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EXBARFI S TIIE (42088101)

WE 202393—4H, REILHIMI0KIP LRSS, HP3H19—24H M4 H9—13 H FI7b A3 72 437515k 31 5
WA R REY, B NFHER. RS RASRIZ Rk T HEAR . 54 R0E MROE KSR 5
BRI, FEOPIEH RS DL IR IR R R SRR . PR AL . ZEEUR N R . BN TR
REZV ARSI T R E AL . R 3H 19—24 H 4 H9—13 H I R BRI RSB KRG # Z 525
BE, HPIRZE AR LS EHRAmENREFTEES, XHEBEERMIRYD DRI TR BAA R A
FRZER . BEAh, ARSCH NS AE RSN AN KSR AS 7 T AT TR A E S, R E e T
J Vb R IR ZET -2 DA S AR TR 1 06 B 1 RN OB A

g A YRR, YOIRML; FANAE; PMios RS E

PR B — R I BB b R AR, AR E L M XA [ R 5 RN R A A I 7 R 17 7™ S AR 45
FIRHIfEE (Yinetal., 2023a) o YRR RAR, FEREBEWA, il MWD AFARTRIE, PMokE L ¥
Fh# (Krasnov etal., 2016) o 1, 202143 H15H BB vb L R T 30 2 AT PM iR JE “IBER” (59
985 pg'm3) , JLETHTPM ok E 7 000 pg'm™ (Yinetal., 2022) . PMyoJ& T Rl AN BkiY), JHATRESH
KME B EY AR S, RS SR RS AR EER (Tobias etal., 2019) o [AIR, ¥bAsERoid il ae WLE
BEEL (Guietal, 2022) , ECCHIABRIERRE, SPMRETEE. I, WARREEWE DI+
i, eS8 eBE LA BT T (Ahmadzai et al.,, 2023) .

S o vb A YR N AL T T RARE T R X b YO DL TREWIR GBS, 2019) o thdn, #%
SR IR S o KRRV IR Y0 A 4 SR XIS, 4R B T R SR KR B A B E R (Huang et
al., 2008) o UTEERYDIEHLIEAE R AR E, YOURHAE YL o5 . 3500 B AN G ba A2 2 20 B s feh R b 2B
ZIIMFR AT (Taietal., 2021) o FIREZTTER 72010—20174E 8] 4 Wy 200E S X — I [1154% (Wu et al.,
2022) o {EARERKE, VIR T E A0 AE BN, XA ARTESH AL T — 2 AR T (Ji and
Fan, 2019) . 2020/20214E714¢, ZE 3k E Qv 5 ) <M H 3R B RR AR m AR (19794E LSRR » TEAA
AR RS (1979F LIk im) , PUs i) H IS #1 S8ET LIRS (Yinetal., 2023b)
[, BALFYPEI KD, T, SEMEEERRE. ARSESN RRPR02165FF, Hibbi
P T HCONERIMYIEZME (Yinetal., 2022) .

