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Composite Observations and Analysis of a Severe Dust Storm in Inner Mongolia

SUN Yonggang', MENG Xuefeng', ZHAO Yiyong®, and YUN Jingbo!

1 Inner Mongolia Meteorological Observatory ., Hohhot 010051
2 Inner Mongolia Atmospheric Sounding Technology Support Center, Hohhot 010051

Abstract Using the upper-air and surface observation data and sandstorm instrumental data of Inner Mongolian
sandstorm monitoring stations, a severe sandstorm which lasted in the period from 19 Jan to 20 Jan 2010 was ob-
served and analyzed. The result show that: Before the occurrence of this sandstorm, the stability of atmosphere was
not conducive to the development of convection. However, the difference advection between from 700 hPa to 500
hPa and below 850 hPa was favorable for the increasing of temperature lapse rate. The strong cold advection caused
a thermal convective instability which formed at the levels below its center and was favorable for the sandstorm
burst. When dry-convective storm started and led to a sandstorm, the instable energy was released, which made the
layer of the atmosphere tends to be a neutral stratification, namely the mixed layer. This layer may be an equilibri-

um state during the whole process. To some extent, the strength, location, and level of the cold advection in the
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middle and lower troposphere influenced the thickness of the mixed layer and the intensity of the sandstorm. During

the process, due to both of the quick droppings of the temperature in the layers below the mixed layer and the heat-

ing effect of short-wave radiation at the top of sandstorm. there formed a temperature inversion cap at the top of the

mixed layer (about 500 hPa). The strong cold air activity was the main reason for sandstorm occurrence which ac-

companied by the sharp dropping of land surface temperature and relative humidity, as well as by the rising of air

pressure. The surface wind speed directly affected the strength of sandstorm. PM10 (inhalable particle matter) val-

ue can reflect and describe the change of the sandstorm intensity in a better level. The change trend of the particle’s

scattering coefficient was highly consistent with PM10 value: During the sandstorm, the scattering coefficient was

generally above 1000 Mm !

Key words

1 5%

FHAE R PR 1 PG b b XCFE R 5 1) A 15 5
KREART, ZR BRI EH, T3 kg
DR AR B R R R L R FHREE,
2002), VAR E-MEAETR. FTRHXAE
EFEEM G EERA, HxF TR A =, scilis
B N ™ A B AR A e, IR
A FUD A % 9 A P E R R R M Ok iz F|
Bl M et S0z & (M IESE, 20005
BRIEZ S, 2002), HAETE XD RIIFoE R84
e R SRR ST M. BUER LS 2
ety JEBIEI, VORI s . MR
E A (10 TN AR N YA 0L 7B R e X N
AIRBEF AR LA B4 G e A 40, X bk
KA BRI LR RS 2 — %
=2, 2009), ERMEFYCHT (1996) 48T T5R1>
DR R AR R R A R AR, T4 5 iR
TR BT RE LR B BUFD & R AL S T — AT
FEAR KSR PR RY , EHPE R AE (2002) FIFHAE
FORRIEFT Y F8 ) R 2 X i — O AR R
557 WG RE, T T VDA Rl B M TR 4
BER M DL S 3R B T AR SRR . i EAR,
REULEEAN . KPHJEEE . B FHUR &% (NEP),
AR AR (PM10) 28 5g i T H 2 25 2h
I FHEN V20 AW RS A Al 45 TAE . R
JFH I At 5CHE W P 2 2 T e 5 L R R A T
TR WEL)

KAZEE R RV BT N 2w H R
Z—, ERXIFG AR (1995) X P4t H X 58 b
DRI LB, TRV R BB B A

; while the sandstorm being a strong one, it was mainly above 2000 Mm .

sandstorm, PM10, particle scattering coefficient, observation

HERAURIZTE AT E 2SS, R HE BT X 3t iy 7™
RS ARG, BRIEL S (2004) 45 H iR
AR BRI AT E SRS — > EARE
Taklkemi (1999) fEMFFE “93557 M B e
R, RS XA B Fi, b B O 2
R T HWEMIREE . TR G2 20
THTPB T R RE I, A5 8 5 i T A S A
KT TR RAI N Z, Pauley et al. (1996) fiff
FEFZMRN 32 I M B i P A4 sk A vt e B AR R D
PR BETE K T %R &)= . Carlson and Pros-
pero (1972) X800 h b X V020 B b B (1 WF 5
W eV R R T. PAJR (850 hPa &
500 hPa) #Ef— S5 MR 5 2. LA ML E
(2006) Xof PN 52 iy i DX PR AP OAS [R] AL Vb 20 B ok 72 11
KRABEEFRAESHAT TXT R, PRSI
FIR) 4 S0 e 2 507 [) P 9 383 1L ) 2 A A R JE
WIRIMZZ5RE ., /T I, HE A SR 2
SEtasE BERYREAR, IR AU R LRI T A A
. AP AR IET . S5 LSRR Y BOR A
TR AR WA SZEH T —
BT

