2021 54 A
Apr. 2021

HEBLHE AR 24k

Journal of Irrigation and Drainage

#4085 H 4
No.4 \Vol.40

XEHS: 1672 -3317 (2021) 04 - 0088 - 09

HTaE A AR AR R FHE R N E 3= 2 4

#OEY BGRY, BB AEL REEY
(LBAFRKFE KAFEAIALFIZ, 58 47T 832000;
2AFBLE R BERLE, & KF 830000;
3.9 B KA REAZF R ABRKEFEMES AEERE EEBE, L% 100038)

# E: [80] SARATRARETREALY A F, [FX] LA M-KAR., Pettitt £ 4% . Morlet )% 4
WE TR, PHRRARY REGTRAY, REFERFARNE, EHALYREL5L2AGMARARE #3
THARELZANS ALK TERNEREBE 2 EH/NTARRELAREDHZATHGTHRKF L4 R]
ERBEAFAZRAENE A, FIEEATERRAZRSAY, RESHH 2009, 2004 F, £ 40~55a RE T a9 %
REATT 5 33~55 a RE T 4954 B4R 2 AME-F B8 BRBAT, BAEAT TS KA L B HE
A, RESFHIN 2001 F, ATRKEELE 3 kB E-hy Hh, FHURELEWME P, £ 1984 FRKAER
T, AR 2ANL-BETHRAYN., EAEATEEREEMFARATRGEIZ YR ENAETL, AXFHH K
0, AAET AR TTARE A A 84.06%F 72.51%, WA REFNTHLEH 15.94%F 27.49%, [4i6] £ A%
i Fevg 4578 4+ £ 40~55.33~55 a RE T &1 F K45 A4 KB, E LB T Fe B 458 H T R E R A KA U K,
B RIBARAE 40~50 a RE TATHEM . FEEHTRELEELERRRENBEA X, BRALBLARE
B F bR AR T -, VBRERZANLGIZY AR, ABRTRABATRGEIZRE.

X B i 2R ¥eBE; waRE, ALK, A
hE 425 :P333 XRKFRARED : A

[OERcM0)

doi: 10.13522/j.cnki.ggps.2020508 0SID:

BE, AR, B, F MBENEARUEREFHEREZMER ). EHHIKFIR, 2021, 40(4): 88-96.
HUANG Xing, CHEN Fulong, ZHAO Qi, et al. Change in Runoff in Hotan River in Xinjiang and Its Determinants[J].

Journal of Irrigation and Drainage, 2021, 40(4): 88-96.
035l &5

QTIN=Q Ik s> N VS LA PN ST Al
H 2t B2, i 7 KGEA R A, )42 E oA
IRAEIA I TEAIRY, A5 (et /K BRI BT HERF 4Bk
KB AT AR, JTeEsk, )R
RFAE -5 FLAE R PR 2 A T A6 ) 2 BRI 7 F 4 A
e o 4t A5 X AR AT AR Dy i R ) DA UK i 5
TP, AR A 12 DA RERE . & TR IA
SOKAEBRIPETT M ZREE. FN, 2HE2S
RAZ T B R HIFAT, XG5, TR L
VKRS Ay T SE A BURE ). st 5
X R A2 -5 5 M B 3R AR R O K B RS 48
G & R E R CRF R ] fESE T
AN ARRRE AR M e A, 2EATEE AR RE . T7
T TARRIIETT . 733 B 7K B A AR L AR 1)

Y HER: 2020-09-11

EEWH: EFXARREESTH (51769029); [HZK & AWK HRI5H
(2017YFC0404301) ;A ] F K % i 2 IR AN A B 8 ) %5 4 1 H
(RCZK2018C23); Hif X AERMFAIHTIH (XJ2019G113)
BB ¥R (1995, B, THMA. BiarE, EEMFKL
2 e K B YR A AT 7S« E-mail: 22091364@dqg.com

BIEEE: BIE (19785, B, WAL A, #3%, #t, EENFK
S T K BRI R 7T . E-mail: ¢fl103@shzu.edu.cn

88

ST, S M R R AR A K R R, ORI
TR )42 43 A R ER ] IR J K A R e A M2 i
1T THFFC. BFFEas SEmT 4, A AR S SR &R
TAAEZ YA TEAE R, RS S A%
RIAIN R BT, MR T8 R A I AR i [E]
WS TSR RAS ] . E TR, R EER
ZHHIEREE Z, HARIRMBEAKRINMARRR ) 35
K&, DERRAEA R EEEFHAAL,
E AR TS 7 A A A i AN e 78 2. LU
5 Y [ P A3 B R 5 32 B X R R AR I
APERUR BIE, B2 R, bR RS A
FIE SRR 1) 52 BT, 1EEERSRARRE A
FKIESHH IR R R, #F AR A5
Ko R FE 0] A2 AL T AR S M it B A A B[R v
oSk @] ik, T 1960—2016 ERIK RS
Bim, KH M-K B3R5, Pettitt 546 /% Morlet /)
BT SE T IE R AR e S B R A R
SR HAYESEAT2T, rWT IR S R 2R AR O,
TE MR 18 T 22 Je gk T R AT A R A0 T, FER
PR AR, 2 B AT SR AR 5 N RIS s 290
B TTERFE BE , A/K BT IRE BRI T Rl A F 2
HERIZEM S AR .



