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Gustness and Coherent Strocture of Strong Wind
in the Atmospheric Boundary Layer

CHENG Xue-Ling, ZENG Qing-Cun, HU Fei, and PENG Zhen

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract  Spring in the northern China after the passage of cold front there is often outbreak of strong wind and
even with accompany of dust emission, The strong wind is lasted for several hours up to two days. By the analyses
of the date obtained by the ultra-sonic anemometer-thermometer monitoring in the atmospheric boundary layers dur-
ing some typical cases, it is revealed: there are rather regular wavetrains of gustwind superimposed on the basic
wind flow (L. e, , time mean flew, for example, averaged for every 20 min). 1) The gustwind wavepaket is very
different and separable from the turbulent addies, It is with frequency equal to about 3 t0 6 min. and with coherent
stracture, L e , there is descending (ascending) motion in the period of wind speed peak (wind speed valley). 2)
The major component of the gustwind velocity is along the direction of mean wind flow, but the component perpen-
digular to the flow and the vertical velocity are rather weak, This indicates that the gustwind is essentially a subsonic
wave with very low frequency and mixed with gravity wave. 3) The gustwind trains propagate along the mean wind
flow direction and downwards in the vertical. 4) The hight frequency turbulent fluctuations (with period less than
1 min) is almost isotropic in the horizontal space, 5) During the period of strong wind, there are downward vertical
transport of momentum and upward {in the daytime) vertical transport of sensible heat by fluctuations (both the
gustwind and turbulence), 6) It is very interesting to point out that as the vertical transport of momentum is de-
composed separatedly into transports by a) mean motion, b) eddy motion (gustwind disturbances plus turbulent
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eddies), ¢} gustwind, and d) turbulence separatedly, they are all downwards in the lower levels of the atmospheric

boundary layer and in the most petiod. However, that by the mean motion is the largest, and that by ¢) and d) are

comparable, All these are very different from the case of normal weather, and the friction velocity owing to the fluc-

tuations is also much larger than that of normal weather case. 7) Even in the lowest levels of atmospheric boundary

layer the vertical transports of momentum by mean flow and by gustwind are both very important, hence can not be

neglected in the strong wind case,
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Fig. 1 A survey of dust storm weather in Beijing, 20 Mar 2002, (a) wind speed; (b) temperature; (c) relative humidity, provided by
Beijing Meteorological Bureaus (d) total suspended particulates (TSP) concentration['8}
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Table 1 The correlation ceefficients R, between the two com-
panents of gust disturbances (&g, W, ) at three heights on 20
Mar 2002

HHE/m
B8 47 20 280
0600~0700 LST —0 3 0.4 —0,07
1000~1100 LST —0.5 —0.66 —0. 14
1100~1200 LST —0.54 —0.7 0.125
1300~~1400 LST —0.37 —0.57 -0.3
1500~-1600 LST —0. 48 —{. 57 —(. 49




LR 5 BB R 124

234 Climatic and Environmental Research Vol. 12
* (@ o ®)
10 0, 00018 10
1029 A 107
1073 107
%0t %10
% 108 G
2 10 = 10°
~ 10'6 = 10
5 L]
107 107
10°8 10°®
10° 10
107 I 100
0000 0.01 0.1 1 0100 0.01 0.1 1
X w/Hz w/Hz
101 0, =0.0067 {© 10y 0,000 ()
10
2] W
10°
% 10t %
N.E s N'
S 3
= 10° 2
L] 7]
167
10®
10°
100 e rre———rrre
1000 0.01 0.1 1
w/Hz
10y 4 0005 @
10!
102
10°
% 10 %
~ ~
£ o £
2 100 3
5] LY
07’
10°%
10°
107104 T T T 10194 T T ] i
13 0.01 0.1 1 140 0.01 0.1 1
w/Hz w/Hz

H7 3H20H 47 mBHE LK =RKFENE E): (@) 0~18 KRBERD: (b 1~28 (KRPEAD: (© 10~11 5 X
REfED; () 11~12 5f (KWETED; () 13~14 Bf (RRETED; (D) 14~15 B (CKRBED