WA RS R Z RIS U RSBmO 3E R sz m (25 IESE, 2000 o d@yb. ARSI SIS R
E5RXRERNERRSBE DM (Gong etal., 2006; Wang and Fang, 2006) . 5V RRS[EVIBAZANRKI RS
FRIMAFEZ A R BERAT. AT ABMMZE A REIS (X5HESE, 2004) o XFFRmed iR b4 1
by, S AHEEA SRR RERE S, “EZ AR ERE TR REZ IR EREE, Mg
b Hii%id 2 (Zhao and Zhao, 2006; Lietal., 2022) o 520 en] LT K58 MR M ARG E 15604, #Em It sh
gikAthER, JRE EFHE Sk v 424 N1 000 mPh B )% (Uno etal., 2008) o [, iS5 HET &
KRG A5 SRR & SEORII AL KK, B BIF bR R FifE . 5 SE IR sl B 7 n) &
WA R, MR RSN E A (Takemi and Seino, 2005) . #EW LMt FEd, TR Eh
ML DU IR AR T R, JRRE R R KR, FERE VDR LE . ERRT A BT R — kY
BRA GHERREE, 2019) o WARRS MRS R LR, (H45 5SS EE BN Ha S A R4 E:
(AR E, 20060 « RV RSEFEE, W A HBR AT RS YRR (RIS, 2014)
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2005; Zhuetal., 2008) . 1966—1979FF12000—20145F, FE L HFHEFILIIRIEE, 1H1980—1990FFvb R
PR K (Fanetal., 2018) o 2010—20174F, ZRIE¥DARiEshE/D, (HimybBRIIAE KA (Q120064F)
HRT TVERBE DA RIE2021FEREIEIL, SIRAMNKT “REV LRGN THIERIE” 8%, (HE)5
VO RIE BN AE20224E 82 AT BTk Chttps:/www.cma.gov.cn/zfxxgk/gknr/qxbg/202303/t20230324 5396394) . 2023
HEHEZ, RERET ZROGEREBRDERERE (FHD , BRINE 7SS AR SAE . ik, AR SCE R
i fi 52023 4F 22 vp W AL 5 W A B VIR RARFR SIS, B 7E S I R BUR 8T TR A Ak i FE oGy [ R} 2 1)
W, AH R TR 4 F X — Wty S A S AL R R
1 BEESHZE:

20234F3 H 1 H %4 H30 HZ /NS PM oA FE i HE Sk ) A PR 5 Bl sy, 7T 3@ i hitps://quotsoft.net/air/ A FF T .
B P bt B AL 5 B RB A B S WOR B I M, % e vl LARAEYD AR I E AT L. 1980—20234F (1B /N S 5 450
Pk B W R R k0 (ECMWED) 28 AR S B A 8idii 42 (ERAS; Hersbach etal., 2023) , fuf&if
SEHAE Y 10 mPERUXGE . K HRIBEMZR R, DAZEMH L AL WE. S el L+
R EEE (BRI HEFRN10x1°) o KIEEUEIL (Tsso—Ts00)+ Tasso—(Tro0—Tar00) 1 EHAF H, o Teson Troo 1 Ts0073 7
79850, 700F1500 hPaffJiiE, Tassol Tazoo7 i 85041700 hPafs sl &, FFidEid 8501700 hPaikh /& 5 HHAHE /& it
HAFH . 20230 — LB FREEL (NDVD SkHEEEZEERSR (NOAA) EFKIAE(E B A0, SESPER
°H0.1°x0.1° (Vermote et al., 2019) . 20204F4=¥kHh3R 7 55 305 >k H GlobeLand30 (Junetal., 2014) , #iE % [H]
IR N30K

ASCKFIHYSPLITH A (https://www.ready.noaa.gov/index.php) B¢ 7202343 H22 H AL 5 AN /R DL K4 B
10 H AT H b5 R 5 R AR Vb AR RSS2 3 (1 228 R R AT R A SO, A 2 hr
FBAH 7 A — PR G 775 (Steinetal., 2015) o ST AE S KBRS AR SUIE 1 R e SO AR (G4
X, 2022) o ZEHAIETE XN: 1E90°~160°E. 40°~60°NX I8Py, S Jigrh i TS EA = T 1 010 hPatf AL T
L B 8 AN A (P T AU AR, HL DAASUNE RO A 50 R S < SAN AR S Bl P9 P 350 SO B K T4 10,55 hPa/ (100
km) o SRR E SCNE TR O RIRSEE, SIER IR ONAE O AR EALE AR AR
2 2023FFFVWALIFE