TR SR R EEA AR LA R AR A LR i IR R 0

L HREH%

1.1 HREXER

IR TSR P e 8, FE ARGk, Jbil
B Ry, HIRAT B AT ARE 77°25'—81°43,
Jedi 34°52'—40°28', bR EA . R AT ek
A2 48 870 km?, FE/KE/DN, ERKN, ZHEFH
A 12,7 Co Hms s fm B FIE . S5
TSR DS R 1B SRS EL o X3, BT 5w 75 X
(T AT LR L AR RT Ry 2K i 4 X A 1

RV T 2R S B R AT CRATAR “ K7D,
PSS B AT CRIRR “mgi ) kgt 214
i L AR AN R T KRN S 1 G b P B T A
2 MR BRSO BC AT, Il W&
TR RS A AR 80.7%F1 72.9%., Kii]
RET RS, &K 505 km, FHEFRREL
22.52510°m®, 1l 1A F) ol 0 T K S0k
RIET WM E AL, 4K 808 km, ~FHFEFMEL
22.21510°m®, il A B FLIR K S . 2 ST
T REATRATE B AR ] 9, Tl K 319 km,
[ LI R M, B S HRIA B B AT ), ek
ES R

N N

38°N _

(\

Togho
371°N
N mpl

* FIET

| s

35°N — i

- 6 901 [E—
sy L 1192 0 8 160km

L L L L L
77°E  78°E  19°E 80°E  8I'E 82°E

B 1 Ao TiRBKE R
Fig.1 Hotan river basin
JEECH Ll FAR ) o P s KO S8 PLER /KL
Ui 1960—2016 fESZMARRANS R A H B AREAT /04T
12 tRFGE
121 #HbEE
Ak HT IS h— e R B S AERIA, T EM
SBRELR A B S, HRIBEE RIEWI 1. W3
PNE e FAREER 720 0 E HHEE, [RR 3587 51 2 [a)
IR, RSB B L B 2R, M
B, FHREEME S5k, RZ IR, RIIESES
& HIE sh AR AR .
Mann-Kendall JESEkG50% (HIFR M-K AE50D,
i T KOS A g DT I AR, RSO T
HI TG T INRE 2 43 A, 52 /0 5 BB R R ok B 57 B0
S /N R S R REA R AIE R E KT o T
(ARCH @=0.05) ToashAeth, 4 Z fHTE 2,74 1.96
A1-1.96 2 I8 2 R id, Ui E st &
MR R R, R kA B . 24 Z>0 3

AR BT, Z2<0 REFIIN FREA, (28
HER RN W A B4 b
122 REAE X

1) Pettitt #5546

Pettitt fv 30 NAESEU ISV, &7 VESE MRS,
52 SR AR AN, B %O VR AT R A
PR R E AT RAL s . € LGt
2 Uy 1HHE N

N
Uin =Uian +ngn(xi _Xj) ’ (L
=1

s x x A FEIR P B 2 MFEARLE; t AFEA
IHEF 5 N AREA S, HE0HRE U A BT
—AFERME KT 5 — MREARE AL

G005 Uy SRS, X0 R FRTES [] £t S RAZ £
m (2) Fiw:

ko =max|U, |- (2)

HEGETTE P, I R4 i 221
P =2exp|[-6U7, / (N* +N°%) |- (3

P NTREKF 0=0.05, TR AT H R
RA RS X ERAERZEAZL.

2) HIFRKE

A RRIENTFIRBM A F R GI %, 456
IR SCRBABR E /K SCEE R I R AL o FLRB BT 757
o, HIHE B R ATE AT R AR 2T AR
1o/ ME, 2R 22T 07 AR /NIRRT I R e R e
S - S W R

V=Y (X - X) (4)
t=1

vmﬁzji(xt—i}ﬂ)i (5)
S,=V.+V, > (6)

o e N x NIRRT INEIE; X TAF
Ja P FNAME; Sy N B =T AL

3) B ML

FHFMARIE (Lee-Heghinan) ¥ /K LS X,
R IEZS 341, ¢ NTTRESTE A, B Sk 56 70 A Al
MIEIS AR, IR G R S A R 5 P RO -

n :|2 [R(T)]-(nz-z) , )

F T/ X, Xy, X"):l{r(n—r)

A Bk=1 AHIREG n AFFIRKE.

HH 5 38 2 P 5 o R pR 0 B A B ) B KA X
RLE 7 TR B R] e
1.2.3 BEAn#rik

KH Morlet /N 53 Hr%F 1960—2016 FEARLE -
RPN K AT A AR 5 . e 5 5 7R

89



FEWEHE/K 23] http://www.ggpsxb.com

i (119 55 A R R R o
124 BRENZ Z5HE

GRNN E&HUFIIMRGTBE ST, I FEAZRAR, —
FEAL TR SO RN SHL ek Senil, it
BB R H A, G R 28 A B RTAT 5
FRARN o AR 1 LR P,

fE GRNN o, DU BEKEEAA P FI AN
RN JZ R, 2 R 5 SRR BRI fr
FNGRETREERMLITS, F2HHZ KRR
EREIME, BRABRREEANRANZ T, WTE A
P T B & R A2 T, SR HET R AADME .

