2020 %7 A
Jul. 2020

TEAHEK 22
Journal of Irrigation and Drainage

#39K HTH
No.7 \Vol.39

NEHRES: 1672 -3317 (2020) 07-0100- 11

FELRIB Mt R A E R S FHE T

FATAL, L, oHTae
(LA#sBRF TRERFEAFFR, LEARF 830046 2.3 i8KF TFASHIEALH,
&g K5 830046; 3.#fi2 ks M BAXETLERET, 5& K% 830046)

 OE: [869] HAFETIRK2000—2014 F AR FH THIL, HHFERTRARE PRBERE, [FE] AL
# AT F Z 4. Theil-Sen median A %54, Mann-Kendall #= Hurst 4§ £k 77 i 5F 72 T 47 AL T i7L3% 2000—2014 &30 %
M= EARIE R A . [ R] OF BITRBR S F-FHEMSIEHA 249.80 mm, HE LR A 224.03~274.10 mm
ZW, Q% FFHET AT LAANALE 25, BYATLEE 115.6~758.79 mm Z 18], ¥4k E2 8 Eir& Farm a9
T E, QUEABTFAEARZEANENETLF, EHREZAMBERNESRLYE, @ZABAZ LA LS
FHAEBEERNA: Fx (327.23 mm) >H (319.10 mm) >Fx (239.50 mm) >FHFAL (151.67 mm). ©
2000—2014 FiZRBN S F-FHET HAR LT FEATNE, TRAEE T EALFfE 2T & BARILA 85.47%; &
5t R # o a EBAESE R A 0.01~0.71, H-FHEH 0.097. ©@FEAFRIBRA ET 80 0942 HAnd o 6925 5B & @ AR b 15
S 64.48%F 26.72%, TAAH B £, BEA-1152 mmla, ZABARET TR AET L5, &%
Bamr A i, [4#) ARTHZK. Theil-Sen median A #4547, Mann-Kendall #= Hurst 454 7 ik i 45 H 2 &
PAF BT RIREE RARIE, R4 R T A BT RRALR BA L5 B oK R AR BARIE

X # 18: &A¥#: MODI16; #¥h: B =4F4E; AH 57
FESSES: K03 NERPRSRD: A

doi: 10.13522/j.cnki.ggps.2019415

RN, T, T FEREIMREMRBHERTHES ], EBHIKFR, 2020, 39(7): 100-110.
LIANG Hongshan, WANG Dan, ZHENG Jianghua. Temporal and Spatial Characteristics of Surface Evapotranspiration in

the Ili River Basin [J]. Journal of Irrigation and Drainage, 2020, 39(7): 100-110.

05 &

[ 5 XY 7580k (Evapotranspiration, ET)
e AR S BAE I EE S, SRR
AR A 1 B R, o 2R BRI A AR
K M LA B 7K o YR B v e L A, TR
FEHTE -5 X, 28RO I e 054 AR50 DX sl Rl
TR YRGB DL S AT R A i R, B AL 4,
BEEE IS E, SRR S, WG EEE TR
TR A g R, Py 3 B — A
KRB TR E, AT R e E, 1
B AT 0 3 ] SR VAT S SRR, R K
VIR MFEEAR L S B RET REZ MG RF KRR
B1, R A AE4E 70%~80% [ 7K B S T- AL

Yk HER: 2019-12-03

HEWH: EFRMELA¥IELSEARTE (17ZDA064); HE MR EEK
WX BHF &S = EIRAABFRH  (117-40101)

EEEN: RN (1992-), Lo, WiHwIE, FEHIT RN SIK T
P 53R . E-mail: 573486004@qq.com

BIEMEE: MBI (19732, B, Wrrimb A, 3%, i+, FEHRAHRH
R EAHIE B RAT SO BHEFIH « E-mail: zheng_jianghua@126.com