2010 4F 3 A 19 HOPTspg & . F AL, H
NEETS. WS HPEER. Pepgd. TR vy,
Ta b v 74 A5 s DX BT R B A T A R R
20 Hb 2> & S A T 20 LR GK v [ 2R 38 A0 R 5
X, HEFARIEEZWEREMAA, ZEiL)l
AETR [ S A Y R R AR L S e 9 L e K Y SR D 2R
BRAZ—o ASCHI NSl T 4> 2 W5 00 il 1Y
PMI10 455 i 25 0 5% 46k 25 & R0 008 0 2% k)
XA YR ID A2 2 KA FE AT 255 WL 23 A BE
BRGNP ARG E IR ERERH
SAERAE . bR Wi PM10, NEP 5 (1978 fb FR 1



<5 R

744 Climatic and Environmental Research

BOMF R® 16 &
Vol. 16

AT T R E B SR 5 2 5 AL AR AL
BN TR PR & 2 8 B I, it —
AR 28 58 A AL B A R 39 4 ] A 3 — o

fi,
2 RRIEBNR

ARV BRI 20 B KA B BUAE VG R YA w H
ABRZE LK, BAEARBE T (PRS0,
AREBRIE R G R E D5l b A 3 R 4 iy i)
B, 5RZHORV BRI B IAE S e
FUREMT BN, ML RGNS E R (42°ND),
WAHBRIERE. 2010 423 H 17 H 20 i} (Jbxt
BffEl, FIED 500 hPa 4 KR A il 22— 48— 7Y
(EW) , R AAE; T 120°E~130°E, 80°E~90°E
H—TEH . 50°E~60"E h—H X, HFTHHA —&
JE A WA oy 24Ok 7 F 70°E, 18 H 08 Hf & 20
BF, SRR DA R R &, IR, b X
NETERE . BT 8 R IR AR . /R
Fe— R PKHERL, 19 H 08 Af 500 hPa A} JE I
AR ZE DUIN/RMI LA, 700 hPa, 850 hPa %}
HiEE . 19 H 08 BfZ 20 H 02 Bf, &5 ik
PEBTRZE LK, $RRVEARFE T ML <R AR
JEIG, HUERYS AR AN ST PG A X, ]
111 B, NEHPEE X I R HBm RR, 14

B, NZEHPTRIER ., EER/R IR, SRE
Wrlr . Akl PRADERRT . 5y 22 580 T A B AR
SR VG AR A KVE B Y KA BT AR
WL BRI B2, W E KRR
DLEE T RS] 100 m, 17 B2 20 B, &8 B A
PERB . ME SRR BRI B CRAM B
BB VR E 2 B 08 B 9 120 hPa #% & 175
hPa) , Vb B X IR R BN BTH73 2 AR . B it
IR, SPRZW . Sk, PPARE R, 522
AT A AR ER B P g 8 . b L Z R T L
WL Ak T AL OKFRE WL R R 200 m
IR, MEHE 19 H 17 B T BXE (REW
FEOm), e RBERFXEZEE 30 mes ', 20 H
02 WG, AREARE RS AR B R, HMEA
BXAENSZ N P X T R, A KA
HE. WfE, DEXnKEARETEE, K14
19 H 20 WP R MR b 2 (REWE /N T
500 m) XIR, SRYPRgE TR AN ThE
JeHIX

3 BESKERRTHIE
HTRAT R RRNII TR ER BT

OYAERAE, VEFR R il 53336 Y INER VP 2h
) MIAME 53543 (HEV 458 MACE B k1T

10038150 P
R, DS
[ = 1p4F03 A 191 208} I IIHEER

100°E

110°E

Bl 1 20104F 3 A 19 H 20 BP-FIEERERPA R (B, GBILEE/NT 500 m) [XIH[E
Fig. 1 Sea-level pressure and windstorm area (shaded) (visibility is less than 500 m) at 2000 LST 19 Mar 2010