454 GRNN JE R TH R R 5 A
B T AR R E o DL B KR Uil R HE BT PP
FUAE R S AT, SEUE AR 9 0T, A R s
ITUNGREZ, FRECE I T AR R FERT A
AR, DAASAGI IR U EE Z AR T E S
B I, R RAR R AR TUE . AR R S AR
FH R A3 i 1 i B Uy

AQ=Q,, —Q, =AQ, +AQ, s ®

AQ=Q, -Q, > (9
17, = AQ, I AQ,, x100% , (10>
7, =AQ, / AQ, x100% =1-17, » 1D

A AQu NIHMAET I LRI E A2 (10° m®): Qpo

35 - —e— FiiiE
— 2P
30

—a— S alE T

N
o
Py

T/ 108m®
=
al

10
Y=0.28X-37.758

REFTAEMI LR PR R (10°m®): Qu WA
FEAEASEbR P AT R (10°m®): AQ AR A H
TRRALE (10°m®): AQy A AT S HRIIAT
A (10°m®) s Qu AU HARE TRARALLF HE (10°m®);
Quo AEIRRRIN M (10°m®)s p Rl 47 5K
RAANE NISH SRR B TR

2 ERE5H

2.1 FREFES
2.1.1 BRAHSAT

FTERVAT Y SO AR IR 2 AR AR E, Wl 2 Fios.
M-K Gi it a6 45 F L& 1.

HE 2 mI 51, BRI MERIZE 0.280, R
PRI RS, BT RN KR E .
FIAE 1960—1970 FIRMBZIEK . MBI R
A LA H R 1971—1990 4E 444 (B 2 (a)), &
JF 5 R/ AR 1991 4E Rk B AG A, 1M
BEYIME N 17.61x 10°m®. 1991—2016 4F KM A 2l %
i 0.264, WENIEEHAAZ 17.73% 10°m®, ZH
BRI EIR D 2 RN . /£ 1964—1968
SEARYL R G T AR, E RS A A i e

M, (0<Z=0.6127<Z,), HERR BRI NEK
fath, X 5L R
—e— iRt

AR
—a— 5l sl Ty

30
25

N
o

R /108m3
=
ol

10

Y=-0.001X+18.404

1960 1974 1988 2002 2016
F0r
(b) MR A S

B2 2iRE T

Fig.2 Runoff characteristics

5
0 I 1 I 1 I 1 I ]
1960 1974 1988 2002 2016
4
(a) By
% 1 BiRE MK St b3 i
Table1 Runoff M-K inspection value
AR 10 m?
K98 771k
EXT| W o]
z 0.6127 -0.0138
Zy 1.96 1.96
B i g
BEE e NTE

W RN (] 2 (b)) i6F-0.001, MEfE
WEE, BB NEM P& . 1960—1980 k¥
BN, W R R RN BT R
20 et 90 FFARMIE 90 AR, A TR, ZME
SEY AR 15.99 x 108 m®, 1990—2016 4F Wi 25 14
RIFIEF) 013, EWBHMEMINEAA, RAEREZME
90

12.90x 108 m®, 7E &3 /KF 0=0.05 T, W20 4%
1B 7=-0.013 8, {H-1.96<Z<0 F s A G E, %4t
RE5 LT —E
212 BARREHH

1E Pettitt #6556 T, Ry R 1E 2009 HF kA4 57,
HAFFAEXT N ko 1 N-211, Ppax=0.765 4; 5 F7EK
SRR, RIMEAR R R A AR R 2009 4E, AH
N 2P AT Sy=1 242.13;  FLRFIA MRS SRAS I HEAR
WEBKGIHEN 9.77, HESFEMHEL 2009 4.

W AR AT Pettitt #6368+ 2004 G R A RAR,
FEO X R AIGETHE ko N 90, Pra=l. T AFERS
LY BRI 52 B e Fis FPR B PR, 35
M IR TR A, 1M Pettitt IESFUGLEA
ARV SRR ERD, RILL Pettitt K036 4



TR SR R EEA AR LA R AR A LR i IR R 0

AR 3 MG o6 s By —5, K 2009 4=
A B EAR, WEIATLE Pettitt 5560 51531 2004 4F A
AF4E, RI{E 1960—2008 - FEhiE N 17.72x
10°m®, 2010—2016 4E-FI42iE Jy 21.16x 10°m®, R
AT E AR Ny 19.45%, W RAT T S AL A
7.58%.

2.1.3 ZR A

o W AR REE, G0l 3 B, HHE
3 (a) A%, 1960—2016 “EA71E 5~10. 40~55 a {7
JE. 7E 50 a KE E4ad 2 MK 2 Dok, H
i 1960—1974 4F. 1987—2004 4F ALK . 7
1960—1980 “EAEAE 11~17 a JAHIAR{k. 1985—2016

1990 2000
1

1960 1970 1980

(2) TR SR

(C) WETIAZ I /N AR B S I

SEAFTE 5~10 a /N RUE AR L, DL 8a by, HE
3 (b) W%, FERRMEIAH 3 AN N [a] B 5
A5, 8. 13a. Hi8algflmAk, FIANZETLL
8 a NI AR R W2, IMESE 1 B, 5afEN
552 RIEMEATME NS 2 ERH. 13 a XN 3 1%
H5%8 1.5 2 R BHIE A LR/, TR vk 22 R 1

w3 (¢)) f£7E 5~20. 33~55a 2 fJE i,
£ 33~55a REE~, MiEZ & HI 2 k. /£ 5~20a R
JE T RATFK, EELL 8a A0, 78
INBETZESTTE (B3 (d)) WETARI ST 4 Ff R
RIS HIN 5. 8. 14, 43 a, 8 a X NifEE A, 7]
YN 1 F M.