100

Bl & BORTHFE, © OO SR A« AR A
W= AP ATIRRZ) 8 000 km?, g & oK (1) = A
AR A A, A SRS (R T T R X =
KELE, KHLURPALRIEK SR A A 6
ZH—E PR, S ARG BEE T AR
IR, RRIR AL SIS N 2B S, ST, B
FOALTIB K TR A FH 5V FE B AR JE i, 28RN
AWK EIREAER B 7 Nz —, WA 288
I SRR T i oK B2 IR AR S 43 e B A B
B (Wit ) BEE R IRER M KR, )
B RN TR DX 38 (0 2 ORI T SO AT g o A
A ELA 22 BB B AT T IR A R e,
o H A E NASA HUER WL & 48 K A () 4 Bk
MODIS i 28 8 s (MOD16) 7£ [H A 45 5
Iz A, REUE T AR RS, MOD16 7 E
F8 R 43 AT X 3k A 4 R 2% 2 R I S 40 A 1Y) EE R
B B [YIN A B O RHZ RS T
3 1) 7R 2 B ) F A B 3 3 [X PV e
DI, Stof A AT 2 7 B8R (AR ST 7 B AR S Bk



QLTI A5 AR AN R ORI 2 R AR 23 A

AU DA R 7L ] AR SR AT MOD16 3t 3 2% il B i
T i AN [ Sy 2R B AR T Skt 2 8 I AT
T IR ZE BRI SR E S A S, 74T
HAEANA] LA RAY T 28R, NI Al 5% 00
N A S ARK E IR AUKAE, izt K 5 B i
%,

1 MR5REE

1.1 MR

FRALALEA T A BT SR PR A MY S W AR R
0, HUERALE AT 73°18'—85N. 42°16'—49°22'E X [f]
S E NN E SR T N AR D2 R N
SR, e AR v T R R T s A F b, MRS
B yn rE R E, H VP A 2R 5 R O e A
HrimpEdgn 75N, AR E R S AR,
R AL M NS B S BTN, O T s s FHATA .
28R A 55K R T S HE N R AT = AN, B
JEICNELRIEAT o 2o ORI R R M S, 2
IR PRI 5200, Hh 35 P A6 m) 2R B G 7t
18 K SR 2 TR 22 AL X5 P i 2 TR ) 22 5
RIS AL TG s IS N, NS T
BEN, & H AT A B ORI (R 2 5 XA A 50U
Z—[l”o
1.2 R RAIE
1.2.1 #FEkRR

AR HZEHEE (MOD16) AR ALy S48 i1
Hh 2 2 B AT I ARG 7T o FH3EE NASA
RATHIAEK MODIS i #1 75 # 7 mh %t (MOD16)
(http://www.ntsg.umt.edu/protect/MOD16) &\ 22 15 3| 5k
4Tk 232 MARERIIE ET (936EM, B O/ SRR
RIS S R T RGBT MoD16
P BB AE Mu 25 P2E T Penman-Monteith 23 =
Al B oSd e, RS 4 B MR ZEEOR
(ET). WEHM KL (PET). BHGEE (LE). BE
T HoE R (PLE)Z[A] 73 #4254 1 km.0.05 91 30 arcsec,
WA 3% 8d &% HAMFIFEA . %3dE A
B IO 2 2 R H e RO, ok Rl ok i
East Anglia K%< fihff 7 0> (Climatic Research
Unit, CRU) &An )4 BRR 3R 1 H 135S e 4
(http:/Awvww.uea.ac.uk/), Z3[E]4r#HE% 0.530.55 ik
I fA I E] 774124 2000 4F 1 H—2014 4F 12 H. Bk
12 25 235 3ot 43 v SIT i [ 8 4 ST 45 B R A% 5 T FH s
SUELRTIST [R] 17 81 LA S AS [R] EF B B FH P e (sl 5 A 3
1930 “E LA 1) CRU BERLEA AT SEMEAE A 1. Ll
I Sk B BRI R 72 J/ S B (CCD 1HRI
KA 1992—2015 4E 45K 300 m 4p PR AL + AT

# (LC) & (LUFE# AN CCI-LC ¥ £
( http://maps.elie.ucl.ac.be/CCl/iviewer/ ), i T M

1992—2015 3t 24 a [\1%#E4E . CCI-LC & =%
FHE R AL B M BB 50, BB E s
JREP, Fiddhih Fok B A BRI AR
1.2.2 a2

i} MRT T. 2 HDF #% 31 MOD16 ¥ 1T
Prie, B, ERRESI S, FIA ArcGIS AR
2: MODIS16 ##fi v (o RUE , AR R I R & K
BT HAT T X A 2R BE . 4 CCI-LC Hds & 72k
DRERL MRHh . B FRERAE YL . R KRR
FHT- MODIS16 %#s 5% Jo i 4 78 75 PR Hh . 7K A4 AT
WSS IR ZE HOR AT L, ORI Aol AR
H, ARARFIRAE X IR ET (i E N CEE. BT H
4325111 CCI-LC 4x ¥k th 78 55 £ A1 MOD16 %4,
FIH ArcGIS g1t /i TH, 4t 2000—2014 4F
PRSI b . AR b R R A ) 2 R
1.3 MtRFGE

