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Abstract  The dust-storm events occurred frequently in the spring of 2006, and the dust-in-suspension and blo-
wing dust appeared almost every day over north part of China. The dust storm event of 16—17 Apnil is not the most
severe case during the spring of 2006, but severe deposition happened over North China, which affect Beijing, the
capital of China, Therefore, the study of the case was concentrated on. The weather system causing dust storm was
a Mongolia cycione. On the base of weather system analysis, an integrated dust storm numerical modeling system
(TIAPS 2.0) is employed to simulate the dust storm event. The results indicate the system is capable for predicting
the dust emission rate from surface and dust concentration in the atmosphere of individual dust storm event. It is no-
ticed that the dust emission and dust concentration in the air have been simulated successfully. Simulated dust con-
centration agrees very well with observational weather phenomena at surface and satellite images. Based on success-
ful numerical simulations, the hourly simulation results were used to analyze the dust sources and deposition caused
by the dust storm. The dust source places are in southern part of Mongolia, the middle and west part of Inner Mon-
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golian Autonomous Region, west part of Xinjiang Autonomous Region, Gansu, and north part of Shaanxi prov-

inces. The most severe dust emission area is the desert and Gobi of Mongolia and Inner Mongolia Autonomous Re-

gion, but the deposition area is significantly wider than emission area, which almosr affect the whole of north China.

It is found the total deposition amount of this event is about 50 g « m™* near the dust sources area and about

10 g » m™% over the other area, respectively.
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Fig. 2 The daily station number of dust-in-suspension and blowing dust storm in China and Mongolia from Mar to May 2006
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Fig. 5 The geopotentia! height in gpm and wind vector (Z>8 m + a~1) at 850 hPa from 15 to 18 Apr 2006, (&) 0000 UTC 15 Apr; (b)
0000 UTC 16 Apry (c) 0000 UTC 17 Apry (d) 0000 UTC 18 Apr. The shaded indicated the topography higher than 1 500 m

BB, WTERMMM RS, FHik, ROXE
WHEAMEPLRES 3 b m XS AR E
X, BRARRIER=HE, EORKE—FH
Asxt il ik, SWE, IAPSL O #2451,
IR T R Y L R E L MR TR, B
FRigRrb b RS KR, 200644 B 16 HEESHE
MREAZLTPES (E 62, b, o, HELIEY
PR HSMNER -3 BHF. HFEGEM
FHELHRHEAP LR, AXRPRERDE,
RSB LEE MR R, XHIFR KR
Wi, SZMMAER . 16 HEFRHERA
RENFLTFRBRHEER T LENBRY LR
KR, BRIk EEEEKEAERT 10
mgemLlLE, 17 B3I X e bR
DB, BEARDXENHERA
fRIB (B 6d, e, D,

HTREENGR, RINFATIEZHA
M. 4 17 APFRUEEILRES sE

KRR RmE THREKXS, TERARER1TH
RERALBLERILRMENGEMEL (87D, &
ALk E (Hée, D BN, 7 HTFH
VAERSBAEWEILRAEER, {8 850 hPa
MY LEEFFRA (H8), PLEBNEhE
EB TR, FRTEEBEHDHSELRNTE
. 17 H 6 MIE N EEFMER YL TE
FEFE 800~ 500 hPa 2 [f] i) K f 2% 11 H078 75 1)
(B 92), ERBIT 10 pg- m LI E., ERfHE
HRmEA T SN BRME 115°E DI,
120°E LABT KA iR AK LIS 7 il PR KGR
FEFEHE (B 92), —BfE16me s AT, H
e, KEWLEFEEKERSHE, TWAEED
MHEEDURE T ERE, MEEMAEES L,
120°E IFEHEXEME 20 m» s7' L E, M
FEXBRIEMATERENRGE. SESH
SREAXHRREI L EHR, 17 BSEPLERENE
A, MPAXSFTELRHEREEE, BAK



RF ] IR, 2006 SEEFE WS REIL MK BIIFEAL BT BRI
Ne.3 SUN JiarHua, etal Numerical Simulation on a Dust Storm Producing Strong Deposition over North «+ 345

100°E

20 mg-m~

M6 20064F 4 A 16~17 HEBIMAEBOKRE J0F. 18D, 2 581, 33008, L ¥ESLD) THERMHETAR.
(a) 16 H 038F; (b) 18 H 06 Hf: () 16 H oo M, (d> 17 H o8y (e) 17 H 03 8; (£ 17 B 06 Bt

Fig.6 A composition of simulated surface dust concentration and observed weather phenomena at surface (1, 2, 3, 4 representing dust-
itrsuspengion., blowing dust. dust storm and severe dust storm, respectively): (a) 0300 UTC 16 Apr; (b)Y 0600 UTC 16 Apry (¢) 0900
UTC 16 Apr; (d) 0000 UTC 17 Apr; {e) 0300 UTC 17 Apr; (d) 0600 UTC 17 Apr

FEAMHE ISR EASEERE AL, —
XARERM, A—XARMESH, ERRES,
T AR, BT .

