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B TACF R KA EG TR BT MBS HOL TR ® EAR, 5K T — R IR FAL, A A AR AUH B R T
KL B 6955 &) i B KB AR 77 F L7 - MR 4B 20072016 F F B A5 2 R R L A K F I sk &A%
TRVERR B AR KR E O RKRIBBIXDTA, B TS 2 HERKFRERG AL XFE,HRT AREKFAET
KR EKE BB A ARM T, R T R R E T ORI £ R]5 B AT#E RS E Ak, 5 %
DA F IR, TR K 27%, AR 2 B AKL 50% , K691 FAL AR 2.79 ST/m’, & T KA KA AL
AR AT EANKM BRMEHNE, ARIERRAFUANTE, B-FHHF4ME3 678 T/hm's H /1 EFRT K
HAETARL 100 mm B, -F KM E % A 1.37 Tim', FH = MK 8.2%, L4 T RREAAEH 2 556 T/hm's % He
TR HAE AT 200 mm B, -F H KN 2 € A 038 T/m’, = -FHMK 1.3%, 84T RKGANE A 942 TT/hm'.
(238 Y5 % R KM Ao 406 =) 4 77 KSR AR R GR BT K B

X B OIE:FROKERE; KN S E BFIE ANE
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TGP J5 o o [ R R 7 X, A AN AR CRUE [ SO 22 A rp A B AT o AT b P SR Ak
AT IR T R AR, K2 TE6.7.8 A, A FFKER 70%LL E, &N EFRE KK T
KB DR R SRR PR UE /N 22 v e I B i . T AP JELEEE K 70% KR T R K, AR EE K
K T H R KRR, &, T8 R KA RFSE T 5D, 1984—2015 4F b R /KA T 4§ 7 20~40 m, 5E35 T PRI
7490.43~0.72 m/a, & B § R THIRR DX S8R T 7K U R 7™ PR i 070 A S5 A2 A R 10) L, I B X 0 W AR b
RIRTRREE RS N ORA R /K BRI, 2014 45 1 ST 4R SR GG BT A6 48 R 7K R, 32 AT KO Z 0
) 22 U R 28 4

FE SE Tt 3 K SR X, 75 R B2 1 G S BV IR ) S 0T gl 2> 7 45 SR AN B v WE I 7K 20 R P R
(Irrigation water use efficiency, IWUE) A At X7 fEFHA PR 7K VRE VR B A A o] 1, FRE 2R T
ANEVEI I AE 78 0 E WA 2, JF CAE AR A 7 i A 4% 1 B A P 451 = 5 0 DX 32 I Y ) A v2 7
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IK AR HE K U, 200 BB T /K BEUR IR 2 o A K ARV R R b, ARV 7K R I B AR R AR IR
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8 R TR VR X ARV E 15 29 F 7K A3 ) T E DOK BRSO R A I . 2 RO K O B2 1 10% , Al F K Boke
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I K BERR ER B 5 AR T RE AR [ 2K W BN BEA5 2 S 442, K BHIRASRERS 2 LIRS FTBAFER K
S22 68 FE R K SR B3 3% S 7K A MUK BRI R A R 5 28 FE AR R 7K 2 RE T, 1B A AR LK i 52
i AL AN D AR R o K BLIRRS (1 E W Ak S BOR A BRI IR B B TS
T, B AN 1% 7% R AR BEURAFAE AN 2 5 S5 BIF TN SEAT R HRR S R R KT ZK A 5 I PAZK BE R /K45
AR TRERI AR RE 158 i W, LRIK P AR BRE 1 0T 26 . 8RBT TL AT I , 35 7K 2
il AR AN UG KT RTAT 1 o AR ERERORIT FUR B AR A A RN 2K 70 A R AN T RS (B B R R . AR TR
B AL 5 7K R e s = B A K i ) B HL KA BE A A 58 38 o MR 7 SRIBCTT K8 It 5 75 B39 7K R
FE B B AUk T 5407 A S A at e KR R . REES AT P) B R 28 4 ¢, BUR AR, $hAT A
A N T 2R I KA SR AR Y A IR AR 7 2 B SR I 7K J AR A= DR, T )
SERHFEHIKANBUR , B2 K 2 AME , ST A IS /K B 58 A1 3 PR 15K AR 8 K e L EAE A .
P A S R T L KA FE 5 7K P BAT B A1 L X di v 2K A L 0, (e it K BRI DAL NG B R 4 3 L
PERIE H AT K REB AR R TG, REFTA U ABUR 8 1T TRRHE T T KR ERBCRAR T R I8 F K
BREN AL R IR BEREIA —E IR AR 9 T /RBHIE AT RrE R AT, 7 78 20 RN Bk i 5K Bt
PR R IR AR W L5 T B AT K ER.

