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Abstract: Based on coherent Doppler wind lidar and ground-based conventional observational data, a typical dust weather process
occurring in Hulunbuir was analyzed using machine learning and the HYSPLIT model. The study revealed that the dust event started
with a sudden increase in southerly wind. Subsequently, the wind direction shifted to south-southwest, resulting in a reduction in
wind speed and a weakening of dust transport. However, when the wind shifted to westerlies, the dust transport intensified again. The
transport of dust ceased after a decrease in westerly wind speeds. During the dust transport period, turbulence was relatively weak,
and the mixing layer height remained limited. Machine learning particle size calculations indicated PMio dominating the early
transport and both PM1o and PMz2s showing substantial growth in the later phase. This divergence in particle sizes across different
transport periods suggests a potential change in dust sources. HYSPLIT revealed that in the early phase of dust transport originated
from northwestern Mongolia, passing through Xilingol League in China before reaching Hulunbuir. In the later phase, dust transport
directly entered Hulunbuir from the southern regions of Russia, resulting in an escalation of dust pollution. Finally, using total mass
flux analysis, it was determined that the response to dust occurred earlier in the period from the pre-dust period until the beginning,
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compared to ground-level particulate concentration. The total mass flux threshold for this dust event was established using
box-and-whisker plot. Variations in total mass flux and the establishment of thresholds could serve as novel indicators for dust event
early warning systems.
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Fig.1 Map showing the Hulunbuir City and the observation site
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Fig.2 Time series diagram of visibility and PM1o, PM2s concentration

3.2 ERANWIERE

20230501 - 20230503 Ave10min-Wind Direction 4L [7] It
e
(]
[,

3000
2500 |
2000
.:E:» 1500
£ 1000 |
500

(a)

]
]
K

It

0 sz L N LS SRR 3
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
20230501 - 20230503 Ave10min-Wind Speed /<%
3000 (b)

2500
E 2000 -
£,1500 -
£ 1000 (-
500 ’
- e el

O _____ _________ — _ _ — —______ _ _ _
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
20230501 - 20230503 Ave10min-zwind(m/s) i 1T “{ifi i 1

20

1

= ____________]

S T R — =

3000 - 1
(c)
2500 | o
E 2000 [ | { l | 2
= | ‘ €
Z 1500 | ' 0 :
N

Bt il L

0
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
20230501 - 20230503 Ave10min-T|rffr"nﬁf|t'§*3’:il‘Z

3000 ————— S 06
' (d) T
2500{
E 2000 | 0.4
= \
£ 1500 =
2 1000 | 0.2
500

| - | 1 | ! J
i o (3, - -t C]
o w
Speed(m/s)

0 g 1 g
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00

K3 FRIAMMEE R
Fig.3 Lidar Observations

WK 3 R KA, KIZBE. M5 H 1 H 16 BIF4h, WS DR 2 Fg KUXGE B 10m/s 31
WS 20m/s DAL, JTHTE 200m DL RUERE K ZE 10m/s L E. 2 H 0 B s i K o6 BB, XAl
V8 A Al p X, AL T PR XU AE 8 I 5 A AR FRAIK, i 22 X /N R 8 78 23 A R b AR O 70 ) 45 717 e
JIFEAK, X AR B RRRA BG4/, 2 FIRRT EAECZE, FERETIRE R, e B
b TATRSORE AR BT B . 2 H 8 I ZE 10 B b i XU LB FRAEG, i SOHE K2 15m/s DA b, H I 35
7 A i R A A B S R A BE TR . 16 B XU 2 2 5 A T X, 7 XU 9 4 15ms LA,
fEfar i, MU BURADIR B IS B, RORFHRIG, J549@irai . WA sin EE < miEs s EAS
WRE, EEKEZTE Imis LT, R, BEZERIKETE Ikm DUF, WAR45 05 imiiis shigsg,
REZIRTHE 1.5km, FEY HIRE /b0,

3.3 REBOLF Rt B 2 A B



T RBCR AR HOL T SRR 3T IR — 24, FREBAER P BRI R e R e
S, 2022) o HIERECE T SRORADIRE A CEL, BompTH s RECE W KRR AEEE 2 R, (H
HITCIERAT IR X 57 o (R A BOH LS 27 ST SRS PMuo Al PMos ¥R BEARADL, 5 28308 HARR Y A S 45 TR L
Bl 4, B PR AR R SN R RURE IR B GNAA AR AR R RSAD) H R RORE IR B2 o 45 BRI PMao FRIAH DG PE T 4T
AlIAF) 0.96, ¥JJ7 iR 2% 295.60, i PM2s UAHSCYERS 28 0.89, ¥R %R 25.37.

| &
O Dat
1000 ata ) 120 | O D.ata o
— ;\ Fit o
E | £
— 80
4m 600 | m
\_—< =
;?K K 60
22 400t &
E E 40
200 [
20 g
200 400 600 800 1000 20 40 60 80 100 120
PM,oSEU{E (pg/m?d) PM,sSTME  (ng/md)

