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L[R]85 B 5 % B Ak Y 298 S0 IR RG34 52 B 6
T ROF Bl FH RS S R 22 5 . 28 1 DR TAS
PR R RS IR B 2 A A P AL R XS v, R
A LN (polyvinyl chloride, PVC) #1)5 HANEE A%
HEGE T A . Evett 25CWF5T &I 4 @+ R 1
TZBAAH L, BRI IR O 2595 300 87 P9 338 1 4
TN A R W o w0, 70 mm AR5
T ZEIB AT D H R 52 PR B R 2 S K, (LA 28 [ B
ENEAE N EAE I, 50 mm KT 28 VB A AR I R R
FEAN K 1) 1338 28 R I R PR 28 i o

U T AOR 2 VB AR S KG T R 52 B SRR 2R I R
i, XA R B OM Y SE A9 AR ) 25 ORI - B 2 % (1 e
Jiik, W W EEF AN XAEY) R BT FAE AN [F] I =
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br CLEEpTHL. HRREKE . EREEE) © REEH
fabs CRERDEI. oSk H . K EREK HRED A
NSHL TREHUA YA [ R LN ) 25
L. Rosa S5 BBV T8I . AURIIERIY
220 v 0 HH A [ 1) ROk AN RIRRAE SR I 25 L, I
137 B e YE, IF BARES o Bdm s R LT, A
H FAO56 STAFHESE (2 Bdb AT BEAU,, (75RO AE ARG
P o UIRAREO 21 | Ik P R A A B4 4 SIMDualK e
BT 1 2 R o AU N ] 7 1 Al 17 K& A, T
SIMDualKe FBASHUAITE T /N2 FKRFIFEAEEAED) 1
ZEHONAE . ASTAY N AT SR A0 R T R (1 I R,
SEHT AT AEAS K SIMDualKe BRI, ACHS AL 56 I
TR, FARIE K PR R RO, RS
TR LU, IX b 7 12459 2 28 AR 1 Sl (A H
AHELLNE, FERI Y I A DU 4, PR
AN B S E s . KIFR B AR ) — PR 5 1
s, HAWERE . BAEAML. LS &5
Post, AR CAE 2 N P AR AU I SR P2,
BT ARSI R, LI R 2
FIAEVEO B v 555 2 AR R LUK B I 25 b . AR MR
RTINS B AN PN BP0 1 SRS 15 A PR 11 Ff 2
ZAEW 751 (reference crop evapotranspiration, ET,)
T kRUE . Soldevilla-martinez 5L FR A 25
ASCRA I B B A R, 23 VAT T AR B RS e B S
¥r & 4t (decision support system for agrotechnology
transfer, DSSAT) Fl1IE—1EY)—ZR/K A (water
and agrochemicals in soil, crop and vadose environment,
WAVE) 540l - 37K 70~ i (RS 2 . SIMDuialKe A7
VENEFEA TR SE R, H AR 2502 A0 il Hee
T HBAURE B VPN I BF IR D o Sk, ARk HI PR A
FURGBE (PR ZZGE v REIN, BP0 AR AT T LA LA,
R U SR BRI, 2 R ZE G v R AN AH [
U923 SR il gt 7 e — (RS HURE B VPR bvi . b,
HAR SIMDualKe B R HPEY) L CAT AN, H
R M) o B — WEME I B IE I, 2 AN () E o 2
MILEARL, It Ly TR PP I i k. 25 b, A as s
K ZBG I SIMDualKe B IS HU Kl #, @i —
B PR RUAOURS SE VPO FRvtE, A b RE A E RIS A
PN [R) SN 45 75 30, RPN 25U 1
AR R

ARWFFREAT 2 a K NAEAN A HEBE I L AR /N X 7K
B, AN AR KRR B A Ky
YR B AR S E A X SIMDualKe BT 22508
%, #5374 SIMDualKce FEAUKS LI PPN ARUE, VM
SIMDualKe ARl AN [RIREME i B &/ 22 28 il A 1
B EIE I TE, FEbHEA -, £F%) SIMDualKe #5%¢
HFAENIASHZ . ZERE SR BB A, IR
i AR R L) (E/ETe) #0377 S 5 (f)
IR o & A5k PG B 5 DA/ 22 AR T3S ZKORIRE B
AL A

