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Impact of typhoons on the migratory activity of the fall armyworm
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Abstract: To clarify the migration pathways of the fall armyworm Spodoptera frugiperda in eastern
China and the mechanisms by which Typhoon Hagupit influenced its migration patterns, the develop-
mental stages of the typhoon were categorized based on the position of its center into the pre-typhoon
stage and the typhoon stage. The latter included four periods: pre-landfall, landfall, post-departure with
the center located west of 135° E, and post-departure with the center located east of 135° E. Based on
adult population monitoring data of S. frugiperda and meteorological data in eastern China before and
after the typhoon, Weather Research and Forecasting (WRF) mesoscale numerical simulations, Hybrid

Single Particle Lagrangian Integrated Trajectory (HYSPLIT) backward trajectory analysis, and statistical
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analyses were conducted to elucidate the mechanisms by which the typhoon affected the migratory path-

ways of S. frugiperda. The results showed that Typhoon Hagupit significantly influenced the hourly

migration distance and direction of S. frugiperda. Compared to the pre-typhoon period, the strong south-

erly winds generated by the typhoon drove the moths to form a south-to-north migratory pathway across

eastern China, increased migration speed, and shifted the migration direction from west-northwest to

north. When the typhoon center was located over inland East China, the overall migration speed of S.

frugiperda reached its maximum, with a peak of 22.93 m/s, and the highest directional concentration of

0.84 was observed. These results indicate that typhoons can promote long-distance migration of S. frugi-

perda in eastern China. Therefore, population monitoring and early warning during typhoon events

should be strengthened, and a regional integrated pest management system should be established.

Key words: Spodoptera frugiperda; typhoon; mesoscale numerical simulation; eastern China; migra-

tion pattern
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Table 1 Parameterization schemes of the WRF model

Z Ttem [X 5% 1 Domain 1 [X 35 2 Domain 2
FRLLM & Location 35°N, 120° E 35.16°N, 117.99° E
KM% Number of grid points 139x151 211x298
¥4 Grid spacing/km 45x45 15x15
HiK[ 52 Map projection Lambert Lambert
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B F7 Z& Microphysics scheme Lin Lin
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S AR )7 %8 Shortwave radiation scheme Dudhia Dudhia
ITHBTATZ 77 %6 Surface layer scheme Monin-Obukhov Monin-Obukhov
Fifi T2 #4277 %& Land surface scheme Noah Noah
174277 % Planetary boundary layer scheme YSU YSU

=280k 7% Cumulus parameterization
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modis_15s_lake

AN FE 53 M 6 KO 3 33 9 i Ko R Y 5%
M) K HALER 22 {i, M AIE WRE A CARBL A ] S 5
R B, AAIF 9% 56 TR 5 MU A2 Sl /5 KU 428
(i eI IS R A 4 ) ) ERAS S Bdii e it
A Hr (B 1) . o WRE B 452 5
ERAS S G5 4 Hh 3BT 5 KUHP O M BT e 343
ot B T R AR B AL 1 22 26 Bk i o | iz
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E1 Bigtt & RO T
Fig. 1 Track of the center of Typhoon Hagupit
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552 oY R 533
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61 />3l i 7 UK AL T AR R (181 2) , FE 2
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T 13 S il i A K g 858 S EL PG 3 1 135° E LU
AR, b B0 ni L W R T AR B ol
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Period A : &5 XUE ATl s Period B: 5 KB Fifi ] ; Period C: 5 WUVE Fililit ; Period D: &5 K& 35 )5 B H:FRLO 32 T 135° E LLPGHT ; Period
E: g E HH A0 F 135° E LLZRHT . Period A: Pre-typhoon; Period B: pre-landfall; Period C: landfall; Period D: post-
departure with the center west of 135° E; Period E: post-departure with the center east of 135° E.
2 Bigb R E LR REFN AR M I REA R ERINEHHHENH
Fig. 2 Spatiotemporal distribution of initial invasions of Spodoptera frugiperda during different stage of Typhoon Hagupit
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HOE A AR I (8] 3-a) o R N
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B HUUR BB LN S B iR X 3 (AR A R R
58.33%) 5 B PG 44 s 4% T Ly BH B A SR U 52.08%
MR B o 78 & KB AT , L 345 297 4
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H27.59%) , HR AR08 CRIEAER A 17.24% ) Fl
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24T A RCRIB L 53, P 37.65% 1Y B 5
AR (E] 3-c) , Hirr, VP04 $e M T R == B 1 JL R
FEA TR, IR 62.86%; T PR R B
X B R 52.00% IHERR H 5N A 5 BEra 4 TE

