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Analysis on the cause of a sand and dust weather process and
transportation pathways of aerosol particles in Dezhou

ZHOU Cheng, WANG Ning, YANG Xuebin, ZHANG Yuanyuan
( Dezhou Meteorological Bureau, Dezhou 253000, China)

Abstract Utilizing the NCEP (1°x1°) reanalysis data, the causes of the floating dust on 4 and the
blowing sand weather on 5 May 2017 are analyzed. It shows that the Mongolia cyclone, which rapidly
developed under favorable circulations background, together with the cold front, resulted in a wide range
of strong sand and dust weather in the middle and east of the Inner Mongolia Autonomous Region from
20:00 on 3 to 08;00 on 4 May. Through the upper air current, the dust was transported to North China
from 20:00 on 4 to 08:00 on 5 May. The dustfall and strong downward flow led to a wide range of floating
dust weather in North China. Influenced by northwestern cold air, the transversal trough was converted
into a vertical one, the cold front speeded up southward, and the sand and dust were transported to
Dezhou and hit there from 08:00 to 14:00 on 5 May. Based on the simulation results of backward
trajectory of air mass using HYSPLIT model, the transportation modes and pathways of these two kinds of

sand and dust weather were clearly verified. Through the analysis of synoptic systems, physical quantities
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and meteorological factors, the changes of intensity and position of synoptic systems in Mongolia and the

central Inner Mongolia Autonomous Region were found to directly affect the types of the sand and dust

weather. The change of upper air current was well correspondent to the types of the sand and dust

weather.
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Fig.3 Upper wind speed superimposed on the sand and dust weather (a. 20:00 on 3 at 200 hPa, b. 20.00 on 4 at 200 hPa,
c. 08:00 on 5 at 200 hPa, d. 08:00 on 5 May at 500 hPa; isotach in colored line, units: m - s ; O blowing sand; +:
floating dust; A : sand and dust storm)

B[y iA |
B4 3 H 20 T 114°F i 5 R 5 B i i (8] (as BE 6 38, PAL7 . 107s ™  BRLR . T 5, P37 . 10 hPa - s™' ) 2 3 |

08 Fif—5 H 20 i 43°N, 112°E AR XA LR P (b s 06 AR, B07 % 5 (IR LI, B0 e - kg ™)
Fig.4 Cross—section diagram of vorticity and vertical velocity along 114°E at 20;00 on 3 May (a; vorticity in colored, units:
107s™"; vertical velocity in black line, units; 107 hPa - s™') and profile of relative humidity and specific humidity from
08:00 on 3 to 20:00 on 5 May at 43°N, 112°E (b; relative humidity in colored, units: % ; specific humidity in white line,
units; g - kg™")

DX R IE 3 DX 1, - 2.5 x 107 YR B R

hPa « &7 IEWEE UL RN 85 T DTS 8h X, o H1 T 5 R B T X R A B R AR
N 1x107 hPa - s~ AR F U ABVGR N IV KB B 43°N, 112°F ABXHE R (RH) IR
KA T ETHOREARZ, im0 LR 4b) 3 H 20 BAHXRREELE 500 hPa LLR /I



JEI UG BN — YR A KA AR PR B o R ) i 15 % A2 0 133

114 116 118

0 10 20 30 40 50 60 70 80 90 100

120°E 110 112 114 116 118 120°E

10 20 30 40 50 6b 70 80 90

KIS 5 H 4 H 08 (a) .20 B (b) ¥ 40°N AR X 2 13k ek B2 Fi) 7 ] (B 6  AHDG R RE, B2 % s PRER . T EEURE 77, B

{i:107* hPa - s™")

Fig.5 Relative humidity and vertical velocity along 40°N (a. 08:00, b. 20:00 on 4 May; relative humidity in colored, units; %;

vertical velocity in black line, units; 107> hPa +» s™")

