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Fig. 1 The sketch map of four sources and one main stream area of Tarim Basin
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Fig. 2 The average annual variation curves for growing-

season accumulated MPDI from 2001 to 2013
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Fig. 3 Spatial distribution of growing-season accumulated MPDI over oasis and desert in Tarim basin from 2001 to 2013
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Fig. 4 The spatial distribution of the change trend for MPDI in growing season from 2001 to 2013

F1 20012013 F£EKFRR MPDI T RERBER LG

Table 1 The statistical results of MPDI change trend in the growing season from 2001 to 2013
Smepi ALY LN+ Vo M/ % FRULIX /%
=0.2 R T2 0.70 0. 35 0. 82
0.05~0. 2 T 6. 00 5. 84 6.06
—0.05~0.05 e 55.97 35.21 63. 44
—0.2~—0.05 Al 32.94 48.53 27.33
<—0.2 PR 4.39 10. 06 2.35

Swppr A A K3 MPDITE 2001—2013 4R A - slope 734 DX 1] B {EAR G ARG TR o LU S8 ) B o

SRR BE MPDI A5 b 3 i FL L AF AR
ZE5E . LRNEE R IR R A 32, T X R
FE . SR DN BRI 3 0 TR SR e AR
Iy H ik 58. 59 % ,48. 53 VoA LR N L IR ZE 18 R i 4
PRI T R 4> e A L Gk 10,06 %0, Sie i
X LARRE A 63. 44 Y0 B FE 3 AR K 43R Bl A
FRfaaE . BRSNSk N T80 i 4 A I {H 3 T )
EFE A E 23 E (27, 33 YOI B T R A
FUE 43 (6. 88%0)

WF 5T XA S T R A R L AN
G IX TR 6. 7%, Horp 248 T R AU &
6% Pt T B E AL 120, LR FIFE R X 1
TR E A E IR O3Bk 6. 19760 6. 88%) , H.

YILLGE T 583l 3, YN A B8 T 5 1w
FE 23 h 5. 84 Y01 6. 06 %4, bRy 52 ¢ i) FH L H
BIARRE 1%,

ST 520012013 AR5 R 5% X 1 18
IR AR AR A FF AR W SR YN F L X 34 52 AR R
TS FGE KT 1 5 S AR AR, S e i
FEE BRI SRy B S T 52 Y DX VT e A X 45 55
4.2 FRERKESZNTETH

Shy it — A ) BH AN [i) i X 4 3 TR L 36 2 4R
20012013 AF3E BT “ PU PR — 7 A T sk
LRI FNTEEE MP DI 28 A & 34 28 FUAE X A2 Ab R EE
Fir A i MPDI A2 Ak #3433yt ), R B 13 4R [A]



780 Hh

v B W37 %

B LA 2% PRI 2 P AIE 0 - /K IR DL 45 A A [7)
TS 035 o (BT T R Ao ol 2 A 56 ) X BT 5
A7 1) B BE U AT AR e Il AN AR s 2
AR AR YN T 5 I — L IR] AT ) 97 dm 2 M
MPDI 2 A AR g R, Hal e 0. 01 K 1y i 35
r8y o YR BT 5 53 AR VT 1 G v D 9 2
AR T 0. 05 KR AR S TR IET
R ot | o W st Y SR A G IS I N T

T 3 55 DX Hp, R HE YT G s O B . ROBER
—0. 38/13aH M i i EAG I . T-I T e o 25 %
1B, HAR A # R  —0. 045/13a, X FE &M T7EE
AHIKEZM T, e 8 DA g AF — o R AR 3 T K
AT A SR STE B X AR R R A OR B 3, Heep
A Ak SR /N (R 2 T — LT RN 9 R I . R B
—0. 004/10aF1—0. 007 /10a, 33X 5 XF Jij F8) 43¢ P 5 1
I BT L

F2 AEREEMN MPDI TUEER
Table 2  Statistics of MPDI change trend in growing season for different sub-basins

- AR F A/ 13a AR AR ARG EE / V5
2 FEX ] T BEIX.
i1 ] —0.071* —0.38** —30.510 —10. 063
7R FETHT —0. 144 —0. 064 —16. 439 —9. 817
Fa] e 53] —0.057* —0. 045 —17.233 —6. 667
FALwT —0.109** —0. 004 —23.122 —5.903
T b —0. 041 —0.011 —16. 406 —6.325
T i —0. 066" —0. 007 —13. 861 —4.748
T T —0.034 —0.045% —11. 635 —7.014