T VB 3 L A0 28 A ST b K 22 43 A 7 L7 4 (R TR
R 47.37%) , R AE R CRIFEHERN 21.05%) o
16 KB B Ja H A7 T 135° E LAVE AT, JE345
132 4N UL 28 057, I 300 [0 o b £ 1 ik 125 2 A
TGN (K 3-d) , B Hh I 5 ik 59.85% , Hirr,
LA B PR K EAG 51.67% i Sk E VTV
3.33% Ji A FIAALAE s WA a7 T L& XA AN
R JRHER N 70.91% , FFK AYLPE4 , 3Rk
AW . 6 KESE S B A0 F 135° E L
IR, AR5 656 AR I5 A5, LB B A A
19 /™3t 1 T Sl 5 R0 B IR AR B 17 43
SV N AT 6RO £ (K] 3-) s ILAR, VTR 44
A FHTTE B ST G BIR 77.78% , He 32 2l i)
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Table 2 Spatiotemporal distribution of simulated valid source locations of initial invasive populations of Spodoptera frugiperda

in China during different stages of Typhoon Hagupit

¥l 580 No. of stations

2 PR No. of valid source locations

2R 2 B — CTE R
D%ﬁi@ " A %%ﬁjﬂ%$(é\%%). AN A8 (A i) *%Fi/t{fno. of§5Z
occurTence it Probablity of inter-provincial ad 7 A simulated
. W1th11'1 the migration (including cross-border) Wlthlr_l the . Intf.:r-provmmal .
period province province (including cross-border) endpoints
>50% <50%
Period A 10 5 5 537 151 718
Period B 4 4 2 174 123 298
Period C 2 3 4 154 93 257
Period D 0 2 1 53 79 132
Period E 9 2 8 540 116 686

Period A: & UL AT ; Period B: & XUl Hi ; Period C: & B flifif ; Period D: & R 85 )5 HIL .0 T 135° E AT I
Period E: & X g HH A0 F 135° E L4 B}, Period A: Pre-typhoon; Period B: pre-landfall; Period C: landfall; Period D:
post-departure with the center west of 135° E; Period E: post-departure with the center east of 135° E.
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531 R FEKAE A (ES) , e B P HR AR
" () b F S, JE T WRE AL 925 hPa i £ 14 ]
G FRAEVER M D I AR, X it — 20
WRAE 5 RS L e B B, LR IR 2 KR
F2 B R A v [ 2R DX T P S A DX 2 B A7 # B L
HORMBEAGI R . BAOKRE 786 W],
o AR 43 bl X A (R BSA TR AL (& 4-a) o 45 DL
Hu 3l 55925 hPa B B K ) #2046 vh (BT 6-a) , ~F- 25 U]
“} 328.21°(Rayleigh ¥ 5 , =0.63 , P<0.001) , *F-34 X
HUE6.42 m/s([B1 7). TEMTE 50T, BEHL TR0

PRI PG A48 I8, P K51 306.57°
(7=0.25, P<0.001; &l 6-f) o UL Ht 3l 55 Ah d5e KA ] 3%
ok R R A A A T TR 2 B 38 19.32 ms,
2 PR H K A R T B B D A P a5