F 50%, 850 hPa LI F /N T 20%, Lt {7/ F
2¢- kg ERTHRAMTEY,3 H 20 BybhR
HE,3 H 20 Bf—4 H 08 s J2 AR 4E 4750/
{H,850 hPa LU FASR/INT 20% , IL IS HE 88 1 4k 45 4
fAE, VPR R R B AR E AN, ST T8 A
FITF VA B FE DL R Ub 2R 0] R 25 ik L4 H 08 Bif
Z I DA J2 T 2 R X R G K [ B
AR, e Kl 2.5 ¢ - kg™, DI 2 I i 1
T AR RSS2 X Vb A2 KA 55 , AL PE AL
Hb DXV RASTFF R MR

4 H 08 [ F1 20 B i 40° N AHORH X0 W B2 1 2 B
R EEF T &, AT R BLAE AR HIX (114~ 116°E) i}
P R UB s (R fE N 3.5x107 hPa - s7') J A
)T I 125 2 A 0 R R b 2 A B AR TR AR
JEARHRERF AL HIX (114~ 116°E)4 H 08 Aif
$5 2 M XV BE # /N T 30%), 700 hPa /) F 10%
(F 5a) , =S TIEAR TR, BAE®RY T
iz 3 (850 hPa [ffifr Ll 2. 5%107° hPa - s7')
AR TV ] L TH g 3% 54 H 20 BF 700 hPa LLIR
AEXT M BE 4TS /N T 30% , 33 b 1T AH X /N T 20%
(I 5b), Ftiz shig K (850 hPa Fff iz rhoE 3. 5%
107 hPa « s™') B FIR AR RALERE
33 BMNBSKKERHEST

AR RAMC M LR G B E A N eI
(VIS) X (RH) U o 3l i 207 HA 6 < 4
SR (K 6) I, FEIH ik 4 H 00—08 Bk NNW XL,
WK H <3 m -+ s RH > 90%, VIS < 5 km,PM, ¢
JEANF 50 pg - m” M TR 4 H 08 BF—5 H
10 ] f8 UL B2 AR AR AL/, e G218 T 5 P34 W7 1
Jn, KUy e NW g% Sy SW R X 9 2 T 5 e /) 2]

30% ~60% 2 [] , 3% = 25 [ ik oL, A &
TFUTRE %5 1, A1 K v 2 A 4 b B 3 b X 3T %
PM e B GE BN ZE 1000 pg » m ™ LA E B Al B ik
1350 pg » m™ WK PM o W BEIRBL T Wb KA
fSEm s i > 87 PM kB 4ERR R 5 H 00 I,
W RREAE 2~8 m « ™' KA F 7 U A9 K S5 4,
LEA T RRUGIE B S M) HH B T7 2R RS0 5 H 00—09
Az [ BT REAE R IR A2 R A0S (B2 IR A2 &
H ARG S, B2 A A F PM, 3 B0 | IR R g
PRREE /N W KA 4~8 m -+ ™' LAY IS
BRI FIFARSLERE;S H 10—14 B SW #
o NW 8 PR KGR E] 17 m - 7', 2T
A3 S M, A B TGN B 20% DL, [ B
PEETR YYD AR AT PM i B2 TGHUHE O, e REE
25831 400 pg - m™, BE UL KR B, L85G 0
TERH B R 77 AR 5 7 VD R 14 B 2 5 205 G
Yy B R T S AT R
PEBEVD A RS KA PM, o e B2 T [, g L2
AR (VIS > 15 km) , VP22 R4,

4 SHEFEYESS T

HYSPLIT 578 J2: Hy 5 [ [ 52 98 7 AR U4
JR3 (NOAA) 123 S BE IR S 46 2 R R <4 Jey 1
12 20 AR MR A T A 0 —Ff O TSR oA RS
TSP B L AR AR R
5 H 00 mfF 14 mF Py~ iF 20, A ] HYSPLIT #5745
#7200 m,1 000 m.1 500 m.3 000 m#F15 000 m
JEid % 48 h B HABLIE (K Ta.b) .