> P<20.01, 53 B3, L0, 01<<P<C0. 05, %5 B3,

HEXTAE A e i 25 SR 7R 13 A 39 ] ] 5 £ g
JEE W v T 95 DX AR AL RE . R T T e A D S 1
MPDI /0 W8 B 745 1L 380 e K, 3 W R0 T 3
S A ORI IR BUA BN BE YR . B ARIE BRI
AT BT AR IR WK AR AR R L (H
G5 R i 9] B R 2 D e/ HLR AR
JE i REMEDCN L3RR . X SR
T LK B 7 SORMA SR E A . —
3T PR 2k UK B HUAR T 3 S i ]
AN R KSR IS PSR R, XA R
JZRIRANAA L A T 55— 7 ARSI R
MBI E A B T3R)Z LR R, . 3
TR DX 5 B T e E Sl i 3 A g B
ACHRE BRI o (ELAS AR T AL 2 P A I
DX AR 22 0 B K A 2230 4 4%

5§ iNEmRETEZTUERSFEG

FT R/S ArHr B, AL IDL 4w 252 8 H 1Y
BAGITIT A A3 203 BRI IR 40 2001—2013 45
AR R MPDI 2461 Hurst 4855045 [8] 434 4]
(B 5) 254 Slope ZEACFEF H 432515 5| fa i dr
PEZS RGO . BVAF R, PO — T HiIX. H 5
. P, MPDI a3tk 23 [ 434 5 MPDI #

Hr

S [ AT P 3 A AR — 3R, X e I3 AT 4
5 Sk — LA ] T R 5 3t 2 13 AEAR
IR, TE R M X R L2 5 1 A o (1
AT 5 DX 2 IR T R . B AT I i
HRES 43 b DX U A RV I B A L % TR A I
X 7m0 R AL B AR R SR b X AF AR R T S 3

3 38 MPDI ZRAL S F B g it 45 3L
TR DX (e S 50 SRR G 1, B 1 X L 46
h 55. 97 Yo , FELR IR B AU (31. 11 00) B
BT R T R 6. 49%) , FReLiig i 5
FA) S R A 2 o 47 LA 55 Y i N A 55 T AR AR A
AT SR R 0 %) T R R AR v T D e T R A TR
HE 3R 6. 21% 1 0. 21 %, LRI BRI %
WIS Fp 00 R s R 28 DA T 5 38 3 i TR AR L o
BT RER ML E, Bk 58.59%, Hih 40. 574 1)
T AR 2 PR R B & 8. 29 V6 I TR 2 I R
MTRENRIE AR, TR X DR E .
E DX T AR LG H i 63, 44 0, H 52 B4 22 1 10 1) 37 L
DX TR B (24, 22 00) 47 TR 82 1 5% 14 i 182 1 R
L HE (6. 69%)

6 @iSitie

W53 FMPDI, X8 BRI 2: &R B T



%4 WA ST R AR BT R UG BRI AR S e B X T R s AR AR L 781
7°E 1E T6°E T8E 80°PE 8E 84°E 8°E 8E NFE 7E 7E T6°E TE 80FE 8°E 8E 8&°E S8E AE
N 44N
N A =
42N A 42N
AN 42N
40°N 40°N
40°PN 40°N
/N i3] 3N
T BN BN
M LIKTFIEARA |
— PR E
36°N LR HENWIN:H 36°N R
0 55110 220 330km 36N f 36N
. 330km
N 00 0.1 0203 0405 0607 08 0910 | 34°N
E  76°E T8E 8C°’E  8°E E 8°E 88E 7#E  76°E T8°E SO’E  82°E E 8°E 8E
5 BB 20012013 4R K22 B MPDI(A) Hurst #8417 (8] 4377 & (B) & 223 [/ A 14
CL AR s 1« - OR FETTEIR s 1 - ] s 0 imT i del s IV« TR —f LA T it s V - 38 BT 3d in 30
Fig. 5 Spatial distribution of (A) Hurst exponent and (B) sustainability of the mean MPDI
in the growing season in Tarim basin from 1982 to 2012
=3 2001—2013 £ MPDI LB LS REFR LG
Table 3 Statistical results of the trend and Hurst exponent in Tarim basin from 2001 to 2013
Swmppi H el L+ % 2N/ % T X /%
<—0.2 >0.5 FREL H WY i 4. 20 9.73 2.22
—0.05~—0.2 >0.5 Fre HI i 26. 91 40. 57 22.00
<—0.05 <0.5 FAFEE H AT 531030 6.21 8. 29 5. 47
—0.05~0.05 — g 55. 97 35.21 63. 44
=>0. 05 <0.5 JAFEE HA I 2] T 5 0.21 0. 28 0.19
0. 05~0. 2 >0.5 R H T2 5. 81 5. 60 5. 88
>0.2 > 0.5 RS HM B T8 0. 68 0.32 0. 81