6 34 PIKIIAE . S — R YD A B 2 S WL o0 B

No. 6 SUN Yonggang, et al. Composite Observations and Analysis of a Severe Dust Storm in Inner Mongolia 745
AT 0 @
3.1 FiBETYHHE 100}
Kl 2a 25 T SRR (53336) #RZS ) 19 200}
H 08 it (Vb &A= . 19 H 20 By (Vb Rk 300}
A, 20 H 08 i (WAL ETT) 3 IR £ 400}
KARGEIREE . WA R RN (19 H 08 B, X S soof
WEHRERER S, S ER 9 °C. A 600 N
FE PR T B R ST U 1 700p 7 Jonose N
{H LB 27 5 25 R R 1 532 o 6 % i )2 A2 T i 800f -+ 20HO8HE \\
SRS (UL 3), fEVD2R B th BT Y — Beid i) 900 e 30 a0 =30 0 =0 o 1o 20
H1 700 hPa % 500 hPa ZEF75% 1% -3, 850 hPa Temperature/'C
R R 58 RO b 1= o | w953 = B or (b
FHIS, WRZGE A T X 32 3 % S 1 10T — — 19p 08y
R N Ly T ey 200 e
S4h. 4E 200 hPa FEFERBIRIRILL . N2 X2 000
IR, IR R im0
HIR BERR B R, A A X &g . 200 hPa w;\ e —_
BAGRE S E S SR ST HRE, EAR o0l [ P ==
B Z I AE T KR A RUE i (400 hPa % wol S
200 hPa JZZEAKE) . F 19 H 20 IR R R ool Ee=
. 200 hPa BRI IRES . (TR P07 6] 4 0 05 1015 20 253035
REWN . REE BB X2 AR R R T i Special humidiye ke
R . 500 hPa B 18 °C feik, SRV HAlE 100}
A BH#HE KR, 500 hPa DIN 21245 &R 200k ——19H08E
B ORAS TR VAT, Ui B A h 3000 T aoHae ~
A T V> 242 (45 A P Rt U8 o A R o £ 400f
BRI S S s o S 0 i T 1A D T soo}
SR A VD 2 B T2 0 A 1 R AL 600}
R [ 2a P AT RUA H 500 hPa DU N SUZRE T 700 J/
FEAEYEL AR, P AE ) 500 hPa 4b i B )2 soor /¢
R, ARV Vb2 R R YD B £ 3] 500 900

hPa Hy &,
3.2 BEETHT

HIE 2b A F M, VAR R AT, 500
hPa DL 4% )2 KR AWK, BA 600 hPa % 700
hPa J BE K, Foiik 3 g« kg ' XJEf T 700
hPa f X A7 = 7 5 sk, )2 2 R8I
M RSB, iRk 1.5 g - kg™ '. BEE S
BRI ERRA, — . RABREZES
TR FUTE T o5 — 5. s AT S5 K
B TR AR T4 AP KPR B, R
HEAS AR AR H T4, 19 H 20 W vb 2k 8k A 0,

Wind speed/m-s!

B2 Lfifdi (53336) 19 H 08 Af. 20 Af, 20 H 08 A
(a) KREZLRE. (b R, (© Kk

Fig. 2 The atmospheric stratification (a) temperature, (b)
special humidity, and (¢) wind speed profile at Wulatezhong Qi
station at 0800 LST 19, 2000 LST 19, and 0800 LST 20
Mar 2010

BIERAAEE T, T2 HiEMhy 0.3
g+ kg o nILIEHZ AT AR R R R AR E
FHEEZ —. BURHL. i TR A XY R A
TS, T AR R, TR



S 5 ¥ & O OR 16 &

746 Climatic and Environmental Research Vol. 16
(a) f #: L’«'
50°N / \

40°N

Mél!ﬁn‘iﬂﬁ!ﬂw

\ B \ 34398 ;mmngun#iﬁl

V] . A
100°E 110°E 120°E

115°E

105°E 110°E 120°E

B3 () 20104F 3 7 19 H 08 I (HEZk) 120 I (SL0) WEEFH CRfE: 107°°Ces D AfulE: (b) 19 H 20 WY 41°N R IEF

WOANL: 1075 °C s D) A

Fig.3  (a) Temperature advection (10~° °C

« s 1) at 0800 LST (dotted) and 2000 LST (solid) 19 Mar 2010; (b) cross section of tem-

