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Abstract Because the weather and climate differ distinctly from the plains and mountainous areas in the Tarim Ba-
sin, and the meteorologic data could be only observed around the margin of the Taklimakan Desert, the detailed pat-
tern of atmospheric circulation is not known in the Tarim Basin. The wind field is restructured according to the 25
surface stations observed data of prevailing wind direction for about 40 years from 1961 to 2000 and the Taklimakan
Desert’s shapes of dune which can show the prevailing wind direction in the Tarim Basin. In addition, based on the
analysis of the pathway of cold air entering the Tarim Basin and the different thermodynamic conditions for different
seasons, the causes of the dust storm formation from the view of atmospheric circulation are discussed. The results
show that: 1) because the deduced wind field by Desert’s dune of shapes is in good agreement with that of the ob-
served prevailing wind direction for about 40 years, which proves that the desert wind-accumulated relief is formed
by the long-term strong cold air invading the Tarim Basin; 2) in winter months, the atmosphere in the Tarim Basin

is very steady due to the existence of cold air lake, so the winter is the season of the smallest wind speed and the
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dust storm cannot be triggered. Even if the strong cold air invades the Tarim Basin, it is difficult to trigger the dust
storms for disturbing the steady atmosphere; 3) the flimsy heat low is formed in the center of Taklimakan Desert in
the warming season due to surface heat being transferred via the sensible heat to the atmosphere. When the cold air
invades the Tarim Basin, it can trigger the development of heat low and form the dust storm; 4) the pathways of
cold air invading the Tarim Basin depend mostly on the cold air intensity. When the wind intensity is strong, it not
only has the eastern and western pathways, but also the third pathway (i. e. , the middle pathway) which the cold
air gets across the middle part of Tian Shan. When the wind intensity is weak, it only has the eastern and/or west-
ern pathways. Though the wind field is not uniform in the Tarim Basin because of the different wind intensity, the
strong air convergence areas are formed at Hotan-Yutian-Minfeng in the south of the basin and Kalpin in the north-
west of the basin, respectively. The cold gale with the sands and dust supplies continually the convergence areas and
the dust storm forms, so the Hotan-Yutian-Minfeng and Kalpin regions hold the high frequency of dust storm in
China. In addition, it is suggested that the center of dust storm should be in the hinterland of Taklimakan Desert ac-
cording to the wind speed shear line sway, which is approved by the desert shapes in the center of the Taklimakan Desert.

Key words Taklimakan Desert, wind-accumulated relief, atmospheric circulation, dust storm, air convergence area
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Fig. 1 The desert wind-accumulated relief and the pathway of cold air in the Tarim Basin. The arrows express the pathway of cold air ente-

ring the Tarim Basin, and 1, 2, 3 shows the eastern, middle and western pathway, respectively. E, W, S, N, M denote the regions of

east, south, west, north and center in the Tarim Basin, respectively
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Table 1 The most averaged monthly wind direction and frequency of representative stations during 1961 — 2000 in the Tarim Basin

i H 1y Month LA
Stations 1 2 3 4 5 6 7 8 9 10 11 12 Annual
TH S S NE NE w W w W NE NE S S S
Yutian C C C C C C C C C C C C C
8,33 7,28 10,18 10,21 8,24 10,24 10,30 10,33 7,37 8,39 11,32 9,35 7, 30
EEN NE NE NE NE NE NE NE NE NE NE NE NE NE
Qiemo C C C C C C C C C C C C C
14,39 17,32 19,26 19,25 18,26 15,29 16,31 20, 34 21,35 20,39 15,42 11,45 17, 34
gk NE NE ENE ENE NE NE NE NE ENE  ENE NE NE NE
Andehe C C C C C C C C C C C
13, 34 18, 25 20 19 15,19 12,20 14,21 17,21 18,24 19,29 14,34 11, 40 15, 25
RE A NE NE NE NE NE NE NE NE NE NE W NE
Minfeng C C C C C C C C C C C C C
9,43 11,38 16,30 19,29 15,31 10,32 12,37 14,41 16,46 13,49 9,47 9, 47 12, 39
FIH SW SW SW SW SW SW SW SW SSW  SSW  SSW SW SW
Hotan C C C C C C C C C C C C C
9,31 10,25 10,16 9,16 10,15 12,15 9,20 10,21 11,23 14,25 12,25 10, 31 10, 22
pad SW E E E E E E E E E E NE E
Kalpin C C C C C C C C C C C C C
8,40 10,36 12,30 12,24 12,21 10,19 11,20 11,24 10,28 9,35 10,37 9,41 10, 30
ke NE NE NE NE NE NE NE NE NE NE NE NE NE
Bachu C C C C C C C C C C C
11, 55 18, 42 28 25 24,25 20,27 22,28 24,33 22,39 18,49 15,50 11, 61 20, 38
w4 NW NW NW NW w NW NW NW NW NW NW NW NW
Kashi C C C C C C C C C C C C C
11,39 11,31 9,20 10,18 10,17 11,14 9,17 8,22 8,30 11,36 9,40 10, 45 10, 28
7R N N N N N N N N N N N N N
Kuqa C C C C
20, 24 21 16 16 15 15 16 16 18 19, 20 14, 25 14, 31 17
] 4 5 N NNW N N NW NW NW NW N N N N N
Aksu C C C C C C C C C C C C C
14,33 15,25 11,23 8,22 10,23 12,24 10,28 10,30 9,36 11,42 14,38 13,38 10, 30