0.4

e
03
S

0.2

<

0.1

0 . . ,
0 10 20 30 40 50 60
I (] REE/ @

(b) EiARI AN TT 22

NI %

0 10 20 40 50 60

30
i 8] R/ a

(d) iRz NE T Z2 8

B 3 ZAAME I
Fig.3 Runoff cycle characteristics

22 EREMERS

IR AN AR IS e LK) TR Bk Kt
K 3T IR EAME TR, Horb R i DRI A A
UK N K 5 K TR A A 2a 9 R W TRl AR A3t
7 85% LA Lffyskk P, fEANA I R, Ok
AMEEKAEA RN W EAMER, SBURRARZ R
/0Ny DALY 58 T3] AT oK) R S AN R K IR & b
AT, M0 IR IR ) S X AR A i) B
AEAERITA oK 2 TR, FT B A R R
R A 25 G R il 2 TR IR 3R, 230 Hox A
AR A RARTAL T BB Ll il AR AR,
T 51 K HERE . VUK ER iR, ek P BT s 3l
P AEAEAN AT R R, IR AR L AR IR
NETES TP, A5 & TR K AN B e A /KA
WAREEL T B Al SRR iR
GG S e &R PNE ST - 2L
2.2.1 M&RAFLEHDHT

1 Bk

IR 2= RARFEK & F AT, A 42

Al R, 3T 57 a WA MM OCRER R 0.481, K&,
ZAEBEK 548 9 33.80 mm . BEARAELE KR AR AL,
Horb 1992, 2010, 2012 fFF= AR KFE K. LL5 algs)
PR RKE T 5 AMBBL, 1960—1968
FERE KRG, 1969—1981 /K et 228 AR,
76 1982—1990 /K= 2 &1 LIRS,
19911998 H= M FE/KE /DI B, 1999—2016 H= %
K B, A DL R 2R 0.284 [1Id S
WK, BRI E M-K K5 S HE 2=2.368 0>
Z,, REERKEZIIK, X5
PEE A, HInEsEE.

W IR E 2 R ROKE (B4 (b)) HS il
5, HAMRIERN 0754, KIH EFEY, ZET
YK BN 46.45 mm. 1960—1967 4F, [E/KEIZE
b Tt, 7E 19681978 4F PN HE I B H) R I BE K A
1979—2000 &K EEBEC-FRR, P BN K E
M )y 40.8 mm. 2001—2010 4 & /K s 5 2oy
KIARTS, KR TERIR ISR 5.44. NGB P A E
RO 20112016 PR EFEAN T ST, A

91



FEEHEK 23] http://www.ggpsxb.com

K 418 A 63.54 mm. 2001—2016 4F Py HE ] i,

BE/K L 2010 SE 9 F el 1 2 A ANFERIFE KIS
Br, b 2010 SRR KEVERROKERRE. &
140 | —e— [k
120 —— &MERA
I —a—5 a3y
g 100 Y=0.481X-923.013
£ g |
L
< 60 I
&
40 |
20
0 I 1 I 1 I 1 I ]
1960 1974 1988 2002 2016
i

() EiAUsEF KR LS

TR K G HE 2=2.905 0>2Z, (% 2), BR/KER
WY, S5REE.

200 e kRt
180 £ bt
160 - —a—saEzTY

120 Y=0.754X-1453.335

&K :/mm
=
3

1960 1974 1988 2002 2016
e
(b) WAL A A

B 4 TeKZ T4IE
Fig.4 Characteristics of precipitation changes

k2 BRAE M-K AR
Table2 M-K test value of precipitation factor

F% K &/mm
(LSRN
R W& T 3
z 2.368 0 2.9050
Zy 1.96 1.96
T 4 4
BN B B

2) BRI

R K EAE 3 MRLS N0 2001 H4%8
A, AR K EIMEA 29.6 mm, AFF )5 K E
YA 45.7 mm, FEARHTfEAHZE 16.1 mm. W[
B /K EAEAN RIS NS 5 R A 2001 4F, A2 S aiks
KEIE 38.2 mm, &R 5 /KEHE 69.53 mm, ¢

1960 1970 1980 1990 2000
A

2010 2016

(2) T[RRI KRN AR S

s , 3
:Em ) gt
= I
= ode
10 \ E (@7
JA7ss :o-n;_-w.q_ o

1960 1970 1980 1990 2000
FE4

(C) MR TR B K /N AR A S 1

A2 31.32 mm.

3) BRI HT

5 NI W IR K AR AR AE . R
TR K EE 5 () KL, 24~36a R H A
JAMAARAL . 7E 1960—1999 4E DL 5~10 a R A B & A
HAARAL, {HAE 1990 7547 LA 13~20 a R A
AR . 24~36 a RE T EKIEA T 32K
3 AP BoKEADNETZER (B 5 (b)) HIL
A ANEAE S BN 34 7+ 114 30 a (KA, Hrh
30 a XM T Z A EOR, BIH K A7 AE 30 a RER)
JARAARAL, FEENEE L =M. 7 a REMJT 280
NiER 2 RUEAE, BI7 anffEAEE 2 M, 13 afl
11a, NPEERIEEA RN, 1EAREE,

047
031
i
=
= 0.2
0.1
o s s : . s ;
0 10 20 30 40 50 60
i 1) R /a
(b) LRI E /N T 7 K
06
05F
g 04 F
R
o3t
o2t
0.1
0 . . . . . .
0 10 20 30 40 50 60

I iR/ a

(d) PR AR B BN T 22

B 5 MKEME I
Fig.5 Characteristics of precipitation cycle

92



TR SR R EEA AR LA R AR A LR i IR R 0

MR AR EE 5 (¢) I RIFETE 4~20 a
A1 26~36 a 2 NN B R R . ANk 22 T (I
5 (d) HI 4 MNEES RN 4. 7. 12, 30 a, 4
AN REER AR, DL 12 a fOWEAE 5K, 1B R
WKL, 12a NEE 1 FHH, 4. 7. 30a
MAE AR BT 1A
222 ABAIEHHT

