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MANEETEH
Input basic data

Y

14 % ¥ Crop data
1.3% % £ 3 Planting data 2. E B ¥
Crop coefficients 3.4 X i H Root
zones 4.1E VIR K BB RUK,

T % % ¥4 Meteorological data
1.5 #& Temperature 2.F§ 7§ Rainfall
3.4 & Wind speed
4.1 Miut ¥ Sunshine hours
5.4 %t ¥ HE Relative humidity

\

L1825 f: 4 26 & 40 (£ T,): Penman-monteith
Calculate evapotranspiration(£7,): Penman-monteith method
2.4 5T A7 RPF W 4 R HUSDAJT i
Calculate effective rainfall: USDA soil conservation method
3t SLE WK K 75 W B(ETe) Caleulate ETc
4.iF873% [ £ 3% K & 4 @ Calculate daily water balance

'

1 3% ¥t ¥} Soil data

1.1 3% i #4 Soil texture

2.9} A K 1 Available soil moisture
3.1 1% E % Infiltration rate

4.4 5 % /K & Initial soil moisture

MAZRAPORHBGE, T8

Btk H W

Input each crop’'s planted area, date

and harvest date

RSN R LTSNS R a1 (HED
RE QM HBEH CVEDBR &, (OF AW,
Simulate each crop’s parameters within growth seasons,
including: (1)Crop coefficient; (2)Leaf index; (3)Crop
evapotranspiration; (4)Effective rainfall.

A4

V47 # B % K £ Irrigation requirements
LAWK . 3 W EKE Irrigation times,

date and depth;

2.4 18 K 4 # ¥ Soil moisture
depletion; 3.3k B X B Actual evapotranspiration

4.8 JZ ¥8 & Deep percolation

|

& % i 8% B AE Irrigation schedule

Lirf o et i, . B K BT R

Defined times, date, depth by users

2.3 | K S W FEIL B - Lo B IN g AT A
Irrigation at percentage of soil moisture depletion(%RAM)

3FEREANE 6 S0 LA Sz ) B ) (] B A K

Irrigation of fixed intervals per stage

AR BT AR, SR

Noirrgation,

only rainfall
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Flow chart of the CROPWAT crop water management model

75 A R B M ERE, B IE CROPWAT &
BTFERSERGTTH. BEFENEEDET
wXP 1991 FHRRO#ATHRENEIE BERESERER1L

1 EHETPSESN
Table 1 The meteorological parameters during the crop growth period

R EHK 3H 4 A s A 6 A 78 8 A 94 108
Meteorological parameter March April May June July August September October
FHRESB(C)
Min. temperature -3.4 2.5 9.5 13.6 16.6 15.2 16.4 8.0
TR R(T)
Max. temperature 11.4 17.4 25.0 29.5 31.5 30.2 2%.6 15.6
A% 1 B Humidity( % ) 40.0 45.5 45.9 51.5 54.8 49.0 4.0 47.0
R.# Wind speed(m/s) 3.1 3.1 3.6 3.5 2.4 2.9 2.2 2.6
A B 3 Sunshine(h) 7.8 9.4 9.12 9.5 10.89 10.8 9.5 7.1
ABmE Rainfall(mm) 5.1 17.5 12.9 3.8 1.4 7.9 3.3 13.0
A B (MY (' -d)] 14.3 16.5 17.9 19.1 2.1 18.9 15.3 10.4

Solar rad.
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2.1 RMUFRZEBRREZSETHN~BREMEH

il
2.1.1 HERZEBTOMEN WEF4A2088
.10 A 20 BYR , EFHA N 180 do MLRIME
RE RAETKEERPLALE ATAZET Aba,
HARKBEREMEY 4.8 mm £H,

CROPWAT A BV R RABENETF N
B H ] Penman — Monteith A%, & S Y B E R
BETHSERYREEBR REEIRELT
EERBRNEYREBIRENEIRAERER
',

(1) M Penman - Monteith 2R H S E/EY
REXRBRD.