1E 5 KB RE T, W E AR HBIX 925 hPa 525 H B
IR FE -V R AU, T 3 U] R 359.69° (7=0.54, P<
0.001; & 4-b; [ 6-b) , % UL Ht 3k 51 925 hPa 1] 14
KGHE K 7.01 m/s, H 35° N FfET 30 B R K Y
(11 5-b) , 5 B0 b 07 B M AE 22808 BT 7 7 N
TP X9 i = 2 H R B) B 7K 35 2.85 mm) kit
i B A R 3R €T 1) 0k 333.24° (7=0.63, P<
0.001; & 6-g).
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a: B EERT b B RERERT ;o0 B R RENT s d: & KB BT HEL AL AT 135° E AP se: & X BT B A0 T 135° E
VIR o W5 s 3R s 6 N 5 IXUERAS LY R A TR 45 s 300 5 3t 0 78 ik L b 450, a: Pre-typhoon; b: pre-landfall; c: landfall; d: post-

departure with the center west of 135° E; e: post-departure with the center east of 135° E. Blue dots indicate monitoring sites where

Spodoptera frugiperda were recorded during the corresponding stages of Typhoon Hagupit.

4 2020£7 A 27 H—8 A 11 HAK R L &% &% REEHI 925 hPa & 8 F X%
Fig. 4 Nighttime mean wind field at 925 hPa during different stages of Typhoon Hagupit from 27th July to 11th August 2020

T 15 BT sF, v [0 2R 308 g i IXUiE— 253 i, -
A1 K 317.49° (7,=0.59, P<0.001 ; [ 6-¢) , -3 X
N A 8.60 m/s, VLIRS (HTTTAE ML BUE LS
AP (Kl 4-¢) o IR B R KGE H TV
AW, IK 1587 m/s. 2SR GK -5 A IR

Wi, b SR M R RTPE E 5 EAS P R
7 16149 330.84° (7=0.84, P<0.001; [ 6-h) , F-7F BB A%
B G JE AR P o AR E 350 N, P KHT
PRSI 58 (] 5-c) , FEREEE R T, HON & BRVEAS
U148 45 P S X AT B L SRR (151 2)
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a: 5 ATT ;b 5 KB FERT ; ¢ 0 G WBRERT ;d: 6 X e B H AT 135° E RATERT ;e G X B G B H AT 135°E
VIR o Z1 5 3R s X6 N7 5 IXUBRAR LY % A e R 25 s 409 50 b 0 08 ik L HL ik 45 . a: Pre-typhoon; b: pre-landfall; c: landfall; d: post-

departure with the center west of 135° E; e: post-departure with the center east of 135° E. Red dots indicate monitoring sites where

Spodoptera frugiperda were recorded during the corresponding stages of Typhoon Hagupit.

El5 20207 A27H—8 R 11 HERBR L K E LRI IFHRE RiTHEKE
Fig. 5 Nighttime mean surface precipitation during different stages of Typhoon Hagupit from 27th July to 11th August 2020

1E G KB BT e H AL A2 T 135° E DLPG TS
ey e [, 3% 9 B 925 hPa 1 i) - 24 KUk Bk
11.25 my/s, H A A VA T U i DX 37 5 7Y R XUAE
ilo Bl 5 RO B A BT IR, 5 KUY 128 3477 1) AR
A6 77 1A% ) Z R S BT [ LU 7R 5 e R

F A e YIAE (F 4-d) o 4% L HUk S 7] 925 hPa
SE XU 34.52° H A (7=0.86,P<0.001; %1 6-d) .
B B AR Bl 15 IXURS B, v [ I il X 2 ] o
5 R —at B K (& 5-d) .

1E G WE B H AT 135° BELIZRIY, R
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B S BT, TP E 925 hPa & 8] 34 X7 B {4
TEAAASE 58 BRI 55 (8] 4-¢) , F34 X 4 6.99 mi/s,
LAl 5 AU Fe a3 8, 34 U R 341.28°(7=0.26,

P<0.001; 8 6-¢) . TEIZMES, IR AT B9 25 Ay 7%
Wk ROT R 24, AT K e R 343.35° (=
0.28,P<0.001; ¥ 6-)) .