BRI BRERILE T KBOIIE, 552
R R KB, WRIIER (B6) &, 17
HAEHE T HRbatm. &8I HLm
VoA B B R B YDA R B R K R

REREWE (E b, gixEa K, Wdxfiimn
R 16 A 21 Bf—FA #2818 H 0 B, 500
hPa A F#8X 8 0.01 g« m™®, 7€ 17 B 09~12
RERHE, B2 1 g - o7, MAERNEEE,
EENEE ARM S, AFMEEMYE A FE,
R RUE A5 WA m B2 B, Bk
WERBIRK, Zha, BEAENGHN, YR



KRB 5 F BB R 12 4

346 Climatic and Environmental Research Vol. 12

= 4 ~ - -3
"l,‘ '- N ‘m

mqua Wiy
: 70206 5 Eh )]

PESRE
EARDES KB

7 20064E4 417 H o7/ (Jbmiid, 16 H 2300 UTC) FY—1D WK (3|8 EE LESEFL)
Fig. 7 The sarellite images of FY-1[) at 2300 UTC 15 Apr 2006 (from National Satellite Meteorological Center, China Meteorological Ad-

ministration}

MEPN

I0°N + T T -
110°F 1201 130° 110°E 120°% 13071

(01 ] 5 10 mg-m*

B8 20064F 4 H 17 QML 850 hPa PP CREF: 1484, 2550, 33040 R, 4 HED LR MERRRISAR. ()
17 H 06 B}; (b) 17 { 09 B}

Fig. 8 A composition of simulated dust concentration at 850 hPa and cbserved surface weather phenomena (1, 2, 3, 4 representing dust-
in~suspension, blowing dust, dust storm and severe dust storm, respectively): (a) 0600 UTC 17 Apry (b} 0500 UTC 17 Apr

FEgEmie, WM. METs MRz 40 5, $RE4E 17 B o s s3IR%E (B0, &
EH, W16 HHARG, LEMEBEA—#HRE, B 900 hPa BHEHBEHM 7 °C, RBMEENSRE
GHEWRE, HHA16~17 AMREZHEEA  DEREHE, ASme s " #HME 10m-s',



38 PhEHESS, 2006 FEEE— G| R A M IR A B0 Bl B A BB AT

No.3 SUN Jian-Hua, et al. Numerical Simulation on a Dust Storm Producing Strong Deposition over North --- 347
100 “
|
200 #
. ]
.y

NN T

Y

400 L
- / Y\ IDNENAR

‘ wol /1 ISL NS J
0% 115°F 120°E 125°F 130°E 00 / [ ] ] fl-. )\T i

e o

300 900 1 ~ v b
l00060 =5 —40—30—-20—10 0 10 20 /

il

S0

p'hPa

60

F0)
1
800

S0

1000
UORg 0600 1200 I8RO0 IJU{J[} 0600 1200 18300 0000

16 Apr 18 Apr

B9 () 20064F 4 A 17 A 06 BHECBIMEE 37°N Wb ik &
(A% ARE (T8, $fi, m-s~") BEFR-RENEL R
(b> 2006 4 4 16 H 0 B~ 18 A 0 s EL 1A L BB IR
(40. 5°N, 116°Ey ¥ e BE 70U 9 I ) B T i

Fig. @ (a) The latitude-height vertical cross section along 37°N
of simulated dust concentration (shaded, units: pg+ m™2) and
wind speed (solid, units: m + 37!) at 0600 UTC 17 Apr, 2006,
(b the titne-height vertical cross section of simulated dust con-
centration {shaded, units; pg* m~3) and wind speed (solid, u-
nits; m« s~1) near Beijing (40, 5°N, 116°E} from 0000 UTC
16 Apr to 0000 UTC 18 Apr 2006

REMBERZEMEERNBREETENFHER
BB E TR,

8 FATR, 2006 4E 4 H 16~17 B3 A M
YWAEE SR MRS EE 2, Wl
W £S5 (TAPS 2.0) 4 R Bt T i b fih%
R, BT BT K R A B e XA B
fi), BULEIR &AL, BHit, ATLAZER

Temperature/'C

E10 200644 H 17 B o bR 4 oHE&: B
B, 25 %20

Fig, 10 Composite sounding on skew T-logp diagrams on 0000
UTC 17 Apr 2006 at Beijing, bold solid line denotes tempera-
ture, dashed line denotes dew-point

HEt b, FASESESRNXRIBEOT LM
iR B TR M 47 .
3.3 BIRMNETRESIH

RITHE SR DI # B R TE 2006 EHERH
Ryt dRbPREAERR, HEEW™E,
Wik et X g, KRB, MHiTAERT
SRR B 20 g m, RATHAERL R
BTMI6 HOBP 18 H 0843k 2 XA MTIRE
B (A1D, B+ FEARGTERHARENN
Sh. HRAES. B, RIS, E40BKH
H X AERE T E AR G R, XX, RE
k50 g - m b, HbEE—RFE10g- m2LL
T. NEEREELEEANE, BT RLE=Y
RN H R, A B MTIE, NIRRT E
MBE R BER REWIE, HMAgXNaURE
BEI0g - m?UTF. LEMEHERETMRR
WEWg - m LT,

