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Abstract The case of the most severe dust storm in the spring of 2006 (i. e. , 9- 11 April) over north part of
Chinais studied. Firstly, the weather pattern and its influencing system are diagnosed. Then, an integrated dust
storm modeling system with advanced land surface scheme (Noah) and complete physical processes of wind erosion
is employed for the simulation of the severe dust storm. The results show that the modeling system is capable for
better describing the main characteristics of the dust events, such as, diurnal of dust, and so on. It can a0 provide
the important information of the whole process, including origination, development and weakening of the dust event
in comparison with meteorological observations. The main dust emisson area is Tarim Basin, Turpan Basn, the
northern part of Gansu, the southern part of Mongolia and boundary between Mongolia Gobi Desert and the north
part of China, including Hunsandake Sandy L and and surrounding area. The particle size which contributes signifi-
cantly to the dust emisson is different due to the variety of land surface and il moisture, however , the quantities
of particles with diameter from 2-22U m is predominated.
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Fig 2 The daily amountsof station at which dust storm are reported in Xinjiang (35 —45°N, 80 —00°E) and Gobi region
(35—45°N, 100 —15°E) at Apr 2006: (a) total dust weather in Xinjiang region; (b) dust storm and severe dust stormin
Xinjiang region (35—45°N, 100 —115°F) ; (c) dust weather in Gobi region; (d) dust storm and severe dust stormin Gobi

region (35—45°N, 100 —115°F)

Shao  Wang™! 2000 2002

994-2007 China Academic Journal Electronic P

(

shing House. All ri

)

3a 3b ,

, 2

sreserved. http://www.cnki.net



3 © 2006
No. 3 ZHAO LinrNa, et a. The Numerical Characteristics of a Severe Dust Storm over North 313
RAMKR Weather
1] N i 7t I W@y Bl o ] (] 4l 4] Ll R
Cloudy Light Clear Light Clear Severe Cloudy Suspended Cloudy Cloudy Cloudy Cloudy Cloudy Dust
sky snow snow dust sky dust sky sky sky sky sky storm
35 + —— 35
(a)
30 30 f\al 30 0 430
25} 425
. 5 / \ 25 25 ;
s 0} % jie Yoo \ 5 12 z
E 15F / \ J 16 115 2
> 8
1o} / N\ 1 \ 1t 10
/ \ 7 AV ag, -~ ~os 3
5t ( xk / &5 {5
= =@ 3 4 2 No 3/
0 . . : - . Gt} — 0.0 - - - . . 40
XM O MAF LRI ofy Uk b Bef k@l M B8 XA ARE amm # P
Caipahu Uriimqi  Dabancheng  Qitai Barkol Qipaoying Balguntay Turpan Hami Yangt  Kimiix  Korla  Honghube Tikanlik
Wi rl Station
RAMER Weather
kg it e hy [T v Wbk 8 Eih4d 191 ]
Blowing Severe dust Blowing Blowing Severe dust Blowing Severe dust Blowing Clowdy sky  Clowdy sky
35 dust storm dust dust storm dust storm dust |
35 L L n L L " " L 6
(b)
30F
_ 25t "
E .
- £
2 A L 3
st &
z g
0f 5
5F
T u T T T T T y t 0
RV OB AU AR A BRI B LS ARy AH A [LNaEE 3 i My
Erenhot Sonid Naran Bulag Dong Upimqin ~ Abag Qi Xilinhot Jurh Siziwang Q1 Huade Linxi
¥ £ Station
3 2006 4 (a 4 10 8 ; (b
4 10 14
Fig 3 Variability and wind speed in Xinjiang and Inner Mongolia on 10 Apr 2006: (a) Xinjiang region at 0800 L ST; (b) Inner
Mongolia at 1400 L ST
3 [5 6]
31 (7] (Noah
LSM)  MM5 ts]
, IAPS2 0 ,
, u- (25 60°N, 80 140°F) , (40°N
Ut 115°EF) 45 km; 31

c ) 6 h

mental Prediction) :
4 9 8 11 8 , 48 h

1° x I°NCEP (National Center for Environ-

2006



12
314 Climatic and Environmenta Research Vol. 12

(d) 6 :d<2pum ( 3h
), 2um<d<1ipgm ( ), 1lym<d<22 PM10 11
um ( ), 22dm<d<52um ( ), 52 MUm ( 6)

Mm<d<90pd m ( ), 90U m<d<125um ( ,
) 1

32 , ,
: 6a :
, PM 10 ,
, , PM10 6
h , 9
4 2006 4 10 2 17 3h PM10 , 9 20
., PM10
, ( 6b) PM10
PM10 , 10
, 8 , PM10
4 9 17 ,
UANBE
4a ,
4b , 10 2 8 ,
, 6 ,
( 1 8 17
,10 5 8
50mg- m*®, 6 ,
1 10mg- m?* ( 4) : ( ) ( )
, ( ) PM10
, ; PM10 ,
PM10
3 500 km oo , ,

5) 11 11

33 PM10



No. 3

: 2006
ZHAO LinrNa, et al.

