk SCE, IR, 25 2013, KX R R HE RS
ﬁ%%%%w:%ﬁﬂ+%ﬁ* 36(9): 66-69.

sk, kIR, TIRS, 2R 2015, BRI KRR KT IR ERE
Gk HT ], KB4, 38(5): 703-709.

Tk, . 1998, F IR AT X K KA RAFIED). SRS,
17(2): 135-141.

JEER, MR, XIESE, 452000, 5 SR B X 0k E R R
SRR mRAS, 19(3): 339-347.

A WE e A 1 )], 210


https://doi.org/10.1007/s10712-012-9210-2
http://dx.doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1016/j.jastp.2018.07.008
https://doi.org/10.1016/j.jastp.2018.07.008
https://doi.org/10.1016/j.jastp.2018.07.008
https://doi.org/10.3390/app12189248
https://doi.org/10.15913/j.cnki.kjycx.2018.22.136
https://doi.org/10.1016/j.jastp.2020.105452
https://doi.org/10.1029/2018JD029121
https://doi.org/10.1029/2010SW%3Clinebreak/%3E000603
http://dx.doi.org/10.1029/2010SW000603
http://dx.doi.org/10.1029/2010SW000603
https://doi.org/10.11728/cjss2020.05.718
http://dx.doi.org/10.11728/cjss2020.05.718
https://doi.org/10.3969/j.issn.1001-7313.2009.04.002
https://doi.org/10.1016/j.atmosres.2017.01.018
https://doi.org/10.13443/j.cjors.2019092001
https://doi.org/10.15913/j.cnki.kjycx.2018.22.136
https://doi.org/10.3969/j.issn.1001-7313.2009.04.002

LRI Bl ! HER 5AT Y BIC VR (PO Vol.55 No.l
2024 41 Reviews of Geophysics and Planetary Physics Jan., 2024

FUR, BRI, RS, AL 2024, BRI, TFRBMFZ ik—2022 45 M RFE HEAR L SR B Joid. Ik 5T A YEigir (h
HEI, 55(1): 144-152. doi: 10.19975/.dqyxx.2023-019.

Wu K T, Xu X H, Jiang J N, Shen A. 2024. A summary report on the Space Physics practical education in 2022. Reviews of Geophysics and Planetary
Physics, 55(1): 144-152 (in Chinese). doi:10.19975/j.dqyxx.2023-019.

RERZTE AR, FBR R
—2022 A AR SR L SR EH F 5]

ZOPRT, AL, ERE, K
P RRA B E HUERR = R 22 e, BIE 230026

WE: SERBESHER SR E T AR 25 [0 P 2E ) B E R L Tk, ERHE BRI 2E R 25 () R}
2 s R HER B LI T RN 2 A A I L2 A W R S —— 4 TRERIBE AR 3, TFIR AT AL Z MR
KRRVEB ISR BT . AL E P, TS St R [R1SAA TURARSE 30 00 8 TP 25, iy A0 IR] 2400125 S W00 B30 14 Ak
5T, JFASUTA LG FSAMEH SRR &, 23T % LB SEARENEAR, T T ARHE
TACHE R B, 4R TR ER AR (R i, I RN 2 A 22 i) RS S TR 20 243 () RS PR AR A SRR AGE . a0, TR 22 AT]
AT TR E MR Bl S R SEAR TSR EREE, W2 EEARAT TAE, b e ik 791k skt
W <A SR, AMURFA T AE%) ., MG TAES SRR MBHEZETR, MBI TR, RN T 2 0)
YBE2EST T A

KPR WEREE: SWHE; TR

doi: 10.19975/j.dqyxx.2023-019 FESAS: P35 X H#FRIRAD: B

A summary report on the Space Physics practical education in 2022

Wu Koutian’, Xu Xiaohang, Jiang Junnan, Shen Ao

School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China

Abstract: Hands-on education is of great importance for undergraduate students studying Space Physics. In
recent years, the School of Earth and Space Sciences at the University of Science and Technology of China has
conducted extensive undergraduate summer professional practical education based on the advantages of the
Chinese Meridian Project's chain observation. Teachers guide students in learning about the processing and analy-
sis of observation data, take them to the Chinese Meridian Project sites, and thoroughly explain to them the numer-
ous facets of practical education. Students learn many detecting technologies, including optical, radio, and magne-
tic fields, as well as the concepts of various instruments used for detection, as well as how to use scientific data and
research tools and visualize the change characteristics of the near-Earth space environment during space weather
events through data analysis. Finally, the students conducted a summary report of their practical education. Through
participating in space physics practical education, students truly engage in scientific research, successfully over-
coming the "anxiety" of initial attempts at scientific research. This not only improves their practical abilities and
scientific literacy such as independent learning and teamwork but also broadens their horizons and establishes a

foundation for further understanding of Space Physics.
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The processing flow for obtaining slant TEC from GNSS signals is as follows: Based on the original RINEX file, the pseudo-

range TEC and phase TEC is used to obtain slant TEC. (a, b) Show one arc before or after outliers and cycle slips are removed.
(c, d) Show the changes in slant TEC observed by the PIMO station (14.6°N, 121.1°E) on the whole day, February 1, 2022
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Images of solar disk at different bands observed by the SDO satellite from 23:59:59 UT on January 31 to 00:00:09 UT on

February 1, 2022. Panels (a) to (f) show the images in the 94 A, 335 A, 193 A, 304 A, 131 A and 171 A wavelength bands,

respectively
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