D RiEBs s

Bl 6 A EHVAT s S iR R AR Ak, AT AT S
56 - FIRIEAMRIZEN 0.02, BN LTS,
ZAETHRE 2450 C, iR Z 5.03 C. 1E
1960—1970 4F I BL 2 M AH R R 3 08-0.202, i
BT, 2P B RIZ S, M BRI IR F
2411 C, 1F 1969 4EH I AIEHALMH 22.96 C.
1970—1985 “E A= W R 381, 1972 A1 1974 4F
Kot B Z I BRI IE 22.56 ‘C. 1986—2016 4FE DA%k
PERIER 0.001 NS K, EANE R BT H LR
W sh A4k, (HLE 2000 SR A4, Wl EE i T e .
AR BRI g E 2=2.368 0>2Z,, iR
VAT Ak AR Y SR T T =, S

2) KIRTA M

AR SRR AR AR S 1984 4R, XTI ki
HN-343, Prax=1; TEHTFEIEST, AT

o LS

> @ & - 22© o o 3
1960 1970 1980 1990 2000 2010 2016
i

(a) N EATAE R AN SR

RURAE 1984 R AERA, NN B ZE M
S,=48.08; HLIFIG ML AN 40 E] 2 1984 4,

29 ——
28 | — &M mE
—a— 5 aif 31y
27 [ Y=0.02X-14.545
P2 t
|
T 25
24
23 |
22 L 1 L 1 L 1 L J
1960 1974 1988 2002 2016
Fhy
AT R R AR B
B 6 Fod IR AR AR
Fig.6 Characteristics of temperature change in Hotan river basin
%3 WRBEFE M-K 2 5Mi
Table 3 M-K test value of temperature factor

(LSRN B
z 23680

Zy 1.96

A B

BENE e

g 10}
R

N0S

0 10 20 30 40 50 60
I []RUEE/ a
(b) AN AR RN T 22

B 7 Fod R AR B B R A A
Fig.7 Characteristics of periodic temperature changes in Hotan river basin

3) AT

K7 (@) R 7 ATHR ISR 1960—2016 4
AN TR IS ) RS B JE PR AR, AR ERAET 2 ANA-
R JE A8 3, 1971, 2006 F AN RA I OESY, 1960
4, 1990 4N fwmBE TR O R . ERIRIEAR TR AEAE
7~10. 40~50 a 2 MiEFAM. K7 (b) E/RT 8 a
126 adt 2 MRERE(E, LL26 a FgfEERK, Ui
i 26 a J& PR i ok, 2SRRI AR 1 EE . 8a
OB IEAE AR LIS, AE IR B
2.3 BREMIZE S
231 BARHAER T X ESAT

FIRBTENRIFR R AL, KRBT ANED)
AR 2, FMERFRXE X, 2 A8
TEBNTHEUN, IR AR 2 B 5 PR 3 S A
W, F =Yg AR B2 N, 5 eERR
I 72%LL L, 3BTt B R 2 5 R AR O

%, BESNMEAFKRKEWELZ. K Kendall
Spearman F1 Pearson AMAHICIE ST, IR BN
B KA GRS AR I ) K. S5 R R 4.

%4 HrhBEFS5EAMAEARER
Table 4 Correlation test results of influencing factors and runoff

n BT ]
[SLWARES
BR-SE F-FEK P/ T N v T 7
Kendall 45 0.277" -0.058 0.362" -0.052
Spearman 4556 0.391" -0.091 0.259" -0.164
Pearson £ 0.383" -0.003 0.366" -0.244"

VEPFORAE 001 AT BRI <HORTE 0.05 KT F B,

FE 3 MAHRMAR S T, A2 E 518l S 1A
K Hiw e AR, RUPEXERA BE W, i
W RIRAE N BLN R AR IR R — . RFN
IR SRR B UG, RUIBE KRR M Rh 4

93



FEWEHE/K 23] http://www.ggpsxb.com

FEYRD, BEZF AR RIE 0.01, W] EE KRR
TR A
NI BT AN B KRR T MR KT, 257 21
MRTTHE . BRI R, DU SRR
MRAF B AR —, [R5 8 0K 1 S i e
KM RORRRERIINT H L, 1T /K A2 R R W] i HLad 2
R, KEEKIE B AR R, @LRIETTE. SRR
AR Z E AR S 2R
Y1=0.664X++0.002Xs-0.549,

Y,=1.007X7+0.16Xs-8.712,
e Yoo Yo 2 i, RIS
Xs FFEIK
FEATE G & R I BRALT T, @Sz mla77 R H
TN
25 ZAEHRENS LD EFTEMELER
Table 5 Multivariate regression equation fitting

12

(13
X1 AR

results of runoff and influencing factor

%6 UBEENHALEHTZRENNTHRE
Table 6 The contribution rate of climate change and
human activities to runoff change

TR ) . 5 A He
i BB Solin B oot A
EA TUBRZEI%  TTHRZE/%
1960—2008 4E 17.717 18.568
Ry
2009—2016 4 21.164 21.466 84.06 15.94
1960—2003 4E 15.650 15.344
W& ]
2004—2016 16.314 15.826 72.51 27.49

B mEE EERH i s R BEM
il 0.664
L30) -0.549 0.351 0.011
Rk 0.002
N i 1.007
S -8.712 0.312 0.023
F K 0.160

