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Fig.1 Location of precipitation stations in Xinjiang region
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Fig.2 The EOF’s eigenvalues and the margin of error of 95% confidence in seasonal SPI field in Xinjiang
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Fig.3 Spatial structure of the first 3 spatial modes of REOF (A-C) and MK line analysis of time coefficients(a-c) in spring in Xinjiang
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Fig.4 Spatial structure of the first 4 spatial modes of REOF (A-D) and MK. line analysis of time coefficients(a-d) in summer in Xinjiang
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Fig.5 Spatial structure of the first 3 spatial modes of REOF (A-C) and MK. line analysis of time coefficients(a-c) in autumn in Xinjiang
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Fig.6  Spatial structure of the first 3 spatial modes of REOF (A-C) and MK line analysis of time coefficients(a-c) in winter in Xinjiang

R1 A FBS AR N SPBEH ST

Table I The trend of SPI3 in spatial mode of Xinjiang

. H K e A
AR MK i ARFE N MK i Iy MK {ff AR, MK 14
1 [TIEFIES 1.04 bre0l 1.57 55 0.82 ! 1.81
2 fif & 7 0.87 W 0.25 GE 1.05 Fiil B 1.57
3 iy 1.17 Jes 2.19" 595 1.92 JE IR ) 1.19
4 P 2.10"

T RIS B2 MK iK 0.05 LA E I MK RS .



1382 oo B

B 344

40 i

o I At X2 A gl /N R A i i A
A3 X2 5 TR A I I 4, G r R R X AT AR
s D52 S T AR I S 2 (I 7D o IR R R i
DR SRR 40 O S U/ i e, EG v Y AT 7R e 45
LAY SRR TE RS A R (R/E IS SRR TE R
TN AR DX A £ P 8 DX MU SBEG P PR
VRE T AP s Il — A 1l DX AT BURT B 5 B8 ) AT 52 (Y
PN BRI M LLAT R 8 A 2 Ty 10 T 57 8 0 i
R ES. PR E TR 2T
£ 1980 £ LLJ5 ™, Fg sl 7 Bk s e P 4 A
Wi LR T ANV RTK A Bt B A AL, BT
FREZER. DL, U s e A I K
*??%ﬁ%‘ﬂlZ%ik%ﬂykﬂiﬁ)‘iﬁ&)\ﬁf“‘@ﬁl*ﬁ‘
M B bR X ) 52 5 ARG I SR B3, %2
ﬁ%\Jz%i“imEl’]liﬁazﬁ"*ﬁfﬁ%mﬂﬁl:ﬂl?ﬁ%m
Hulx

Wt DX ) 7K P P 5 2 A b X e K, 7K
JE R T B i X R AR — e AR, A Hb
DX e 57 08 R 1T R A S A e A, IR e A
Hiu X 57 SR SR kN #A . IR PG L X R A 2
b, JoAh 2= 38 B 250G ', (12 b sE b X SPI3 3
KA 2, T MRS 3ok b X 40 53 E 1990~2000 4 Fl
2000~2005 4 IR 1 T RS 1) AH 6 AR A0 2 B 1S B
THRR K - S 7 0t X2, () ] 568 PG 5 X/
B R A /N TG AR S X P, 5 T R PR 3 2
JC VG IR L 25 Il b X 527 S T AR K MK S vH{E
P ot E U S [ R =

Z BRI ER T 2 B 3= KA B s ma b, ik
[F) BN 52 381 25 1 DX b (AR B 0 T 5200, 1978~2008
CF T SR R TR A S R ) A B B X
A0 ) T 8 R 0 B DX R M J T R AR 3G K, e
T B OB H A A ) A b 58 b DX 11 A b Jeg T ik
P, {5 X AP Rt TR ) b 5 ] 7 g
Z UGG AL A — B, A K& SR UE Y]