TR S o IR PO YR — " e 5 B IX - R A
AT T X T, ZRA TR B TR S )
B FLA AT DY — = ] DX R A A 4 b IX P
HH I 00 D ML X TR AT T R 4, 5 2 X L
T B2 DX A A 45 555 10 /)N R A 0 ka3, I AE 25 [R] 43
fi FEA—EER.

20012013 4%, $& HL R ] “ Py Y — 7 2% Y
MPDI /Mg oy, i 52T Rt 3, 388 % Bk
B, IR S T X . R/S A4l R iR B L
A P A M B AR Hurst 488088 5 - 26 I KB X
IS, SN 5T 13 AR W) A8 L i B 25
IR s FE—FL TR 2 Y 7228 M Ay S ¥ X AR R A 3T 4 £ o
o3 XGEH AR W, 5 A e B DR He L B UK
T R B FLART i 3583 1 DX T A AT 5

(EAS R R Y 2, 38 HELAIAT 3t Jak o o ey i ot X
MTEEd, H R/S iR liztas B A R 2k,
S BT R r e 49 e A DX 3 52 T AR R
HT PR, A PR uERs BT S A

AR TR 3 B 1 30 L Ve X LA W vk 8 37 7K
BB AA KA 7 2 ARl 15 7K 2 AR /g 1
(A2 X I DX - K o0 B RN 3 3
DL MPDI Wi 2 () 30K o R N s, EH
AT H i b X T R I G T2 B AZ I R K SR AN A S
W] (A RE MR o PR T K B A A 2 D A8 3 L I Y 1
e B A BLAE A L T KB aE AR X [ FE
KRR, KRN BRI R )
o #0572 el A o fof 15 b 3 4 A R B 1 A 1
IR NG 3 I R - FLI
TR DX g 0 b DX R A W V7 ] 0 X % JR A B
HEX L, ZMX YT REHEZREZMEIR. —JHi%
b DX T 18] 3 AT AKOR 2 BRI 5 5
— 77 TR b 9 B S 38 5 7K R D4 it P S it A
13R)E HHOK SRR TR,

B Xt PN S W) S A T RS T DX 118/ N i e 1
DL A D B T SR T AR DG
14 A — 7 TR I A 0 R 2 UL s, 5 B B TR



782

T

5 %37 %

VK FIAE 25 FHOK EE B s Pty ke i 224 9 R
WK ZE e 55— T3 10 A2 U0 Ui T3 P X
DAL A=A Iz A 75 30 AR PR UE T Ui FEAS fi K i [ s
FE M AR 25 I B9 A 25 R AP B S A PRAIE P il

P

FEBR A TR BIFT K

SE 3k :

(1]

(2]

(3]

[4]

[5]

L6]

7]

L8]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

Pt , TR « w5 VBT AR, 3 LA T i A AR Ak K
SrMELT ] rsmAolr B2, 2009,46(1) : 156 —160.
AR, Tiles, ka2 45 AW it S R 5Bk
LA L], A E Vb3, 2006, 26 (2) : 220—225.
JEIZEW L BRI T . 2R AL, S, 3T 50 AT e 3 HLARIAT i B e A

BRGRA 2L F R RHLT ] PHRRL:, 2008, 30(9):
1389—1396.

B mETIE L ZEA L A5 55 UK TR KIS AT X A S
Dy AL ], TR, 2008, 31(4) :604—614.