I3 (4B 78 925 hPa g I JX ] B Bt 5 R0 o g i "R 18], 355 3k R 7 1) 3R AP 187 1), 15 Sk i I BEAR P28 U 1] 14 2R
RO, 110 af: B AR bg: B XBRREHT ;¢ h: 5 KUEREIS 5 d i G XSS BHPO AT 135° ERLPUI e j: G XE SR
HHA T 135° ELLARRT . Dots on the circles represent hourly wind direction at 925 hPa and the hourly migration directions of
Spodoptera frugiperda. The direction of each arrow indicates the overall mean direction, and the length of the arrow represents the
concentration of the mean direction (0, 1]. a, f: Pre-typhoon; b, g: pre-landfall; c, h: landfall; d, i: post-departure with the center west
of 135° E; e, j: post-departure with the center east of 135° E.
6 BREIEILEZ4E R BEHHARIE 925 hPaiR XU (a~e) K B 23 R UK IR BT € F7 18 ()
Fig. 6 Nighttime hourly wind directions at 925 hPa (a—e) and hourly migration directions of Spodoptera frugiperda (f-j)
during different stages of Typhoon Hagupit

RS AT A 7 B N E BT e B+
135 ° E LLVG A XUl e T, 925 hPa B AR KU i K,
M 5 KBS 855 5 HLH A T 135° B RLARHSE IR fig )
FEXT e 8, 5 AR AR i R e/ (1 7)o W
PR B 1 925 hPa JRUTi) K B 1l 53 4% kAt %5 [ 43531
HEAT Watson” s XUFEAS [R] BT AR 56: , & BRBR & XA A
-5 HOE Bl 4 925 hPa i B XU JC i 3 22 5% LA,

A EF 9 925 hPa iy BE XU ) 947 b 3 22 ¢ (P<
(m&@MMWWWN%E%ﬁﬁ%%ﬁKﬁW%
Watson s BURE A [7] I PG B0 v A S0 450 A il 35 2 57
(P<0.001; [ 8-d) o XI5 KR A= i A | B A1 s 1
(LLE RO HEA 135° EDLRERI S ok A 51,
BEof rp [ A TEsgm iy, R [\ #9925 hPa XUn] DL K AT
TRy W53 5 T Watson” s SUREAS ] B /6 56, 5
Z IR A R B 25 25 5 (P<0.001) .

Xif AT T PR VR IR 309 A9 8 (1] 925 hPa 1% it XL e ik
47 Mann-Whitney U 6 45 5% 5L K 28 J5 22 53 B Al i1,
& LU B Bl HiT 925 hPa % i XUk 5 85 i B (z=—1.66,
P=0.10) } &5 W 5% 5 H o7 T 135° E LA ZR B

(z==1.06,P=0.29) ¥ Tl 2 5 ; 6 WA ERT 5 6 X
B 5 H RO T 135° E DAZR I 925 hPa B it X
A G 2 25 S 5 LA AT 2 7 P B0 e XL 2 25
SR (F 8-a) . & KUk A G w0 10 ik 1) 328 B 1
TR R, e B RUB B L e A
K, 35 21.45 km, HAT 7% 3 B I /5735 22.93 m/s;
YR G RWE B S B AL F 135° E AP , &
ﬁﬁ%ﬁ%ﬁm%mWﬁbﬂﬁiﬁﬁﬁwﬁk

HE S B/, R 13.33 km (18] 7) o XT38 19 19 B 3
th 57 3 I 1) 4 BT TR BE 29 32E 1 T Mann-Whitney U £
3@kéﬂﬁ%%ﬁ%ﬁﬁ%ﬁ%ﬂl%h@5@
KBS BE 5 B H 37 T 135° E LTS I B9 & B 4 %
PE BTG 35 25 B4 (z=—1.21, P=0.23) , FL 4 5 5 1
$0 PR Ml B R 0 P B A KR B A A A 2
(FE8-c)o LAE KA MR HIH 5% o AT
P 79 B3 11 714 782 [19) 925 hPa 326 B JXU R % 280 Ml 57 7%
I 2B A R B A R 2 22 5 (K] 8-a.0) , H AL
KA H AP H] 925 hPa 14 I XU K% B Ml 57 1% ik %
AR RS FE MRS EH (R 7).
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£ 3R], 5 KRG LU0 A A K i Y 25 9 4 4[] 30