13 5 AT, W5 2 PR 2R 11 [R] )E O AR B3
790.011, in] 5 g2 Pe] 25 1 [l A 7 F% 4235 14 0.023,
BEMEEEAKT 005 F, R (13) HiEid ks,
U TR G, HARSEm R R 2 MFELME
FRKZR, [ S BB AR R NR K.
2.3.2 #vh B F A2 T ARAL B AT

BERARIIBE K SR IENRINE, R
A A EBHTIINGR, GRRERAAEME I,
TR AR [ 52 o HCHE TRV « W] 42 I R AR A M 45 R,
BRRITH N 2 ABFB, E LA 1960—2009 F4E
RNFEEUERA, 2010—2016 FNARALHA, [RIE S L
A ) SE AR I B, i Qp=l7.717 x 10°m?,
Qpo=21.164x 10°m®, LABEHEN] 5L REARIN
RETR Sy REHLH 2 AN AR IR B, RSP 351
5 Qy=18.568x 10°m®, Q,,=21.466x 10°m®. [A/¥H, W%
WLL 2004 4F R0y B s, K AR B 43 e B kA
1960—2004 4 A1 7% 1k Hi 2005—2016 4, k13
Qu=15.650x 10°m®, Qp=16.314x 10°m°®, Q,=15.344x
10°m®, Qu=15.826x 10°m®, WL HIREHKE, &
TR IUE 5 S2ME AR 2N 13.74%, W[ AH
MR ZEN 8.32%, PHIRIXT R IARRT R ZE /N T 20%,
B g R n S B SIE . ARPBLEAR A (8) —aX
(1D, FEEESIER. ST R TR
T TTHR R 7=84.06%, NGB TTHRF 17,=15.94%;
AR AR AR TTRR A 7=72.51%, AZKiFE
) S AR BRI TTRR R 7y,=27.49%. 45RILK 6.

94

it EL AT NSRS B 0 BT R FE T 0, WAy AR
A2 SRR S B T R, aX S AT K R AL
TREMME R 4, BRI 23] T NI sh T3
M-SR RE T2, EEOrE BEY, <%
AR N SEE B B3 (R /R F 5 80T A A AR I G AR
1k, (BRI ARALI F E R R &,
T N B U AR B R 2
3 1t g

1) M-K AEZ 505 5 2610 73 b 46 05 1A 56 1 R 3]
P38 22 RO I A2 D kA 78 3 PR Sl
Semti b, 45E NSRS S SR A A HTN, K
LRSI A2 2004 4 724 (A8 53 5k AT B Ji R A 7K X
A s, SRR A RS R T S, [R5 P
JEH X SR A AR D%

AR RN BT, Ak EE,
RAEGRAFEN 1984 4, 1F 40~50 a JEE N A1 HI
$ P AR AR RS ER A B RS N mBRIA . BRK. SRR
A AR SR S S P T R XS AER CBRT
“mEi” BA SR,

2) HAHRME AT a0, 2 5 SRV IE A O
BEACRSRESENE, BTABTFE AR, SR T e ek vk
HRAL, ORI RN A, i R B K A
F/N T 28 RHAR R BIRS R, T I8 RS IR —A i 1E 1
K FRK—FR R A, X 5 A ST 72 45 A — 2.
PR AR R R S T AL B DA R T A O, I
FITARAL T A Lk weul A AR 2 a), BRI
AU 1L K BE S LLIE N AZ 30, 055 T BRIk R AR
IANEVE T . FLvk, VKRS SR AL sk, H
VKON Bl KNG ARIR S 259 LA I, AT AR i i A
FH e T B K R 4 P Y, T B 2SR SRR T
KREME L, (REMERRRER. i, 255
T BT Bk 58 2 2 R A R R T R K6 AR I b
VR o DI O SRR (R 520 K T Bk R i
AN, ASAEEEI R UK ) RSS2 R0 A 1) 32 2 K]
K, BACHIREINER, A R AR AL B 2
FESRIER . MR ERZ, SIS
T BEKSRRMASCE, RIEFFEmLH S,
TR NI FE 5 MM LR K B8 22 DR 25 0 AR It T 52



TR SR R EEA AR LA R AR A LR i IR R 0

4 45 1%

D EAZRR IS EARN R E, 48 548 2009
s WA B R E DB, TR 2004 R AR
S, HARSAEN 5 BRI KRR TRERE A %,
FE VAT ek R A S e A, RATAEAY S 1984 4
Tyl MR K SR I R e, AR AR
)2 2001 4E.

A FRE [ 42 90 4 WIAE 40~55, 33~55 a NE R
217 2 RFERAL, B AKIES FIZETAL AR K ;
AT FH VAT 48R AE 40~50 a SR T IEGE 2 VA A T
A, RRALTFmMBEI B Bl Wb 7K 43 )
DL 24~36. 26~36 a JUREETTHREAN I, AEX R E
TZFT 3 NE KA 3 Nk, FEAKA kAN
DI

3) RIRXF ARV AR KT B 7K AR T iR s
IR ARRIANA I B R &R, SR T B K
T RAKR I ANA B E BRI, RS SR R R 2
(AP AR 2R A OG . SRR N T B AR I 3 2
SR, HRO NS

S -

[11 =7, st RO RN 5N R KR E 5 RR
WA B2 5% AR 9] LB K 22440 (AR BHER), 2017, 53(6): 722-726.
ZHANG lJie, YU Jingshan, LAl Wenli. Response of global warming to
extreme precipitation increase over China[J]. Journal of Beijing Normal
University (Natural Science), 2017, 53(6): 722-726.