AT 5 H 00 W5 [ BB UL 2R Al IR
Hi,3 000 m LI s B BN (AR PR/, PR B



134 GIEE S

EE

538 &

20 _—— 1600
18+ — JU
B — B\ilo 1400¢
14l 11200%
Enl {1000 &
ﬁﬂ]o_ —4800 .‘E(
5 St 600 &
i | o *
2 ll
Y i U2 |.”” ....... 0
35-(})) —hElLEE ~1400
S0k —PMI10 ;500
25+ 11000 &
—ézo 1s0 ¥
%15 loon 2
10 400 =
5 “ 200
0 LG .”'”!"! A 0
— AR
100 - o 1043l KL 7 350
90_((’) o ®
sok [ e o 4300
&70_ - -o".- 0w 1230
B60F =% 20 T
= 50 . E
-1;40 4 150 g
o
= 30 100
20
0 all I =
0 T T T T T T T I|I T T T T O
OO O —~ = AN NA DO ST DT
SO~~~ ANCOCO ~—ANOO ——0O OO —
HEEEEREEEEREEEEEEREEEEEREEERE
NNttt TO L n GO O O O
cNoNoNoNoNoNoleoNoNoNoNoNoNoNo o NaoNe)
VO gy
b gt A
Bl 6 A A H T PM,, ¥R B (a; il KX, 847 :m -

s7U P IREE, U7 g - m”) (REDLEEAN PM ¥k
JE (b BE WL RE, B : kmy PM o WK B2, BALA: g -
m™* ) XL AR X E (s AU, BT - © 5 A X
BB % )

Fig.6 Extreme instantaneous wind speed and PM,,
concentration ( a; extreme instantaneous wind
speed, units; m - s~'; PM,, concentration, units;

pg + m~ ) ; visibility and PM,, concentration (b;

visibility, units; kmj; PM,, concentration, units:

pg - m”); wind direction and relative humidity

(c; wind direction, units; °©

units; %)

; relative humidity,

S, DR A5 ™, LA R Al s B 1 <
P, BRI T P AT 5 763 000 m AR Bl AR
K 7 oA PG P R (P Ta) AR IET (& 7e)
& ,5 H 00 IEEMN ) ) Bad = (8] 73 A Je i 1 000 m
PHLEN4 000 m, FEZEME T [EF3 000 mis L, T3 HLE)
3000 mPA_E (9 ¥ A2 S e T A BE AT A G S ) B
B GG PM VR BE ARG ARRAE S BT , 2 WA R VD U
FEOR A T 2 R, VIR b E AT A 5

W ES HON VTN, 5 RAIEE ST R PR
TR AR5, [ I 455 5 L T VAR50 0 % B, 32— I
S SRENT A U 8 28 SR A RV AR R AR Bk
TSR A RIS SR BB R AR 1 Y S
ZE PRI LU TR A T/ 1o 186 255 Ml 75 L 1%
VA AEAEAL M X R P A

5 H 14 WG RIS B BR , & 25 i LS
1 Py =) =i 2 IR e o 2 e ES e ES A
HRER, SRR A R S AR RS I T A A BT (] Tb
) o GEAHTTVORI MY, 26 WX 2 — Y Sz G Ik i
Ve 2s SNTP LR S B, T Al v e B v R
HIRE T RS B R T i A L R
S HLIX AT R

3 1o A P 87 B U B PV B8, AR e ( BR s 23
SREARE GB 3095-2012)2 ZibRifE (PM,, H e J&
KT 150 g - m™ g PM o Rikkr) ) 5l it R ik b
BT (PR 7d) KB, PM,, 2Bk IR 52 [ FR
SR PR , T R A AL B T A KA T
SRR [ B IR T 59 H b i fe ™ 5 X
GBI T I RTVD i B AR 1 40T