P A 5 2%, Theil-Sen median # %73 #7 .
Mann-Kendall F1 Hurst $8 07 VE0F 50 1 AR 2L i 4 2%
BRI 2 AR ARRAE R B
131 THEXK

A 5 2 ¥ (Coefficient of Variation, CV) #&i5
Y AT E B EAR 230, s e 4 KR A S A
JERY, Ay R R M OA
SD;;

ET;

Cr= )

A ET NEUT | AIRGOCHEE (oK
N: 300 mX300 m); SDNE 47+ j AR R bRk
ZEBY, K cv EA AEEFaE (CV<0.1). FasE
(0.1<CV=0.2). AfE (0.2<CV=<0.3). RAFE
(CV>0.3) 4 a3l ov ik, KIFHFERZ
(B E o0 Ak S B, I 1A) 7 S R B sh iR, I A
FaEs MR, USRS BN ES, B
PR E o
1.3.2 Theil-Sen median #2 % %47 5 Mann-Kendall 4 %&
Theil-Sen median #7347 5 Mann-Kendall £ %
SRR, TR T K ] ) B e 94 323
Theil-Sen median % 7 & —Fi g AESH0 T
Tk, HEACh:

ET,-ET,

), 2000<ci<j=<2014, (2)

Sgr=median (

A Sp AR TR n(n-1)/2 MBI A RN B AL
ETMETAREE | M j 4F (0 ET A6, WRSer>0, W ET
BT, S0, ET 21 &% . Mann-Kendall
K3 N AES B GG, FLAR SRR AR T EE N —
101


http://www.uea.ac.uk/
http://maps.elie.ucl.ac.be/CCI/

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

FE R AT, WAZDE R EERTH. Mann-Kendall
R34 ) V2 N T B B 7K SO AR R B R 7 41
43t pB3SL B T b ) B R R 7 B B TR
NRERIES . LA W %I ET ZhdE R, 11 HA0N:

( s1

I,/var(S)
Wz:4 0
| s+1

o

S>0
S=0 » 3
S$<0

S=Y1\3n.. sign(ET-ET)), 4

var(S)= %(82”4_5) , (5)

1 ET-ET>0
sign(ET-ET;)= {o ET-ET;=0, (6)
-1 ET-ET<0
Ar: ETMET AGE | A j I ET {H: n ARE 5]
KFE; sign AR5 R AAEEFRN 0=0.05 L
F1W7 2000—2014 4F ET B aA 1 B . | W, >1.96
TR FH BAE KT 0<<0.05, |W,|<1.96% kB
JKF a>0.05.
1.3.3 Hurst 354

Hurst $i& 0@ — P X 53] 8] F7 51 B vl R4k (1) 77
%, T € SR [ 7 5 BHR T R, Ok
T AR SO, AR, o S R 5 2 4T
TSR S M AT 7 B2 R R () Hurst $580CHD

Xof N FRJ I 18] P S AR A AN ], BAARRT 70 0y 3 P i -
2 0.5<H<1 I}, BIRAEARRZWEH ST REH L,

HHBHEGET 1, frefhbiog,; 2 H=05 I, JNEEL
Feal, BIARSRAACE S 51 TR 2 0<H<0.5
W, FPOEA RFFEAE, RIARREES 5 EiEH
MR, HH#EET 0, RESMEEE,

2 BRE S

2.1 FERURIDIH RAMEF T D IFE
211 FEFRBAFITARE T

2000—2014 FAH AR ET 24 an & 1.
Al LAE ) ET shiE B 7E 224.03~274.10 mm 2 [8] %
SEET ¥ N 249.80 mm, FHXTALIREZE . SHEMD
[ (AR BR 22 T, BT a1 Ae Ak 2 R R, A
R R-1.15 mmla; A 7 MERZEBEER 297
BB, HAR 8 MEMIKT 15 a AR EHE;
2004 “FH)FEBR ET (e 2] 274.10 mm, PR ET
H B (KN 224.03 mm, HIAE 2008 £, ET FFri
B 5 BARME 2 A 50.07 mm. MEAE FRE, S
BRI ET SEBRAR (L E B2 52 B IROK E IR0