1 #MR57F%E

1.1 RIEXEER

AN FE KRS T 2013 4F 10 F—2015 4F 6 HAEM L
RAREHBE K 2 Hp [ 52 DT AR MY AT 5 B A HH 7K 43 36 40K
56 37 W AT S ML N EAT (108°4'E. 34°18'N, ¥k
521 m) o X JE AT KRR R RS A%, T BN
W, ZBg KN F WK, 2013—2014 EL /N4
AH W H R BARSIR-4.7 °C, H6F 8 32.5 C,
>10 CHIBUE 1648 C, KPHFEH 2 789 MI/m*; 2014—
2015 SEXNESEH I H Y RLSIE-3.2 'C, H¥H
B S 24.3 °C, >10 CHIBNR 1424 °C, KPHHR 5
2787 MI/m?, REX HIEEFEL, 1m LETHY
FH AR 7K 5 28 em®/em®, P ZE R 13 ecm’/em®, P
BT E 1.44 g/em’ s R AN TR B LI BT, 1H
BL6.67 m?, JL 27 A, Mo 2 AN A 4T K ARLRR &
ZRBAL, BEAT 787 WE K AL A g o B o 00 d5c P - 35
JOPR b 2 [T, AF A1 I 9] 14 7K e BE T A7 24 B 17K 43
M2, WX F 7 22 e 7 2 3K b 3 20w M BEL2 K
T AT T
1.2 REETRIRE

KN RE K E BB R 7K 20%H 5 K
40% 3 MNHEKIK o 7853 HE K IK P IR E 7K 5 i 283310
WE, K2 WHEKZ M ZEHUE, 5 KK I K &
FE 7R AT hil B Ll o 5 IEAZ AL A1 9 AN Ak EE,
w3INEL,

AL PR N 244 kg/hm?®, P,0s 270 kg/hm?, #EFP i
— M . 2013—2014 fEREAT 3 WKIEK CEKJE
ANHEIKD 5 2014—2015 FFHAT 4 IRFEK (4 DMAEF Y
WEIKD o 2014—2015 SEREFHT S AL EEFEIK 75 mm DAPR
UEH T, 2013—2014 FREFIATARBEK, DA PRUEA
INZIRANE 4, BT B0 e 52 mm, #EK G
T 60%, RIHE 84 mm 1 A %4 A2 KA 7 40 HE SR 1)
WK, TAUKPRIE LM, 2 a X/ NEREKA A
JEWME 1 PR,

I AN P “/ME 2257, FFFMEZHN
357 J7#k/hm*,2013—2014 4E-F- 2013 4F 10 A 15 H#&FH,
2014 4F 6 A 8 Hlkgk, 4/EF WS 236d; 2014—2015
T 2014 4F 10 H 20 HEEFR, 2015 4F 6 H 3 Hillsk,
A H AL 226 do 4 FAOS6 SCAFHERE 042 & W %15
Jiik, BAEY A E BRI R AE KA OAREFR 4 bt
B 10% K10 P A O 78 55 5 10% 3
T 78 55 )% 80% 418D AR KA I CAAHK I B 55 80%
EAEM IR R 1R FIAEK G CONEY I 4 o 2
Wk A ik B 1k 4 ANAE A TR AN (4 ol
Gy BEHT 43 BE-HCNT I BT - e A RN - R
UL EE A B IR R Tk, BA N E R
WIR:2013—2014 4, A2 KA1 130 d PR AE K 50 ds
AR 28 d KIS 28 d; 2014—2015 4E, A KA)
W 125d. ALK 50d. KR 30d. BRI
21d.
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R 2013—2015 FRNESAEBEKE
Table 1 Irrigation amount of winter wheat for different treatments
in 2013-2015

mm

, PR A ” v EHY

) o ety PRI gy e gy R

oy pogii o Crop : Whole

Initial Mid seasonLate season
Year Treatment development growth
stage stage stage

stage stage
T1 84 75 105 / 264
T2 84 60 84 / 228
T3 84 45 63 / 192
013 T4 67 75 63 / 205
2014 4 T5 67 60 105 / 232
T6 64 45 84 / 193
T7 52 75 84 / 211
T8 52 60 63 / 175
T9 52 45 105 / 202
Fl1 45 67 85 133 330
F2 36 54 68 106 264
F3 27 40 51 80 198
2014 F4 36 67 68 80 251
2015 4F F5 36 54 51 133 274
F6 36 40 85 106 267
F7 27 67 51 106 251
F8 27 54 85 80 246
F9 27 40 68 133 268

TE: 2013—2014 SF/E KA PR A M), AR P Ia g 2013 4F 12 1
28 . 2014 4F3 J131 H. 2014 4F 5 7 8 H; 2014—2015 SFA KA1,
HARM, AR, AR 20151 HOH 3 H22 H, 4 A
24 H. 5 H18 Ho

Note: Initial stage, crop development stage, and mid season stage refer to
December 28, 2013, March 31, 2014, and May 8, 2014, respectively in
2013-2014; Initial stage, crop development stage, mid season stage, and late
season stage refer to January 9, March 22, April 24, and May 18, 2015,
respectively in 2014-2015.