FHE G B RN AT VW 7 B AN [ E /KB W o DAV /K SR H R R i Bl K8 o Ak
(1) R 5 00 TR A T A A, 8 S 7 R A 28t ) R E K T W K il 825 2%, A B0 T 1) b B R K AN
E K H R SRS (KIS0t . 9, 2T 2007—2016 S 78 H IR} 27 e JRMA MY A= 25 S8l BEAT (19 & N AN
TRUCEURTE KB A STV R 16, S ST AN R B K R R R AR 7 B 55 B /KR RE K )7 5 2% 5 AT T AN [R] /K A
ST B DUV K B AN 2 2 BB /K A A2 4K, 8 5 AN R K& KA e Ak 5 58, i 7K 5 e
KR SRR -

1 MRS 75E

1.1 X5 SR

BT 2007—2016 FFLEIRIAR HAES RGSLI0 AT . 2 AL 50 m, J64 37°507 , /R4 114°407,
J& T BRI A VR T BB R . % X AR R o &N R OR T2 3. PR K
BN 480 mm, 70% K EFET—9 H (H B KRAEKT) ., F£FHREN12.7 C. WIEH I mEE L,
0~2 m H [A AR AR F7 7K A 36% , 1825 REUN 13% (AR o BFZ (0~20 cn) A LR 20 50N 1.8%, &8 &
1.2 g/kg, WA & 21 mg/kg, MALH & 80 mg/kg, I % &= 92 mg/kg.
1.2 i3It

> Moy : S L A ) ey 1 2 DNETRER P T 18] Ae A
TR B RN 199, Y B St B S o B N K e S A i o

) SRR ) posiil FEIKIF ] SGEK E/mm
R 6 AL FE, i A IR B D9 200~300 mm, T ka0 - 0
TEAAEE AN RERE 2 BE 5 ¢, 73 I 101112, ?iﬂjz”f(”; " *gﬁ;ﬁﬂﬂ 70

_ N WEK 2 R (12 T AL 140
I3 415 4o RFICHEZK 70 mm, NIRRT 40 'y ey AT AR 210
B4 RER . P ZAG 2 m BRPATHE  #kanas TS IRIS IR VIR e 280

. 410 H 10—15 H4EFR, B 4E6 A 10—15 0 FEAKSRAS) A IR R A R 350
WK . /NZZ FEA AT, i3S HE 5 375 kg/hm’ (5% P,Os i 46% 175 N & 16%) « JR 2 150 kg/hm’ (% N & 46%)
SUALER 150 kg/hm® (5 KO B 60%) , 15 715 it 300 kg/hm? R 3 (5 N & 46% ) 1F J938 B, BE 3k 15 39 1 #E K e
N A E K IR AL B A /INZ2 38T R T8 R 8 B /K R, B It N o A [ 9 3 A L VEE /K RRF [ R A 5 0
BEE LR 1o BT HEKEAE , /N2 AR A ) A &% 00 B it 5 > b K 5 B AP AR B — 5
1.3 MEMBS75%

A K R A AT I AN X 23 2 m IR (EY A B AR 7~10 d W 1R,
20 cm A 1)z BAHEEAS /N XN W], R ORISR , BT J5 I Fe b= 5. R R EdE ok B R
e 2RI ARNME AR 2 2R G0 iR e vl A AR AR Gk, AR B B AT M 50 me w0 E IR H BEK IR LR
B R FIER S SRR &R