102

X R ET

—5— ZAHEFI8{E Average of ET

300 HAXTAE 1k # Relative change rate 15 o
kS
250 | 10 g
s
5 &
E 200 .02)
b 150 ° 2
i 5 x
= S
# 100 5
—10i_g
50 il
152
=
0 -20
N VI I A A I I RN TR T
PP FTFFEFEFSTEFIINILDN
O S S
4 Year

B 1 7R TRB A AR EFIFER

Fig.1 Annual variation of evapotranspiration in Ili River Basin
2.1.2 PR RBIK S F ET HAF A 4542

& 2 ATRUE Y, AR 2000—2014 4 7%
S A 7K B ) 2 ) 3 AR AE o EEASER AL] JRdetoke
E, ZMIE Y A RS 7E 115.6~758.79 mm Z Ji],
a1 7 S I A= TR wb =TS b S I e
i, MWEFRLARE, ZREI 20 A BESEE
HHE B2 (401.18 mm) B TR v i iE
iR (194.45 mm). %Ik 2% e 25 6] 4 A 1
AN 5] 2 B AR K A 7 1 AN I A
IYATIR R B o 2R A B AL A Mty AR B
T R, HAERE S AR R, NABUR IR
FI 25 AT
2.1.3 FREARB S FE ET i A 45 4E

FRPEAEAE A ST SOZ ISRy SOk 3—5 H
6—8 H.9—11 H .12 H—Ik4E 2 A ilgoE &z,
B KE &F ERRBNEE. Bk, Bk,
AR BRBEFEZ R EREW, MK 3 aTLLEH,
ZIIR VY 228 Bl 22 e B R o Bl Hb 28 B A S IR
BRI LIE R B R, E T T RE S SRR
M HRKRIE 2, IMEREZ R 748, ndihks
KATAIRIAIRAEFR, 7252 7K 53 BRI ) B2 R X,
B K AT DA b 8 i 438 2 K B (i R A A K0ty
UM ZE UK I R BT B BENRIE 2= 3R
ABCEIMEN 70.70 mm, FEEEE LT, FFKENE
Z . IWEDR, MEGEEIKE AN, MR AAEEE AR
A BRI 2 . B i EE, AR, K
PHERS R Z, A AR HE R, Nt R AR R T
TSR ER, 2 (R 25 BN 91.63 mm. K
ZEIRPEIE T N R, BEAKuRD, ML T h A K B
WCHTBT B, AH N M 2 28 WOt 2 N sy, Pz
BUE(E N 60.14 mm. 142, BEESIREE, KM
RS SR ARG, AUERTA, REBEHEMIE ALK,



RN S5 AU R A ORI IR B

T LI A B3R 28 B B Al T FRORAES,
FRABEN TN 53.27 mm. Z AT, iZhis
—ENNUFHREZREYNEFE<HKE<EET<H
Z=, A, MWE 3 FTUUEH, & ENAREE
B N R T HAE RS B s WS N, (AL 3T

ZHUE /mm

Evapotranspiration .
) F 348 No Data
g : High758.79
{&: Low115.62 - AD0 K
oW

(a) F¥Z&HCE

(a) Annual mean of evapotranspiration

WHA I REIR, FOKER, A “TUEERE 7 A
“EEAMTRE” MR, ORI R, A
55 LW T Z U A X, RO Bt AL
AT

[k & /mm

Precipitation
%5
#: High 473.50 6 otk
fi: Low 170.36

(b) FEHREKE

(b) Annual mean of precipitation

B 2 7 AR ET A {iAele K2 2 05 H
Fig.2 Average ET and precipitation of Ili River Basin

200 o
s [EHET ETin China
150 B EESEHIHET  ET in Kazakhstan
E w BANRIET  ET in 1li River Basin
=
w100
i
£
© 50 |
0
% Spring ¥ Summer K Autumn & Winter
Z=77 Season

