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Abstract

Dust storms affect the air quality of downwind areas through long-distance transportation, and cause
serious harm to the ecological environment and social economy. In this paper, Hiamwari-8 data of
high spatial and temporal resolution remote sensing satellite, SYNOP dust weather data and HYSPLIT
model are used to identify the sources and development changes of two strong dust storms on March
15 and March 27, 2021. In addition, the meteorological data and Lidar detection technology are com-
bined to analyze the meteorological changes and the vertical distribution characteristics of the
cross-border dust process in the China-Mongolia border area. The results showed that: the dust storm
process on March 15 lasted longer, the vertical distribution height was higher, and the wind speed
was larger, while the dust storm on March 27 affected a wider range, and caused more serious air
pollution and lower visibility to ABAG QI Station. Spatially, the two dust storms originated from west-
ern Mongolia and transported southeast to affect Mongolia, northern China (especially Inner Mon-
golia and the Beijing-Tianjin-Hebei region), North Korea, South Korea and other regions. In addi-
tion to the above regions, the dust event on March 27 even affected Japan. Temporality, the dust storm
lasted longer on March 15 and affected the downstream area for a longer time. In terms of the ver-
tical distribution of dust aerosol, the Lidar measurement showed that the vertical distribution height
of dust aerosol on March 15 was up to 1.7 km, 0.3 km higher than that on March 27. In terms of pol-
lution degree, the highest concentrations of surface PM10 during dust events reached 300 pg/m3
and 750 pg/ms3, and the lowest visibility was 3.7 km and 0.7 km, respectively, which had a significant
impact on visibility. The extinction coefficient detected by Lidar has a good consistency with the con-
centration of particulate matter, which can reflect the variation characteristics of aerosol particu-
late matter concentration.

Keywords

Dust Storms, Lidar, Himawari-8, Vertical Distribution, China-Mongolia Border Area

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]
WRBEN MR HEMEZENERRELZ —, 2RETTRETREMEXL] [2] [3] [4]. PEEK

EORBOA et s B S NE DT YRRl SO B K FHAR S, S5O = e B A M A K

B, SBCFRINRIS]; v A2 BT Je 2 AbRE DL ™ AR 2 U Ak [6] [719F 51 K 2% 2R95[8] [9]

ik

DOI: 10.12677/gser.2023.122024 263 Hh BB A


https://doi.org/10.12677/gser.2023.122024
http://creativecommons.org/licenses/by/4.0/

TEHKER 3

F N A i fg BN AR = A i OB S R . TSR, BRIPARIGEHLX b, AERVD A SRR R A S 5 2
KA [10], FEAE 2021 52, WA KSR, HApim 10 4R50E ok YOS bR S
+ 3 A 15 HEGBRI[11], SRk FRE RS PE. SEEMX, ARSI G %
SIEROTEGE, SlEMSER) o0, KPR EBEME 10 A BREEFCEMIR ., HEEZEKR
H12e[12] [13]: HEACEBER 4 Hu X A8 WL /N T 1 km [14], db5(T PM10 fx & H ¥k % 1630 pg/m? [15],
WS HIR T A R b A Bk SR E LA Br K 3000 A2/ U6[16]: #hE 2 M PM10 H ik
FERIEERE 90 pg/m® [17]. STk, WARBEAE KRGS, Witkaihn 1y A RIS EHE AT DL &
HTE, AR T 507 BUR SO g sk, sk b vb bk

YOO R (I e HL KPSk RN R B I%, O HL A 00 A B R S VD A B R AR [E) R R AT i AR
rik[18], DN vb A BRI T 20 4 T AR KPR TR AR . H AT, 2R e A TR R R S
DUEHE e AR VD AR A A REAE « BRI, ki — A F LR TLE Himawari-8 1 = i 73 7 H 56 18 Ik
SLAG B AT DL b 2 B 10 R AR RUKCTF IS S AE[19], B3 B A5 BBk = - SIBREOCE IS4 st
PRGN T (CALIPSO) REFRMI M IR Sk 21 T JRUX IV A2 S i T B 45 M RS S 6 42 [20], HZ A0 =) B
T RRBATHIE, Toikse & AR 2 I 2= (Vb A 3 BN s VD AR RS e O a8 M0 4 2% (AD-Net)
BT R 2R 0 X P b 24 A S B v Aff s o L Tl L) AR [19] [21] [22], {H 3k s 43 A BR s H IO
T AT AR ECK I 8] PP 50 16 5 s 00 g, i ELAE S b 2 R ) R 8 i 7 T 2 B9 H b 00 3 1 A
Y B R A A [23] RO TR A 2L W R o AR, SR Hh b 2 3R B A AT D B R A
A FH B — A BB, AR TR B K T2 S T O T 1A 45 A B R T BE A i v A KA /K P Fi 2
B AR o