1.3 WMIBFR BRI T5 75

D [ 48E: FEARKEHESSE (T ~ I
AW (T ~ PEAWE (T o XS (RHD) L B
M 10 m A RKGE e m/s) ~ HIRIE (0, b 25,
AL TR 56 3k P PRI e T R — e R i 3R AS, 1% HOKBH
B (R, MI/(m*d)) K FAOS6 SCPEI S i i
(Angstron) 2 PH5T

RS:(aS+by§%)R . (D

a

X N R g H I, by R, A RTIAR S, M4 SC
BRIOTUHAE, MI/(m*d), as Bl by NAM RE, AL
FAOS6 CUHHEFEE, as=0.25 Fil hs=0.5"1,
BT 2 m Ak X RUBE L 24 O
u, =, 4.87 .
In(67.8x10—5.42)

FOH wp M ER BT 2 m AR XUHE, m/s.
KNEEEE AN R A T, & 1 Bios
MELESRGmE AR ¥, K FAO

Penman-Monteith J7VEPN A&/ N A H IS HEYI 2K

it (ETy) o
2) A HEK AN AN FE AR HR Cactual

evapotranspiration, ET,) : F KBIFRE LB (4%

THIEMFERARA R AED WE, WEFE 1g, & 1h

(2)

sk 1 IREE .

3) BHEESIKE (6 : 2013—2014 FHECHET
FREJEN S, 2014 —2015 4 ) 10 4 38 7K o3 15 &8
(IMKO Crop., German) W5, WEERE 0~1 m,
K& 10 cm WE 1 ANEURE A, D I (R TE) RS 5~10d, #E
JKCHIT G IR, pH T 152 5 J0E T AT BEL 4 B T, ) I 2 R 2
BN DRIV e B 2833 O/ DX T84k 5 TR 7K S T 1l
Ji R A

Z,-(0~00)=-ETc. (3)
K Z AR RIEE) AR, mm; 6,81 6, 7357 b Ik B A AN
I BEVIR RGN 2 T AR K S, emem®s T Ki%
B IREK R, mm; ETc iz BURZEHCE, mm.

4) HmMAEREE (fo « MIEENE, HES 60 cm
R 2k BB 38 BB /N DX PR R R K A4 A A X3, T R A ML
PRk B 1 52 I AR TH X 328, JT] Photoshop #1F 53 5l A a2
R AR R R AR R 35, 12/ DX b i 7 5 5 40 4%
THIWAZ R 15 1 LA .

5) R (B) o M TN NI E O
BN E, R ABAGE 200 mm, 2> N FEFIAME, A
A PVC &HIME, HAR 100 mm, AMEHE R HEIE, B
%120 mm, A N I ECIR 40 2 A1, F4F 10:00
FHEL0.01 g L RPRR B, AT IIGE o

6) ki (h) = RS ARFRERRE 30 Bk,
FEEEA 1 mm [ RO EUORR =y, OIS (EAE iz b FEA IR
TR, B 7d00E 1.

— K BH%E % HSolar radiation - )5 il Average temperature

- —~

P

1; 36 30 2 %36 30 O
E32 25 & L3 2
185 28 oo 2 . Eo8 E
jlli_'<§24 fg?@g ”ﬂm'§24 E\Eg
& £20].. rs 8y ri
=216 085 E 2l o
2512 5y 2% o
S g 0 < '<"g 1 &
g 4 58 =2 ‘ 5 5
3 0 40 80 120 160 200 24 < .‘_; 0 40 80 120 160 200 240 %
REM S RE 2 iRy ¢
Days after planting/d Days after planting/d

a.2013—20144F b. 2014—2015%

B1 2013—2014%422014—2015 F 4 A 24 F M A Kfafe
HERPH AR
Fig.1 Daily solar radiation and average temperature during whole
growth stage of winter wheat in 2013-2014 and 2014-2015

1.4 SIMDualKc #EEYE It B SR

SIMDualKc £ & Rosa 25U T XU R &L TT K&
P REAEYI 2SR IR . FF AN BUR E 2 A%
Hm . LEEEGRE (HRFDKE. HERE TR |
TEVEE (Mg ae . MRy SR IEIEHID |
FREKREAR CREZK BB, HEKH WD o BALEAT H e 20
FERIEY) 2280 (basal crop coefficient, Ko (HIHI. 3.
S EHOKAWRELLE p (WL L ED L &
RIZIRIE Z, 75K /KE (total evaporable water, TEW)
5 7% kK& (readily evaporable water, REW) %]
AT IE

ATCRHT 2013—2014 4E A1 2014—2015 4 7873 #E
JKAEFETT HF1 ) 2878 A 52 P 4 %) SIMDualKe 5 7Y
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HAT SRR IE . RS HR IE% W Koos p Zon TEWS
REW [, R4 (trial and error) #4710,
FEB R B ) 28 U 2B S MME BEAT X L, A
FOUAH 55 SR W) 1) % 2218 B e /DI, 240 IE. ] 2 a
=780 HEBEIET 16 /AL BRIEAT B UE , B 4 /N 22 28 B 1Y)
B 5K &P E T EEEAT X . Y 2a PrA 4
P I 25 B B S S (EUK &R EAED
RIS/, SRR, RIS TG T AR X A
4.
1.5 &AL