Fig. 7 Power spectra of 3-D air velocity fluctuations at 47 m on 20 Mar 2002; (a) 0000—0100 LST (before strong wind); (b) 0100—
0200 LST (before strong wind); (c) 1000—1100 LST (during the peried of strong wind); (d) 1100—1200 LST (during the period of
strong wind); {e) 1300—1400 LST (during the period of strong wind); (f) 1400— 1500 ST (during the period of strong wind)

mHEIARL, 247 mf 120 m Bk, KFUR k2. RER SRES, HIRI>I|RI.
BiG. —R, K##EiE 0.4, EFK0.7, XM F4ImB120mGLIR | <03 BAHE
BIEEM., W« BOHXER ) £ 0.35,

Re=v /[ D) ) VE, HR A XM EAXREE T & HERSF



3 BIH%. KSHRERRWESFHTSER
No. 3 CHENG Xue-Ling, et al. Gustness and coherent structure of strong wind in the atmospheric - 235

Wind speed #/m-s"!
i

<
ol

—24

Time (LST}

£
It
= oi
—24
_4_
1100 1110 1§20 1130 1040 1150 1200
Time (LST)
— 1 min#¥EHFHH R R
1 min averaged

T T T T T 1
1000 1010 1020 1030 1040 1050 1100

104 (b

%

%) - -
N fl )

Wind speed i /m-s™!
<

-2 .’

T T T T T 1
1000 1010 1020 1030 1040 1050 1100
Time (LST}

1@

Wind speed &, /ms”!

100 1010 1120 1130 1140 1150 1300
Time (LST)

- SR TR B MR Rk =h

“Gustwind” series obtained by spectral expansion

B3 3 A 20047 m WA HE R M 1 min B SE BB BRI EIFEF: (2) 10~1182ME; (b) 10~11 mfE% 20
min FHFEHENES; (0 11~12 2R E,; (d) L1~12 FEE 20 min PS5 FE PR 3

Fig. 8 Time series the wind speed at 47 m on 20 Mar 2002 (a)} 1000—1100 LST are the wind velocity; (b) 1100—1200 LST are the ve-
locity minus 20-min averaged one; (c) 1100—1200 LST are the wind velocity; (d) 1100—1200 LST are the velocity minus 20-min aver-

aged one

£2 3AWEINTMELREARB®ERE (u, w) B
XEHR

Table 2 The corvelation coefficients R, of turbulent fluctua-
tions (14, wi) at three heights on 20 Mar 2002

FEE/m
rHE 47 47 47
0600~0700 LST 0. 06 —0.05 ~0.09
1000~1100 LST —0.26 -—0. 35 —0. 24
1100~1200 LST =0, 26 —{, 28 —{. 13
1300~~1400 LST —{0.19 ~-0.32 —0. 1%
1500~1600 LST =, 20 —0, 28 —0. 17

MEBE (FICF o) AEBTHEERC,. ¢
FERAMNZEY AR, HEE (BEX M) B
HEREATEE (u 7 b)) WEHXEERSIHC
i

Ru() = _[us(t' NWIACE S r’)dt’/ui ), (B)

R (&) = [t g+ KO /
(& - @y |, (6)
R (o)BE ' BB 28 mE 11, i siE &
B b B R KB/ 'y I04E s HIRIAIRER,
HRR wu= 1 EFP TaBE 1L,

WATRLIT R P BE e AU B M IR T 00 8

wg = J‘ﬂo Cg (w)mdtu/ﬁb egk(cu)dm; (7)
@ =
HRNE 3,



4 % 5 F B W R 123%

236 Climatic and Environmental Research Vol. 12
3 47 m
A ke
1 M
. 2 U_‘\/\/\j\d\/
.
£ i
= e },", . nl
s AN A AfLp
: WA \ fp\ )ﬁ"{‘{{}
’l{'llf‘ v Y I
i A |
0600 0E1L0 0620 0630 0640 0630 4700
19 47w
]
T-’; 64 LA \A‘ 4
E & v
- T 4
'E;). 54
.._,':i\\.) AiA \AHMJ‘A\ }'H/\ n/\.
[/ Wl v W va \\/\IV KV
1000 1010 1020 1030 1040 1050 1100
144 .
47 m
124
| / \./\ N
o # ) g \ A ¥ M V\VAI 83im-s
=
- = i} w
2 2
: |
1 f\q A
oAl Ilf\,.wv/\ A FAH‘ | ‘g.”l,h AL
\
] y W Y
(100 1110 120 1130 1140 1150 1200
14a 47
14 M
- 12 x
w 1 %
£ r:/rf'\)\ //\m/\f\ [ T
= 54 ' "’W v v’ Al v 13 11 R
2 ]
= g / r":l=". | A
S P AV VR A \Jﬂ'\ ML VA LANAD AL
W L Wl ‘f'-‘lf T I \
: 'f
1300 1310 1320 1330 1340 1350 1400