4 LHieFitit

AL 2006 SEFBMILRIHTT 4
7, 2006 FHEFERREILFHE 2000 FELLRED



5 & 5 % & of % 124

348 Climatic and Environmental Research

Vol. 12

(Lot 0.1

Bl BRI 2006 4E4 H16 HOM~18 0 0BHY () BEWEM () BIEE (8. g-m™®)
Fig. 11  The simulated (&) total dust emission and (b) total deposition in g « m~Zform 0000 UTC 16 Apr to 0000 UTC 18 Apr 2006

PROBREN—F, BLAGHUEIELEE
B4 LR LRI R A SRR
4 A 16~17 B #HEBHRTE 2006 G HEF 8
B, HEAEEL KPR T ™ BN, 5
FEBRERER, Hit. fRRTENERD
DEEFMESL (IAPS2.0) %4 A 16~17 HiY
SR R AT THEBLAR, HRBERNE R
#H—E TSRO EY., BEMRE, &
BlERER, TAPS 2.0 il & S48 4 KA E R
RS SRARGERRED, REEMET
BRI RN RAEMBE. MEMERSER
MM A BN T, ZXEW KB LR
B ¥ FH T BT T IHRA BT RIE, A3,
WG REF R ER T hifxat @, MibdE
RFLZ A K2 75 KUY £E AT ik S 4 b b IX
FMURES BT EENERE: TENWPLE
weERETEEHHNRENFES. FEEE. BN,
BeotidnE, BB AMBEKAFFEANENH

iR, KA VIR ERBR 2 EREK
RO, HAOMEEBEREE 0 m?E
o RTE—E B BT PE i B T vk Bt
2 IR RER AT AR .

R MfEH, 2006 FHEFREMNBYLRIE
HEE, ARFIHMERLD, RXAEMSEY
— TR, sk, EXWEMB AR R
X, FHHRERSEAMREANS T HKER &
BHATSR, ETEXNBPRA Mt — T,

BEYW (References)

(1] WEE. Gk, BoN, % TERZ-REDLRH
. Jbs: BARmRgRL. 2006, 228pp
Zeng Qingcuny Dong Chaobua, Peng Gongbing, et al. Gi-
gantic Yellow Cloud — Dust Storms in East Asia (in Chi-
nese). Bejjing: Science Press, 2006, 228pp

(2] HAI. F98. £%5% E47EPEPLRTREE
BRYE. ERUR . 2002, 13 (2): 193~200



3
No. 3

TS, 2006 FRFRIELILAERITIFE R L2 B e

SUN Jian-Hua, et al. Numerical Simulation on a Dust Storm Producing Strong Deposition over North »»-

349

[2]

[4]

(5]

Zhou Zijiang, Wang Xiwen, Niu Ruoyun. Climate charac-
teristics of sandstorm in China in recent 47 yeara, Quarter-
Iy Journal of Applied Meteorology (in chinese), 2002,
13 (2); 193~200

R, HEd, REE —R3ERELRILEEDE
() XERPHAPORERDTRE. SBRSFRTR,
2002, 7 (3); 279294

Zhzo Linna, Sun Jianhua, Zhao Sixiong, Numerical simu-
lation of dust emission in North China, Chimatic and Envi-
ronmental Research (in chinese). 2002, 7 (3), 279~
294

s, Bwm, HBE —-+EATRERIHBLE
REWEFTMRERRA LS. SR SFEFF, 2003,
8 (2), 126~142

Sun fianhua, Zhao Linna, Zhao Sixiong. An integrated
modeling system of dust storm suitable to North China and
applications, Climatic and Enuvir [ Research (in
chinese). 2003, 8 (2); 125~142

AL B, g — MR RS BT A
HRABMEE. SRSHMBR. 2005, 10 (3); 669~
683

Lei Hang, Lin Zhachui, Sun Jianhua, An improved dust

el

£7]

£el

£e]

(10]

fu]

storm prediction system and its simulation experiments,
Climatic and Environmental Research (in chinese), 2005,
10 (3): 669~683
Shao Y. A model for mineral dust emission. J. Geophys,
Res. , 2001, 106, 20239~20254
Shao Y, Lu H. A simple expression for wind erosion
threshold friction velocity, J. Geophys. Res., 2000,
105 22437~22443
Lu H, Shao Y. A new model {or dust emission by saltation
bombardment, J. Geophys. Res., 1899, 104; 16827 ~
16842 V
Lu H, Shao Y, Toward quantitative prediction of dust
storms; An integrated wind erosion modeling system and
its applications. Environ. Modell. Softuware, 2001, 16:
233~249
Shao Y, Jung E J, Leslie L M, Numerical prediction of
northeast Asian dust storms using an integrated wind ero-
sion modeling system. J. Geophys. Res.» 2002, 107,
4814~-4836
Zhao Linna, Zhao Sixiong, Diagnosis and simulation of a
rapidly developing cyclone related to a severe dust storm in
East Asia. Glob. Planet. Change. » 2006, 52, 105~120