20234E3—4H, TEILEBIN0RDPARSERE, SREI0ER MRS (B o Hf, 3ARESE T RAE
ARSI FEAR, 3H19—24H W FRE R0y A RER, FHmVuEBE480 77 A E; 4AKRET6IRIAER
KRR, 4H9—13H R AR Z A EIL450 5 5 A B o AHXTF2021493 A 14—17H R H b 25, 20234EH)
PIRYD R B R EER GG, (HRFEERT AR, S maya R E R, A NI ZS@IS A A SR EE A Rk 1™ 3 1) b -
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Fig.1 Daily maximum observed PM;, concentration (units:pg-m) at Ulanqab, Harbin, Beijing, Nanjing, Hangzhou and
Fuzhou from 1 March to 30 April in 2023.The yellow shadings represent two sandstorm processes
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Fig.2 The maximum observed PM; concentration (units:pg-m—>) during (a) 19 March to 24 March and (b) 9 April to 13
April in 2023
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Fig.3 Depolarization ratio probed by Beijing Nanjiao laser radar from (a) 21 March 20:00 BST to 23 March 08:00 BST
and (b) 10 April 10:00 to 13 April 23:00 in 2023
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Fig.4 The 36-hour backward trajectory of the dust with terminus in (a) Beijing at 22 March 2023 06:00 BST, Harbin at
22 March 2023 17:00 BST, and (b) Beijing at 10 April 2023 21:00 BST, Nanjing at 11 April 2023 20:00 BST (red
line).These trajectories are based on the HYSPLIT model. The shadings are the land cover type in 2020 (the grey
represents bare ground)

3 VEFKMHF

T FTHY SPLIT & [ Pk 18 B3 AR vT DA R I 5 ol [ J&] a0 4Rt 3 110) e RE Yy 2 2023 4 W Ik vb A FR I R 1 32
BYLIEHL (B4) o EARBEVDE K R IA YD M EAEAE, BYDIRM R A i . RIS A
BERERRA, EEERR RS AL E MR (Zou and Zhai, 2004) . B HAVH IR RS mHR AT 25
A FIF IR (Yinetal., 2022) o 4505 EEGRVHAR R T KE TR IRYIFR G, —i# KR,
WA SRR, 5= EAsb AR (W20214FEEFF) .

202342 H 23 H FA) S E T s R SR R e iR, JCIE3 H BRI REmAES °CLL . EAR3 H19—23H
FY R Bt v i R 25 VYR AT >R T — IRBEIR, HIFA R U R R IR (Bl5a) o FEEHmiR RS 1
FLUR30 e IR RE, Sl IRPGE IR, B m ™ H i BN SEE TN L RSN .. EAER
FAE, 202352—3 H HIRKAR2 m AT 38R )02 19804F LISKR I 28—, AUR T RAEBR DA RI20214F (K
5b) o 20224E11 7, YOURHLI KT B AR SRS . 20224812 22023463 F, VIR P KB AL T /DR A,
L/ R S 0] 1777 0 B . 202343 H f 57K £ 455 1980—2023 4F [3] H1F 351t/ #6301 50% (&I5d) , 3 Hak %] 71980
FELOR I S AR . [, BRONIRERFSAREE, YWiaH2—3 A Ky &R FEFS e (KESe) . BKMmbE
RRAmEFE AR BINGN R, SEHRERTRNE AR, SUFELET . TR, S THEPRFENEK Jiaet
al., 2011) o VDURHLATE T RFS R IR AV T 10 S5 25 1F 18 pli20234F 3 H 350 2 HOAB M 78 IR, KB40 X 3k i )9 —
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Fig.5 (a) Daily surface air temperature anomalies (bars; unit:°C) from 1 February to 31 March in 2023 relative to the

w

mean of 1980—2023, and daily variation in 2023 (black) and 1980—2023 mean (blue).(b) Anomalies of
February—March surface air temperature and soil temperature (unit:°C; underground depth:0—7cm, 7—28 cm)
during 1980 to 2023.(c) The NDVI in March 2023 (unit:1).(d) Monthly precipitation anomalies (bars; unit:mm) in
November 2022 to March 2023 relative to the mean of 19780—2023, and monthly variation in 2022/23 (black)
and 1979/80—2022/23 mean (blue).(e) Daily evaporation anomalies (bars; unit:mm of water equivalent) from 1
February to 31 March in 2023 relative to the mean of 1980—2023, and daily variation in 2023 (black) and
1980—2023 mean (blue).The dust source area is 43°—48°N, 100°—110°E