5 #ig

1) RO FEIN (90 22 RAURAE D A2 KPR T
AR R B, BRI R A
RS URE T Ve B . 1 R N IR 3, i)
T FEMHU KA FARRAEE M S Uk
IV B THC 45 3t PGt T R XL, ) B s 2 M Y L 909 32
UL A AT AR E AR B A PR SRR AR
P e v, 38 i g 2SO 1) AR ik, e e
BON TR RS T A 5 & FBGRA T
Uiz et JL s X DUREE e 10 KA d R
KR R v =S ROHE U AR T B T RXL,
R0 PR 3t b AR P B4 B 1) AR B s 3

2) Ay oA b D R 52 v UNE | A T Ve
P KGR E LB R IR . PR RIS K
T, S UNE M TV B 2 VD TR M, SR B fe A A
{OFRir G U S N I S Ll S N il
VDA B AN FE KRR B R B, vb 2R R AE R
BZERARE IR BT oz W AR A ) T 7
AR B T B R S, TR AR RN B 85 g S
DRI DX, T 47 T b 24 2% 368 07 56t e 2 XL 3 X 3
500 hPa FJ5 2O H FIX O SR o i HERLUIX 8k, i
T B BEIR , 50 BRI, A M TRV, 161 H
I AZBER 1 DSR2 2 2 7D o



JEI G : PEM — RV AR R A R B <

IR T BB 26 AR AT 135

80 90 100 110 120 130 140°E
200
400 '==!”,=== -
600 |7 — o
'l L L 1 Sead Losssodbiiosy
800 -6 -12 -18 -24 -30 -36 -42 -48
g 2000 o I
< 600 -
]ﬁ 1 000 M RARNAN Maaaa SaSnos e gorasopesessgersray
g 0 -6 -12 -18 -24 -30 -36 -42 -48
200
600 _(C%M
1 000

0 -6 —12 —18 —24 —30 36 —42 —48
s 2 A]/h

100 110 120 130 140°E

80

90

100 110 120 130 140°E

7 5 F 00 B (a) 14 i (b) HYSPLIT B HR IR 48 b KR [ 900 (R R : ) AI3 000 m 1 000 m 200 m
SRR AL (e1-c3 ;2028 .5 F1 00 RS, TS H 14 Bt ) LA 3 H 08 iif—7 H 00 it 6 h [l £ PM,,

B (d; B0 PM > 150 pg + m ™ BB

Fig.7 Backward trajectory of air mass at different heights over the past 48 hours by HYSPLIT model (a. 00:00, b. 14.00 on 5
May; height of trajectory: legend) ; temporal variation of height of air mass at 3 000 m, 1 000 m, and 200 m (cl-c3;red
line: from 00:00, blue line: from 14:00 on 5 May) ; trajectories of dense PM,, at intervals of 6 h from 08:00 on 3 to 0000

on 7 May(d; trajectory of PM,, concentration above 150 pg - m™ in yellow)

3) 38 3 3 Ar s 2 R 7 iR R W VA )
PEES RS o 25 b U A AL B AL T A A B KU
fi], DU XU 1o 3 DX AT RE H BV 22 R TR
PRUCREAL B 1] 0 b7 T 18R A X 7, 24T A
5 T A7 B B R D0 T ELAR R B B /N 12
DCRE AT B H B R R VD22 Ko

4) FUUT 7 A2 M7 U ] 3 o KU A R X
li] PM,, % B\ VIS 520 3R . PR R 2 AT
NP ¥ JBE O RE UL JEE AR 6 XL i) A 25K, T 4
VD RARF AN T K AR /N (B DL EE AR PM,
G R, — B AL BT ALK

5) A HYSPLIT #6203 55 19 AT 1] 3 ]
FRUGTIE VD 2B B B A2, T 200 28 A IR b A2 R
o

Sk

(1] Bk, BR X SR, 5 A Rt 22— U AR U IS
Qe eI [ ]. i E R RL 7, 2017,37 (1) :87-94.
Ptk BESr 7, T8, A8 RV AR BRI Sk e I ) it
[Cl//p AR A2 A G5 2 2006 ARAF 28 3C
LR ESR G254 ,2006:297-304.