[ &I9]925 hPaiZ it KGE
Nighttime hourly wind speed at 925 hPa

TR YRS SR o
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Hourly migration distance of fall armyworm
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Z 20.0- a od
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B 15.0- b 2 1 a ¢ 40 @E
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0.0 T T T T
Period A Period B Period C Period D Period E

& XK BBt Developmental stages of typhoon

Period A : & XUE I s Period B: 5 KB B Al ; Period C: 5 KB B ; Period D« & XU 5% 5 ELH A0 F 135° E LAV ; Period
E: & X B 5 B H A0 A7 F 135° E LA} . Period A: pre-typhoon; Period B: pre-landfall; Period C: landfall; Period D: post-
departure with the center west of 135° E; Period E: post-departure with the center east of 135° E.
B7 &RERILEE % RESERIE 925 hPa X B XU R it ey AR BFHE RS
Fig. 7 Nighttime hourly wind speed at 925 hPa and hourly migration distance of Spodoptera frugiperda
during different stages of Typhoon Hagupit

R BT B0 00 55 75 T O3 BORVE 25 T 0 (LR, AR A ) SR S v S B, /N HE R R L, 2R AR A BT TG o
SE A ZE U SRR Y 1.5 S, bR S 0 il B B9 B R (E R R ML TR R AR D7 A TR/INE TR SRR 28 Mann-
Whitney U K567 5 5L R R 22 A 56 25 5 1.3 (P<0.05) . The upper and lower boundaries of the box are the 75th and 25th
percentiles, respectively. The solid line within the box represents the median, and the small square indicates the mean. The whiskers
extend to 1.5 times the interquartile range, with their upper and lower ends indicating the maximum and minimum values within this
range, respectively. Different lowercase letters on boxes of the same color indicate significant differences (P<0.05) as determined by

the Mann-Whitney U test or one-way ANOVA analysis.

e, 1 R B N, X R 5 KURAS LU A 2R
Xt r LS AR S50 A R it e e a2 i 52

BB RS B ARG XA Rl e HIL G AT
135° E RLPY IR, Hoxh e [ 2 3 X R S ma ik 7 152

3 Tt

20204F 8 H , 5K PF4E (2021) LI 1T 5 1 2 7 ik
B IR AR EIL T8 AR T, 26 B B b 57 R Ik

ERARAUARAE XML = 2 A B T B 20204
7R 8 ] A, BIES 4 ik 5 XUBAS LS BT S
SR 61 Al i 1 U A 51 5 b B0 M, R
EE AT E S AR R BRAK LU AR
25 MR BT HUIR 22 O A AT TR, R
ARERHLIX 925 hPa i B2 BEA T fi AR e XL, 48 I F- 247 K
>4 m/s , 3% R O BT ROGE A SeEsh Fy o k
AT A R R I 12T 4] e il BT M AR5 1)
PAVEAETs 10 o F o ARG KUK AR IR 2 BB AT, 7
TURIRIE I B 5 A B FU AR 5 XUk A AT