The Numerical Characteristics of a Severe Dust Storm over North

315

(a)

50°N 1

40°N 1

30°N 1

80°E

3]

J

W ARYPAER Severe dust storm
o YR Dust storm
0 ¥ Blowing dust
& 92 Suspened dust

90°E  100°E 110°E  120°E 130°E  140°E

40°N

30°N

20°N

CAR

R Severe dust storm
® b7 4% Dust storm
0 ¥ Blowing dust
5 ¥4 Suspened dust

80°E

90°E  100°E 110°E 120°E 130°E 140°E

(e)

50°N 4

40°N 4

30°N 1

20°N 1

Ry R Severe dust storm
® ¥4 Dust storm
0 ¥ Blowing dust
A ¥$22 Suspened dust

¢

80°E

o=
90°E  100°E  110°E  120°E  130°E  140°E

50°N 1

40°N 4

30°N A

20°N 1

50°N 1

40°N 4

30°N

20°N

(b)

uGRYAE Severe dust storm
o W48 Dust storm
0 ¥ Blowing dust
& 22 Suspened dust

90°E  100°E 110°E  120°E  130°E  140°E

a3

Vet

W GRYPAEER Severe dust storm
® Y4 Dust storm
0 $#¥ Blowing dust
5 ¥4 Suspened dust

J

90°E  100°E 110°E  120°E  130°E  140°E

50°N 1

40°N 1

30°N 1

20°N 1

Ry Severe dust storm
o Y48 Dust storm
0 $#¥ Blowing dust
A ¥4 Suspened dust

{

80°E

90°E  100°E 110°E 120°E  130°E  140°E

0.01 1

10

50 mg-m™

[# 4 20064 4 H 10 H 2~17 BPEERLA MG vb v (BIRE) A i i K SBE . (2 2 (b) 58 (o 88F; () 1185 (e)

14 mF; (D 17 B

Fig.4 A comparison of the simulated surface dust concentration (shaded) and meteorological records for (a) 0200 LST, (b) 0500 LST,

(c) 0800 LST, (d) 1100 LST, (e) 1400 LST and (f) 1700 LST 10 Apr 2006.

,

© 1994-2007 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



12

316 Climatic and Environmental Research Vol. 12
v S A P
VR I(INOAALL6)
006 24 1111 0 1 1A 80 It
A i E SRS
Morrd | Bl D SR
5 2006 4 10 NOAA ( )
Fig 5 The NOAA sateliteimageson 10 April 2006 (from Nationa Satellite Meteorological Center)
, , 2006 4 ; ,
9 11 , 2 1
) Mm
) 8 4 9 8 11 8 ,
1 3 ,
, 50 mg- m?
34 ; 50
, mg- m? , 10
, 50mg- m?* ( 8d); 8a c,
( 6 2 11 m
, 4
7 2006 4 9 8 11 8 2006
(35 45°N, 80 100°FE) 4 9 11 )
(35 45°N, 100 115°E) , (Noah
7 : ), GIS

2 © 1994-2007 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3 : 2006
No. 3 ZHAO LinrNa, et al. The Numerical Characteristics of a Severe Dust Storm over North 317

'.E 10 “_ 4} @) — Fril Xinjiang
2 9@ —-WHM Observation : -+ KB Gobi
T 3 — Bl Simulation E 3
g7 \ =
g 6 \ g 2
€ S 'z
i E
g 2r v 2 0 Tea RN, 1LY il
g 1 0800 2000 0800 2000 0800
s om0 2000 0800 2000 0800 N i R D Bk
5 9 Apr 10 Apr 11 Apr F 0 (b) — H# Xinjiang
510 = 60 - KB Gobi
N2 9} (b) —- MW Observation g %0
S 3 — Bl Simulation = ;0
7 -]
. 9
g 6 Z 30
€ S g 20
g ‘; z 10 )
2 ikl X DY g™ L . NGRS e P
g 2 =9 0800 2000 0800 2000 0800
= (1) 9 Apr 10 Apr 11 Apr
— b 8
b 0800 2000 0800 2000 0800 ® (©) e i
= & 7 — Hr#ll Xinjiang
'?E 9 Apr 10 Apr 11 Apr E Y - B Gobi
-]
cos -
X (©)  —- & Observation €
S 4 — B3l Simulation E ;‘
% 3 g 2
2
/l 0800 2000 0800 2000 0800
g 1} - 9 Apr 10 Apr 11 Apr
p~ 0 T T 90 = -
S 7 0800 2000 0800 2000 0800 % 80 — ik Xinjiang
& 9Apr 10 Apr 11 Apr 50 -~ %8 Gobi
" £ 60
Time (LST) (.2 5
g 40
6 2006 4 9 8 11 8 PM10 . (a) 2 30
g 20
; (b) () ®
Fig 6 The evolution of observation and smulation of PM10 A oL i "R s
0800 2000 0800 2000 0800
from 0800 L ST 9 to 0800 L ST 11 Apr 2006 at (&) Hami, (b) 9 Apr 10 Apr 11 Apr
Jiuguan, (c) Jurh Time (LST)