VEVIAE B IRE K (ED AR K &P A X H 5

ET=SWD+P+I+W-D-R , (D
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A ET NEYAE B HISEPRFE /K & (mm) s SWD 2 0~2 m AR ) 33 /K 20 E FE 5 (mm) , B HEFH 2USCHE 0~2 m
TR B G K R, LG KE R TR —E L2 RN LK 5, PUKEREE (mm) R R, it E AR N :
O=wxh, 2 O N EIEMH/KE (mm) , w IR G KE (%), h N2 EE (mm) ; PN FEKE (mm) s YR &
(mm) s WATIEEME EFAIKE(mm) ; D ANRELL T K FEE(mm) ;R HERADR E (mm) . 5 1 H
WA HRARTL, — A R KRR KT 4 m B, RAEY)ET- R oK R B A AT L2 AN T, B RIS

(X Ji BB A3 KA HEYR 29 40 m, RIE , W AL R ] DL, = (1) ] BATET AL A -
ET=SWD+I+P-D . 2)

FIH NI D:

D=Y00)=-K" (3)

A DO R e 24 /NFE 2 m IR 2R /K I E & (mm/h) , 75 /N2 4R B BT DO KA 8] Ds KA
FEMLFT T 7K 2 (mm/h) s A2 38K (em) sz HEE B 7 1) B 1R CGRIAH 200 em A1 180 em 2 1 LI A 7K 2
THE, 2920 emo A ELHEEE 77 38R 5T 35 s BE BT 5 BT H AR 38 /K 2 R AIE i 2R 58 5T 35 S5 AR R B 7K I 90 &
KAF ; AR K R ARG FK R IR S KR K R,
TEAR GG [X AR VR 2 4= 3ok 3 K, B AR R A B I b R /K S RER (CGw) , B :
CGW=I-D , 4)
A O R (mm) s D NIR)Z LT 7K S F B E (mm) .
14 MANFHITERE
KN FERNMIR 2 BTN o /NZE AR P RE R 1) 32 BV FE AR SRR 7 A 2 R RE H DL B B AE ROK
FEFFATBE B S IEFRFISCIR R WL 2R FH 25 BN, A AR A 4 22 b 77 3% S s B A 3B A7 11 555 /N2 2R it
FH BB R — e R SR N TR ZRAV N 2RI T, OKZRAS it FH B R — e AN A B, AR SN /N2 2R
A E T BN 2R 58 . AR 2 TFE AT, & /N AR KRR 22 AR N9 9 4 950 J0/hm’s %
N PR SRR AR BE /N T A A% 2.4 JG/kg LA R IT 5. AHIES e sk 2 BN .
A2 AP EAKFOHBERAN

TH FERH
A AEFAFB T JRFE :540 JG/hm® s TR 4% : 510 J6/hm?s 5L 8T : 375 J0/hm?; Fh T : 450 JG/hm?
HE T KUK REFFRY R 238  SEBE 2 3 5 2% F 1 500 J6/hm?
AN R R INZEFERR 375 Je/hm? s NEYCER 600 J6/hn?
A HURIRIBR B5 600 JG/hm’
I FEWEECZE £ 100 J0/hm’ s FEIRFEAH B0t : 400 T0/hm’ s #EWEVH FED7 ) /7 54K 200 J6/hm’ s FiliK #.2% 0.22 J0/m’

1.5 fE¥ =S xHER A R 1R E
FE— 58 HEZK YO [ AR ™ B 5 e /K B FE /K B 2 18] PR 7K 40 A 7 B A3 D — I 4229, AR 5 Hh K
BIE VU A, M S K R K E R RS R FAFRR:
Y=a+b-I+c-I’, (5
NI=a+b-ET+c-ET* , (6)
U Y 9 ED 7 & (kg/hm®) s T 9E K & (mm) s NS (o/hm® s ET N Z8E0E (mm) sabc AT R
IR IE IO 20 5 2 Hh B 2 5 N R R o A D B0« R 7K 1) 321 B 28 S M=d Y/dT=0 I, S 7K T SR 1)
PR IXFER]RAF RO RN B RE R, B
I==bl2¢ & VD)