IZI 191925 hPa oy HE A 1] XU e RGGA 11.25 s,
HP 2R b DX A5 AL Rk e AR 37 381 e b, B 1R R 1 5 A
TEANE, HEEAE R B, BEE G XU
O FFEE M AR TT AL 3l , 7F 2EAS Ltk A 135° E LAZR
Ji , B AR [ 25 XU 46 2 6.99 m/s, B HiL 9% 0 Mk £
BN I LB B N I A M AR T AR
MRS R, RIIESE T IS BT A
PRI, FH SRR E T 20194E 6 H 13 H H IR AR
R (£ E T, 2019) , HERK =M X LI
PO 7R BTSSR R M SRR R BE AR R Y
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RATRE 51T R 2 #E (Wu et al., 2022 ; Zhang et
al.,2023) , H:rf, Wu et al. (2022) 41 %F 2019 4F 6 H
FEI M 55 FH S B L 5 B b B0 e IR AR R
PRS0, KB 5 H R AR A T VAR AL
B ) B R I T 3 e A 4 1~2 A1 R S % e [

b
BCD-DI

TN By BIAAR 56 H LAY, 50 ST R T Wi T
VU 2R AR A 2 A S T T g A H A
PHRGATIRE X, DA L33 Bl al D S LU RZ IR B
R MIUASE B 3 5 e ol R ) BT oo A AR AL T AU
Bt

[ P<0.01 [ 0.01<P<0.05

[ P=0.05

A B RUEAETT ;B 5 BT ; C: & KUEBEI s D - 5 B 5 B AP T 135° E LUPUI S E: 5 XUBHE S HLH A6 T 1350
E LLZRHI s BCD: 5 XUA A Ji 2 G 6L T 135° E RLPG I s WS 2 XU s DIRT: XU s DIST : i &8 ; DIR2:3E K J5[] o A: Pre-
typhoon; B: pre-landfall; C: landfall; D: post-departure with the center west of 135° E; E: post-departure with the center east of
135° E; BCD: the periods of Typhoon Hagupit from its occurrence to when the center is located west of 135° E; WS: wind speed,

DIR1: wind direction; DIST: migration distance; DIR2: migration direction.

8 ARERLIL R ERREREIRIE 925 hPa R BHRUE (a) XU (b) K B3 23 B M5 A0 R BHE € EEES (¢)
FECAE (d) AR ERRLE
Fig. 8 Inter-group comparisons of nighttime hourly wind speed (a) and wind direction (b) at 925 hPa, and hourly migration distance

(c) and migration direction (d) of Spodoptera frugiperda among different stages of Typhoon Hagupit

B2 TR H A MR R 2 - B /AT,
2 B8 Bl A I 2 1) U35 30 XG5 o ) e
JZ6AT, DS T, 7 R 3 USRS (Chap-
man et al.,2008;2011a,b;2016) . fj & 5 i TA&A
/I, X S VR B 55 ) 1) 9 i B8 T A X A 5
(Alerstam et al.,2011) , Rt FEZ S MW £ 5
(Westbrook et al.,2016) . 5 XU fili iy ok (19 KR
BRI 23 Y AR L LA ) A R R R R A s R
75X = Raf Rl . AR S Rt — 3R 7
5 WURAR LU BB T, JEAE 8 H 3 H 20: 00 B H 20w
HAE , F R RHIR 42 m/s, 7RG HH (] RAS L PE Al — B
Ao B R R L 8 B 16 B 5 7Rk 7 B
BBy A R AE B R SR R B T
135° E LAPG T, B bh 2 22 s 4 95 IX Bl R L Ao)
RE R m . MAh, KRG AT AT R R TE G A
Jo AR B 5 7% (Ma et al., 2018) , B 5 4 i 7E
B OB s B TRV KA R E K
SV AE 5 % ) R ARV 5 BEAS L B 45 )5 W)
fief > 5 PG HB R A SR YA | s O e 5 1)
FE I SRR ) YAy K e AR E AR

X ok, 2F L3R 78 6 KUBAS LB R4 &
J'& BBl B T B By >k 1A R X S Al T
Hh DA AE P P R AR X P A B . X H
DAIAEWFSY A ST e — 254 5 KUR AR 1T BB AT LA
K H B A vt AE 1350 E D PG I3 ] L3 3 458
Hh ] AR b X RS St o — 25 Bzl e e g i RS
B R AR . B, 7E B XA BT
5 KR AR 5 J 4 B 1 2 il 5 A e W i T4 .
Gb  ARWFIE EBLE R G RUBAS AT TIRATE
P, i AT MBI 5 KA I B i R A DA 9T
DRI A S AT s 858 e 45 6 1 22 1 I — 25 B
323 Je 5 WAL N SR A0l 5 A 23 hi
SO