R 3w A WF 5T 2Nk B Il 3 R $L (coefficient of
regression, b) . RiE ZEL (coefficient of determination,
R . ¥JiHRiRZ (root mean square error, RMSE) . -
¥gaxtinZE (average absolute error, AAE) « —E1H R4
(index of agreement, dix) -~ #fI &% (Nash Sutcliffe
efficiency , NSE) F1¥ 75 #3158 2 /00 Wl {8 b #E 22 LE 26
(RMSE-observations standard deviation ratio, RSR) PPt
BERUBIRS . by R*H dip #4510 1, RMSE Rl AAE i
BT O I}, BEULE R . 0.75<NSE<1, 0<RSR<0.5
I, AL AR LF; 0.65<NSE<C0.75, 0.5<RSR<0.6
I, RS R RGP 0.5<NSE<<0.65, 0.6<<RSR<<0.7 i/,
B4 ;. NSE<C0.5, RSR>0.7 I}, Hfelgh FoRn]

2z,
2 HBR5HH

2.1 SIMDualKc #RE S E B IE 516
2013—2014 “EH1 2014—2015 “EH TS HRLIE 14D
F2 7B AR AN 2B S IE ARk dh £k an P 2 B

~ — A Simulated value ¢ SEI{EObserved value
28 58
57 - £7
£z 8 2 s S
BT 4 v 25y
&8 3 ﬁ‘é 3
WEok, s i g2
R ¢ 2]
2 g
g 40 80 120 160 200 240 &
= i EPR & EEVIIEPN

Days after planting/d Days after planting/d

a.2013—2014 4E b.2014—2015 4
B2 2013—2014 5422014 —2015 4 £ A HEDME A= 52
WA b
Fig.2 Comparison between simulated and observed
evapotranspiration of winter wheat in 2013-2014 and 2014-2015

M 2 n] DL H AR TR AL ) 4 /N 2 28 e 5 7595
Sz AR W 4 BE e v« Liu A1 Luol' V78 N F XUE )
REGE R R I, SUEY) 25005 0] DA e A& /N 22
AR A, AT AR B, B
it - 06 (1 RV I Bt R N E R PRI . B 2a FlI
2b WLV, AEZECE > 6 mm/d 50<1 mm/d [J1X [A]
e B S SR 22 K, I SIMDualKe £
o} A& 7N 3 2 B 1R — 2R R A R U P S8 B 2 AR ALK
FERE 22, 3 A AN SR B K I B R . AR IE
MZH W% 2.

% 2 SIMDualKc # 2 T ESE R VREFRKIEE

Table 2 Initial and corrected values of main parameters of

SIMDualKc model
SR HkafE R IFE A
Initial Corrected
Parameter
value value

YIWEREY R AL

I 0.15 0.15
Basal crop coefficient in initial stage K pini
R AL - s
Basal crop coefficient in mid season stage Kpmid ' '
M F A 03 06
Basal crop coefficient in late season stage K pend ' '
TLIER ST ATES 055 065
Soil water consumption ratio in initial stage pin; ’ '
IR PR 055 0.55
Soil water consumption ratio in mid season stage pmiq ’ '
JeE K A HEL 055 0.65
Soil water consumption ratio in late season stage pend : ’
&R 2R % Depth of evaporation layer Ze/mm 0.1 0.1
78R /K & Total evaporable water TEW/mm 28 48
5y 7% )% /K & Readily evaporable water REW/mm 10 7

N T AR S BRI & R HER P, R IE R S5
T 2 a EA S HEWEIN 16 DAL, A/ 28R IS
PME 5K AT AT I, IRTRIE, AR
H T30 0E 1 28 R BT RN SEME M A2t th e 2 a F
AT HI S HA I I PR ZE G R 3 .
ASCHE I by R RMSE. AAE Fll dis & Rosa 2 Wfi: ¢
IR 2S5, 3% NSE 1 RSR ¥ A brdifb i 2 481t
o b KR ML B 5 52 M0 E ) e ) & R R
Willmott®*HA Yy, b 75 I ik A5 r 1 8 s A A HE AR 11,
AR L5 S ) 22 e 380Kk B TR IR 22 o AR SK
Brrbr, DR 2 e LB S, XN b PRI 58 25 (1) HE
WPEIGE R T — M . R s B RN Sl () 2k
PE Ccollinearity) F2/EPY, {H Legates Z5PMA Ny, R® 44
FUAE RS DA 2 TA) PR 5 2 e AN UK o S ASTADL AR N S
DG 2 A A R, B AR B i) R,
R0 B AN S PR OA G 2 8 11 2, AR
5 RPIEARE W RABURE RS — 2 w0, 7525 A ] AR st
FOLE AN S 2 BB 2 5 R ZE Si vk & . NSE RoR(1)
P45 % (residual variance) FISZ{E /5% (measured
data variance) [RIAIXFSCRP, Sl T RCRLE L SlE 1)
PIA LA T 1:1 W &R P, n] DB I R
5HSoiMEZ M EE 25 . AWK 3 iTLLEH, S
NSE {H3)/h T R 8, IXFIIOEE R FIWrBLE 15 52 {8
MIZE 5%, AnTRe KB P HERG S, 513 NSE & b2,
RMSE Hil AAE 22 3R /n SO AN Sl (R 22 I ge it 1
EATTI A 5 SRR R B AR [R], AE R AU 5 S
2SR, BE R TR — 22 o™, |
RMSE Hl AAE [FJFEAT TR B, AR AT 5 DA Ay s
() RMSE Fil AAE fELAR K m A BELIRS 122, (EAE A )
R ST, B ERA MR, 2R
ZEQU AR, XN R ES R, S
Gi—HIARMEA R ZE G RG] . Legates 250 D R T
PITTMR ZE LB AR HE ZE L3 (RSR) RS, & 23
77 AR 2 ULMIE A v 22 IR A T 5, T B T DRI
RIUAFRDR 22 A W 1) 5209, RMSE I AAE 5 RSR AH4S
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Ao TR R LAV IR ZE IR N dia
ORI BRI S AR T 22 Bz, HiT
P HEIFEF P RAEAE, SH(E (extreme value) AW
BHEUERY, Nth R E SR g R A . 5L,
N T GEA VPR BRUE R SEE Lk k. (2 5. 4ant
RPERZE, MR RE%Z, R*. NSE. RMSE Ml RSR N
M. NER 3 nTULE SISO R A, T 50E
fIRHEFE bk 0.867~1.224; R*Jy 0.770~0.948; RMSE J