2 HERES

2.1 IKSCERIRI 4y AR 6 A B] A9 P K 1B S

FI FH Pearson-1114) 4 %) 43 B /K AR 7Y, 73 50l 3% 78 25% 50% < 75% N S BRFE bR , M AR 5 & /N 2 Z= [ K ARAIE
HRN o BE K AEDY , /INTARAE 2 25% I AE 24 58 7 F /KA, PRAE AT 25%~75% 2 [ A KA, KT 75% - 10E
RAERRRE KA o 34T 1987—2016 - 2RI 50 5 4 /N 22 28 27 a B /K B3R , AN [F] B /K B /KPR B K AR 5
B K ARAE ZE W B 1 TR, BB L RISR 3 AT 4, & /N2 4 A B A RS /K :>129 mm J& F /K 4E, 94 mm A2 47 P oK
<77 mm NREKE . 7RI W B FE 4 2007—2016 FE X /N EZ, [EK AL H 46.0~153.1 mm, “FH){E
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80.9 mm. K| HFEKFEL a, F/KET a, Hi7/KE 7 a. H A 2007—2008 P 7K & 153.1 mm & # 8 [ F K E,
2012—2013 FA7K & 88.6 mm 4F 42 BL 7 RS 7K4F, 2010—201 1 AR P K B 51K, 1 A 46.0 mm, 1 g JL R ks 7K 4R

%3 20072016 X 3o HA W] & /s & B K E R

9 r =ik — {RiEXR 100
8 90 Fhy %7K £/mm R

80
7 2007—2008 153.3 FKE

70
6 - ;:; 2008—2009 83.2 KA

5 ‘
X = —

g . 50 2 2009—2010 77.4 7K 4
X 40 § 2010—2011 463 K AR

30
5 2011—2012 81.7 K4

20
1 - 2012—2013 88.6 PAREE
0 0 2013—2014 60.6 Fili KA

Q Q S L Q AN} <7
S F o » P S & & S 2014—2015 76.4 fli K4
& & S &S
NN SN R

B B /mm 20152016 80.8 KSR

B 1 19872016 FiXJo 3 & & N EEE KR AT H

2.2 REIKLEZNEFEKERL

Bl 2a) R, A REKER M, K HARRE TR, ARER T LK ERARRKES. K
SEVHFE LUK IR 2, KA TP IKER 1.6 fi5  FKEM 2 5 FlKE  FKEE /KRS 1 138K 8 |5 28 8L
1) EE T 25008 60% «40% F11 30% 1% 3 B 2 /N 32 F P i %) 3B itk oeh i & /N 22 AR B K 7 fR R 00
B, [ 2(b) 3R W Bl 2 HERE R 3G N AR AR B IR K BN, B 2O RMIRZ K 55 SRR #EK
B IG TGN, £ FKE CTKE R BE B . EAAEREL N AEDBEK B, THBREN
24 mm. F/KEE CPKE CEKER TR SRR 13%-27%H128% , X & AR F FEKER T 56 15
KT, ARG KK T3 R RL R T KE KR 50%. B 2(d) 3 I B 25 HEE 5 (1 38 n , 3th /K Ve T e i
TR 23 0, BRI b, 930 FE W P 7K B ik ke b 7K Y B P e EE L B

300 600
250 1 550
E 500
E 00 f ORY Y =-0.192 2x + 142.06
1 R*=0.876" g 450 1
£
% 150 § ONYy=-04979r+22282 & 400
& R?=0.914" R |
% 100 - ®RY y=0.607x +291.61 R =0.990 1**
= ADY = -0.055 5x +223.9 300 4 ry=>o : :
H 5 R7=0.1158 ONY y = 0474 3x + 274.92 R = 0.911 47
S8 ADY y=0.930 3x +251.79 R* = 0.969"
0 . : ; , , 200 : : : ' ' ,
0 100 200 _ 300 400 500 600 ¢ W d W He 8 B
FEBLE /mm FEBEE /mm
(a) TR FEE (b) HIAFEKE(ED
90 350
80 300 f
g 70 y=0.1693x+ 17517 5250 [
I 60 ®RY R2=0.912 E 200 |
% 50 »=0.027 8x +36.49 8 }\*2150 I
8 ONY  R2=0.763 4' T -
S 9 S L ORY »=0.8307x-17.517 R* = 0.996
5 A apy? =001 x 118106 g o | ONY = 0.972 2x - 36.498 R* = 0.999 7"*
+ 20 4 A : ADY »=0.9859x - 18.106 B = 0.999"
0 0 ( . . ! X .
0 : . ; ; ; . 50
0 100 200 300 400 500 600 0 100 200 300 400 500 600
FEWE & /mm & /mm
(¢) 2 m AR 3K BT (d) R A AER

