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The feasibility of calculating reference crop evapotranspiration by Hargreaves
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Abstract: Based on the meteorologic data from 1958 to 2006 collected from Gangcha meteorological
station, reference crop evapotranspiration was calculated by Penman-Monteith equation and
Hargreaves equation, respectively. Owing to wind speed, atmospheric pressure and precipitation,
the annual value of the reference crop evapotranspiration calculated by Hargreaves equation is
lower than that calculated by Penman-Monteith equation, also the monthly value of reference crop
evapotranspiration calculated by the two equations are of great difference. According to the estimating
reference crop evapotranspiration by the two equations, the calculation method of reference crop
evapotranspiration that is suitable for Qinghai Lake basin was put forward.
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(Smith, 1991) . 1994 4E, FAO X X& HAEYi
e R R AT 1T L, RIS HAEAENs & i
H— BN S AR EZ N7 k7R, AR
VEYIREN 0.12 m, [EE IR B AR 70 sm™,
RGN 023, R TRIITRE, =2,
AR, 574 B8 55 B T T A Sl K 1) 2 €0 55 b 1)
&k 7w (Allenetal, 1994) . fii ] Penman-
Monteith A2 b T 1Y AR FORMUAE s Uil . 1%
AR FIAAR . AR . K, H R EE,
SRIMTAE T FE FI N F 2 Mo X RS G ul o L) 3B
A S SE L K B PRk (Xu and Singh, 2002)
XTEAR KA EE F IR T Penman-Monteith 23 x4 fift
Mo i, fHEDSIERRITHEINEEV 21
DR Tz

Hargreaves %5 A\ T 1985 4F % 37 | Hargreaves
N, ZAKXAT H P RS A E. HFRK
. HPEEAREMANR S WA Ut s %
YEYIAENS ik, H PR ESSER . FHRIS
ERE R SRR RPN & G =g DU
A1 K 23 8 53 GO AT DUAR 45 >4 Hb 243 BE A ) FAO AH
7 k15 3] (Hargreaves and Samni, 1985) ,
“Jy Hargreaves v 2 It 7 8046 55 KL 45 2 4644, i
MZAX A MR DOk, B A EE X HZ A X7
TREMIVITE, FFE XA B A T —
s e oF 7 4 (Saeed, 1986; Jensen et al, 1990;
Hargreaves, 1994; Amatya et al, 1995; Allen et
al, 1998; Vanderlinden et al, 1999; Droogers and
Allen, 2002; Xu and Singh, 2002 ) ,

AR, BN 574 JF IR X Hargreaves 23
TCALE [ NS 53 L X s P R4 T TS 50T, 4
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R FEVEAE T R X A3E M Bk S (2004) F)
JH Hargreaves 2\ 20 B P4 4% v HL IX (1) 2 AR W) 7%
KRR HAT TIHE,; WS (2007 ) 38 0%
Hargreaves 2y 200113 45 5 5 Priestley-Taylor (i
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R IX = RIS sy, X 4Bk A ARk
NG, ARk, TR A IS S
SO, IR B TR R AR AL
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1) Penman-Monteith >3,

B S EYTEAEE K& 7 1) Penman-Monteith
AFHK (Abdelhadi et al, 2001; David and Jennifer
etal, 2005; Gongetal, 2006) :

900
0.4084(R~G)+y 773 Uyee,) 0

A+y(1+0.34U,)

KA R, J5E NSRS JI2E
0.4084(R ~G)

ET(PM)=

ET,,(PM)= )
APM) A+9(1+0.340)
0
ETanm(PM):
A+y(1+0.34U))

X, ET(PM) 3 F| H Penman-Monteith 7y X
RS ZEYEAEE K E (mmd ') 5 4 AR
KIESIREMZLRRER (kPa/C) 5 R AZHAE
YRR MRS (MIm>d) 5y A TFRER
B (kPa/°C) 5 Uy, I 2 m S RGE (ms™) ;
e, MPFIKSE (kPa) ; e, ALPR/KSE (kPa)

2 ) Hargreaves /A3
ET(Har)=c,R ATt V18T T (4)