0.398~0.810 mm/d; AAE 4 0.321~0.572 mm/d; NSE Jy
0.603~0.935; RSR 4 0.245~0.607; dia 4 0.919~0.982.
DL R B2 25065 5 1Y SIMDualKe #E8 n] DUt
P AR R R A A T A /N 2SR AR I B, A&
FATDUH TR AN AR R AR A . T a0
55 )5 1¥) SIMDualKe FER0 A /N2 2 il RS UURS F 4 v,
DRGSR RS 1) 25 TR 43T 4 /N2 A A B 2 ORI 1
AR AR R

R3 ZNEZFHERMWEBSINERESRITE

Table 3  Error statistics between simulated and observed evapotranspiration of winter wheat

EIVEER ¢ o 2R

75 R 22/

o i Regression Determination SR %.1 %ﬁjiﬁ}(ﬁ%% it R {EARAEZE LR 4ﬁﬁ
Year Treatment ot ) coefficient R RMSE/(mm-d™) AAE/(mm-d™) NSE RSR Fe4 dia
Tl 0.899 0.819 0.688 0.546 0.813 0.431 0.949
T2 1.106 0.948 0.489 0.358 0.907 0.295 0.977
T3 0.945 0.932 0.398 0.321 0.935 0.245 0.982
T4 1.017 0.871 0.577 0.426 0.868 0.351 0.966
2013—2014 4F T5 0.940 0.902 0.548 0.471 0.903 0.301 0.972
T6 1.005 0.850 0.674 0.470 0.843 0.381 0.957
T7 1.208 0.797 0.810 0.572 0.603 0.607 0.919
T8 1.108 0.831 0.621 0.478 0.769 0.462 0.946
T9 0.895 0.873 0.663 0.451 0.888 0.342 0.961
Fl 0.867 0.868 0.654 0.505 0.856 0.378 0.955
F2 1.062 0.806 0.564 0.465 0.772 0.460 0.943
F3 1.032 0.820 0.482 0.423 0.789 0.439 0.941
F4 1.224 0.945 0.515 0.386 0.800 0.431 0.960
2014—2015 4 F5 1.062 0.770 0.525 0.459 0.724 0.506 0.929
F6 0.945 0.862 0.494 0.413 0.857 0.366 0.956
F7 1.084 0.875 0.467 0.370 0.838 0.390 0.961
F8 1.063 0.790 0.570 0.454 0.750 0.483 0.938
F9 1.079 0.824 0.513 0.409 0.776 0.455 0.944

Note: RMSE, AAE, NSE, RSR and dj, are root mean square error, average absolute error, Nash Sutcliffe efficiency, RMSE-observations standard deviation ratio and

index of agreement, same as below.

ARFFHNGIEIG ) Kepena T €0.6) L HE5 | BG83
TRl —HL X N Kopena TH (0.2) FHELZE S8R, B 575
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WA, ERES T R REE AR EOCR, &
RIS KRS FERRMIEYM REUE . 551 55511
WG, ARKEITGHEK, BEWENLN 35 mm, ik
e 08 T 6 2B K D R R R K R R 2K
85 mm, A G A AN AE K5 BT AR HE G 2K 2R
DUBHEAEE (2013—2014 KA IATHEK 84 mm, 2014—
2015 FEAEK G WIPFIIHEK 106 mm) , P ASHT ST w1
Kepena TH T REAZRE K 5 58 50 1 13885 7K 2038 ) o
2.2 BNELEBEHEHENTL