7 RY JFEIRE,NY AV KEE, DY JREKLE ; #2475 p <0.05,#+ K 75 p <0.01; R,
H2 & EHKE R AMREG TR
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2.3 BINEIKGEFERE

5] U= 43 BT 2 B = B 8 B K 5 R AL R HFE /K 20 Tl 2 IR R O &R HOAH oM AR R 3 KR
3(a) B 3(b) AR HFE K E 577 8 I3 38 AT 3 A 26 5 & AR B K AR m B i 28 A R] . B3 (e
FIT 7 7 ek VR 398 o T 184 0, A 2t e o T A () 3G I i, AR AR AR B KT A
KBRS AR, AFRER PR R RE —EER. EI0AFETT, 78 b KB IME IO FEKESTKE> fik
T, R K R R RAERM TN R EBEREZ —, BKEZ MFE 0 T LA IS &4 &=
o TR R PR EKE = B i KE I3 IR REE 2 i K 1 15 A3, R AN F K EIEA
e 2 AT, 38 P EWE T AN T PR B B N F

9000 12000 r
8000 | A <<E‘ 10000
—. 7000 | — S 2 =
T g 15 8000 |
£ 6000 [ =
e @ 6000 I
< 5000 | Z =
eRY ¥ =-0.051x?+ 42.9x- 1 886.7, R2 =0.9* ¥ 4000 vy =-0.091x2+ 68.62x - 3 310.3, R? = 0.85"
4000 F aNy y = -0.092x2 + 72.6x - 7 834.7, R? = 0.9* ONY y = -0.22x2 + 159.54x — 2 0997, R? = 0.72*
3000 F ADY y = -0.06x2 + 62.1x - 8 420.8, R2 = 0.98"* 2000 ADY y =-0.12x? + 124.08x—2 0913, Rz = 0.98"*
a xAvey = -0.069x2 + 61.7x— 6 755, R> = 0.98"" b xAvey = -0.15x? + 123.88x— 16 969, R* = 0.98™"
’ 0 ; b > )
2000 1 1 1 J
200 300 400 500 600 200 200 = all 6al
ET /mm ET /mm
()" #~ET (b) WIRGE~ET
9000 12000
8000 A Ng 10000
& 7000 <
L B 8000
<6000 =
2 g 6000
="5000 = i
I orRY ¥ =-0.016x2+7.4x +6365.1, R2=0.85" & 4000 oRY y=-0.029x% +7.79x + 8 989.1, R* = 0.84™
. 4000 ony ¥ =-0.039x2+ 17.4x + 4 737.3, R2 = 0.87™ oONY p =-0.083x?+30.9x + 5369.1, Rz = 0.81**
3000 aDpy ¥ =-0.05x?+30.1x + 3 256.4, R* = 0.96™ 2000 aDY y=-0.1x?+ 57.4x + 2 132.1, R? = 0.94"
T ¢ xAve y=-0.035x2+ 18.3x + 4 786.3, R> = 0.95™" xAve ¥ =-0.072x? +32x + 5496.8, R* = 0.91™"
2000 . . : g 0 ' * ' '
0 100 200 300 400 0 100 200 300 400
HEBE R /mm HEBEE /mm
(c) P E~HEH (d) V8L o~ TE T

B3 X AFE 3 KE5 80 AFMFEREEDZ MG HE X R (Ave & T H18)

R 79 0 A TR S 26 01 PR 3 (D o, AR I AL B[]V i 25 A7 ZE RO R 25 500 10 BT, 27K 4R TPk 4
IR ER 2379 N 8 7985 2361 534 JG/hm?, Al K A1 IAC 7 3 20 , 27K AF 1 a8 B 22 A2 M 7K AR 1 5.7 1% , R B
TE SRS R MK R B IR S O T B R o SRR I FEME A R 15l 25 84 S B T W PO 3, 241
ALk TR o T PR R B NN b BT T AR, 17 LA KR ARG K 4 36 ol B 7= B4 2, 8K 7 5 8 B
S A 80 T 7 80 T PR /N OB 3 15 0 2 BRI R B3 L T e 2
S AFE AR . 0B 3 (D B, KR
IKAE KA i 25 PO 1 5 2 2 A AR W 45 3 138.5.
196.3.286.7 mm. i 7K 4F [ B M0 B = BB B K, /KA 1) 250
550 05 /1 , 2 D7 7 I 0 I8 A TR 3 0 1
S LY S ALeT
24 STINE S RO S A B