BN AR DAL, S B BRI R AR A LR H AR R
LI, R Y, 2013,33(4) : 1191—1197.
RN AT AR ORI R A6, T 34 TR AR V) o) R A
By 1. RPN 2014, 34(1) : 60— 66,

Meteorological Drought— Policy Statement[ C]. Bulletin of the
American Meteorological Society,1997:847—849.
FEOCP JHT . ARuE LR R bR S Z F8 B T A% L
SIBELT]. A A 2524, 2004, 28(4) - 523 —529.
TEMA L FRILE JHERE, 55, T AR A o8 (i Je 5 J 28] .
FRX#BE,2007,30(1) : 60— 65.

SR 8 BRI T R ik R . P R L 2011, 10
(13):42—43,74.

T WD) 2N L A K S R W B s R L) . A=
AR, 2010,30(22) :6264— 6277,

Patel N, Anapashsha R, Kumar S, et al. Assessing potential of
MODIS derived temperature/vegetation condition index (TV-
DD to infer soil moisture status[ ] ]. International Journal of
Remote Sensing,2009,30(1):23—39.

Gao Z,Gao W,Chang N B. Integrating temperature vegetation
dryness index(TVDI) and regional water stress index(RWSI)
for drought assessment with the aid of LANDSAT TM/ETM
-+ images[ ] ]. International Journal of Applied Earth Observa-
tion and Geoinformation,2011,13(3):495—503.

Fwe, BT LS R BT MODIS [ 338 5K &
BRIy 1 5 3 UE () ] BDUR 2 k. /5 B RF= i 2007, 32
(3):205—207,211.

I, TN, 2R A BETRIE A3 R (1 S0 5K 43 W B
LT AP E VP, 2016.,36(6) 1 1606— 1612,

ik, THE . 258, 45, TVDL T 5 Xl A% Wil 1938
BRI, 2015, 35(1) : 220—227.

ZERR BRI G TN. M HL VD VBT AR T S [ T R B V0
TIERIZ KNI 2B ATRIE AT . v YL 2016, 36 (3)
734—"740.

AR ZHW] AR ES T - BRIAR, 4 JE T NIR-Red
DGR S R R K A MW 7 75 i [0 ] i E R (D $) -

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

HLERR}24 L 2006, 36(11) : 1020—1026.

Ghulam A, Qin Q, Zhan Z. Designing of the perpendicular
drought index[J]. Environmental Geology,2007,52(6):1045
—1052.

Ghulam A, Qin Q, Teyip T, et al. Modified perpendicular
drought index(MPDI) :a real-time drought monitoring meth-
od[J]. ISPRS Journal of Photogrammetry and Remote Sens-
ing.2007,62(2);150—164.

JAE B 3& IBOC T 48 B 3K 4y K T B A 43 A BT O
[D]. dtxt: hESLR 2=V B . 2013,

ZHT WE R 22, ek, 5. ST PDIMPDI A1 SPSI i< M+
ST [CL 38 BOE & sl 5 T 25 . e T, 2010.
Wk . ZE L Ik =%, 4. PDL 5 MPDI 1 5% 1 T 52 i)
PR A R LT ] IR 2= 5 4 7 BB 2011, 36
(2):195—198.

Shahabfar A,Ghulam A, Eitzinger J. Drought monitoring in I-
ran using the perpendicular drought indices[]]. International
Journal of Applied Earth Observation and Geoinformation,
2012,18:119—127.

Ghulam A, Qin Q.Kusky T.et al. A re examination of perpen-
dicular drought indices[ J]. International Journal of Remote
Sensing,2008,29(20) : 6037 —6044.

Zang ] H,Zhou Z M, Yao F M, et al. Validating the modified
perpendicular drought index in the North China region using
in situ soil moisture measurement| ] ]. Geoscience and Remote
Sensing Letters, IEEE,2015,12(3) :542—546.

WBERZR » B 202K - R 5638 . 4. 3T 20 a DI 9t Ml o 7 25 A8 AL AR AIE
W5E[)]. TRXBFSE, 2004, 21(4) : 389— 394,

Baret F, Clevers J, Steven M. The robustness of canopy gap
fraction estimates from red and near-infrared reflectances: a
comparison of approaches[ J]. Remote Sensing of Environ-
ment,1995,54(2):141—151.

Hurst H E. Long-term storage capacity of reservoirs[ ] ].
Transactions of the American Society of Civil Engineers,
1951,116(1):770—799.