2 a ARG RO AN 75 R AU &5 SR SR 4
PR SRS R P B EFI A A B AL A A
], LA 2013—2014 4Ef T1 ACHE 6], M 2a rfLIE H,
MABFP U, A/ NZ2 (1) H 25 U B8 K, AEFFIG 2 176
R CPEAER D IARE 1 AN ml, HZE0EE R 4.67 mm/d;
B A: KA TF AR, AN B3R S R K 3 (1 77
KR, KEMTHOKDELNEMEBE-NTY, £d+
He—M— KB RG], H 2R R e S

204 K CEKHID AR E S, O 6.82 mm/d; MW
KGR E R s, &N 2R AN, MR
FE S 2 A, DRI H 28 AR e BOE T o BR A BRK
FEAK TG ERBGN, A/ N HZ& R4 5 R
SRR R NEEFWERE, &/ 2A KA.
Pug A I AR IR AR KR AT B P 28 80 2 oA
0.58. 2.00. 3.62 F13.88 mm/d, ZF KRR K xR
B NFERAT-HRR-E SR - AR B, e AN FRAEK
FAETE AR KA HE RS I, BT DAZE B s B ds K e AN TH]
7K AL ISR, 2013 —2014 SEAR R ARER (R 4 /N2 A K rh
WK EIRZRE Y S EF AL RN 49.8%~
55%, 2014—2015 FEARRAF LN AR IREK G
WIZE R A B I AU Y 49.9%~54.4% . 1% B[]
It AN P B R S 1, He B0, fE=
ISR 23 BE 1L L (R RE K TG Bh T4/ N 22 3877, HE 3 /KIS
55 2 KM BRI T o A 4, S 4 K, 55 1 KHEIRF
PVIAE B TR . RSO, R R a0
GRANFREIR S, ARFIRER IR, AR TR 25k,
PAT-HESR I AN IR K O, AE A LA AR AN
WU R s T, DARIE IR B K o 75K
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Table 4 Evapotranspiration and evaporation ratio in different growth stages of winter wheat under different treatments
P e AR PR A R G EHE W
Year Treatment Initial stage Crop development stage Mid season stage Late season stage Whole growth stage
ET¢/mm E/ETc/% ET¢/mm E/ETc/% ET¢/mm E/ETc/% ET¢/mm E/ETc/% ET¢/mm E/ETc/%

T1 75.05 79.71 99.84 26.58 101.39 2.03 108.56 2.48 384.84 23.67

T2 75.84 79.52 98.92 25.59 104.22 1.93 93.07 1.94 372.05 24.04

T3 76.36 80.02 99.61 26.33 94.05 2.07 80.70 2.33 350.71 25.99

T4 76.73 80.12 99.62 26.48 101.40 2.00 86.53 222 364.28 25.20

2013—2014 4 T5 72.89 79.16 97.63 28.98 99.68 2.30 108.67 1.66 378.88 23.78
T6 76.27 79.99 99.09 26.06 95.96 1.99 92.65 2.61 363.98 25.05

T7 72.89 79.16 99.82 26.67 102.59 2.08 96.87 3.04 372.16 24.02

T8 74.75 79.03 99.83 26.61 100.58 2.08 85.53 2.38 360.69 24.89

T9 75.12 79.13 99.57 26.39 94.37 2.05 105.35 2.18 374.42 24.02

F1 108.79 83.05 81.99 16.30 128.08 231 83.39 11.91 402.24 28.24

F2 96.27 80.75 79.67 15.96 115.44 2.52 75.94 11.66 367.31 27.83

F3 93.16 81.05 74.44 14.89 96.22 291 75.05 14.41 338.88 29.57

F4 100.14 81.69 79.43 16.12 122.79 241 75.08 9.20 377.43 27.68

2014—2015 4F F5 100.14 81.69 79.12 15.80 105.59 2.53 72.96 11.12 357.81 29.37
F6 101.19 82.09 75.40 15.78 114.19 2.69 79.27 12.79 370.04 29.23

F7 93.16 81.05 78.54 16.00 114.26 2.58 74.72 12.31 360.68 27.79

F8 89.34 79.97 78.54 15.72 120.68 2.58 79.26 11.20 367.82 26.04

F9 94.04 81.46 74.05 15.35 106.47 2.75 76.77 13.83 351.32 28.89

e ETc M E 73 IR &/ IR M IR =

Note: ET¢ and E represent evapotranspiration and evaporation of winter wheat.