Time (LST)

Mo 3H20R 3 BECARRGE | min FHKFREMFELEE MM EME (BRFUBEMAHETH, LfRrRXNME, BERRE
M E AER R0 HFHR TR X R AMRR

Fig.9 1 min averaged horizontal and vertical velocities at various heights and times on 20 Mar 2002 The vertical lines show the coherent
structure of gustwind; red is the period of strong gustwind, black is the period of weak gustwind; Shadow are the coherent structures of

gustwind disturbed by convection and turbulence; Xare the contrary conditions.



3
No. 3

BIHRS. KUURERAMEE TR

CHENG Xue-Ling, et al. Gustness and coherent structure of strong wind in the atmosphetic -+

237

Height/m

390
360 7
330 4
300
270 4
240 1
2109
180 1
130 1
120 1
90
60 1
301

12447 m
10 [j-}m‘
w8
% 6 VNVd \ e 7 \AVJ fmes
7 4
2 24
= 1.0
oA NN TA L, A
‘;;_/ \'rv ‘ o v V\J ‘J w Ty
1.0
1500 1510 1520 1330 1540 1350 1600
153 120 m
16 /
T :f‘ Jl\ A \/v\ Iy \ /\/"\ € \IJ.-im-s']
2 10]
3 Ee
.:f—, 6~
= 1
: N IR N Ar'
4 v \N /J \j \-J /V 0.2 m
foo 1o 1120 1130 1140 1150 1200
H . oY\
i 12
” 107 A llv"\ M 16.7m s
: ANV VA
2 ° Y
g 4]
& 2
= 5
- oA el i
z —fvr NS W
1100 1110 1120 1130 1140 1150 1200
Time (LST)
M9 (#) Fig 9 (Continued)
20
18
16
14
112
14
12
10
18
i
4
; . g
1000 1010 1020 1030 1040 1050
Time {(LST)

E10 3R 20 0 348EF 2 min THKER AR 2
Fig. 10 The wind speeds (averaged for 2-min) at three heights on 20 Mar 2002

Wind speed/m-s!



[ 5 % 5 K 12%

238 Climatic and Environmental Research

Vol. 12

£3 JANAIMRELEREHE

Table 3 The principle Erequency of gust wind at three
heights on 20 Mar 2002
Bk /m EWR wa/Hz ERAM Ta/min
47 0. 004 4,2
120 0,003 5.6
280 0. 0025 6.7
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Fig. 11 The variation of auto-correlation coefficients of u, with
delay time ¢’ at three heights on 20 Mar 2002
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m (he =280 m, ky =47 m) with delay time r'on 20 Mar 2002



3 BERS. KCAREEKMEFEAHETER

No. 3 CHENG Xue-Ling, et al Gustness and coherent structure of strong wind in the atmosphetic «-- 239

280 m

(h)

“im-s
“m-s

Y =
id) — 280m
6] — 120m

28

< £
0.2 T T e Ty L | T d 0.0 T P v T T T T
(e) — 280m if 280 m
.54 120 m 254 120m

—=4Tm

A
Rimes!

L

R e e e S s T -
0 2 4 6 8 10 12 14 }6 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Time/h Time'h

B13 3820 H3ARESHEIE () 7 (B &2 (O e/ (D b2 (O ey (D ity () s (W) el
1) (ew/en?¥?; ()) (em/ew)'?

Fig. 13 Kinetic energy of various disturbance at three heights on 20 Mar 2000: (a) %5 (h) e¥%; (o) (e/endVi: (d) €/%: (&) €2;
() eld®s (B) elf?s (h) el (i) CealendV?; (D (ew/ew)®