B 3 FETRBREEARE
Fig.3 Four Seasons Evapotranspiration in Ili River Basin
214 FEITRB S FWF ET =2 W TIuAF4E
PN ET o AnfE DL E 4. TUZRhER
AHCRA S 2 R R RO AR A A BRI
— 3, Ny BEAECE - ME > i ARG IE > T

N

(@) % Spring (b) 7 Summer
B 4 #RITRRS F5 R ET AMZ RS H

Fig.4 Quarterly variation of average evapotranspiration for multi-year in Ili River Basin

215 FEFTRHRETAF AT
AR I, 2000—2014 4E 2 4F H 4 ET (HA

W ARHCEME . KA E AR E A 3 AT
AWE, BENZEZERE 4 DFTHHEIE. FF
SZRBN AR BT, KSR, MR, PN L
e PR LMY TS 9 = A I v R R o DX M R AR A B
WK, SOV R EEX, FANAS R RO
W7 o X 32 NN DR B S R AR R U E P s, 2R
FEIX — YIRS, T U R R e A3 R AR R AR
X EF LSRR e, R, R
POt T B RIS, TEIX I, A K
B, PSRBT AR ZE AR PR B4R A fe i DR
&, RS RZERCE B M 3,
HZ AL A T ON R N 2R E R X AR
FHAFRUR, BT, KRN ESS, Mz
AR IR B30, FEAS T P 7 BICR R4 PR AR

(d) %2 Winter

(c) #Z= Autumn

W 5 Flos o s i S FLAE rh [ 355 A T 20 A7
BN BE s M H A AN ET 5L Sk R e e AR Ak

103



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

s, 2—4 H RS LT, 4—6 HEPUE LT, £
6 HikFamfE, 7—10 H 24l FEEH, 10—12
HEZES FHFEA, 12 H—KE 2 HHIURIGE.
ZAF H V38 ET AEAE BN TSR B S50 738k 2070 [ A
XF AN, Y B gy ) v 17.38~33.32 mm Al
15.74~27.63 mm, ¢ KAHSE/IMEZ %7558 15.94
mm A1 11.88 mm; [fi7E o EEE N 245 H 4 ET
fEP sk, HIGHEE 20.97~64.45 mm, Hig KMES
He/ME ZE BN 43.48 mm . (AL RS 1 gy —
TN B A R 5 22 R R, SEUXR
AR ET fEEI N MBS A 2 7 B3 . el %
BITE T2 T2 X /K510 8550 28 BV A s i
U, MAEZIRIR 11 H—IRFE 2 Az s 1%,
K2 B NAE K AR, FE 2R Es, Hh
FARMAE SN, T 4—6 AZREARRT;, K
W%, KPAHRSTRE R, MR N KRR,
R ZE B FH B S 2 A R SR

—&— 1 ET Domestic evapotranspiration

—o— IEAIET Overseas evapotranspiration
70 - & UEEESKET Evapotranspiration of the whole basin

1I2I3I4I5I6I7I8I9I10I11I12I
A4 Month
B 5 {74 ik % 2000—2014 5F % F A -F 3 ET i
Fig.5 ET over the Ili River Basin from 2000 to 2014
2.2 AEEMF 2R ET THHHIE
ANTE] M 2R B AR Y ET 5 PET AN, X ]
6 rh AL AN ] A Y 2R G v AN - 7
AR ET (A4S PET (L 1.

£ F 2R Land use types
#H#h Cultivated land

FTAE S Sparsely vegetated

W i Forest land

i B 34 Town
iy Grassland
iR # Bare land 0 100km
. K{% Water body L

A6 FETRIBARE LA | £ A
Fig.6 Different land use types in Ili River Basin
104

%1 2000—2014-F47 B iR 3,
R LA Fl £ AL HET Ao 55 HPET
Table 1  Annual average ET and PET of different
land use types in Ili River Basin from 2000 to 2014