2.3 TiEFARIER
] SIMDualKc FAIARL 2 a 20 IR K 5,

X LEBE BRI O 2B ASEIE O T X 2B A
EIESILE, T1 R F1 AR I ZBL, T4 AbEE A
M ZEBAR 1, AR AR —B 0 Fd . 2013—
2014 4£ T2 F1 T3 AbFE K 2014—2015 4 F2 1 F3 41
IS R R RTME A ST o Lh B 3 P, Hkk
BSR4 Pros, RZEGHERWE 5 P,

. SEMEEERE o B IR
Observed evaporation Simulated evaporation
330 530
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28 1.5 b 21 i
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wELOp ®EIOR s
H §0.5f% HEOS|y . | TugR
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3.0 530
E2.5 g 25}
00 i E2.0§
e K E 15}
®E KE 1'0 i )
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HE B HEO0SHE i
5 WA > 0 b Py
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@ Eig LIP3 @ G KA
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E: T2, T3. F2. F3 #E/KE 54 228, 192, 264. 198 mm.
Note: Irrigation amount of T2, T3, F2 and F3 are 228, 192, 264 and 198 mm, respectively.

B3 2013 -2015 F240 22 138 KK SARIE A= 52 ATtk
Fig.3 Comparison between simulated and observed evaporation
in winter wheat field under different treatments in 2013-2015

B3 rTRAE S s e i RO EL AT SEMEL ) 15
PR o RH o3 SRR o TR, KRS A Ay ]

R 275 o BE (R ML 25N BT, {HL Evett 2RO 1,
WG PVC MR 28 A Farnd fay P - S8 1R i R
HABE . Klocke ZPHANy, ZER W H T AFHEAEY)
MR R K, BUER PN LS KR E A8, i
T 8D D v s ASHHE T S DA i 1 T R X iR R
FE, HAMEREIMRAERHAT, MR 2
ATRE TR EEM . IWE 3 IETTEUE Y, TN
FRY S BB 38 Bh K, T R 2 DA A il = 4 2 R0 i)
PAAS A6 N A0 17 3 BRI R 22 . AL EE IR R
FIRE A SZIE Y b R 0.704~0.980, R* 4 0.719~
0.957, RMSE 4 0.109~0.361 mm/d, AAE 4 0.085~
0.172 mm/d, NSE 4 0.645~0.904, RSR >4 0.305~0.586,
dia M 0.889~~0.995 . 1% 7= S v S UE I AE A BERVE RN,
VI SBR[ SIMDualKe R T] DA /N AR
)T R, BAEl gl ST T g A R ARk i

5 2013—2015 FHIEXLZSENEBSIMNEREZSITE
Table 5 Error statistics between simulated and observed
evaporation in 2013-2015

R Ab > RMSE/  AAE/
Year Treatment R (mm-d") (mm-d") NSE RSR  dia
T2 0.916 0.776  0.109 0.085 0.701 0.540 0.931
T3 0.704 0.957 0.207 0.122  0.698 0.544 0.889
T4 0.733 0.864 0.236 0.127 0.8720.451 0.995
TS 0.724 0.759 0.248 0.118 0.7200.552 0.900
2013—2014 4 T6 0.717 0.763 0.238 0.138 0.718 0.525 0.897
T7 0.818 0.781 0.176 0.105 0.764 0.486 0.930
T8 0.782 0.782 0.191 0.147  0.7550.505 0.925
T9 0.788 0.762 0.192 0.161 0.7160.5570.919
F2 0.918 0.835 0.204 0.124  0.8350.400 0.954
F3 0.980 0.896 0.168 0.099 0.8800.3410.972
F4 0.851 0.929 0.180 0.113  0.904 0.305 0.972
2014—2015 4F F5 0.717 0.785 0.361 0.124  0.7370.5050.910
F6 0.739 0.805 0.319 0.157  0.7390.503 0.920
F7 0.720 0.747 0.360 0.171  0.6750.561 0.900
F8 0.755 0.719 0.314 0.172  0.6450.586 0.901
F9 0.816 0.742 0.292 0.162 0.6580.5750.916
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T YR AN IEF NZAAHG BRI ARG AT
HREEAE AL, 2014—2015 4 TAREKRER D,
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BT BRI IR R L. AT 1 SRR AR B
g R, WLLER], SEE MRREAKACER B B 1%
RRMNFMIFAKR, NEEFURE, BARGAIEAE
BB EMZERK, HA4 T I 20k L w EAE
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2.5 TIEFEALLHIREIDEF
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FAEYZECR ) A RN T, SN, R
G F Z AR SR AZ EAE ], RSN PR 6 28
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TR BAEE O, EBRR N7 (IR B
Al PRS2 m AR XU . OKBHERST 2D FIEY
P i) , RIEAS IS 5 0 b %
Rl LI R ) A E R B, 8 TS F
X A 18 25 T LU A 1 1) 42 4E 1 & %k Cindirect influential
coefficient, IIC) « & [ 424 H] 2 £k (total indirect influential
TIHC) . HEAEH Z% (direct influential
coefficient, DIC ) #I & 1F FJ & %t ( total influential
coefficient, TIC) , WML R WHK 6.