_0.4]8xAx(R,,- G)+ 7 xN0/(T, +213) x uy x e, - ¢,)
- A+ 7 x(1+0.34uy)

ETo

(1)
AP, ETob hBHE YRR EEE (nm/d); A Il
MKSESREMZMFE(KPa/C) R, HBHE
YRR RERES (MI/(n> - d)); ¢ L EBER
M/ (m? - d))sy ATFBERB(KP&/T); T, H2m
HAK HEHSE(C)u, H2 m BAKHRE
(m/s) e, M FK K EZE (kPa)se, N EBRKKE
(kPa)o :
CROPWAT I ML BT HSEYHER
EBERLE2, NEARRMNTUEIRMBXE 4
AP SEEYHEHREZBEREN 3 mmv/d &
. ZEHEYSE A B OKHEES %M,
BEEYARRKBRES APHZETA LAEE
T, 2% 5.2~5.5 mm/d Z[H, BifE, I FSE.
HREB CKHEHOEE, SREYHREREKBE
FreZ WA, A 2 g2k,

r — Ha %4 Trendline
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H2 RELHHASEENRREBR
Fig.2 Reference evapotranspiration during cotton growth period

(2) BEREARHENEDRETRBRE
HWEPRAER KBRS .
ET, = K, x ET, (2)
R, ET, MEYRRAEBE (mm/d); K, HEYR
.
1Y% CROPWAT B WEY B SR E, 1L
EEHNB. P RN K S BB 0.35.1. 15,
0.65, FIAARQWUBBAMEAREZER(L
3)o
9§44l Measured value
el 4304 Simulated value

—— fatyel (LPE) Trendline(Measured value)
ce-- AW (BEHU{E) Trendline(Simulated value)

Daily ETo(mm/d)
w

7
| . bi
A H

HFHARABLR

4 A
04-20 05-20  06-20  07-20  08-20  09-20
~05-20 ~06-20 ~07-20 ~08-20 ~09-20 ~10-20

H ¥ Date(M-d)

H3 WMEEEMARHERENE
Fig.3 Daily mean evapotranspiration of cotton

MNE 3R UEHREEEVPEERERE
EWEHOS mm/d ER HERYERK, BRRAE
BEZEHN,ZZ6 ATAZET AT XBIEE4.8
mm/dEhH BEEEHREE IREEFTFRNAKEE
0.4~0.5 mm/d, B E MEEFHEEHERE
BEELEENS SXUEMHRNELES, BN
BN MEFHEER EBELKIHEKXOI5~1
mm/d, EPEEFOY, BB EKEREX0.3~
0.4mm/dER , EAEFFPHEMUELETNMEKO0.6
~1mm/d ZA ,EREETRPELELEMEKXR
0.3~0.4mm/dEH. XFHERTTERETFHE
CROPWAT B R h i IEAED R B K, BREH X R K
Wme, B, M8 CROPWAT HEEWHEE
HBEW. TREY ST ITUBEREEDRE,
XA SIS R E MR L.
2.1.2 FASHRNBESEHHAM RBE
B EBIRR I E 4 DKLU, B b7
EBFERRRIE 2,
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Table 2 The experiment scheme and yield of cotton
WK E R Irrigating water quota(mm)
sk AT e P 955 9 (nm) BT (kg/h?)
Treatments Bﬁ:ﬂg Early blossoming and ~ Middle blossoming and Irrigation quota Lint yield
boll-forming stage boll-forming stage
1 - % - %0 1222.5
2 75 % - 165 1534.5
3 7% - % 165 1297.5
cK 75 % 75 240 1639.5

CROPWAT # B | A FAO B 5T R4EH 7= B X 7k
Smp g RARG). BERKEBRREL.
ERBRARBE SN EYERERRKER
B BB, EENEYREOEE,
Yﬁ, = K,(1- STT,,,) 3
AP,Y, hHAKLSTHEFTREBHLHE~&
(kg/hn?) ; ¥, HEEF $1 75 5346 K B8 1 9 B BB 9
P8 (kg/hm®) ; K, RHBKEURRYG ET, WETHH
BK 4T BREY B L ERFEK B (mm) ; ET, HAEFT YR
- KRR AHEK R (mm),