KT & 5 F % B R

12 %

240 Climatic and Environmental Research Vol. 12

5 - 280m
4 120 m 4
3 :
23 2

s 1 w1

0] o el

= = R A

iz 5 So—14

|
e
TR H

W me s

TRTI

2N L. S| T i

280
120m

T T T ™ T T T T 1
¥ 10 12 14 16 18 20 22 24

Time/h

VoW s

¥ Wians-s

UM

28 m
120 m

— 44 st 0

(f 280 m
20 120m
= He— 4Tm

T
—— J&im
e 120 m

[JUR
(8-
(564
(1‘4*‘ |

J
0,21

{11} e )
2 12 14 16 18 20 22 24

Timeh

B4 A3 EEEWELEHEERER. () 2w (b) 7@ () ams (d) ow: (&) o'’y (D v’y (@ T (W) *

Fig. 14 Various vertical fluxes and {riction velecities at three heights on 20 Mar 2002, (a) ww; (b)Y van (¢) #w: () ww; (e) ww's

O ¥ (@) wT (h) u*

¥, BFEE AR AR E RS .

6 HEMBANERBSNELRE
5

A 20 min 254G 3 B A ik 0l B M SR

B E RS, DO ARRIEE, MR
MR, WS R ARELL, TR
HF B (L, )T,

T = AU T, = Py W (8
Hep WESEE. BEHRMKAHTE (W
AR O, BHEEH, B, BERARE=&H



3IW BEXHS. XUAREENAEERETEN
No. 3 CHENG Xue-Ling, etal Gustness and coherent structure of strong wind in the atmospheric - 241
0.0- (®) 12 ®)
—0.51 1.0
1.0 08
o -_— - o~
, L 06
':E_ —1.5 E 04
Iz —20] Y
=15 0.0
—3.0+ —0.2
—0.4
—~35 T | 0 T T Y y T T Y Y T T L 1
0.0 © 2.0 @
—21
¢ 1.5
~0.4
o o
o, 7097 % 101
£ g3 &
F§ ~1.04 |:§ 05_
—1.21
—1.41 0.0
_1.6 T T T T T T T T i) T T T T v T Y T T T T T 1
0] ()
0.0 0.54
—0.24 0.4+
o o ]
.:; —0.44 ,:;; 03
] 0.24
3 —06 ot
E) 0.1
'-O.SJ 0.01
—1.04 —0.14
0.1 (®) 12] ()
0.0 1.0+
no 004 2 034
g —021 T o6
3 —031 3z
" o4 = 4
] 02
=05 001
—0.6 ’
—=0.2 T T Y T y L T T T LN
2 4 6 8 10 12 14 16 18 20 22 4

Time/h

2 4 6 B 10 12 14 15 18 20 22 24

Time/h

BE15 3H20H 47 m@E LSHRERGLE: (O m (b) 7 (© Tw's (D Ty (@) wugs (D wgs @) mwg (W) ww
Fig. 15 The decompositions of vertical flux of horizontal momentum at 47 m on 20 Mar 2002, (a) #w; (b) omy (&) Twy (d) vws

(& aguy; (D

HAXAREEITHFTERAT, BE

ugwgs (@) wmaey (h) werr

— /g B Wtuw Al Ty,

fu

®

—r,/p_ AT Wtrvw =T« W+ uuw +vw,.

(10)

YRS IXERERRA, M ARRE
. ﬂi?lﬁ’lﬂﬂ’ﬁﬁﬁﬂﬁ «w %, HMrEE, K
Ab, BRETHBEBREE . MESBRMGER HEX
.

u, = [@w? + @) ], an

H=cp,wT, 12)



S B 5 B B F % 124

242 Climatic and Environmental Research

Vel. 12

Hp p %?.‘-:"-’i%EEH:ﬂ.

B4 A3 ERHAN M, w, vw,
vw, WT Hu., TR, PEEFEENT 120 m
WHREN, ETHRAHEEED, —HHEEE
WA ATz, ERAHEK, 3EYF =
FEH—y FiEsh T &R, BERAAY
R T, BimEGE: o BHEEBRX
SHEATAEEL. HE2280 m BE (BFERE
w—rE), BTEREHLHSH, 47 m 120
m BN BRE TR, MERASI LA
280 m 5 120 m # 47 m &SR,

B 15 8 47 m LRER. 2bkah. HERA
WRABEARER, B a @ T ww.
WM Tw, T G, ww. TREHRE
EH. ERRRECEEEFRSHR RN, &
FHR | wgw, | > | dwl | RIEHEREZ
BEMafER .

RPIEEBAR 47 m BIFHCEHSE, B8 m
WARE, EAREEZRNE (20 B 12~188)
AT, T4 midMSREaRE~HT
fERIbE A . LA BN, E0E 47 m DIFAILL
EERSHEAR.