AR, B AR 5 S BT L 52 4 B AR (L4

IS Sy}

(2]

(3]

(4]

[5]

L6]

[7]

(9]

[10]

[11]

[12]

[13]

IR KR [T]. 54 ,2007,33(2) :93-97.

(i ETEAN 37/ ) I 7k o YL I TR U A - s W B e (13
[J].WARS % ,2007,27(2) : 16-18.

B AR , BRETE. A — R v e R R A B A
ILI] . Fp E Y, 2017,37(2) :321-331.

TR, AN, SO A A R ) — BT A R R
TR RS V0 T R B ik AR A3 T [T ] <%, 2013, 39
(7):911-922.

FHR B D SR AF LTV A R AR L RRE
FHAV AP o3 B [T ] A4, 2007, 26 (5)
1039-1044.

BV i 7 2 AR BBV D R ARG BRI R RS
FEPAEMELT] S5 PHE,2014,42(4) :671-677.
RS, AL KiER, 5 R EHRE R AR [T].
o E SRR ,2000,20(6) :495-500.

TR, F A BT A BRI S S AN R
T AR T EIT R R AT L) ] R R4, 2013,
32(2) :423-434.

RO SRR Th7%.2009 4E 4 H R A)SEEAIER K
LR RS BB W AP (1] DS 5 A
% 2012,6(1) :1-9.

Frpe L IR EV ARSI R W AR S R ].
[El VP iEE,2009,29(4) :728-733.

I s K3, 6 75 o M IR AR X — IR P> KA 2



136 o R 55 38 &
SATLT] H RS ,2015(2) :17-21. modeling system [ R]. Silver Spring, Maryland; NOAA
[14] &= XGEER.PEICFHERV ARG5S e i E Technical Memorandum ERL ARL-244,1997.
AR [T ] 5 A4 ,2015,34(5) :1292-1300. [22] X0k, 4 e, ot L, . 22 N FE R 72 PM Fi ik
[15] TEiafs. REAL T HFEFEMRRMBD AR RR[D]. FEAR R AR X [T ] R AR 27240, 2012,35(4) -
2EM 22 R AE,2013. 477-486.
[16] EFEFR, A, AR5, AW R RABR S EILR (23] JfE, sk, SR, 45 R Vb A2 2 i BB AL) e P ¥
TR FRLT] )4, 2008,27(3) :637-643. JERIIS 25 A8 AR 3 BT LT ] b [ BRBERR27, 2017,37 (1)
[17] FEbln, 2 b, 2, A k7 R0 2l WL A 1-12.
2017 4F S QA A RS B [T ] b 35 [24] MipF, 5K, PRHE , 55 T TR 08 By v [ 7 b 3 DX v
i ,2017,33(5) :28-34. DRABANIE LA AR oA [ ] h VbR, 2014,
(18] IpWRMR , BRI, B2 5, 25 35 IR )2 i B AR R RFAIE & 34(6) :1605-1616.
b R R L] AR AR . 2016,36(4) £ 1-6. [25] TR KM, T, 4. 2011 4 KAl R
[19] FRHEL, Fh 26, 67K , 55 L AR A R AT Ye I 28 43 A1 RRARH T ] ARGz, 2013,29(6)
FHEST ML) AR <4,2016,36( 1) :13-17. 24-30.
[20] HEFD,Z4S%E W YA RS ERE LT KRS [26] BikesE. FIH MODIS TLA BRI FT Hh [ S AL 5 e b X

(21]

Hey i e B ARG LT ] JE FUIMTE K2R 2R 4R ( 3 R F)
2R ,2003,39(3) :407-411.
Draxler R R, Hess G D. Description of the HYSPLIT_4

SR RR S HARW D] Ml afs B TREX
22 2014,