Y% CROPWAT M B A 1EY IR YR S038 I, M 16
EEW IR KBERREDIN K, =
0.40;K,, = 0.40;K,3 = 0.50; K4 = 0.40,

BE L RBELETRERRBOKERRE, A
RARG)IUUBHARRMBEHETRE~BEHE
#HE, & 3,

£3 kXS MBITISE R W H
Table 3 Simulation of the influence of deficit

irrigation on cotton yield

1-

LW fH Measured value
Fae ¢ b

BUHUE Simulated value
b 4 . S

i3: ]

Treatments  piny yield Yield reduction  Lint yield  Yield reduction
(kg/hm?) (%) (kg/bm’) (%)
1 1222.5 25.4 1205.5 26.5
2 1534.5 6.4 1519.8 8.3
3 1297.5 20.8 1332.1 18.7

CK 1639.5 0.0 1639.5 0.0

HRIVUEN, EEUEXIEBRTEH
W1 )5 1 , CROPWAT S0l B f L W{E A HFRIFH—
OBk, SAEEREMET AR R, K, A8
1.2 REE L SR E B =R K, A3 3 MBI
b 35 94 7= 4R />, X TT BB R B F CROPWAT #L K
PR PR KEBRARK K RERK, AT B

B K BUER/DERG. BARXPRAKERER
RHYE CROPWAT B &I By 1E 4 JB v 038 HE BT 18, T
ARYMLIBE, BHifg, hTHEERE T hEY
WHA, FRELSFERETR EARSFHEATE
iE,

2.2 THAARARFEESERTHEMNETR

L Aok RO
2.2.1 BKRSRAHBM CROPWAT ERIAT L
RER B KR FEBEL G RFEEEET 8K
B, HEEANBEREEEANNSH K. E
KR AR BREABREITRLMFEERRRE
HEFHKS SR, NTH B RS HEER EHK
REMEKS, W AR R R EERRE

L CROPWAT #if#tl 3 4 FimFE/NE 4 MMt
EARAFEBRET LKA EL, HE EEES
HEHAPEXENE P BKEHITHER" %
WoRFABEXERME, LB 1, REF, 5% 4
AREFE A9 K BT A] K B AR, BEJS, CROP-
WAT BRI AR AL T 5 1+ k4 B4,
RE 4, NEPTUER, CKAMLEIHHRT
BEBKRE, AR HMEHEEA T SEER, XL
By CK FAbZE 3 A9 — K 1= 7K i B8 7K B o] [5] R 2
EERN. HYTE, LM 2 WHEBRRHERNSE,
ERABRE-RMOERT, FATHERAK, X
— B RENLRNRRERBAEYE.

By L FT R, CROPWAT # BRI v] LU I 78 4 HE R 7E
FlEEBRAE I mREEKE EREREEDET
BRARAKE BEAABERE RTNE. LR EHEE
SHWHBAITETN L MK S ELRE, BR
T B O, B A g ) A A R R AR 7 , BT A
BRSO 2 R W0 B T A RIS ER
2.2.2 #EAWESFEYHGEM REOFNE
T MBI K 4 A, 45 4b 3B K BT IR] R 7=
BERE 4(10]0
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CK
or # ¥ K 5 % Lost irrigation
# & Irrigation /[ l
[}
\ EX: VP28 214
~ : Soil moisture change
€2
ES ot
&
i3 .
&2 A N HEKSHEGHTR
¥ E100 F . . Readily available moisture
. ",
5 3 K P
(7] \
2 “REEHNEA BT R
150 b % Total available moisture
200 i i i 4 i L | S 1 1 i d
1 2 3 4 5 6 7 8 9 1011 12
A 4 Month
4 B2 Treatment 2
20
0
# B Irrigation
201
- Tk ER
B 40+ Soil moisture change
£% ol
o
¥ 2 gt
NE| | Ak I TR
"= 10 5 Readily available moisture
. Q . A}
a0 v Y
" *
1401 B BEEHBABERK
. Total available moisture
160 L
18ol2345678910“12
A 1 Month