[21  EFE, RV, REEER, & 8RR X K- R RE A & R
[31. /K3, 2017, 37(4): 86-90.

WANG Jun, LI Heping, LU Haiyuan, et al. Variation of precipitation
and runoff in typical grassland area[J]. Journal of China Hydrology,
2017, 37(4): 86-90.

[B1 FRIET, M YOEEE 5 PEALT R X AUR AN K SOK BRI
WEFCHERR D). HhFRAEAR, 2014, 69(9): 1 295-1 304.

CHEN Yaning, LI Zhi, FAN Yuting, et al. Research progress on the impact
of climate change on water resources in the arid region of Northwest
China[J]. Acta Geographica Sinica, 2014, 69(9): 1 295-1 304.

[4]  BEAIL. HEPEL UK=L AR 5K IR E 7 0],
24, 2018, 73(7): 1 189-1 203.

DENG Mingjiang. “Three Water Lines” strategy: Its spatial patterns and
effects on water resources allocation in northwest China[J]. Acta
Geographica Sinica, 2018, 73(7): 1 189-1 203.

[B] Rk, FRUEW, AESLR, 5. BRI ATIE ) AR 7R AL 3 A
[J]. BT IE4R, 2006, 21(3): 375-381.

WU Yi, CHENG Weiming, REN Liliang, et al. Analysis on the
characteristics of annual runoff in Hotan catchment[J]. Journal of
Natural Resources, 2006, 21(3): 375-381.

[6] skmefh, ook, BAUMG. FHE W ELRAL T RL]. BRTE
Z£4R, 2007, 22(6): 974-979.

ZHANG Xiaowei, SHEN Bing, HUANG Lingmei. Study on the
variation law of the annual runoff in Hotan river[J]. Journal of Natural
Resources, 2007, 22(6): 974-979.

[71  Edkam, JKBEEE, JLoK, . AH SR TT 5128 AR K SREh R &
IIH). K1k Ha AR, 2010, 29(5): 165-169.

LYU Jigiang, ZHANG Xiaowei, SHEN Bing, et al. Variation trend and
primary driving factors of the annual runoff in Hetian river[J]. Journal

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

of Hydroelectric Engineering, 2010, 29(5): 165-169.

JURE KRR, B RYL BURK TR, M0z, S RIHRH
T 7RG T AR A RS ALE R R A VA K T 9], VB WK A AR,
2017, 36(S2): 182-185.

AIERKEN Maimaitiyiming, ADILIJIANGNUR Mohammad, JIAO Xiyun,
et al. Meteorological factor change characteristics and its effects on
runoff at typical sites of Hetian River[J]. Journal of Irrigation and
Drainage, 2017, 36(S2): 182-185.

wzs, SRAEE. R SRR AR SRR R AR 4 T ).
KL S KRR, 2018, 16(2): 87-92.

GAO Yun, GUO Weihua. Analysis of variation of runoff and
meteorological factors at typical site of Hetian River[J]. South-to-North
Wiater Transfers and Water Science & Technology, 2018, 16(2): 87-92.
HoR L, BIATEE & 055, £, 45 T 60 4 FH VTR X
T WARFAE B 3o S A AR [y B [I]. v BRI K FRRE 2T 70 B 2 3R,
2018, 16(6): 536-543.

DONG Diwen, ABDIRAHMAN Halik, WANG Dawei, et al.
Characteristics of runoff and response to climate change in the Hotan
river source area in recent six decades[J]. Journal of China Institute of
Water Resources and Hydropower Research, 2018, 16(6): 536-543.
X, WEA, AL, S 60 B ER = IRRAR RS A S
T[], KRR EER, 2019, 50(12): 10-17.

LIU Jing, LONG Aihua, LI Jiang, et al. Analysis on runoff evolution laws
and trends of three source-streams of Tarim River in recent 60 years[J].
Water Resources and Hydropower Engineering, 2019, 50(12): 10-17.
JEANRE, m, PARREE, . FETIESMmARSGERI KU SR T A R
ZWiR]. A R3E, 2020, 42(5): 13-18.

TANG Xiaoyu, GAO Fan, SUN Xiaoyi, et al. Variation diagnosis of
hydrological and meteorological joint sequences in tarim river based on
sliding partial correlation coefficient method[J]. Yellow River, 2020,
42(5): 13-18.

EA, ER, MR R REK BN ST R[] KB
5K THRESAR, 2013, 24(3): 142-148.

WANG Jie, WANG Jun, SUN Xin. Analysis of water change along
Hotan river basin[J]. Journal of Water Resources and Water Engineering,
2013, 24(3): 142-148.

AP, B, BRBTE, S5 RO R AR K IRE) ST S E
UL HTI]. VK1 L, 2011, 33(5): 1 161-1 168.

LI Weihong, LI Feng, CHEN Zhongsheng, et al. Analysis of driving

2%

force of water consumption in plain and suitable scale of oasis in
Hotan river basin[J]. Journal of Glaciology and Geocryology, 2011,
33(5): 1 161-1 168.

FH. B TUEK PR A R (R[], KBRS K AR AR,
2014, 25(1): 191-194.

WANG Xin. Study on influence of Wuluwati reservoir construction on
Hotan river[J]. Journal of Water Resources and Water Engineering,
2014, 25(1): 191-194.

B2, WA, TIERE, 2 19612012 A /K TR TS A
BEAEN]. KYDRFEREBEAR, 2019, 36(8): 42-48.