AR VEE B 5579 25 2 I B A R B R (B3 (),
T SRR RS B . UK Fe e, SEBL
U MR B B IR e MR B 2 B8, SR W i | | | |
KU I R RIS 2, 3 RSO R H e R 0 > i s 8
I 4) KRR B 4 R TR SCAR TR B R S B 5 7K AR 6 2 R o)
BB, 2K AE , SOk 0~0.67 o/’ I, kB Ao B4 ARIRACFETRAERE 5Ai X A

300

& RY y=-179.73x+120.32

O NY y=-60.224x+186.3

200 A Dy V=-48.07x+27588

LI & /mm
I
S

—
S
S

W
S
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Yo it 75 ZEHE IR » /KA 155 T 0.67 To/m’ I EBR AL 2 0 470 5 £ T 7K A 5 27K A 04 0~3.08 T0/m’ I, 38 B K it 7
THEATRERL , 27K T 3.08 J0/m IS, BEREAS S SRAT AT WA AR 5 T A 7K 47 247K BE U5 3 WAL 0~5.74 JT/m’ I, 38
B e Kt 75 ZEEME , & T 5.74 7o/ m’ IS UEE IR C 2 D9 B . R TT DATE HY 5 AN TR K S0 R I S B 0 1
KA i 5 2 55 4O RE K> K >R K 4R
2.5 NEER B THIEF KN 5HMNE

FEAN IR 7K B 2R H AR TR 5 A& R F S K B AN [ W] ) AN (5] FR K A7 A0 b I AL £ S B30 7K PR
AR Hl VR TR A b T K AR A e Sk R (B 2 (D ) T o B4 o RE R D, AR /K AN AR R R 1R R
CE ) TS AR A o AR A7 B ANV B & (R ) 2 5% 2 (&1 3 (o)) Tl Sl o0 SRRA (0 75 ¥ 1 SRR AS 7
AP AR G R R R=t UV T AT SRAS A s ™ - P R B vl SR A 7 ), AR B 7 e AT i B R P 2k
R F (1B 3(dD) AT 1 G 7y SRR AR 0 75 35 SR G AL it A B ke 4 IR PR JUl e I 450 P82 =1 e D10 E B 2 )
e AL -4 A R T IR ER AR D - R4 T AN FEIT KIHAE 04100 A1200 mm i £ i EE 8L 5 i
FRAr 7 R R AR AR M2 A KA o

&4 TRVEAKT AR E T 6916 KA 5 Ak

Mo R K AR E/mm ERY EHERE/mm WK N/Ot-m® P E/(kg-hm®)  PEPEBURFEY% IS/ OG- -hm®) A/ (OG- hm™)

FIKAE 21 0.55 6515 9.7 8987 390
AR 38 247 5336 20.2 5485 2764
‘ ik A 18 5.36 3791 51.0 2167 7881
Ty 26 2.79 5214 27.0 5546 3678

FIKA 141 0 7215 0 9364 0
PR 140 0.76 6413 4.0 7004 1245
10 Fili7K A 120 3.25 6134 20.7 3624 6424
T 134 1.34 6 587 8.2 6 664 2556

FARAE 262 0 7215 0 8 820 0

SFIKAE 243 0 6 683 0 7981 0
20 Fli7KAFE 221 1.14 7 440 3.9 7222 2826
T 242 0.38 7113 1.3 8 008 942

M 4T LA ATHREHL R /K, P 34072 B35 0K 27% , 1 R 7K AE Bk B 51%, AT LA 25 T 4% BCAM I
DAPRAE A B (5 IS NN 52 50, 28 0 B30 P 35 B A4 /N 2R AT 3 678 J/hm?, 5 MY S S a 1 40% 5 24 TP
INFEZETHFEHD T KON 100 mm B, P340 7= S K 8.2% , W45 T AR B I MU A1 2 556 J0/hm? s 24 Fu VRV #EHL T 7K
4200 mm B, 72 B E R 1.3%, B45 T A A AMIE A 942 J0/hm?s BT UL, i 7K e SR BBk K= B 45 % el
2, R K R =, 25 T AR RIMAME B 2