perature advection (107 °C « s71) along 41°N at 2000 LST 19 Mar 2010

FIHLIBIE R3] 1.5 g« kg '
3.3 XUEETFE

Kl 2c W, )2, WK KA,
AN 9 moe sTh, YDA R R A B R ]
4 mes ', PWARRERE, HimXGEmE /N E 6
mes X R R ER i T B B AT S M R
A B R AR A8 A P 3 1P . [RTERE S DA 25 JXUR
LATLE N, EVDARRALRET, 300 hPa i
1o 2S KGR AERF S E . ARHFAE 50 mo+ s ' i XU
X R 4SS I AE T RN 5 0 5 VD 2 R 1 R A 4
T, R EEXEEERE, WERRAK
AT FE 400 ~700 hPa i [ P JRURE 26 156 B 3 K
(AR —4HZL) . 19 0 20 B RXUEL B, 24
Eas kR s Ease, BJRshE R AE S 700
hPa 8¢ FR I WG 2] T 23 m « s~ ', H 08 B (Y
KT 9 m -« s™', EHAFEEMNZ, LEF 400
~850 hPa [ FL XU A 2 — 4 HE, 1iHIX
JERIRYIAE 5], sl MAEROR B A, (R b i
SRR N, ARl 3t 2 R g — A 3, AR
R BRI R EE S ) &, WA R R,
400~700 hPa JX3H B 9/, X J2 IR 2 XUER
BN, S T AEERZ 2. Hhim <%
R EEVR /NN, b T G B S8 080N s /2 VD 3 ) A A
WS, AR RAIHEER,
3.4 ASELERTEEST

KRG (O, B S ALR (G SRR
VA I U R = 7 T 1% V7 N W =

. ENRAEY:
0 = T(1000/p)* ,
_g [L g
ese — 0EX}) [C'p Tl ] ’
—p [Las
(9e - (9exp [CP T1 ] ’
Hep, TR, p W3R RAEEL o, BT

;fp
DRWEERE, L WEEEEIN. ¢ HHIB, ¢ N
WRILEI, Ty A6 THEESS AL IRFE

K 4 &R Erp i (53336) #R25uh 2010 4E 3
H 19 H 08 Bf., 20 B, 20 H 08 W} Fl &
(53543) #E=5ul 19 H 20 BHRZS R 0. O 0.
B ER L . ARAE A 4a AT0, 19 H 08 B 41
"R AL St 178 b TR B 5 v L A BORE 4 o7 T 5 )
46 °C, B HMEIR/N, 0. 0.4R7E 700 hPa & &
FEUUFH BT, W 0., 0. ZFEEIEE K, %
YRR RSN T4, 500 hPa % TH & B2 LT
0. O P BE 3, RAZEA TRERE, 280
~450 hPa 1] 0. 0.4 JLF-H H TR AL bR, BiH]
RAZERTARERES, A TEE R TL,
WA LR, 19 H 20 B (& 4b) X2 %
Z0. 0. OAEM B TR, JoHEF 500 hPa, 500
hPa FBEJZLAT 0. 0L FEA . 1M Oy 0.210]
FEEEE K, RUIMRZ RSN TH, 0. 0.4JL
PAEEE TR AR, U R B S T AR E R
Ao WHEIRZNIE R TIRIBEMIRG)Z, LR
IKF] 500 hPa 4 R 1f = B . RIEMIR G2 BTIE



6 3 VKRS 5EE — SR ID A 2 LRGN 43 Bt
No. 6 SUN Yonggang, et al. Composite Observations and Analysis of a Severe Dust Storm in Inner Mongolia 747

TR AR RN EEERE, FERAGZE HHESEENZE, XZE 500~700 hPa 5841
M ARRAE XA TRAZHHEZESEAMFE  WOEH. B 3a 45T 700 hPa JZk 19 H 08 B
XA =, AR H T2 kiR, TRIEh 20 B VIR m X, ShiErpi 53336 7EH:
AHEAAEREN A MR EE (Gamo. 1996),  FEEMXIRH. K 3b 45 T 258 41°N iy
AFIFX AR, PR E . AR PREESmEE. oT Rl me F i o 7E
TR, Wb, WERAEEA R TFHEXH  500~700 hPa JZ2K I, 850 hPa DL R 2 i
Fr=A (Gamo, 1996), Gamo (1996) [&Eit#s — BEHMAL. ERH TEMUZXFREFRZES .
AT TREFRESZAOEZEME. E2RTR.  fEEESREECEM AR R X — B, i
ETEEEFEMX, F. EZRAZEHERITRE BERTPOUTFTERE R AREZS, WTE
WL L 4~6 km, SIARSRERM S, Ao EHEZERELENE (d/ox <0), RUPDhR
RAFIFEA R B, SRR LA REMAERIZEAM. TERZPE 0l & T I8 K
RAZEE RS 500 hPa W R &, 5 Gamo  TXFRMN G, =AW AR RS, X4
(1996) MGitasie—i. ARNBEHRERSGZ VDA EAFRRECHRARCREERK, X2
IR, — A KBS A AR E, 55— KRB THEZEERGZE. REZEES