TE: CIREMG B 077705y de 22 A SRR KR

Note: The letter C denotes the motionless wind; “number, number” show the frequency of the most wind direction and motionless wind
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Fig. 2 The wind field in the Tarim Basin. The empty arrows express the wind direction opened out by the desert wind-accumulated relief;

the solid arrows show the complex wind direction more than 6 m * s! in the wind direction rose graph, which comes from the reference [ 18]

4 FMPDLERBESW

FEHURZE MR . PG b 20 0 BT 4K 3000 ~
5000 m ARG, MOK/REIE . RINPr R, JA
AR SAELAR . SCHRL 13 13H5 T 1961 ~2001 448
M X ISR R AR AR 545 K, IFRIEE S AT
HuTETVS R e B Bl AR . IO AETE L SC O PG LT
PEATHED FIRG 2 O PE R ZE ACH 38D B A2 . (EFRAT]
YN T OK R g SRR R L LS, R
I TCE A SRR ST BB K 2 o JEUR R
s A HAESE R AR (PRASR A% el 1 — 28
L F g 2R 25 L CRRPY R AR S5 e A Z s 24
SRR TR SRR 2. AMEA S8R S Y
AHRFIPY AR AR I R 10 Hak A MR, g
B35 A 5 S BB L (R AR i ) B U . (AR
TR BB R IR R L . ASEISE 1 PG
ARSI . M HE BB k. Hik. X
B Rt ot . AU SRR S AR B4 0 A 52 I
PEBIRESC, 208 T 0 T O 0 A0 B 5 5 L
T, AR B BATEBIHA T CEk 13 ]
PRI AR ER AR T A VD AR B L. BR 25 80 KAV
HTE Vb A B840 s ol PURR A R AR T B b 2B 2
I REA 51 R 339 KA 130 K, 4351 i K4 465
KA T3V6H 2874, [A] Ik AHBTE 53 A7 Al 0. “<3E Al
A 5 28 Ly Gk R 28R LS5 A R 2 B e A

PEEURG M, TR I R TE KM I BAEAE, Bk, |
PUHR AR TE LD A2 2% 1 RIS KT i TR B AR TP B
VR B RE, L, RIS AE, Wb E
Him K RGEARIE B, W HAA SRR A R
HRFTPY HBEEAR 1 I

Ht, AT ARES ., & Taegs &
YRR RSMIEELE 1. K3, EE 1 3]
2 TR IR KA AR TR . PEER AR = A AR B s
B YRR, AU ARG AR P A% i
7, TR (& 3,
5 EEAZMPHASERRDLE

R E R

VAR BRI T B AN SEAR . R, VIR
FABRERN TS RIZE, . P v E T BT
AL T SR TR, TS i AAUE Y B
VLG B HL TR 5 RS sh AR i S it B T B B )
ERER, (U EEMELL 2SR &
BREH . SEFR E, FRAS RS A Sl 3 R R
DREVALR, MAFENEEA KRB RIRS
B AR, (HERD G VLR kL. R, 4
P PO ZRIR AR, TR B A5 2 S
PR SE AN A, TR 4 2 i AL b A A
RIIE s B IHED 2 2 0 B PR SR 0 B0 AN R 28 K
ZEE AT T .



P 29 &

632 Chinese Journal of Atmospheric Sciences

Vol. 29

A A I BRI LT i v 2R BRI A
PIRIHF EPR O, (HJCHE X/ ZET7 . A R &
B . B HEOR 43 M DS M o VD 2 i R B AR A 2
A~6H, 23544080 7620, Hd 4 AR5 A5l
30. 3201 28. 8%, XF MK FRDH W AR K
AT

nfar A R X7 R AR IR SR, AT B
3 3o R D BRI M LR 7 b R o T 1 73 A s A
KT A BERAR T b P Vb 2 B T R A
5.1 ZZFR ik ERX G