T T T
T0°E T5°E S0'E
H R &5 R 2% (IZm)
2 B (10°hm”) -~ Bl X
. 4
X2 123 4
2 CNPEEY
0
1 2 3 X '
Tfﬂ;gﬁﬁﬁ?ﬁ(lﬂ‘hm
H R a0
= 40°N

ss"E }"‘V‘i 90°E 95°E

0 140 280km
1 ]

o  REUKEE
s  HhEKE
+ gl AR

B

BUEH AR B2 18 ARk 5 P P9 AAAR PRI R AR B 5t 1] B PPy — 5K

K7 sl 1980~2008 452

SRR TR0 OB R MG HE T AR A MK 9

Fig. 7 City-based evaluation of Mann-Kendall trends of drought-affected crop area, grain loss of drought,

cash crops loss of drought and irrigated area of drought in1980-2008



114 P M EE BRI 20 DUORTE A T AL S L B 5T 1383

BT BE S ) TR, (R X P CBE VR AR
O3 BRI, AN 4 5o B TR Ak 1 A A ey, L
ANG N RS T R R AR X s
CEWNif-A

AL HE T REOF J7 7541 81 5 1961~2008 4 52
ARGk T 2= AR AL B /K F5 $00E 4T T REOF 43
T, H38 I MK 77200 BT 45 2 X AR 3 3l i (1) T - 48
PRIEH T, 15 BILL R B L4518

DR Y =R R LN S SES T ITE | i s
CRAED e R I ) B 35T 57 Il 4R S ]
(TR FhIEALER . RTS8 [ A
(ISP IR R e 8 DN =R T E Y =y |
A ZEAT ) VR BT B A AR T X A S i T
B 7K B 3 0 2 AR T R B R RA T RIS
()T SR B KGR A RGN 2 .

2) b g PG A Al g8 VR R L R M X T R 5
v Pk /) A 3 1 A, e S S DX 5 R i
P/ INAN B I 5 428 2 T R A5 2 W Y L ek /s B
W2, ke KT, BFME FEERLTF
5 M Bk NAS B 2

3) JbgEHLX 2 BRI A A B3, 7
5L b DR ZR gl DX 52 B AR 2 5 8, T AR
B IR S A, 3 52 1) Hb X () 470 5 R P e
D3 B M T AR (R 52 e o B b TR R Y o K R 2%
18, DX 3 90 SO0 58 3%, U BN KIR I I T
FLYCZ KRN

27 3CHR:

[1] Wilhite D A.Drought as a natural hazard:Concepts and defitni-
tions. Wilhite D A. Drought:A Global Assessment[M].London
and New York: Routledge,2000:3-18.

[2] Sun P,Zhang Q,Lu X X,et al.Changing properties of low flow of
the Tarim River basin:Possible causes and implications[J].Qua-
ternary International,2012,282:78-86.

[3] B X, PR, AR R, A e ] PG b 0 b D 1] it e 74
AR AL AR AR [0, 5 DU 801 9¢,2003,23(2): 152~163.

[4] Zhang Q,Li J F,Singh V P.Application of Archimedean Copulas
in the analysis of the precipitation extremes: effects of precipita-
tion changes[J].Theoretical and Applied Climatology,2012,107
(1-2): 255-264.

(S35 S W= g S e £ N e D eV K (@
sEMA DR 25 ] B RH2,2013, 33(2):216~222.

[6] Z=SNFE, 5Kk o, BRIDE 2, 55 R T ARt B K SR B (907 T R

TR AR [I]. 0 F A% 24 418,2012,23(3):322~330.

[7] ok AN M 2 LA BT SR K I N R AR A A
[R5 5 5 [J]. R 42,2013,33(4):465~472.

[8] AXBLAEE, 22 M R MU 3, 6. 395 HELACRT 38 X b ) /7 4
A e T A 2SR R N [T, B, 2012,32(2):244~250.

[91 =F 0B, 2R oG, 55 07 4 A [ =715 B K AU 43 IX AR
A a1 [ VP 5E,2009,29(5):948~959.

[10] ¥ £13 AR it ek, 7 75 77, 46 B g3 LR ] = AR I B AR Ak
B HT [T FE R 22,2011,31(6):728~733.

[11] Wt b 75,5 300, 2 Rl X 28 KR & 8 X 5N
TR R[] M RL2,2013,33(7):859~864.

[12] FIVEE BN R S0 5, 2 T AT 7 s it 7K SC = A o A8 e B %o 0k
AR g R [T]. M B AR 22,2011,31(11):1389~1395.

[13] dETCHI, 5 T e b S 5% R CRTRAs) [M AL nt S 4
fif#k,2006.

[14] FE40 T, 2 B, v [ A b A 4 g
s RO BB, 2000.