4 PMuo 55 PMas T 2 (AR S 1
Fig.4 Correlation of Selected Models for PM1oand PMzs

ARPEAEAL T AR D A2 RE PMao A1 PMos i T LM S5 R UL 5, T VD AR i Anvb 45
HAREUE, HCRBUES, BoA RS 5 A 1 H 16 Iyb AT 4k B a6 R s K,
FHBURAY) PMayo iR FE DU BT, ARfinm FE R 28 2500m. 7E 1 Hf¥ 20 B2 22 1, JH6 & 00 s T~ FF,
I PMao iR F2P AR5 H 2 H 0 e AVD AR B B, S O e AR U 22 06K, PMao A& #E 1000m
PAR S5, 1000m PAEBES, 1 PMos IREEARALAK, U Bevb At fan fBUR AT W 2 1 sk 5 H 2
H 16 i f5, smibbimztt, AN EEZREAS, £ 1000m LLR G R B I EME, PMo M1 PM2s ik
BERE, WARKRKIG ] PMos R EEAR BT RIIA B2548 0. 5 A 3 H 0l Ja, L REUEIT A6 RS,
PMuo Al PM2s < B B FAIR, VD A REMEAI A R . Vb AR Wi AN = S kLA AR A 22 e, U W SR AT



20230501--20230503---10min-Extinction coefficient @1550nmii§ )t 5%

3000 1
‘ P r

2500 - 1 i
%2000 i z
-&1500» 2
L 0.4 8
T 1000

500 0.2

00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
20230501 - 20230503 -PM10 concentration @1550nm
3000 200
7 | 1

2500 L
- i A -y . 150 ~
£ 2000 *' ’ RN | |

£
p £
£ 1500 - : 100 &
[
1000 =
- Sk 4 50 &
500 g
L camdiials B ﬂi* Il f y : : 0

0 3
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
20230501 - 20230503 -PM2.5 concentration @1550nm

3000 200

2500 s
— 150 5~
£ 2000 E
:’ o
<5, 1500 - 100
2 » g
T 1000 s

500

0 . : ' N
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00

5 WL RH. PMuo lUEIRIZ. PMas FUEIKRZAL
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Fig.8 Total Mass Flux of Dust Process
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Fig.9 Box-and-Whisker Plot of Total Mass Flux

4 HFRERE

4.1 &

(1) ARy fird, smeg KAE AW ERmZ) &S] T HEER. BEE, KA AT eE X, X
TRPEAR, AEHIRERTS . SR, R R IR 2 T XU, M PMao ¥R BE H BRUE(E 1140pg/m®. DR HATRNE A
JE FE R 2 B, X EER B TV A K PR SV G R, SRS A R T, RIS AT
ERRE EREZIR . £5 Rk, KRR R AR AR T b A T R vhoud BORE 4k BE IR & J2 e FE 7 A2 T B
SESM, IR0 IR N BN R R A R EAA R

(2) YR BEm, YOG R EUE R . WD AT HH DHUBURL PMyo 3, AHBURL PMos AN 2,
VoA = B ] AR 2500m. T 7E i BTSSR FD 40 URL 35 B A, mTHAAD S IR A DUR VD A kAR
AR ZER, — TR R ARRIERT AR, 53— 5 T A] B S5 40RO I — IR E O %, SR 2R £+
SRR 3 FEAE 25 A o — B I AL

(3) HYSPLIT J&5 [ UESE 7 YDA AT AN RIE A 0, b A A4 = 22 ok B 58 1 Pa AL 5 Y
et T E AR R 5 A6 EBERFAS DR, T 5 3T G ST )2 AR 29 B e 0 B 4230t NP AR DR .

(4) EEHNEE B AR YR BE 1000m PUN F 2 PR R (BT FoEdbmt U5 &g
M), JHG 7 e e e ) ST B (RS, T PR AL b R AR S s B i . YD/ AR AR N 2, S A i LU T
RL AR P e B B B YD AR SRR PMyo AMEFE I KON R WSS PMy MBS R E R, X5
WKL Gy DR AT %, PMs iRl s PR BN S . B ei@id F R ETHE A K ID 2R PMyo Al PM2s S A& 4
3 B [ 5 23 I 7E 29800~93700ug/m?/s Al 15800~21500pg/m?/s 2 ] . ASKAE KB s dent b, ¥ st
foan 368 E P A DA B A R W VR D AR TR TR ) — ST I 25 b
42 R4E



AT U I 2 A IR0 T A AR R R M T S, YR IT T A S B R XPRAE DR T —
TP BTG Y R AE . SR, VDA R B IR AT TN SR A PR A, RIS FERT I EL R L
N5 T T -