WS AN S &R, 2 B S EY A RS R, Hp 60%vb A F AR IE T 500 B
WA[24], BEABFAEE, NSRRI AR RS H25], Wlh A FHIX b AR T
RIS D HAARHE . LTI, ASCOR M IBOL TR AR . Himawari-8 25, SR HYSPLIT
PR AT 2021 AR IRTD AR Z IR 25 A3 AL | B HEIE UL D A R R AR IE, 7RIk
AR RRIE U, DI S RIS e oy BT R (250, i v P 450 2 =0 F0M e R G

2. BiEE5A*
2.1. EF Himawari-8 HiEiR AP AL KIFES T

AR SCR S H A2 1 A2 W T TE R AL (JAXA) SR 38— A Lk % B A (Himawari-8) % 1171 2021
SERFW ORI AR, PRI RIS A BRI R AR DL R mE . Himawari-8 T2 T 2015
7 1 7 HIERIFUELE A BRE B M SErHR AL Himawari-8 35, £ 4Bk — Bih i BUG 1 1k A,
PR AHI LIRS 16 DMBL: 1~3 AT 6, 4~6 NILZLAMNEL, 7~16 N 4B . Himawari-8 T
A ISE A 85°E~225°E, 60°N~60°S, ZF[H] 73 #F# 2 km, W [H] 7 #%0 10 0%h. HAEG, Himawari-8
PREEIRETZ N T AR KRR A SRR KD ARG R R G S, TR SR
WS PHD R A EALH R 3 [26]-[31], ARGV 3 RIS 8] 7 51 885 . AR SR Himawari-8 217k i@ iE v
2 RGB J7 i VD A 2 R A R i A8, GBI A BRI M K e X ek o 1207 vAd i v b R S H AR )
JiR G FE SRR 2 R, 6 3 AN AN T A e Th OEIE 15 5 130 13 5 11 il E, H5E
8 13 FLR(EHHT RGB B4 Mi(R: B15 — B13, G: B13 — B11, B: B13), % & Gamma $if# 1/2.5/1, FREL
AR FEAR TR AL O XEO D R R, g S N B0, Bahi b 2 suR b 2.
RAET X 53, A SCCAAG ST B A s o8 BT SR 5 2R 47 I [ e e, KPR Rpb R B e S 3 H 15 H
WSS 3 A 27 Hb bR RTH.
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2.2. EF HYSPLIT BFEuEEIP L RBEEE

AL HYSPLIT J5 A B A b AR B R 845 . HYSPLIT #2072 i3 [ [ 5 g R UE
55 (NOAA) M KI5 55 (ABOM) I T & 1) F T 11 50 i B < 485 ) 5 40U S5 20 9 5ORT 52 2 TR
= TERE R G, AR R g B H 7B R AR 2456 R G AL[32], i A KR o B
I RSB SN B U — o HY SPLIT AR sl i BUZE 26 1R A FE Rl DL SR W S i # s s, —
G OLT, OB doRK, RBlLEahBki. AR 55 1 E 23 58 Tk 40 (NCEP) 1 4 3R & 5 R 46 R 4t
(GDAS) GDAS1 S & ¥k, HIuKPERN 1° x 10, AREPIRID RS RE R REOLE R BIEH RS
IR U (1) 2 B A AR, 3 FH M DUAE 2Rl HY SPLIT A5
(https://www.ready.noaa.gov/hypub-bin/trajtype.pl?runtype=archive) it 7 4 X W1 7 500 m. 1000 m A1 1500
m S B U o AT AR BRI RIR S5 3 B 47

23 ETHABRERERRPERIEEESHHIE

AR AL T N 5 B G XA AR 80 B P LM < R JR) (44.02°N, 115°E) ) LK-A-HP-01 AU K
(355 nm. 532 nm)EOL TR IERIMVS A o A B, AT E TR SA ST X (A 1 FoR), RS E YD
A 2 v G D7 O XA A B O TR AR KR B 30 md, BFR] AR HEER 1~30 3 (RTA),
MEFEEER >8km, M FikH] 15 km L EmBE, HRINE XN 75 me UL EIAIEA G/ B R ST R
MR RHR AR 5 7080 F1 7.5 m 23 [0 5 FR KRB & M BURHE SRR SRR 6 R E(AEC)
AV B fi§iz L (PDR)-5 PM10 U9 B 4t . AEC SR Fernald AT R . A REUR
B A [R)AH REORE T8 e PSS R WSO Y o — 3k BOK B 8 S R DR 2R & O IR 5 VH O R EE B,
Wi B A RS ERAG s AR AR U S BRI AN = R I AEBRTERHAE, W ARRIEIR AR, H7= A 1R
fdk LB B, —BOR T 0.2 [33] [34], BRItk & R F WO 7 18 SR ik LAt FIR D ARSI . EARTTE A
B, BRAMER T3 A 14 HIK00:00 £ 3 H 15 H 24:00 713 A 26 H¥ 22:00 # 3 A 28 H 24:00 10
BRI, o BTV b A FA I LA A R