431 Treatment 1

-20r & ® Irrigation
0
20t . \5 LHAS L
AN H Soil moisture change
T3 0t 3
ES W
53 e}
3 s YN
bl k N\ HRAAMENTR
® Eroo} Y * \: \ Readily available moisture
53 : \
“120 3 Y
< )
140 |- Y RAFHEABH K
. Total available moisture
160 ( Ve
180 1 2 3 4 5 6 7 8 9 10 11 12
A # Month
A B3 Treatment 3
=200 .
| % #K 8 % Lostirrigation
o L
20
g 401 (MR
Es oil moisture change
&S 60
L3 sl
¥ EIOO 5 ‘ : HBKFHENTR
-3 z . ¢ \ Readily available moisture
Hao} kA :
10} B CRREHENBAEK
) Total available moisture
160 KO
180 1 2 3 4 5 6 7 8 9 10 11 12
H 4 Month

B4 FELETLNKSELRBHR
Fig.4 The simulation of soil moisture change under different trestments

£4 BIERBRATRE"R
Table 4 The experiment scheme and yield of spring wheat

MK &} [ Irrigation time (M - d)
st — MREB(m) ot (k)
Treatments —7K ¥, 4 =% iif 3 ik AK gation Yield
1" imigation 2% imigation 3" imigation 4% jmrigati 5* irrigati 6% irrigati quota
04-28 05-21 06-07 06 -20 07-06 - 390 8187.9
2 05-05 05-26 06-07 06-15 0-01 — 390 8733.0
05-10 05-16 06- 01 06 - 20 07-10 — 390 7962.9
CK 05-05 05-16 06 - 01 06-15 06 - 26 07-06 450 8988.0

HERATUEN, 2EFHEANKKS CKA  MEEMHHEKEE KBS A CROPWAT - $,
BRERRNTE, BALE 123 MWEREHBA N CROPWATHBENEYREHEEESR FNE
390 mm EEAEAKHBAHARTMEARARANT £EPIIAVBEORKEBRREIHINA:K, =
B SREFBYMEEL KM EMLHE24E3  0.40;K,=0.60; K,; =0.80; K, =0.40, Fl| K (3)
MEBPRET, AUBBIALE 1.2.3 25 A0 RALRES.5%.

B CROPWAT B HIX — KRR, 4 1.5%.9.2% , HIULERRES,
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25 fERHSARNRIEERERHEHY
Table 5 Simulation of the influence of
deficit irrigation on wheat yield

MBERER K, BENERTUEFH, EHFGH
HEWHET,CROPWAT B REH N =ER TEN
B, XREEHWAIERERK. —& CROPWAT

Mj“:f%dm cmffv?miﬁ{%m BEENNFRERAE—MERERLME W™K
1 | — HEFE MNAKERG KRR ENHENE
Treatments . At it 4 . ol

Lint yield Yield reduction  Lint yield Yield reduction ~ 8R7%&. T CROPWAT BB F IR BENELH