(1) SEEIELIMPL% . GKE 5 M T PSS M I X 255, 8 v M DN BB PRI 2 7 R A e YU o RIS
g PRI IR AR A i, DS HER i IR YD A FH AR IR A f A

(2) ZPOUINF Bl G 2 5 WA T RBOE R IE S AR RS G, RS AT B
A MRS MRS, SRR AT A

(3) AGBA: FXPDRRAFT AL B TRRM NSO R, R BT R RS
FEo RIS AN Bl R HOR ORI, 3R b R I aa 7 A3 F0 26 AE RO vERA Ik, 3 X Vb A2 S i B DL e
T30 DR TE B SR A 10 S A 1 P T B A SRR (R R B

(4) PRACHLES A ST TR R . GRBER AR RN ARV BRI A R, S B 2 AR A K
AEE ST AR IRAAE SR, ST SEAERf . AR RO TR A . S @b A R A TRUE AT (e R I, AR SGES T TRl
ARIR BT R I R TS

Zr LA, PRI O TR AR RSB AR AN R U A B BB S ARSRI IR F0RE 7 2
LZEIEHZMERTBL s e M a2, SERHES D AR TR AR R -

2R (References)

Cui L K, Song X Q, Yang Y W, et al. 2021. Doppler lidar retrieval of particulate matter concentration based on statistical regression method[J]. Acta Photonica
Sinica, 50(12):1201005.

WA R AR, Tk 4. 2019 B0 B A TE I AL X S PR I R S A [3]. o EIFRBE IR, 35(2):142-149.  Chen N, Xu B D, Zhang Y, et al.2019. Application of
lidar in  atmospheric  environment  monitoring in  Hubei  province[J].  Environmental  Monitoring in  China,35(2):142-149.
doi:10.19316/j.issn.1002-6002.2019.02.19

RN R R E T, 22 RS 2020 3 6k il 98 2 1% B BH 117 25 SR BRI [J]. o AR 2 ,41(7):3106-3114.  Dai X L, Song G J, Jiang X Q, et al.2021.
Impacts of the COVID-19 pandemic on air quality in Xianyang [J]. China Environmental Science, 41(7):3106-3114.
doi:10.19674/j.cnki.issn1000-6923.20210331.004

BB RN 2SR ., 2022.—Fh KA BRI YD B I T 10 e A SR 4044 [P]. CN114279915A.20220405.Hao Y, Song X Q, Li R Z. 2022. An atmospheric
particulate matter concentration retrieval method and related components [P]. CN114279915A.20220405.

XI5k 2, A0 NEE. 2018, JRUEE 2R B IS AE AL BT X — YRRV A R A4 R S A (3] P L B8 R 22, 38(5):1663-1669.  Liu C, Zhang B H, Hua C, et al.
2018.Application of wind profiler radar in a strong sand dust weather analysis in Beijing[J]. China Environmental Science,38(5):1663-1669.
doi:10.19674/j.cnki.issn.1000-6923.20180305.002

X AL BRAE R4S 201904 T KU T IA IO AL B — Ik “Se%Eaib” a5 dad i i []. hEVE, 39(5):88-96. Liu C, Hua C, Zhang H D, et
al.2019. Analysis of a haze-dust air pollution process in spring of Beijing based on wind profiler radar[J]. Journal of Desert Research, 39(5):88-96.
doi:10.7522 /j.issn.1000-694X.2019.00010

R R R AR, 2550 50,2022 N 27 B 1B X — IR RIS R RIBOE T IA 0T [I]. WotHIA, 46(3):427-434. Ren C, Cheng Z J, Li R Z.2022. Analysis of Lidar in
a sand dust process in Inner Mongolia autonomous region[J].Laser Technology, 46(3):427-434. doi:10.7510 / jgjs.issn.1001-3806.2022.03.021

KRR GRS 5585 2020, R 42— IR RS Yeid B2 R A & U T B 45 A R RFAE[D]. FRBEA 223, 40(2) :408-417. Song M H, Zhang X L,
Yuan L, et al.2020.Meteorological effects and aerosol vertical structure and evolution characteristics of a continuous pollution process in winter in
Chengdu[J].Acta Scientiae Circumstantiae,40(2):408-417. doi:10.13671 / j.hjkxxb.2019.0421

kB ah, BEE, N4A1.2018. BT ARM KRGO TR IR — KRR T I]. #5124k R, 55(8): 080102. Zhang J R, Chen Y
B, Bu L B. 2018. Analysis of a dust process in Beijing based on aerosol and atmospheric wind feld lidar[J]. Laser & Optoelectronics Progress, 55(8): 080102.
doi:10.3788/LOP55.080102

BRI . 2019.75 Y8 w A FREO G T BRI T VAT 7T [D]. P B T R%%. Zhao F B.2019. Investigation of the detection method of pollutant flux by
scanning lidar. [D]. M. S. thesis (in Chinese), Xi’an University of Technology.