AR H AT HAG SNE B T AEAE 1 22 AN E
M AE R R AEAR LS BE VG L A1 R RS IR 1Y 5
W, S 6 R B SRR i (Mei et al., 2015) ;
NGB ] RE BRI IR A R0 (IR ) AT A
S8R K T TR o A I R S s 3 A H)) |, AR AT
AETR BE K R 5 (Sobel et al., 2016) , 11 5 XU 5
ARSI R EE AR A 45 50 b 53 R M A P A EE R
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E R FEE GG WA, SRR
BET, B f 25 B b X () s SO 24 7% sl )i
SxREAIG , AR e A 1 ARG AT %A, 25 348 i ( Yamaguchi
etal.,2020) . [AJA, REAFEERBTAE R 1L IX Y Py e
B S B Ok B R B E AR B L X (R BT
) B SE B N (Shan & Yu,2021) . 55X
kit A AU BT R A L T R A A T
SEGT CRRAER A RN (CE AR AR
F-,2013) W KBS Bl SRR s [ A R
TR K AR B TR 25 b SR Ik T K R S A
Jaio YA ARTFTHI A (2023 ) % B SRR AE L T
A SR AN R AR AU 53 BT 25 BT, e AR R A AR
AT ST, B ST R 19 13 A DX TR in ELKE 1)
ARAL T I ) 2 25 3 M DX A 5 i 5 6 55 (2023) Fl R
FEAR A (2023) ) MaxEnt £ 760 43 5 Fm 1 pu 1144
FI 2 B M ST AR AR AR B3E A X 44T
& Jad , R B M R A AT ) R L SRR X P
S S E R I, PRI, 48 H R 5T
L LR UN ST NEN L Sl TR PN (E S
ot 50 T 5 KU S0 AR A n] Bl Bz ol (Rl 422 Al
TR IRAE F ] 2 b X 3 i 0 B L X — 2 A
RAE . A, G RIEA I IX 20 TR EY A
77 A S FLRE M — BT Rk 2 ROk A K e gh
[ B 5 XA T B 2 fifF R OK 2528 19 XURS: T 55 (Zhang
et al.,2024) ; S JiE T sl B4 5 FE K L rT fE T8+
SRR, T R o i SR TR TV B RS
K A4 K & F (Gay-des-Combes et al., 2017) , H&
SRAE NN A8 25 11 v 45 5 b X 0] e R ARG SUE
R8Il 2% B4, F T SO AE 2 b Y i IR M T
(Zhang et al.,2020) , ¥ 5 Xt 7] BEIE 52 AV EY) &
BT 31 b SRR RS BRI AT, A,
WA SR AL TS 52 R R XAk A 1 KR AR AT,
Xl 3T 12 U ] RSB I 6 R RN it L
=9V

ZE LTI, 5 RS b 2 AR 7 R 5 O e XL
Ao b 53R A P R b X ) TR 1 h A
BT B R R L AT AR SR BT K
BRI, BT CHLIE K 3 KO ) e
H A P m P 7 s 2 )b 78 2R A LB B
] 7 S b DX, 0 5 PR A R B R, e
Al3K22.93 m/s, Hal Oy ml AR . RAR LB
Je 5 R MR R AR i 2 i e By A D 1) P L
D7 B IE B IR AR AR b b DX A OG5 g [
o BRI G RFLEA135° EVAG, FEBEN

JRGALBR 3357, 5 M BRI R RE Rl , B A AR LA
B/ 2020 4F F XURAR LU K A B 3E e gt T RS
H R R S e DX b S R A AL AR, R A 5 K
SR S0 1] o 2 T EL R ARl M LS T
P A XIS ER SR BB R AR
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