(gba’) (%) (/o) (%) Bt 7k OB R SR /De FTBL, 5 T CROPWAT

! 3:;: f: ::;f: j: BRTE B RBUR , B E YR B Bk BB
7962.9 11.4 8161.05 9.2 RUGHEATBE -

K 8988.0 0.0 8988.0 0.0 Hi#t— 5t CROPWAT REIXS T BT

% 5 B/r, CROPWAT B RUEL 00 i) 7N ) i ik 360 B
TSt BANEFEBA ML REREEEER, &
B2 M3 WA A BTIDUE W B AL 3 YL WIE

X7 B A BRI TE R/ R L RBUIR S HH
BRATHHTRRE RRERERRERERR
BHEH AN, HESRBARBEARE 6!,

x6 ZUHSUAXBNAEALN
Table 6 Meanings and their ranges of statistical parameters

BBEX HEAR BRERE BAEE
P$”5 Parameter Calculation Value Optimum &ﬁﬁm
definition formula range value
By s " RMSE 8/, RERHBRBRE
RMSE Root mean | ZP-0d =0 0 The simulation result is better when the RMSE
square error RMSE = n is smaller.
£(0;-0)- 3(P;- 0,)? EF @8 1, RU S HBERRE,
EF afﬁﬁf” sl ——f=l : <1 1 The simulation effect is better when the EF is
! Z(0,-0) close to 1.
. CRM < 0, % 91 51 KU MR 451 {8 W 9% ; CRM > 0,
RERBERN 2(0;- P)? RABRBRLERE,
CRM  Congregate residual CRM = gl——_——"— sl 0 CRM < 0 shows that stimulated value is higher
modulus i?. 0; than measured value; while CRM > 0 shows that

stimulated value is lower than measured value.

WP P B 0, W0 HEMTHE ;o HBUBRXABE .
Note: P; means simulated value; O; means measured value; O means average measured value and n means the corresponding number of the data.

27 CROPWAT SEINF~RRKILERMES T
Table 7 Accuracy analysis of simulated results of yield by CROPWAT model

] 3934 {8 (kg/hm®) B 3 H (kg/hm?)
Crops Mean measured value Mean simulated value RMSE EF CRM
#7E Cotton 1423.5 1424.23 20.62 0.98 -0.00051
/N3 Spring wheat 8467.95 8599.238 10.35 0.86 -0.0155

215, CROPWAT BB BB FENEER
S =R A% W RMSE 4 510 20.62% F
10.35% , 6 B A R 10130 SR 3R 4F s EF 4351 50.9870
0.856, 1% 83 S AR BLEIRUR B 57 ; CRM 2 - 0.00051 F1
-0.0155, # A 1H, U B BE Y &Y $hAT {8 8 55 W {EL 1R
o

e 7T W, CROPWAT #5 R 78 &L 400 7t 438 S
e =B KW A H BT EAE.

3 ZR5ite

CROPWAT BRI AR $E M b S R F K, #1 F Pen-
man - Monteith AXHESEEYRREBE, BH
RAEYARRBRNEDREBIEDRRERE,
ZR B, F A CROPWAT BRI B 9L A %
REBERSTHMAEMNZ B EAAREERAN—K
W EENMEFHNOBRERABRETHERK,X
AEERH TRENEDRERERSIHERN, TR
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KBEYRREDR WK T, HEXHER
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Study on deficit irrigation based on CROPWAT model

SUN Shi-kun, CAI Huan-jie, WANG Jian
(Key Laboratory of Agricultural Soil & Water Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: In order to verify the applicability and accuracy of FAO CROPWAT model in deficit irrigation study,
both the deficit irrigation experimental scheme of cotton and spring wheat and the local meteorological data were input into
the model. Then, analysis was made of the simulation effect of the application of CROPWAT model study in crop evapo-
transpiration and the impact of deficit irrigation on crop yield. The results showed that the simulated values and measured
values of cotton’s daily evapotranspiration showed the same distribution regulation, but the simulated values were 0.15 ~
1 mm higher than the measured ones as a whole; the simulation of the impact of deficit irrigation on cotton and spring
wheat yield indicated that the simulated values and measured values showed the same tendency, and the statistical analy-
sis of the results showed that the RMSE.EF and CRM of cotton and spring wheat were 20.62% and 10.35% ; 0.98 and
0.856; —0.00051 and - 0.0155 respectively, it meant that the simulated effect of CROPWAT model was preferably
well, but the stimulated values were higher than measured values in general. Simulation results show that the model is
applicable in deficit irrigation study, however, in order to obtain more accurate simulation results, it is necessary to cor-
rect the K, and K, parameters before using the model.

Keywords: deficit imrigation; CROPWAT model; simulation