100 (a) I BRI 55T 100 (b) I EALE ST
Wk 53336 () Wk 53336 ()
20104£03 19 H o8} 20104£03 A 19 H208f
150 150 b
1 L~
200 200 /“L/
250 250 /}—’
< < AN
% 300 % 300 o
400 ! ] 400 7/
500 }“{ 500 N‘Y
600 K 600 L
700 \ 700
bt et
1000 1000 !
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Temperature/'C Temperature/C
100 100
© gy @ Wit S5243 (0
20104£03 A 20 H 081 20104£03 A 19 H208
150 41\ 150 A
/ L
200 Pt 200 /
250 . 4 250 3
£ 300 S £ 300 N i
E Ve B
400 P 400
500 }/’ 500 <
600 { 600 <
700 700 jg
0 64 0
1%08 T 1§08 !
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Temperature/'C Temperature/C

B4 SR (53336) 5 4 19 H () 08Hf. (b) 20 f, (¢) 20 H 08 B Al () A (53543) 19 H 20 BfAY 0 (24D, O
£, 0. (k) WHAMELE B O

Fig. 4 The profile of § (left line), 0, (middle line), and d. (right line) at Wulatezhong Qi station at (a) 0800 LLST 19 Mar, (b) 2000
LST 19 Mar, and (d) at Dongsheng station at 2000 LST 19 Mar



<5 R

748 Climatic and Environmental Research

BOMF R® 16 &
Vol. 16

TRJZ R -3 25 S B U ) ANESE FTxbm (7b
RIR) AR TRE B B A A — AP A
XF LG AZ Ve -t s e 4 55 O R ikl (11 4dD s B G
MR A 2 X, FE 640 hPa & B b, AT L,
HUARE TS U s I R B T 1 SN VA= | D=2
— R L EIR AR, S 4
TRV D 0 S B, RV R BRI R
FHEREK, 20 H 08 B (& 4c)  Hb i o A B AH
MR 12 °Co ML T RE, 0. Ow. 027
700 hPa &2 DN R B . R ZREKGE R
ERARE, HEBERIBEIRE.

4 MWEASKREREZHIE

4.1 MENER. E. EEHE

VR R (533360 ARk il VE b i
WRZLRE LE 5. BRI, eV 2k
ZHT A2 E AR d . 18 H 20 IFE 19
H 11 U A desh . JF BAUE— A TR
RE. 19 H M NZ)E, MERES AR, @
AT, B R m AR IR . AR AT
RRE:p/ NP E o 2 SO N TR A SE 37 S i)
#¥F, F 20 H 02 B 12 /MR JE EFFT 18 hPa
(B 5) . Hurh R A AL IR A . 18 H 20 B
219 B 11 W A ¥sh. JFH—HEA T
RS, 19 B M4 B Z)5 . 2@ @ RR AR .
Mo RS B R WA R AR, BRI

20 1030
= iRE = EL =4k

3 11025
101

s 11020
01

S
B
5 +1015
3 E 1010 =
[“—E’ 10+ ]
+1005
720 B
+1000

01— t t t t +—-995
0200 0800 1400 2000 0200 0800
19 Mar 20 Mar
2010

Time (LST)
5 ShEhiE (53336) MbE B R AR
Fig. 5 The temporal changes of surface weather elements at

Wulatezhong Qi station

MR Lk, RO LA A IR TR, 20 H 02
B, IS R, SRR REEEL, DR
KA EH]

4.2 HWEARSKERHESPLREENXER

R T VEAN G 23 BT v 28 2R R RUR A R v Ml ]
SGQERFRRHE, FAARHA (53276) FLHES
B3k 20 m B R0 B B LI W kL. R RS AE 1
m, 2m, 4 m, 10 m M 20 m 1) 5 |2 F4r 94 %
TRV« TR R DR (1 ORI A s XL Tl RN s
f£1m, 4m, 20 m ¥ 3)2. AL 2 m &ELW
TELE AR W FE L 4 o 5y B2 A 1) XU ) XU 64T 43
Mo BEEF IR 5 438k

AP RE PR H A BV A B R, WL
LI P Fpe /INE DL EE S 800 m, A5 By hL A g s B
(1R 5 Vb 2 2 L e A I R 26 5 5 559 LA A0 ) O
FORFE A T IRA S W0 A 200 B 5 i R R %
RZEMER,