24. SKYHE

A SCF b 2B 2 1 A I B b 2B R M R S (SYNOP) st A % i 45 & Himawari-8 Al
HYSPLIT B8 R X kA= b2 ik i . SYNOP S 44k &, RAACHS (ww)A2 M 00 51| 99
PRI, Hod 50 R RAM KM R SACS N ww = 06, 07, 07. 09. 30~35. 98 [35] [36]. A< fd K
VAR RASHD N ww = 06 Fom HELEA RS, ww =07 Fil 08 £x Iz K<, ww=09, 30~35. 98
NI B R RS AL, 18 PR E R A 3 /NI R SYNOP S R E0 8 1 Hh 28 Uk . <UL
BEWLRE . WP AR R, RN R F R AR S R E R .

3. R5118
3.1. EF Himawari-8 ##E. HYSPLIT 2R 51t mANEHEP LR BESSIEDIT

2021 FFEHEFRIMX KA T 2k H i r, K3 H 15 Hb4A#R S5 3 A 27 HbA B2 u
I HFREER K, SR R b ARk AR . AR A Himawari-8 ¥4 RGB kT AR, I
HREE R 5 SYNOP 70 R $Ha Al HYSPLIT AR 45 & b 4 okii S & B R, anl 1.8 2 Fior.

2021 £ 3 H 15 Hyb s B E 1 s, 3 A 13 Hi 5 E PG ULGH 5h S AR RS, H
T = HIFI himawari-8 AR B = Fb4. 14 HZ N E b X P4 B A KA, ANk s i b4
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F, 20:00 YR T TS EARRE X, 1m0 H SR RRACNE, MR AR, BERD R E N A
FA T X I AR D A R (AL R B ), B AU ST T 14 H 20:00~15 H 08:00 A S
HRALEH R s B R AL HLIX [37]. 15 H 08:00 HE AL 7 Hu X B T Avb AR5, b N BRI R RS, B0k 5
RUUNFAR, FEE. PEERNDARSTSE 20:00 WISEIAETE. B0 RS, AR L. 4
16 Hpram. Hl S ruduthlX Bpybvz A3 sm o vb A gk, B SHEESE L X B IF AR RS, A RS FE
WARNER R, iR X b4 a7 [38]. 17 H s E A4 30 0 A E e 7 h RS, RE
PEIbHh X F i R R A RS AR, R PEACHE X Vb4 )N 14 H 23] 19 H455[39]. HYSPLIT
AT 14 H 23:00 f 24 /MBS BRI T RS B RIE, B A NS E B A s
S EV AN RE.
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Figure 1. Dust monitoring maps of Himawari-8 from March 13~18, 2021 (The points are the site where dust is observed at
the surface meteorological station, and the lines represent the 24 hours backward trajectory from the Lidar observation sta-
tion at 23:00 UTC, March 14, 2021). Note: This map is based on the standard map of the Map Technical Review Center of
the Department of Natural Resources (review No. GS (2016) 1600), the base map has not been modified
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CH 08:00 Y2 Xy R RSN, 27 H 23:00 57 [H 5290 B 5omy XK A Bk b, WAsiisE ms
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Figure 2. Dust monitoring maps of Himawari-8 from March 26~29, 2021 (The backward trajectory starts at 20:00 on March
27, 2021. Other Illustrations are same as Figure 1). Note: This map is based on the standard map of the Map Technical Re-
view Center of the Department of Natural Resources (review No. GS (2016) 1600), the base map has not been modified
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Figure 3. Time series graphs of extinction coefficient (a) (b), depolarization ratio (c) (d) and PM10 (e) (f) monitored by Li-
DAR during March 14~15, 2021 (a), (c), (e) and March 26~28, 2021 (d), (e), (f)
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BRI FO AR A BTk, (K 3 b T2 AR5 YA SR 5
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Figure 4. Average vertical profiles of extinction coefficient (AEC) and depolarization ratio (PDR) observed by Lidar in dif-
ferent time periods (The shaded part represents the standard deviation of the extinction coefficient and depolarization ratio)
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Figure 5. Extinction coefficient and PM10 concentration at 82.5 m retrieved by Lidar
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Figure 6. The 3-hour variation curves of wind speed, visibility, air temperature and sea level pressure at ABAG QI Station
during two dust events
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