7 2006 4 9 8 1 8
(d) : (@ ds2um; (b) 24m
<d<1iPm; (c) 11pm <d<22dm; (d)
Fg 7 Time evolution of smulated dust emissonfrom 0800 L ST
) 9 Apr to 0800 L ST 11 Apr 2006 for difference particle sze group
in Xinjiang and Gobi region, respectively: (a) d<2pm; (b) 2
Mm <d<1igm; (¢) 11dm <d<22um; (d) totd

' 2 22Um

2% © 1994-20 hina Academic Journal Electronic Publishing House. All rights reserved. http://www. .ne



12

318 Climatic and Environmental Research Vol. 12
60°N 1 (a) 60°N 1 (b)
50°N 4 50°N 1
40°NJ 40°N
30°N' 30°N' .
T T N T T v T T Y M T T BT T
70°E  80°E 90°E 100°E 110°E 120°E 130°E 140°E 70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E
60°N (¢) 60°N 1 (d)
50°N 1 50°N 4
40°N 1 40°N 1
30°N ) 30°N <
T T M T T T T T T M T T T T
70°E  80°E 90°E 100°E 110°E 120°E 130°E 140°E 70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E
01 1 10 50 100 1000 g-m?
8 2006 4 9 8 1 8 (@ d<2um; (b) 2um <d<1ipm; (¢) 1AM m <d<22um (c)

Fig 8 The smulated dust emisson for different particle size group form 0800 L ST 9 Apr to 0800 L ST 11 Apr 2006: (a) d<2um;
(b) 2um <d<1lPm; (c) 11ym <d<22um; (d) tota

threshold friction velocity. J. Geophys. Res. , 2000, 105:
22437 22443

[5] . ,
() . :
2002, 7 (3):279 294

Zhao Linna, SunJianhua, Zhao Sxiong. Numerical smu-

(References)

[1] , , . 47
, 2002, 13 (2) :193 200

Zhou Zijiang, Wang Xiwen, Niu Ruoyun. Climate charac
lation of dust emissonin North China. Climatic and Envi-

ronmental Research (in Chinese). 2002, 7 (3) :279 294

teristics of sandstormin Chinain recent 47 years. Journal
of Applied Meteorological Science (in Chinese) , 2002,

13 (2) :193 200 [6] - '
[2] . — 2006 4 : + 2003,
, 2006, 32 (7) :126 127 8 (2):125 142
Wang Ling. April 2006 —Frequent Sandstorm in North Sun Jianhua, Zhao Linna, Zhao Sxiong. An integrated
China Heavy Rain and Severe Convectionin Hunan , Jiangxi modeling system of dust storm suitable to North China and
and Hubei Province. Meteorological Monthly (in Chi- applications. Climatic and Environmental Research (in
nese) , 2006, 32 (7) :126 27 Chinese) . 2003, 8 (2): 125 142
[3] Shao Y, A modd for minera dust emisson. J. Geophys. [7] , ,
Res. , 2001, 106:20239 20254 . , 2005, 10 (3) :669
[4] Shao Y, Lu H. A smple expresson for wind eroson 683

J © 1994-2007 China Academic Journal Electronic Publish House. All rights reserved. http://www.cnki.net



3 © 2006

No. 3 ZHAO LinrNa, et a. The Numerical Characteristics of a Severe Dust Storm over North 319

Le Hang, Lin Zhaohui, Sun Jianhua. An improved dust
storm prediction system and its smulation experiments.
Climatic and Environmental Research (in Chinese). 2005,
10 (3) :669 683
[8] , , . 2006

, 2007,
12 (3) :339 349
SunJianhua, Zhao Linna, Zhao Sxiong. Numerical s mula
tion on a dust storm producing strong deposition over North
Chinain the spring of 2006. Climatic and Environmental
Research (in Chinese) . 2007, 12 (3) :339 349

, 2006 8

: 204

[9] . —2006 4 ,
. 2006, 32 (7):121 125

April 2006 —Frequent Sandstormin North China Abundant
Precipitation in South China. Meteorological Monthly (in
Chinese) , 2006, 32 (7) , 121 125

[10] Zhao L N, Zhao S X. Diagnoss and s mulation of a rapidy
developing cyclone related to a severe dust stormin East A-
sa. Glob. Planet. Change. , 2006, 52:105 120

[11] Shao Y, Wang JJ. A climatology of Northeast Asan dust
events. Meteorol ogische Zeitschrift, 2003, 12 (4) : 187

196

: 198