YA E L AT 19 H 08 B A 12 B, 4 H ik
2 ML TETSE AT HR B XA O IR R, 4 mo
JEAM R L A TEAL A, K 4 moe s BN
KHE10me«s ' (F 6a), BEWEEAE 20000 m ZE4
MEE . PMI0 W BELRFFIRME (8] 6b), i T A
WA RS O RAE, B 300~400 pg e m 72
B, 2m\FFLETE B Y H W RME 12.5 °C
( 60)s Frm T 7.5 °Cy XV BB T X &R
AF, AXHREETE 3020 % 40X [A],

WA R RAEWIN 19 H 12 B & 20 B, AuifE
VIR AMRIIE AT, 2R X, 4idy
PEIEIA, K SR RAE] 15 m « 71, HIF BR
BN BAERR A (12 m s D)
Zy4aANeE (B 6a), BE G K SRR, VIS
(FRMBE VL) 2B/, 14 BFFEZ 290 m, AHRY
PMI0 ¥ BRI, 14 B35 5] 6500 pg « m ™
(K 6b), BRFB|H V> RbRME, 5 b U — 2
CULE I 32 8 UL EE 3000 m, HELZW RIS,
RS 15 200 Py PMI0 ¥k B SR R T 22000
pg e m P, ARPEXT NS PR B S PMI0 ¥k
WSS, PMI0 #BE=7000 pg « m™° gl
Pk 2R vb L BAR e (FIKNI, 2009), AT
FIWT AR H s B TRV AR R KRR B EE
PRURE FUIN 2 [8] - Ry R s 30 T v 2h 32 R
o BEILEE 800 m), KX 5 PMI0 ¥k BE = (4T



6 34 PIKNIEE S — R U AR B LR 5 WL A7

No. 6 SUN Yonggang, et al. Composite Observations and Analysis of a Severe Dust Storm in Inner Mongolia 749
360° F (a 120
315°F 18

116
270°
ol 14 <
= ol »
g 255 l {12 &
3 =
= 180°} ' p 110 &
e u ! 7
8 A ' 418 =]
£ 135 1 Z
l 6
90° {
\ {4
45° —4mME ]
—— 4 m XiE
0 1 L I I I I 0
0800 1100 1400 1700 2000 2300 0200
19 Mar 20 Mar
2010 .
Time (LST)
25000 (b) — PM10 112000
—-— BELEE
410000
20000
. 8000
£ 15000 £
B B
3 6000 z
= z
2 10000 >
44000
5000 12000
0 L L L h L L" 0
0800 1100 1400 1700 2000 2300 0200
19 Mar 20 Mar
2010 .
Time (LST)
90% () — 2 mifxhg R 714
— 2 y
80% mif 12
10
70%
8
2 60%
5 6 9
E <o 5
E 50% 4 3
= s
2 40% 2 2
3 0o 2
~ 30%
—2
20%
’ —4
10% —6
0 L 1 1 1 1 1 —8
0800 1100 1400 1700 2000 2300 0200
19 Mar 20 Mar
2010 .
Time (LST)

B 6 201043 719 H 08B % 20 H 04 Bf (a) 4 m KUiIAI 4 m K, (b) PMI0 e EEAAEILE . (o) 2 m ARXSYR AN 2 m iR AR fh il
244
Fig. 6 The temporal changes of weather elements from 0800 LST to 0400 LST 20 Mar 2010: (a) Wind speed and direction at 4 m; (b)

PM10 and visibility; (c) relative humidity and temperature at 2 m



<5 R

750 Climatic and Environmental Research

BOMF R® 16 &
Vol. 16

N AHOCEF, PMIO WEfH B (WA 2 k4D
AR R NG M B 12 2 /N, 3 AT RE X B & B
Uit BRI AT B ] . DN 2 oo 3 B2 RRE 0 0 B2 A ok
FO(E 60, FEREGERALERE, SRR TR, £
BB 25 S 4R N T 425 i) b 1T R KU VD 24 2% 1Y
TE R . SR VD2 B () & A s R GV B BRI 1) 10960 22
s HliZe 2 MFIE, R RAP U AR 1
(W R REIREE) IR EFRRERE . 2R A
L ) .

19 H 20 N LUG » A2 M0 SR IL sl v 4
R OS50, HIBL T B A V0 R i KA
%4 m KGEFREAE] 15 mes ' (& 6a). H
i PM10 ¥ i S H3 31— Wl 35 ¥ 20000 pg « m
( 6b), TR AL PMI10 ¥ B2 AT BB A 4K
KR 2, VIS R EFEAR KT A X JEE 35 2
5% (E 60, KEHMPHE TRHAEIET, x5
BB AR S IS R AA G, S 19 H 20 B,
PMI0 ¥ B VK HY BL— (L6 51 20000 pug « m L)
b AERHR R, DA R N E, A2
52 PMI10 W EEFT e K. o AFE e R
AHXR RS = (YRR B .

