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ST ST A ME S X8R, i X 2% BRI, 1L 4
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i A B i o A ORISR A LRI A7 2 F 2
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R RN PO — SR A2 (intermediate layer ) 2L
AR R AR E AT AR S
PRCU, SR, 33X 2 AR S = EE AU 35 IE

T R b, A DR 3 50 0 WL BF 5% 32 244
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Dst $8 £ fIlKi5 210 nT, e K172 K #8540 ( planetary
K—index, K,)ih%| 8, TEMER AR, i & widotE
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100 :_'i" . . n . 0
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(d) ZEHiLTE

K4 AR EEAR ORI AR Ca’ 1 4 bl ) WL

222 Ca'H#h5 VHF &k @ik a2 Bk

SRZR VHF & 5 76 X N B %1 (12:45—13:30 UT)
T 140~160 km 1= B2 258 20 28 ORISR [
(B 4(b)) o AN 22385 ) 3 BE 2928 30 m/s([&]
4(c)), HHEE A, 5 Ca" FIFHEE (31 m/s) = E—
., LT (2 8 mys, K 4(d)), RHIARKA
A P i 8 37 S T 11

TR B U AE A DX [) Ao A 5 g 5 4 R 4
TR SRS, HEAEE T 2R B T RESRY
AU I 23 Bk . Ca A B B RE RS A Fa e P
PRAIL T SR AR R, AN SR R X — R B
1R LA R N 4ERE
223 IEHFH: FEBRFSEEFEARLBE

ZEE R IR BN ) A3 HrdR R 2 D ATRERTR . (1) 2
R M ZE A . UE 110°E~120°E 28344, MR8
S £6 B 19 24> L 25 )2 DU =5 43 34 (Chumphon, Bac
Lieu, Meiji, Cebu)¥3Jict 55 21| A 55 )2 S0 = B2 (F J2 1%
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= WF)TE 11:10 UT ZE 4 RIBH R . 53X — (R B HERR
T )R PR Can B P& 358 ) 1R g B, 48 1l KRB 3R 3h i
A . H5ubRIE, 17 5 Pri#i 3 (interplanetary magnetic
field, IMF) B, 431t 16 AH [F) Bk 200 2% A5 i 1) B A%, R 2358
HURAE T BLRIR S 45 (2) B PRI AL
RS SRR 4 B (29 109°E ) 7E 13:00 UT FfFUE A L4200
1) 45 B AR I, (5 P 35 £ (29 100°E) ) GNSS
TEC ## Bn 55 T O TR R B . 55 T
PG %) A R Ak FL 37 1T B3 2o i ) e e i 22 8 o
— IR, hEA TR T

PR AR X Ca™ WL A9 4 B2 X, 75 19 SE I Ca
BESETREEZEAXR, MK E B, 8%
PIMISE (RS R E0AT 35 0.91 LU F), K CaBESH
BIERAETE FLAZRIL, SRITAEAIX (£ 130~180km), Ca’
LR (10°~10° om ) I fIE PR FEE(10°~10°ecm ™),
SO L2 B 0 B v kA B . PR, Ca'fE i
3 91 R S W 2 S - s R ER AR 110 2 1) 45 4, T AR F
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WFsE

TR ARG Al S IR HLH (X BY ), H i
B PR RS R FRE R ) BT R BT . AL
ORI, A3 TR A XS S ST G T AL AN T s
I 25 425 R 37 R/ A5 TR T A Ak L e 4 T B A
E XIGTHER X A KR, &8 5 T XTIk
FL 37 0 55 1T 2B R, T i e 2 2 s R
TR R TR TR A RCEEE T,
JZ LA ANROBER ISR, B VHF Bk 58 I0 5). 31X
—HLHIHELDRE 48 2 T finiz . 2B BRI ) (ki
K3 ARG — ok, N H AR A X R AR
EIRRL B PN
2.3 ZETFEM CaRERM

B P PR YR R RV 25 3 b X e L A L
R SR Z —, P 5 A B AR e R R R iR
PR T B RIS, & e B A R A A
N 454 . H Woodman &5 POHE b T " B LA
ok, BB TR = A S AL — B R B 2 P
WFFE BIRTHT IR . [ PR 1 F 28 45 3 IR i i U2
FHIERUS T Rk, s A0 SR K&
TR PSSR, A B A S HL N R R 44
REIE A L5 M £ 2 VHF 5535113 . 630.0 nm <
WS LA S GNSS TEC #E25 g A3 5] 1445 % ROTI
HEATHEMT$90 faldn, FIF Gadanki 75 ik 2 I
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PRI 2 45 B A0 1) 73 SCHR BT 2548y, A 55 85 1A
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Research progress in joint lidar and radar observations: New insights into
ionospheric irregularities via metal ion tracers

JIAO Jing', SUN Wenjie”', LI Guozhu’, YANG Guotao"®, ZHU Yajun'"?, DU Lifang', YAN Chunxiao"’, HE Maosheng', LI Hui'

1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China
2. Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
3. Hainan National Field Observation and Research Station for Space Weather, Danzhou 571734, China

Abstract Metal ions are important tracers of ionospheric dynamics, and their vertical transport is closely associated with the formation
of ionospheric irregularities. As part of the Chinese Meridian Project, a new generation of ion resonance fluorescence lidars has been
deployed at the mid—latitude stations of Mohe and Beijing and at the low—latitude station of Hainan. Together with VHF radars,
ionosondes, and other instruments, these lidars constitute a coordinated observational network. This paper systematically reviews recent
advances achieved with this network in understanding metal—ion upwelling and ionospheric irregularities. Mid—latitude observations show
that storm—time enhancement of equatorward neutral winds can uplift Ca” layers from the E region to altitudes of up to 350 km.
Differences in magnetic dip angle between Mohe and Beijing result in distinct sensitivities of Ca* layer uplift to geomagnetic storm
conditions at the two sites. At low latitudes, observations reveal a direct association between storm—time penetration electric field—driven
metal—ion upwelling and valley—region irregularities, with metal—ion layers providing the density gradients necessary for the development
of gradient—drift instability. Furthermore, lidar observations have, for the first time, clearly imaged depletion and bifurcation structures
associated with equatorial plasma bubbles in Ca” density profiles. The observations demonstrate that plasma—bubble—related depletion
structures can extend downward to altitudes as low as 150 km in the ionospheric valley region, revising the conventional understanding of
their altitude distribution and providing important observational constraints on the generation and evolution of plasma bubbles. These
findings deepen our understanding of solar—terrestrial energy coupling processes and provide concrete evidence for the close relationship
between metallic ion vertical transport and the formation/manifestation of ionospheric irregularities.

Keywords Chinese Meridian Project; metal ion lidar; Ca’ layer; ionospheric irregularities; equatorward neutral winds; penetration

electric field
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