R 257 Landuse types ET/mm PET/mm
Hih Cultivated land 327.23 1554.07
HiMh Forest land 319.10 1 715.17
Hiih Grassland 239.50 1 547.82

i AE#; Sparsely vegetated 151.67 1 023.74

ME L] LUE H, HFHAEYY ET B AR 8 =
N 327.23 mm, FEAEM ) ET (HH&K, v 151.67
mm; 35 PET f @Mk, 4 1715.17 mm, i
W) PET fE A%, A 1 023.74 mm. 7EZIEH
M A2 R K e, b A B Y B R LA )
CEKANZE) L okl MEAERIE R N 3, e v e
BN BBV /N . BOK. BRI, EMRE
NHEBRAEYD, HZEHE /NS 2 ARG SZ AR TR Z AT
NARZFEILFE W, 5E88 K%, fERIRILol
BRGSO TR 3 20 B AR, 25K
TER EEZ BRRERW, AN 4 s K
B, HRZWREARAE AR, R TR A
MRHCAFEAM, FHZABE KT i e i pRch
2.3 RIS AMET LGS

¥ Theil-Sen median #3775 Mann-Kendall £
U 4k 515 B EEAE 2000—2014 F %A% T R E
TR, wE 7 k. MBI T RTLLE H, A
IR ET ARfbiass, 78 BRI AL S 7 AL N i
FI4b ET BRI — B8 g s, AEFAL & A AL
TR = AN SR X ET RN & Z i
P, AN B IX ET BRI B2 AL
e, RN RIS IR N F . it R 2 BT R
E i, BEFURE AR ET BB AR ER I
e BEBMORN (55.64%) >HEME AN (25.61%) > &
N (8.84%) >\ (1.11%) , A ET
/D (A FISE I 3 B o5 AR LG A9 43 50 64.48%
H126.72%. FERTFUHIAREAN LI ET 284k LU/
NE, TERE ET EERICAE/NES, R s
IKF| 74.74%, bR E /N S RGN ELA 4 i
36.87%FH 37.87%; {ERG = v i iH ET = ER I RE 1L
/N (58.51%).
2.4 REGIRIE ET FRE MR8 E

AL RN ZARCR AR R R (CV) [ aAmin
Kl 8 i, BEFFIXBITRER CV #4740 K G 1H5
B 3. ZE CV FIMEN 0.097, #ARIEE W



RN S5 AU R A ORI IR B

RGN EbickasE (63.25%) >Fa5E (26.22%) >
AfarE (1.97%) >RAFEE (0.18%), HiHZimR
(1) ET AHX RS, R . A8 R FEAR XL
KX I B AR AL 28 L 450 26 7K ] A AR A
TR = AN IX, X s XA A A A R 28
AL AR (R IX IR, AR [ - ) 5 S 2 AR B

k3 FPEAARRETAT FERKLIT

Table 3 Statistics of variation

coefficient of

FIREEEAR V), S 2R AR A L A X 3k

A=t

Trend of evapotranspiration

B 521 Obvious increase

| BETIE AN Slight increase TEHHE No data
B 5 E b Obvious decrease 0 100km
B a2 Slight decrease

B 7 47 AL R 2000—2014 F ET & At
Fig.7 Trend of ET in Ili River Basin from 2000 to 2014

% 2 AR 2000—2014 F ET T4 # 4t

Table 2 Statistics on evapotranspiration trends

in Ili River Basin from 2000 to 2014

RSNy

ET &4k G B o
s Ht%  hE ”ﬁﬁ "
Ser [Wo| Percentage China e
Trend of Kazakhs
of the 1%
ET tan/%
whole area
Ser<<0 |Wz2|>1.96 BB N 8.84 36.87 4.33
Ser<<0 |Wz|<1.96 SN 55.64 37.87 58.51
Ser>0 W <1.96 &GN 25.61 11.92 27.82
Ser>0 [Wz>1.96 &N 111 3.45 0.74
— — TR 8.8 9.89 8.6

@ <o1 B 02-03 FTHHE No data
mmo1~02 W >03 0 100km
L1

RRAK CV

B 8 AR ET 69 CV Z 5 H
Fig.8 CV spatial distributions of ET in Ili River Basin

evapotranspiration in Ili River Basin
5 R A SRR BT E 4 %
Ccv Volatility degree Percentage of the whole area
<0.1 tbifasE 63.25
0.1~0.2 faE 26.22
0.2~0.3 e 1.97
>0.3 IRAFRE 0.18
TR — 8.37