A DLAR VD A 2 FE T sRVE B S, s yb 2B 5
AR E s . XU . PMILO WL H B 22 A4S 1 i
PM10 WL 52 B 55 52 e 15 22 23 36 K. /i 401 oy 4l
TP B RS, JEHMEI T AR RS LR
G RA, RERUZENE IR,

4.3 MERTFEHRLE (NEP) 45

B BT R B0 (NEP) 2 ) MK F 0
Ecotech 23 7] 42 P2 1 M9003 #5143 2K 3k B %6 <
RIS BB R BEATIESE LI, SR AT KA Hp kL
PIREU ReE . AR T Akl i) NEP I 4%
s N T IELE Y SONORL O RS U A R
R, Hil1E T A M NEP 5 PMI10 f9#H 22 [&]
(B 7D #H17587.

PNENENEYE T N TS I ORI A S
F1PMI0 WeBE R AE R — 2, M 19 H 08 B I 4 ki
TR RBGEE R, B 19 H 17 B4 1 3
WRA, B RECH 810 Mm 5 19 H 20 B F1 23
B sl IR D A2 B RS, B R 0430 2300
Mm ' Fl 1530 Mm ', B4k, H4E PM10 ¥ B 5|
Wr. A< 19 H 17 Bf 30 43 % 23 B 00 43353 Tb
R, X — W B, B R B A #E 1000
Mm™' DL ks WSSy R B R B, B R
BOLAE 2000 Mm ' |,

5 NG

(1) 38 3 43 BT 44 4 3l 19 R/ 3 L G 448 R b TG
REERRI, ERRYLRRAT, AR
FE A ER IR EU N, AR TR &R, 5700
hPa & 500 hPa (3% i 5 850 hPa LA R A7
ST 22 S A R T I R A B ORI R, R

12000 - PM10 —1 4500
10000 | g
13500 g
=
. 8000 13000 -2
' %
o 12500 g
g 6000 on
= {2000 -
Z 2
=¥ <
4000 11500 3
2
11000 -2
2000 | £
1500
0 . . . . h 0
0800 1100 1400 1700 2000 2300
19 Mar
2010 .
Time (LST)

B 7 20104F3 [ 19 H 08 B & 20 H 00 YA ks, (53543) PMI0 M . R THU REE il Zk
Fig. 7 The temporal changes of PM10 and particle scattering from 0800 LST to 0000 LST 20 Mar 2010



6 3 VKRS 5EE — SR ID A 2 LRGN 43 Bt
No. 6 SUN Yonggang, et al. Composite Observations and Analysis of a Severe Dust Storm in Inner Mongolia 751

UARRRM LA RIERME T BT R K
eI, 500 hPa IR UZEE T REIELECR . vhar
TR PRI IACR . 722 500hPa 4 i B
WZ o R A AR TR R B K O
R AR H T4, BRI 2
HEZRHEZ—.

2) pprfiil (. A SRR (0 51
AEAR S AR (00 M3 F A i &k BE. AR
U R KR RIR G Z . XRJZ 500~
700 hPa SRV AR AR SR &P D LR J2
U BT AN TS € T2 45, B JZ B Bl 2 48 )2
(/e << 0), BVAT KA MNA M Z 4%
TEARIZ VBN 1l e T T B R g 7 A T2
BRA TR WY LR RV A2 1 45 Al BE 1SS e
AR BN %2 KA T 2 45 AR
B2 IRATE T RERAE W R B P 22 P
IOATEMT X (DB R) PEATRE e R
R Z 1B ) — AP 2. ] WX PR Z %P
WSS . ALEMIRR, —ERE LR HER A
JZ BRIV 22 F R

(3) AR A YYD A2 A R T TR R
AP R FEAGIMGORL A 23 B 7] LS PRI 1 i 0
R E MG ER L. AR ERR
A R T R ZU R R . R R ) 1000 22
A, PUALRUInER IR i i B . ZEREA S AR P
YR 2R I B I [R] 428 A AR, 5 DX Y A S 85
U BRI U B AR A T v A B 5t BE 1Y U 2l
A

() KL B R B I 23 B 1. AR
SR L AP N ST E AR € i e <R
PMI10 ¥ iy AR — 2 bR 2R BEmE, HUih &R
BOEA IR 1000 Mm ' LA F s SR04 5550 BE I
HUF B BGEATE 2000 Mm ' P |,

SEZ @k (References)

Carlson T N, Prospero J] M. 1972, The large-scale movement of
Saharan air outbreak over the northern equatorial Atlantic [J].
J. Appl. Meteor. . 11. 283 -297.