[15] Fa b P Bl T XK S 5 4 23 2 R A A i ) DX /K 5 36 M.
SN BRI A, 1999.

[16] s 2 5 /R 19 ¥ X M 7 35 g % 22 0 4%, O 8ol 35 ——K A
AN G BEZE 5L 45 Bl A —— KRR M. S AR TR OB R R
HiRR A, 1998.

[17] Mckee T B,Doesken N J,Kleist J.The relation of drought fre-

AR AR5 M

quency and duration to time scales[J].Proceedings of the Eighth
Conference on Applied Climatology American Meteorological
Society Boston,1993:179-184.

[18] KAO S C,Govindaraju R S.A Copula-based joint deficit index
for droughts[J].Journal of Hydrology,2010,380:121-134.

[19] BERTE B SARGE T2 WT 5 TR M AL 3R R,
2007.

[20] Zhang Q,Sun P,Singh V P.et al.Precipitation changes in China
(1956-2000):changing patterns and implications[J].Global and
Planetary Change,2012,82-83: 86-95.

[21] Zhang Q,Xu C Y,Zhang Z X,et al.Spatial and temporal variabili-
ty of precipitation over China,1951-2005[J].Theoretical and Ap-
plied Climatology,2009,95(1-2):53-68.

[22] North G R,Bell T L,Cahalan R F,et al.Sampling errors in the es-
timation of empirical orthogonal function[J].Monthly Weather
Review,1982,110:699-706.

[23] 5K KGR R, ) e e, A vl [ G Gt DX ) T AR AL Y
I} 2% 4 AT ——3- 1 PDST A [1]. M 2 2% 41,2007,62(11): 1142~
1152.

[24] 2K RLAESOMEE AR 31 AR MK R N A AL B
FEI) A R X ARAF9,2011,29(2):185~197.

[25] A ERuh P H AL B sl 4t K A X b AR M AL 5T B R b
iR, 2009.

[26] Wi 20, S 4 2 0 OB g b S AR R Ak (] M FE R
1EJ,2010,29(3):312~318.




1384 b DL 2 344

Evolution Characteristics of Seasonal Drought in Xinjiang
During Past 48 Years : Possible Causes and Implications

SUN Peng'*’, ZHANG Qiang"**, LIU Jian-yu"*’, DENG Xiao-yu"*’, BAI Yun-gang*, ZHANG Jiang-hui*

(1. Department of Water Resources and Environment, Sun Yat—sen University, Guangzhou, Guangdong 510275, China;
2. School of Geography and Planning, Guangdong Key Laboratory for Urbanization and Geo—simulation,
Sun Yat—sen University, Guangzhou, Guangdong 510275, China; 3. Key Laboratory of Water Cycle and
Water Security in Southern China of Guangdong High Education Institute, Sun Yat—sen University,
Guangzhou Guangdong 510275, China; 4. Xinjiang Research Institute of Water Resources and
Hydropower, Urumgi, Xinjiang 830049, China)

Abstract: Seasonal drought index were diagnosed by the methods of Standardized Precipitation Index (SPI),
Rotated Empirical Orthogonal Functions (REOF) and Mann-Kendall test. What's more, how drought impact on
agricultural in Xinjiang that was discussed. The results show that: 1) The REOF could reflect the two whole ab-
normal anomaly structures of drought and flood in each season in Xinjiang, for example, wet (or dry) in north-
ern Xinjiang and dry (or wet) in southern Xinjiang pattern, wet (or dry) in the eastern Xinjiang and dry (or
wet) in the western Xinjiang. SPI3 and time coefficient of the stations in the summer and winter is increasing
significantly, the summer and winter in Xinjiang is tend to be wet or drought. 2) The area of influence of each
drought in the northwest of Xinjiang and north slope of Tienshan mountains have obviously decreasing trend.
Area of influence of each drought decreasing have obviously decreasing trend in winter. 3) Drought-affected
crop area have not significantly increased in the northern Xinjiang, while Drought-affected crop area have sig-
nificantly increased in the southern and eastern Xinjiang. Drought is influenced by irrigation facilities,
drought-resistant ability, intensive use of cultivated land and the growth rate of cultivated land area except pre-

cipitation.

Key words: Standardized Precipitation Index; rotated empirical orthogonal functions; spatiotemporal patterns;

Xinjiang Province