DTt 1 A S A S5 52 B R R R SRR I A o 20234F2—3 H KSR IR 78 B R 4 ) 40 A, 52021

FJE AR AR AR B S g i 1T P SR%S8 (Luo and Zhang, 2015) , LR EFU{AF]
e IR AN AR KA g5, Hhin 2 KA ) 2 iss (BElea) , taltE ks RIEAZT R SS, AR T2/ T
JERRHBIX 1500 hPafr 3 imy BE A7 BEF- L IR 20 A1, BB /R Ll e I 55 5 ) Aty 28 v 8 2t DX D) DAy 5 34 1 B T 5 6 2
A7, VR PR AR . 5% 7H A 300 52 B M PG AL AT S A A AR T X g s (PElea) A EHERL
Fik, T HAEBER NG, SEOOURH R R U SR R AR (852D o BEAN, XPURZARE 1 R R
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Fig.6 Anomalies of (a) 200 hPa zonal wind (shading; unit:m-s™), 500 hPa geopotential height (contours; unit:gpm), (b)
850 hPa wind (vector; unit:m-s™') and sea level pressure (shading; unit:Pa) during February—March in 2023
relative to the mean of 1980—2023.The green box represents the location of dust source area
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units:hPa), K index (white dots; >0) at Ulangab, Beijing and Harbin, at (a) 00:00 BST, (b) 06:00 BST and (c)
16:00 BST on 22 March in 2023.Mongolian cyclone intensity (units:hPa) and observed PM o concentration (bars;
units:pug-m>) and 10 m gust wind speed (unit:m's™") are also indicated

5 SiEitie

2023423 H WO KRS 2= RS R H AR A, PEAA R & R A R T KA R 55, 580 [ 52
RS HE AR, S B URH H F SR D IR R (19804E LRI S ) . AN, WA R E t B
Z A VOIRHB IO KR %, 152023 S K BEZ [ PR K B2 fm/b (19804E LUK L FIMIRAR) « XEFETRFSWIE
FV - 1S S AR 2023 4F2—3 A Vb I L= A48 T KR TR BV RR, DR F MR A5t T AN R b IR
AF. WARKAREY . LRAMUIFESES SRS EVIMK. fik3A19—24HM4H9—13H LRI FE
FIREAIMB KRB HAE, HFERE AR AR S G S RN B ER, X WEBE R 22T
FELEGREE . BRAR AR (0] A2, 3 H 19—24 H bR FEA BI5R b AR B0, i At BRI ZRIE IPM, 03K
FE S JE 2 00013 600 pg-m=; 4H9—13 H PR F AN 7 RIEAEILHX, i KT ARG HTM AR M
LI HIPM iR BT . 4H18—21H, WFEIET DT smybA g, (EHPmEE I BmIG, AR R
Wit

AFRBIERE N, M KA SR F R B Fra v . BRI . B AR A SR S (Yinet al., 2023) .
WARFRMRE—ME R THERMRIGFE, BT VEDRNERZEFIHEZKR, W20214FEFFEILRAE TR AR
B, 20224E VDR KA RIRGS (RS, 2023) , {H20234EMVb WAREIRGE . Bk, A BB R AR
RASMENUHITF B IC . A R EERI F0 I S B A 6 10 B0 2 REE-Fl-SAH BAE R . AUARIEE VK DL & 75 5 v SR 25
HLER R G0 P 38 R T VD YR 45 A RN 52 o ASREAIR I B RIS . AR BTk R g R R FE . SRR I 70 U 2 SR A T
— LA SR LR ERCE, IRV AR AR AES) 1 R, SRR DA R AR I R AR ] S A5
AR REMMEREASES (F) o EWRKRATRT, CMA-CUACE/Dust® b4 Z50E i ML 55 2 4t AT LA
PEAT— JA TR AR 0 XI5 P90 2R VR B o A AR S R AR S S FF I PSR S0 T TR AL 2 A AP AR 2% Chttp://www.asdf-bj.net/ ) »