Gamo M. 1996. Thickness of dry convection and large-scale subsid-
ence above deserts [J]. Bound. -Layer Meteor. , 79: 265 - 278.

BABSAE, DB T 1996, 5 Vb 2h B UK G R AR LR 3t fik 2 HL )

0] KSAkE, 21 (5): 15821589, Hu Yingiao, Guang Tian-
ning. 1996. Micrometeorological characteristics and local trigge-
ring mechanism of strong dust storm [J]. Chinese Journal of At-
mospheric Sciences (Scientia Atmospherica Sinica) (in Chinese) ,
21 (5): 1582 -1589.

HPERE . WEOE, TUE'Z. 2002, 2000 4E 6 A 4 Hybd gt Rt 5
IR I SR BER M R p - PR e [ ] KRR,
26 (1): 1-8. Hu Zeyong, Huang Ronghui, Wei Guoan. 2002.
Variations of surface atmospheric variables and energy budget
during a sandstorm passing dunhuang on June 6 of 2000 [ J 1.
Chinese Journal of Atmospheric Sciences (in Chinese), 26 (1): 1
- 8.

L% W, 2006 P95 P2 IE B D A B A KRR AE
[J]. SA%5FEH%. 11 (6): 702-711. Jiang Xuegong, Shen
Janguo. 2006. The characteristic of weather factors in two types
of sustained dust storm in Inner Mongolia [J]. Climatic and En-
vironmental Research (in Chinese), 11 (6). 702-711

Pauley P M, Baker N L, Barker E H. 1996. An observational
study of the “interstate 5” dust storm case [J]. Bull. Amer.
Meteor. Soc. » 77: 693 - 719.

BRIEZ, REULL, ZEJ7J0. 2002, G 50 45 rp b7 YA B o A %
e H P [J] P EPE, 22 (2): 106 - 111. Qian
Zheng'an, Shong Minghong, Li Wanyuan. 2002. Analyses on
distributive variation and forecast of sand-dust storms in recent 50
years in North China [J]. Journal of Desert Research (in Chi-
nese), 22 (2): 106 - 111.

BRIFZE, 2, XIE. 2004, P EAL T PR RIS TR
O] FREX®FES5HEE. 18 (SD: 1-7. Qian Zheng'an, Cai
Ying, Liu Jingtao. 2004. Some advances in dust storm resear-
ches in northern China []J]. Journal of Arid Land Resources and
Environment (in Chinese), 18 (S1): 1-7.

IR, T, REETE. 2009, HEFE RN VDA B R TR
FEWFR [J]. K%, 35 (3): 87 - 93. Sun Yonggang, Meng
Xuefeng. Song Guiying. 2009. Sand storm quantitative forecast
method based on quantitative monitoring [J]. Meteorological
Monthly (in Chinese), 35 (3): 87 -93.

Takemi T. 1999. Structure and evotution of a severe squall line
over the arid region in northwest China [J]. Mon. Wea. Rev. ,
127. 1301 - 1309.

FT. B 1995, FEPEALH DR XA R A D]
FIE Y E, 15 19 - 30. Wang Shigong. Yang Debao. 1995.
Study on the formative causes and countermeasures of the catast-
kophic sandstorm occurred in Northwest China [J]. Journal of
Desert Research (in Chinese), 15: 19 - 30.

M IE, HZE, XZiug. 2000, 6T E AL X b4 KA I
HASE P (1], #B2ER. 55 (5): 513-521. Ye Duzheng.



S T (N A 16 &

Climatic and Environmental Research Vol. 16

752

Chou Jifan, Liu Jiyuan. 2000. Causes of sand-stormy weather in Desert Research (in Chinese), 29 (4). 728 - 733.

northern China and contral measures [J]. Acta Geographica Sin- JEFEE, EREfE, FiN. 2002, 2000 4EFH Z= Vb B3 1 2R R AE

ica (in Chinese), 55 (5); 51 -521. [J). EEB2% (D), 32 (4): 327 - 334. Zhou Xiuji, Xu

FEHE. 2009. WEV LRI MEFILRES RE [T FEY

Xiangde, Yan Peng. 2002. Dynamic characteristics of spring
Wi, 29 (4): 728 - 733, Yin Xiaohui. 2009. Progress and pros-

sandstorms in 2000? [J]. Science in China (Ser. D) (in Chi-
pect of research on sand-dust weather in China [J]. Journal of nese), 32 (4): 327 - 334.