TEAZR(10~2 J) . W T35 BUKR Z5 kb &) P B2 AR
1o HOTATRR SRV A A At rh i SRR H AR,
ZEH P AR YE, 1995 ARSI 1 AR K
—11.3°C, MmN —23. 7°C, B B AR
T % ] PRV 5 A X, v s AR A L HE A
TR Ve 37, s RER=E SN . KRR
EEAEEE . e 600 hPa oS gifE il T e
FE TSR A 3 b TR R, R R S il & T e
SO MV A, X A AR A
SAR /N, B LA b 17 X AE /N S B X B
AN i /vy L I S R e =y T N WA B S & R RN
WL R AV AR B MERAR /N, i H AR 2 T X
BUMSIE B EZ A . T ok, A R REH IR
I KA 5P XA RS S DIAH G . Bk EE i 4
55 HAURS B EL R A7, 1225 RS T Y 3R LA
55, N EFH AP ZENRL, YRR, WA R
ZEp S
5.2 BRER MR ERXIE
5.2.1 #HWAn35 5= ANIZ NG

TEWEZR: (. B MG H , 2 & 2 KR
s T HR T AT 3N P S PR 2 {0t T A AR
PR s H T 2 b BELAS 2s 3 h i i A5 2 1
IR AL 2 SR EE 0 v, AN VDI b S I 1995 A iR
EAIR KT 30°C Ry H 35 120 KM, i T b g X
KA AR I 9 2, 05 b vp ) 28 SO S AR
AN IR, H KRB AR E . TR
T HJE AL 1000 m R EIACE . X Fp UK
JE— B ARSTE i X I Vb B ad 72 . H e R A
AR B R AIE U 551

MNP Ty s P T R AL S . BN g
TR IR /R S AR L, PR ) R B R AR
REEAR, [ NI 2t IR A L A I 4

MPEAEHEA B S 595 2 AR A
FE MBS, Z M AR AP G AR Y B S AR aa 4R T a1
23S BN A P AR A R AR B . AT AE AR
APYICERIE iAS e 2 RS . [l ¥ AR
S Z 08 B B B, o fef 45 A3 ) 7Y R A U
3l, B AR TR AR B8 25 AROLE 7 b VY R BB AR
R, b A IEAER, s AN Eisg),
FEVU RS HRTEBE 1 52 300 B B e 2 1) 55 A0 1 ot iy T
X BT RA . AR KA A B 2R
], AU 1T858 S AN R R ZEE (& 3,

M 3 HRT LAY A8 M UL 7E e HUAE] (81. 30°
E~81. 39°E; 36. 51°N~39. 00°N) i 543 54 A
BAR AL MIEATE, Wi 2 EWMPIE A, 8 EERIX
WO KT IEE . X2 B oy A A 2R v W ) 3 FH B
FIARIE IR B30 B -5 AR 0 RGBT e % Zamg
AN A PYACXURH I o 75 5 HEUHE T i I B0 R s
WAL, HAa R, B mwm R ilde
Peo WX VD R AL i T HAb X 1 H IR
B M R B R ST R X
ZIRA BAR A X . KRBT O eI T X 4K
HUAR G BIFAAE . ATEP—ai7 I 32 B0 At R AR
B L AR R PE I -5 A b VY e 2 0 B A
T ) AR B AL R AR B — 5 R 8 T B B R AR
2o DN ART A 55 o v 20 3% R A= B 1) X 3 2
— o SCHRLI3JBARTE R BIIF A IE T A FF AN o HLUFE ]
TP AR S E O A E W R R, HIAR
FTEERG VD20 2 S E P 0 T g R R SR G P i
o ASCHITFFE IS MR, BRI A 2 Rt K
[ARGIER, MR — N RIRGAEE AR M
XA T A BE M R, B TR85%
DR FEHERIE M IR D AT, (HEE
O A X B i A 5 e AR,
& FER b ) R AR b AR 2 5 K ) VI s 74
M kA TR B R, AT X Fh i 2 R Sk
[13 ] AR R E B b e AR H H0k, BFE
1961~2001 4F 41 4E 3Lk 2E 80 K, 2y i X
HHER YDA R 545 KIW 14. 7%,
5.2.2 BARAENZG NG

B R R W a1 I W, N i O 1 S e
PRARI I RIS R . X = iR s S B
FEHB. JLHB . AEBIE A LG T U, TR R v
AT S e T 2 P DX o BT 2 b ) B 25 A< 3 1) g



44 BT B HURZE 0 (9 R ASIR IR B b A B N T

No. 4

HAN Yong-Xiang et al. A Study of Atmospheric Circulation and Dust Storm Causes of . .. 633

46°NF——w—

40°N—

Bl

41 Kunlun Shan
pNII

Tian Shan
KR
Pamir

Bl JR 4 1Lt
Altun Shan
S8R5

Urumqi

|
78°E
3 s A RBEARGIBNG R EE ., HERAERESX

92°E

Fig. 3 The sketch map of the wind field when the weak cold air enters the Tarim Basin. The yellow circles represent the air convergence areas
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