LUO Lanhua, XIE Hongxia, NING Maijin, et al. Variation trend of
runoff in Zhengshui river watershed from 1961 to 2012[J]. Journal of
Yangtze River Scientific Research Institute, 2019, 36(8): 42-48.

RTHR, W, RHOT, S KU AIBRERAS 5 AT S SC R EOR
A7), KR 4R, 2017, 48(12): 1 473-1 481, 1 489.

WU Ziyi, XIE Ping, SANG Yanfang, et al. Moving correlation
coefficient-based method for the detection of change-points in
hydrological time series[J]. Journal of Hydraulic Engineering, 2017,
48(12): 1 473-1 481, 1 489.

X, EIEST. LI KIS AL FRARE 55 R I 23 4 07 ik J2 LA (3]
IKFK B ARHL HERE, 2015, 35(2): 17-23.

LIU Xi, WANG Yangui. Comparison of analytical methods of runoff

95


http://www.wanfangdata.com.cn/perio/detail.do?perio_id=slsdjs&perio_title=Water%20Resources%20and%20Hydropower%20Engineering
http://www.wanfangdata.com.cn/perio/detail.do?perio_id=rmhh&perio_title=Yellow%20River

FEWEHE/K 23] http://www.ggpsxb.com

and sediment load mutation and periodical variation[J]. Advances in CHEN Zhongsheng. Quantitative identification of river runoff change

Science and Technology of Water Resources, 2015, 35(2): 17-23. and its attribution in the arid region of northwest China[D]. Shanghai:
[19] SEEEih, XURA, KWisE, &5 T 59 4 PR RE RN B RHES East China Normal University, 2016.

M), FE/KALIH S KRR, 2019, 17(1): 46-53, 69. [22] F\aE, WP, BRTA, S5 KSR AR 5 R e 7V M AE LSy

MO Chongxun, LIU Peng, ZHU Xinrong, et al. Spatial and temporal B[] 7K HLRETREALS, 2007, 25(4): 36-40.

variation characteristics of meteorological factors in Guangxi in recent LEl Hongfu, XIE Ping, CHEN Guangcai, et al. Comparison and

59 years[J]. South-to-North Water Transfers and Water Science & analysis on the performance of hydrological time series change-point

Technology, 2019, 17(1): 46-53, 69. testing methods[J]. Water Resources and Power, 2007, 25(4): 36-40.
[20] ROTRK, SEMEFS, BEIGFY. FET/NBT EAMAM SRR AR [23] REEELL, SESCHE, EAR. RER IR AR AR AE K e R 4y

AR 7K1 R 23R, 2016, 35(5): 47-54. B[] T3 X %FES5 5T, 2010, 24(11): 83-87.

HAO Lina, SU Xiaoling, HUANG Qiaoling. Monthly runoff prediction CHU Guihong, SHI Wenjuan, WANG Juan. Runoff variation

using wavelet transform and generalized regression neural network characteristics and influencing factors in the upper reaches of Hotan

model[J]. Journal of Hydroelectric Engineering, 2016, 35(5): 47-54. River[J]. Journal of Arid Land Resources and Environment, 2010,
[21] BRET A E AL R AR R A KA B B HFR D). i 24(11): 83-87.

IR MG K2, 2016.

Change in Runoff in Hotan River in Xinjiang and Its Determinants

HUANG Xing*, CHEN Fulong"", ZHAO Qi?, HE Chaofei*, LONG Aihua?
(1. College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi 832000, China;
2. Hydrology Bureau of Xinjiang Uygur Autonomous Region, Urumgi 830000, China; 3. State Key Laboratory of Simulation and
Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: [Background and objective] Global warming and anthropogenic activities have combined altering the
runoff in the Hotan river in Xinjiang. The objective of this paper is to analyze the change in its runoff and the factors
that affected it, and to predict how the runoff will trend in response to anthropogenic activities and environmental
change respectively. [ Method] Evolution in the runoff, its periodicity and abnormal changes, as well as their
determinants were analyzed using the M-K test, Pettitt mutation test, Morlet wavelet analysis and other methods. The
correlation between the runoff and its determinants was analyzed using the correlation test method; multiple linear
equation and neural network models were established to link the runoff and its determinants to separate the
contribution of climate factors and anthropogenic activities to the runoff. [Result] WThe runoff in Yulong Kashi
river has been in increase, while it does not show noticeable change in Kara Kashi river. Abnormal runoff change
occurred in 2009 and 2004. There were two dry-wet cycles in the period of 40~55 years for Yulong Kashi river and
period of 33~55 year for Kara Kashi river. Precipitation in both Yulong Kashi and Kara Kashi rivers has been in
increase and there have been three abundant-less cycles in each, with an abnormal change occurring in 2001. The
average annual temperature in the two rivers has increased significantly, with an abnormal change in 1984. The
temperature has seen two cold-warm cycles. @The main determinants of the runoff change in the two rivers are
climate change, which contributed to 84.06% and 72.51% of the runoff change in the two rivers, compared to 15.94%
and 27.49% caused by anthropogenic activities. [Conclusion] The periodicity of wet-dry cycles in Yulong Kashi
and Kara Kashi river was 40~55 a and 33~55 a respectively; rainfall in the two rivers will decrease. The abrupt
change in the runoff in Kara Kashi river is largely due to the construction of the Uluwati reservoir; the change in
precipitation and temperature coincides with climate change in northwest China. Temperature affects recharge to the
runoff, while climate change drives the change in runoff.
Key words: runoff; influence factors; contribution rate; periodic; Hotan river
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