2.5 REGARE ET BRI 4R

AL AR 2000—2014 4F ET [ Hurst $5%025 1A
AR 9 Fion. M9 RTLLE Y, AN RIS D &=
%It H {HAE 0~0.5 X [6], BEANRUIEIN H ¥{E4 0.54,
H {E KT 0.5 FIIX AT 5 Eutsl ly 66.51%, /NT 0.5
X3 o5 Hesl ly 33.49%, H {EN 0.5 IR ICHCH 0,
RUABAG X ET #la T IERFREEtE, Kok ET (1)
BRI S 1T

¥ ET Ziuah 5 HEHTHE, R ER
SREMERA AR, RN RSN,
SRR TIOR N RREEVERS G N, Fra ik RN,
L 10, # 4. WIRN ET AR EAY (1 AR i
BARMKIK A : REELHERE RN (37.55%) > i

(32.36%) >FFLEMERS TGN (14.67%) >FFLLit

FHIN (5.88%) >FraMERERN (0.79%), K
WA ET AR & LR N F . AT
WOIZ% B /K 4 e AN 4 S B T 76 B T e, S84
SRUA T pr WTH T AR R B, TR ET
I EEIRD X8 32 B A AR RS B b BT H AR Y, i
A IR e X A KAS S 52 m T 28 BUE FH o

Hurst 3841
0~0.5 Bl 0.7-09 T4 No data
B 05~07 HE09~10 6 T
| I |

B 9 Hurst 452 = i8] 5 A
Fig.9 Spatial distribution of Hurst index

105



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

ET T &R
ET forecast results
I %4 7 Unconfirmed

| Fr i i R E K0 Sustained obvious increase

| FrEEPEBE I N Sustained slight increase

I 4 4 1 B 2> Sustained obvious decrease
I 5 PR IA R D Sustained slight decrease 0
FHHE No data

100 km
L1

B 10 FE AR ET KR TlAEH
Fig.10 Future changes in evapotranspiration in the 1li River Basin
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Temporal and Spatial Characteristics of Surface
Evapotranspiration in the Ili River Basin

LIANG Hongshan', WANG Dan*, ZHENG Jianghua %"
(1. College of Resources and Environmental Sciences, Xinjiang University, Urumgi 830046, China;
2.Institute of Arid Ecology and Environment, Xinjiang University, Urumgi 830046, China;
3. Key Laboratory of Oasis Ecology, Xinjiang University, Urumgi 830046, China)

Abstract: [Objective] This paper is to explore the temporal and spatial characteristics of the evapotranspiration in
the Ili River Basin from 2000 to 2014, and to provide a basis for the determination and distribution of cross-border
water resources. [ Method] In this paper, the temporal and spatial variation characteristics and volatility of
evapotranspiration in the Ili River Basin were studied by using the methods of variation coefficient, Theil-Sen
median, Mann-Kendall and Hurst index. [Result] The result showed that: (DThe annual average evapotranspiration
of the Ili River Basin was 249.80 mm, and its fluctuation range was 224.03~274.10 mm. @The average ET value of
multi years had obvious difference in space, ranging from 115.6 mm to 758.79 mm, which showed the spatial pattern
of decreasing from upstream to downstream. 3The annual evapotranspiration of the basin had obvious seasonal
difference, and the overall trend of unimodal wave increased first and then decreased. @The annual average
evapotranspiration of land use in the basin was as follows: cultivated land (327.23 mm) > forest land (319.10 mm) >
grassland (239.50 mm) > sparsely vegetation (151.67 mm). ®During the study period, the variation degree of
annual average ET in the basin was not obvious as a whole, and the proportion of stable and stable areas in the
variation degree was 85.47%. The spatial value range of variation coefficient was 0.01~0.71, and the average value
was 0.097. ®The decreasing trend and increasing trend of ET in the whole basin account for 64.48% and 26.72% of
the total area, respectively. The main trend of ET change was decreasing, with a change rate of -1.152 mm/a. The
future change of ET in the basin is consistent with the past, with a continuous decrease as the main trend.
[ Conclusion] Using the methods of variation coefficient, Theil-Sen median, Mann-Kendall and Hurst index, the
temporal and spatial variation characteristics of the Ili River basin can be found effectively. The research results can
provide a basis for planning and rational distribution of water resources in the Ili River Basin.
Key words: evapotranspiration; MOD16; Ili River Basin; temporal and spatial characteristics; trend analys
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