7 NG

F P S B0 R R AT BR A AT T K DA fe [ R,
RR Pk i) EEARE. AT,

BEATRERALEGLRE, BRER, &
BERRE, RuneE, Mdm AmE RERE;
REGRIEMEEEEEN., BRAEBNAF 2
~3 FIREMER, LLAE 3~5 min —RFERIRER
BENEE. AREPRER (280 m UAT) EBER
FHEMHETER. EGE TREs, 48
(BEREHED FEAEBEF; GHHTETRA, B
REERRA B8 = & m A R0, D
SEBPRIBRK | sk £, BT R AR
SR B E N, AR RUAY A B R STK
B (UBERE) MEHENES: BEREIR
Rue B T8, #EAR0.78~L3ms™' [
BANF 1 min BRI AT RR A IRIR, KR
TEARGmEER, BAN MR, RAAT

EH M REERY M,

RN, IEELARE, HETREHF
SGHEHKSHRE, 120 m UFHBTFHSH,
M 280 m Abile, # R LA,

WMEEE, EAE 280 mBELT, AXRE
ERAXNMIE R RS T &, B LS. B
RAmRSREEEREFHBREMEREELRS,
FERA TR ERA S RT  dhAh, AR %
HEEHbkEE% (ERMEROTER #KL, 5
—M RS EHEAR, HHT 280 m 5 120 m T
AHEEGEHEARMTRARE, —HEFHRzE
MEFEFEER (EFEANHA, ZLELT mE
BUT., TUEERYEBHEAENSFEER.).

¥ W AEXABRDSHEIDBHR, FHEH,

$ 23K (References)

(1] BRER, TH. A ARMFRSLROER ERX
HAER (AIRBHEIRD . 2003, 39 (2); 187~103
Chen Hongwu, Wang Xu, Ma Yu Effects of strong winds
on sandstorms in Xinjiang, Acta Scientiarum Naturaliym
Universitatis Pekinensis (in Chinese), 2003, 3¢ (2). 187
~193

(2] #%8. HEE, DEE, ¥ 2000F 6 4B LEY
B R ELRERARERTHFEAEL kX
#lag, 2002, 26 (1) 1~8
Hu Zeyong, Huang Ronghui Wei Guoan, et al. Variations
of surface atmospheric variables and energy budget during a
sandstorm passing Dunhuang on June 6 of 2000, Chinese
Journal of Atmospheric Sciences (in Chinese), 2002, 26
(D, 1~8

[3] £, MK, HEK, % EAKSFENRARE
b Em, PET##%E, 2003, 5 (2): 49~56
Ren Zhenhai, (Gac Qingxian. Su Fuqing, et al. The re-
gional characteristics of the atmospheric environment and
the impaet of dust-storm in Beijjing. Engineering Science
{in Chinese), 2003, § (2); 49~56

(4] MER. %K, 5W. % 2000 FERHLBHNER
. FHERE (D&, 2002, 32, 327~334 .
Zhou Xiuji, Xu Xiangde, Yan Peng, et al. The dynamic
character of spring sandstorm in 2000, Science in China
{Series D) (in Chinese), 2002, 32, 327~334

[5] =, xS, B4, % ARELFARIRELREE
HESHAEE. FEA R ERER, 2004, 20 (1.
40~44



34
No. 3

BEHS. KUHR RN B AET4H

CHENG XueLing, et al, Gustness and coherent structure of strong wind in the atmospheric r+

243

[s]

{7]

(8l

[#]

(10]

(11]

[12]

[13]

Li Qian, Liu Huizhi, Hu Fel, et al. Characteristic of the

urban boundary layer under strong wind condition in Beijing

city. Journal of the Graeduate School of the Chinese Acad-

emy of Science (in Chinese}, 2004, 20 (1); 40~44

B, Tz, B BEGRE AR EEREN

ST KRSHEE, 1982, 6 (3): 324~332

Zhao Deshan, Wang Lizhi, Hong Zhongxiang. Analysis on

the structure of gust in boundary layer when a cold front

passing. Chinese Journal of Atmospheric Sciences (in Chi-

nese), 1982, 6 (3); 324~332

e, Bhehd, AR KEXRATRORESH

BT, KSR, 1996, 20 (2), 223~228

Liu Xiachong, Hong Zhongxiang. A study of the structure

of a strong wind event in the atmospheric boundary layer in

Belting area. Chinese Journal of Atmospheric Sciences (in

Chinese), 1996, 20 (2). 223~228

IR KBNS BENLR BT BAEELIN. X

SAERBET, 1989, 4 (1) 96

Wang ShuFen. Analysis of wind field at the bottom bound-

ary layer during a wind gust front process. Journal of A-

cademy of Meteorological Science (in Chinese), 1989, 4

1) 96

KRt RRBNELENMNR SRk,

1586, 1 (2); 113~122

Ge Runsheng, Gust from observation and study by Radar.