3 W54

KRR, FER 22 DX sk it o B UK RN K ESR, B0 BB 7K B AOIR 9. [ P9 A1 R S B
R, KO AE T R BAT EE AR AT X 38 K BRI RCR R BEK SR U G B A 15 B . H Ay
TKREB LA FE R , BB ABUR R T IARBARE ) T K AR SRR T , R B K ERE AR,
RS KN BOEREIA 2R AR AT KBHEATRFEA T, 778 0 R BoK O 5K B SR K56 &
i e T BOR AT K E IR

W FER W S & 43R KA S RENS (e SRR DX AV RE T 20 R K A A - B XK BRI RR A ™ 2
ANV HEBE KN A2 57 10% , AV 7K 4G T I 5.71%~7.41%"" . SRT /K BEIEANAR (14 1) 78 U S At > BUR VA2 5
BB AP 2 I . KA AR 2 A0 2R, (4558 i PRI M . ELAAE A L1275 FE B SR TR URARR AR AN 22
SEAF o AR 7 I I AT RE A X 6 e ST AR X R A& /I B AT AT xR VR R A M L R B, B T
KA, FE BT KA 0.38 T0/m’ I AT DA ) /N 22 2R 4 R /K TF K80 200 mm, 7K (g & 2 1.34 76/m’ I, AT%
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PET, indicated that the basin became increasingly drought, especially in the plain area from March to June and
from September to October. Both ET and PET varied with land use from March to November, with ET decreasing
in the order grassland<farmland <residence and PET changing in the opposite direction. PET peaked in May un-
der in all land use, except forest where PET peaked in June. [Conclusion] Due to the influence of climate change
and anthroponomic activities, £7 has decreased steadily from 2000 to 2013 in the upper stream of the Huan River
Basin, while PET has increased in the same period. Water shortage in the plain area is manifest.

Key words: Huan River Basin; MOD16; actual evapotranspiration; potential evapotranspiration; spatiotemporal
distribution
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Changing Water Price to Regulate Groundwater Extraction for

Irrigating Winter Wheat in North China Plain

YAN Zongzheng'?, FANG Qin"?, LU Yang'?, LIANG Shuoshuo"’, ZHANG Xiying"
(1. Key Laboratory of Agricultural Water Resources, Hebei Laboratory of Agricultural Water-saving,

Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences,
Shijiazhuang 050021, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Objective] Winter wheat-maize rotation consumed a large amount of groundwater and has resulted in
groundwater table dropping steadily, threatening sustainable agricultural production in north China Plain. Mitiga-
tion strategy has been taken by Hebei Province in attempts to reduce groundwater exploitation by increasing the
price of water pumped for irrigation. [Method] We first established the dependence of yield on water consump-
tion and the amount of irrigation based on the long-term irrigation experiment at Luancheng Agro-Experimental
Station located at a piedmont of Taihang in Hebei Province. We then developed the relationship between optimal
irrigation amount and its economic return under different annual rainfalls, from which we analyzed the optimal
water price for different irrigation schedules. [Result] Compared with conventional irrigation, prohibiting
groundwater extraction could reduce the winter wheat yield by an average 27%, and 51% in dry years. The
threshold water price should be 2.79 yuan/m’ at which irrigation will not bring any economic befits to farmers;
thus, on average, farmers should be subsidized 3 678 yuan/hm’ to compensate their loss from yield reduction
caused by such a prohibition. If the farmers were allowed to pump 100 mm equivalence of groundwater for irriga-
tion annually, the average yield loss is 8.25% and the threshold water price should be 1.34 yuan/m’; on average,
therefore, farmers should be subsidized 2 556 yuan/hm’ for the lost yield. Similarly, if the groundwater allowance
was increased to 200 mm, there would be no significant loss in yield and the threshold water price should be 0.38
yuan/m’; on average, famers should be subsidized 942 yuan/hm’. [Conclusion] We should encourage farmers to
apply saving-water irrigation using water price added subsidies.

Key words: limited irrigation; water price; grain yield; economic profit; subsidies
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