9



236
237
238
239
240
241
242

243
244
245
246

247

248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

fHAE, $ERT1—3H BB SAE TSR & EPRMERT (Ji and Fan, 2019; %%, 2021; Wangetal., 2022) .
HAT, KT RM AT 5K 2 HOGT BRI AR A, B AR ARt 0 B T 52 o U@ SR I 6 o 4 %
TUDUR AT (138 A S ML AN SIS B s ma i 78 ) AR AN, X AE— @ R B HIZ) Vb AR IR R -
MK Bk, MRS R IE AN S0 AU AR R N AR R R AE v E R 2 ), KN
K7 R IR I M ERTT R Hesh, 20214EFI2023 4 )™ Eyp R BB H T —ANFRHE IS, gt “WARFr 2T
AN TBERIA? 7 o XX R, 5 2T R AR R SRR ML AR AE 72, A — e RE T Lo & 3
WA F I AR KA TG 5

SEEREN XS M
1ng 128 18 28 38 EIEES BI2K EIES DAERREN
| T T | T T

i3-p-= iRt DHIRINE | REShES | ED iz LRE REMNFRIR
BkER | BEMFKER || WREE (£ SkE | BENE  BEEE | UEEE || AQRRES

KO MRS AU LR TP AR 2 1 R HE

Fig.9 Key points of the sandstorm studies from weather and climate perspective
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Mechanisms of dust source accumulation and synoptic disturbance triggering

the 2023 spring sandstorm in Northern China

YIN Zhicong!, HUO Qianyi!, MA Xiaoqing', ZHANG Yijia!, MA Xiaohui?, WANG Huijun'

'Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters /Key Laboratory of Meteorological
Disasters,Ministry of Education /School of Atmospheric Sciences,Nanjing University of Information Science and Technolo-
gy,Nanjing 210044,China;

2Beijing Weather Forecast Center, Beijing 100089

From March to April in 2023, 9 dust weather processes occurred in China.The processes from 19 to 24 March and from 9
to 13 April reached the level of strong sandstorm and sandstorm respectively, bringing adverse impacts on population health,
ecological environment and transportation.The anomalous Eurasian atmospheric circulations showed a zonal distribution from
the late winter to early spring, the Siberian high and the East Asian trough were weak, and the area around Mongolia was con-
trolled by the high pressure anomaly, which resulted in the continuous warm surface air temperature and soil temperature in the
dust source area (the second highest since 1980).In addition, the lower troposphere also lacked water vapor transporting to the
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sand source, resulting in significantly less precipitation in the winter and spring of 2023 (the lowest in history since 1980).The
continuous warm and dry climate conditions in winter and spring resulted in a large number of dry and loose gravel in the dust
source area from February to March in 2023, which provided extremely favorable dust source conditions for the occurrence of
sandstorms.The synoptic disturbance systems that triggered the sandstorms in March 19—24 and April 9—13 were both Mon-
golian cyclones.However, the two Mongolian cyclones and their configuration with the rear cold high were different, which
directly caused the differences in the intensity, path and duration of the two sandstorms.From 19 to 24 March, the dust process
reached the level of strong sandstorm, causing PMio concentrations in Beijing and Harbin to exceed 2000 and 3600 pg-m™3 re-
spectively. The sandstorm from 9 to 13 April not only affected Northeast and North China, but also caused a significant increase
in PMio concentration in cities south of the Yangtze River, such as Hangzhou and Fuzhou.Moreover, the research emphases of
dust events from the aspects of climate cumulative effect and synoptic disturbance mechanism are analyzed, and the necessity
and key points of conducting subseasonal-seasonal and interdecadal prediction of dust events are discussed.Furthermore, severe
sandstorms in 2021 and 2023 also raise the scientific question, "Have dust events entered a new period of activity?".To answer
this question, it is necessary to study the interdecadal mechanism and prediction of dust change, and also to predict the future
change of dust event trend to a certain extent.

sandstorm; dust source area; Mongolian cyclone; PMio; extreme climate
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