Journal of Academy of Meteorological Science (in Chi-

nese), 1986, 1 (2, 113~122

EEHR, BT, EWFK, ¥ EREEHR RS

PIMF. K%, 2006, 32 (8): 36~41

Li Guocui, Guo Weihong Wang Lirong, et al. Application

of gust front to damage wind forecasting. Meteorological

Montly (in Chinese), 2006, 32 {(8): 36~41

HRR, REFE BYLRRRSTRE—BARER

B—MELEBSH . MERS#, 1996, 15 (2), 178~185

Hu Yingiao, Yasushi Mitsuta, Development of the strong

dust storm and dry squalt line—a mechanism analysis on

generating black storm. Plazeay Mereorology (in Chi-

nese), 1996, 1§ (2), 178~185

B, k. BEE RS BELAEESD

B EEEPNHNRERIRE. LESHRKE,

2002, 7 (3): 279~29%4

Zhao Linna, Sun Jianhua and Zhao Sixiong. Numerical
lation of dust ion in North China. Climatic and

Environmental Research (in Chinese), 2002, 7 (3): 279

~204

R, BRE, AL —TERATRELTHPLE

(14]

[15]

(18]

(17]

(18]

(18]

{202

REBEBMAEERXEAKE SR SFHFHE.
2003, 8 (2); 125~142

Sun Jianhua, Zhao Linna, and Zhao Sixiong. All integrat-~
ed numerical modeling system of dust storm suitable to
North China and its applications. Climatic and Environ-
mental Research (in Chinese), 2003, 8 (2): 125~142
S, KEN AR, & FEPLRER LK,
KPR, 1097

Fang Zongyi, Zhu Fukang, [iang Jixi, et al. Studyaof Chi-
et Sand Storm (in Chinese). Beijing: China Meteorologi-
cal Press, 1997

WKTE, Mk, BAKE. ¥ TENF—FREANY
A4, bR BRHREL, 2008

Zeng Qingeun, Dong Chaohua, Peng Gongbing, et al. Gi-
gantic Yellow Cloud-the Dust Storm in Eastern Asia (in
Chinese). Beijing: Science Press, 2006

B, BEH, S KUUARENE TR
RBEGILA, R S5HEMIT, 2007, 12 (3), 244~
250

Zeng Qingcun, Cheng Xueling, Hu Fel. The mechanism of
soil erosion and dust emission under the action of nonsteady
strong wind with descending motion and gust wind, Cl-
matic and Environmental Research (in Chinese), 2007, 12
(3); 244~250

€57, #E, BER. XKTURBERBUHHE. S
SRHEHRE, 2007, 12 (3); 2561~255

Zeng Qingeun, Hu Fei, Cheng Xueling. The mechanism of
dust entrainment by gustwind, Climatic and Envir

tal Research (in Chinese), 2007, 12 (3), 251~255
Zhang Renjian, Arimoto R, An ] L. et al. Ground obser-
vation of an intense dust storm in Bejjing in March 2002,
I. Geophys, Res,, 2005, 110, D18S06, doi, 10. 1029/
2004]D004589 :

w2, AUE, &HE B DEE 002 EREHLR
FA M TSP Mok MR AT dELBER,
2002, 2 (s): 289~292

Zhang Renjian, Shi Guangyu, Yutaks Kanai, et al TSP

mass concentration and number concentration of particles in

dust storm weather in 2002 spring in Beijing. The Chinese
Journal of Process Engineering (in Chinese), 2002, 2
(suppl. ) ; 289~252

Han Zhiwei, Ueda H, Matsuda X, et al. Model study on
particle size segregation and deposition during Asian dust e~
vents in March 2002, J. Geophys. Res., 2004, 109,
D19205, dois10. 1029/2004JD004920