coefficient,

R6 TREREOIZMEATFBEESTER

Table 6 Path analysis result of evaporation influential factors

EES (DR

VRN, .
I Indirect influential coefficient IIC B Iﬂgig:l?ﬁﬁ Dﬁﬁiﬁ?ﬁ /%%ﬁ ! BAEH &A%
Factor Wi X, Wi X Wi X Wi X, Wi X Wi X, Totd TIC  cocffictent DI Total TIC
Through X; Through X Through X3 Through X Through X5 Through X
Xi —-0.198 —-0.028 0.024 —-0.071 —0.563 —-0.836 0.162 —0.674
Xo 0.130 0.021 0.046 —-0.121 —-0.525 —0.448 —-0.247 —0.695
X; 0.030 0.035 —0.009 0.019 —0.115 —0.040 —0.150 —0.190
Xy 0.038 —0.110 0.012 —0.123 -0.290 —0.473 0.103 —0.370
Xs 0.068 —-0.175 0.017 0.074 —0.475 —0.492 -0.170 —0.662
X 0.129 —-0.183 —0.024 0.042 -0.114 —-0.150 -0.707 —-0.857

e Xi~Xe 2000 B Sl P EIARRRE . 2 m ARG KB S A T o

Note: X;-Xg is minimum temperature, highest temperature, average relative humidity, wind speed at 2 m, solar radiation and surface coverage, respectively.

MBI SRS, B AR B ME A 3
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Fig.4 Relationship between evaporation ratio and ground surface
coverage in winter wheat field in 2013-2015
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Table 7 Determination coefficients of evaporation regression model
Bt

4 Year Treatment POERMR
T2 0.867%*
T3 0.902%*
T4 0.821%*
2014—2015 4 " 0.8087
T6 0.807%*
T7 0.797%*
T8 0.855%*
T9 0.895%*
F2 0.851%*
F3 0.808%*
F4 0.865%*
2013—2014 4 s 0-8427
F6 0.721%*
F7 0.827%*
F8 0.842%*
F9 0.752%*

R RORAIRIELE 0.01 K B,

Note: ** indicates significance of correlation at 0.01 level.

FHIENA 7 B/ET =201 474 . Ji0 & b PR f) + 138 7%
RECH], PoE 2ECH 0.721~0.902 (P<<0.01) , Bt
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Estimation of evapotranspiration and soil evaporation of winter wheat in
arid region of Northwest China based on SIMDualKc¢ model

Wang Zishen, Cai Huanjie™, Yu Lianyu, Wang Xiaowen, Shi Xiaohu
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Area, Ministry of Education, Northwest A&F University, Yangling
712100, China; 2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China)

Abstract: Crop evapotranspiration (ET¢) consists of transpiration and soil evaporation. It is important to know the proportion
of transpiration and soil evaporation in field of agricultural water saving. The dual crop coefficient approach can calculate
transpiration and soil evaporation by dividing a crop coefficient (K.) into a basal crop coefficient (K,) and a soil evaporation
coefficient (K.). In this study, we used SIMDualKc model, a computer model developed by using the theory of dual crop
coefficient approach, to calculate evapotranspiration and soil evaporation of winter wheat under different irrigation schedules
in arid region Northwest China. Before modeling, a 2-year water-controlled experiment of winter wheat was conducted to
calibrate and validate SIMDualKc¢ model. Evapotranspiration was observed by a large-scale weighing lysimeter or calculated
by water balance approach, and soil evaporation in 2013-2014 was measured by a micro-lysimeter. We compared the observed
evapotranspiration and soil evaporation with the simulated ones. The regression coefficient (b), determination coefficient (R?),
root mean square error (RMSE), average absolute error (AAE), Nash-Sutcliffe efficiency (NSE), RMSE-observations standard
deviation ratio (RSR) and index of agreement were used to evaluate the errors between observed and simulated
evapotranspiration and soil evaporation. The results showed that the SIMDualKc model could accurately simulate
evapotranspiration and soil evaporation of winter wheat under different irrigation schedules. Modeling result showed that the
key water requirement period of winter wheat was from jointing to grain filling stage, and the soil evaporation ratio in the
whole winter wheat growth stage was highest in the mid season stage, followed by the late season stage, crop development
stage, and initial stage. On the basis of the simulation, we investigated the relationship between soil evaporation ratio and
meteorological factors (minimum temperature, maximum temperature, average relative humidity, wind speed at 2 m above
ground surface, solar radiation), and crop factor (ground surface coverage) by using the path analysis method. The result
showed that the irrigation only affected soil evaporation in a short period, while ground surface coverage affected it most in a
long period with a total indirect influential coefficient of -0.857. A regression model of soil evaporation ratio and ground
surface coverage was developed by using the soil evaporation ratio simulated by SIMDualKc model and the ground surface
observed in the field experiment. The regression model could accurately calculate soil evaporation of winter wheat under
different water conditions with determination coefficients 0.721-0.902 and it could be used as a simplified method to calculate
soil evaporation. These findings confirmed that SIMDualKc model was a useful tool to study the change of evapotranspiration
and soil evaporation under different irrigation schedules. The further study should focus on the integration of SIMDualKc
model and other crop growth models.

Keywords: evapotranspiration; soils; models; winter wheat
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