Sanchez Granero M A, Trinidad Segovia J E, Garcia Pérez J.
Some comments on Hurst exponent and the long memory
processes on capital markets[ ] ]. Physica A Statistical Me-
chanics and its Applications, 2008,387(22) :5543—5551.
Peng J.Liu Z, Liu Y, et al. Trend analysis of vegetation dy-
namics in Qinghai Tibet Plateau using Hurst Exponent[]].
Ecological Indicators,2012,14(1):28—39.

Guli J,Liang S, Yi Q, et al. Vegetation dynamics and respon-
ses to recent climate change in Xinjiang using leaf area index
as an indicator[ J ]. Ecological Indicators,2015,58;64—76.
Cao L,Xu J,Chen Y, et al. Understanding the dynamic cou-
pling between vegetation cover and climatic factors in a semi-
arid region—a case study of Inner Mongolia, Chinal[J]. Eco-
hydrology,2013,6(6) :917—926.

Wang Y. Hou X, Wang M, et al. Topographic controls on veg-
etation index in a hilly landscape:a case study in the Jiaodong

Peninsula, eastern China[ J]. Environmental Earth Sciences,



Fal T OWEAF T RO AR T R AR RO B BRI U SR N 5 S DX N A AR A X L 783

2013,70(2) :625—634. [39] XZE%E . AL . M 2R 45, 2000— 2011 4F = VLR XA 9 3

[35] Liu X,Zhang J,Zhu X, et al. Spatiotemporal changes in vege- Emt e ARABARAE ] ], HE B3R, 2013(7) . 897 —908.
tation coverage and its driving factors in the Three-River [40] T3, 2B4h1e, PLA T, 45, 85 BRI 3 LI T Bar R
Headwaters Region during 2000 — 2011[ ] ]. Journal of Geo- FARNFE KT A SRR [T ], vk £, 2009(6) : 1086 —
graphical Sciences,2014,24(2):288—302. 1093.

[36] Jiang W, Yuan L, Wang W, et al. Spatio-temporal analysis of [417 WHIR « VI SR RARE « B &, 3 BA W I 8k 4 0 #F
vegetation variation in the Yellow River Basin[]]. Ecological b2 Ak K Ho Ak Sesioni [, s BRAFSTE . 2010, 29(12) ;2251
Indicators,2015.,51:117—126. —2260.

[37] LiS,Yan J.Liu X,et al. Response of vegetation restoration to [42] k74, B, 245 48, 5 LR T3 Kk SR s e 16
climate change and human activities in Shaanxi-Gansu-Ningxia FIRAE A A5 e S AR 4Pk ok L) . 7K H 3l %31, 2004, 21(1) . 91
Region[J]. Journal of Geographical Sciences,2013,23(1):98 —93.

—112. [43] fEF BUOCHE. B AL D0l R BOR K v x5 [ . 7k

[38] Hou X,Wu T, Yu L, et al. Characteristics of multi-temporal FlHE A WBF,2013(2) :18—21.
scale variation of vegetation coverage in the Circum Bohai Bay [447] K55 5. LB GEYN A (b ST R M A5 [ D). 58
Region,1999—2009[J ]. Acta Ecologica Sinica, 2012,32(6): AR5 |k 2010,

297—304.

MPDI-based Comparison on Spatiotemporal Variation of Drought
over QOasis and Desert in Tarim Basin

Guo Hao'?, Jiapaer Guli', Bao Anming', Luo Min'"*
(1.State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, Urumqi 830011, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on a regression analysis and Hurst index method, this study calculated the Modified Perpen-
dicular Drought Index (MPDI) from 2001 to 2013 to investigated the spatial-temporal characteristics of
droughts over oasis and desert of Tarim basin by using 8-day combined MODIS A1l dataset. The main results
indicate that: both oasis and desert tend to be wetter. The oasis became wetter than before, and the ampli-
tude of this trend over oasis is relatively larger than that over desert which is much more stable. According
to the results of spatial distribution and statistical results of Hurst, the future trend seems to be consistent
with the last 13 years. It is should be noted that some regions, such as the upstream region and midstream
region of Tarim, the southeastern parts of irrigated area in Yuli county, show a persistent drier trend. The
water resources management department and other relevant departments should pay more attention on such
phenomenon.

Key words: Tarim River; oasis; desert; MPDI; R/S analysis