2 W, ET(Har) & F| Jf] Hargreaves 2% =\ i1
WS ZEYHEE KR (mmd') ; R, WK
NG RKBHEE S, TR 8 B (] 5 b P74
W3S oo M R, MR, Lmmd' A
I, ¢=2.3x107°, 4 R, L) MJI-m>-d "' b B {7 i},
c=9.39x107"; T W H KU (C) 5 T N
Hm i (C) 5 T N HEMRSR (C)

1.3 ZitoiR

AR SCAH 152 25 40 B AN M ] 05 7 3k E 3 PR
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n
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- ET(Har),
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14 IREXBSH

IR AR I A3 A1 7 108 W 22 45 A 7 1) A TELIEG
A AHE S FHE S 290 PR Z 8] DGR R
170 & LB ) — Rl 5 i, HEA R AEUE AR 4
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1999) .

AT
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Fig.1 Comparison of annual variation of reference crop
evapotranspiration
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F 1 WJLIE ), Hargreaves AR5 R AN ZE |
v 22 1A S 2 B0 12 /)N T Penman-Monteith 2%
7, L] Hargreaves A TS B E WL &
AR SN, THRRE MR E . WA
BT RIS AR YA K i bR 22 A
S RBEREUN, VLIRS AR A I & it
ARG RINEGIE o
# 1 Penman-Monteith 2> zUF1 Hargreaves A5 2%
VERPAE RS AR RPN LRI
Table 1 Statisticas characteristics of the annual reference

crop evapotranspiration calculated by Penman-Monteith and
Hargreaves equation

N s EEME R PRfEE TR
IR o) (o) o) R

Penman-Monteith 905 478 78 0.0866
Hargreaves 714 117 24 0.0342

22 FAMUHEAZEHESEEMEBEEBLENA

HETHILE

K 2 2 A R N S B E TS Kk
HAEH YA, B 2 AT LVE S, PR
BT AT RN S B AR TS TE S K R e AR N B AH ]
AR N1 A EE A Fhm, #E 7 ik
FmE, RIENITI TR, €7 7. 8 H. 9 A,
| FH Hargreaves 7y 201155 119 45 % 5 Penman-Monteith
NHITE NSRBI, MAEHAA 5, R
Hargreaves /A 20 A4S 7L/ T Penman-Monteith
ANAMITESE R, XUWAETH. 8. I A KL
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Fig.2 Comparison of monthly variation of reference crop
evapotranspiration
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KEATH. 8 A, 9 = AMERMXEN, Ky
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A5 5.6 mm. 5.5 mm Fll 6.2 mm, SEIFENRZE
IR 42%, 5.2% F1 7.9%, i £E FEE Z= T W
TR INER BN A S B E 22 Bom 1 22
SRR, X5 TEHEE (2006) 78 H gk X
HIBFFE S e —80 . JUHDEAE 1—4 AF 11 H |
12 7, P 22 ik 40% UL F, Hdr 11 H
By ik 102.31%, XPIFTE TR NS S 1Y
TRIEIS KB ¢ NG IR 25 R, FE—4E b I
Pl B3 0 45 A 25 1) 22 SRR 21 T A i
FKV, XU AE T I ) D SR FE o 5R  k
RN AR NS Z YT & & H A A T
R, AT REOHRE , SN2 R IR 2%
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2.3 Hargreaves AT\ ZERVIHE
L E3#ra] i, Hargreaves 233 A8 45

5 Penman-Monteith AR ATHR R ERKK, H
TS TR T W U ] Hargreaves 23 20 8 £
BSHAEYNRTES K, ASCRH R PRN 5 ik
BITHAZER, @y TARIA R (L& 3) , |
% 3 0] 41, Hargreaves A 2CIK 1T 45 5 Penman-
Monteith 2AZUHY AL REA BAFIAHC R . #
IR E T3 B3 R 45 58 5 R ] Penman-Monteith
NIRRT IR, RIS EEY
TETEMS J it ()74 4 X6 I 25 F R 1) 192 mm [y
18 mm, P EEAH X i 22 1 iR 9 58.59% [ 3.85%,
U R w . ZALBREIRIH. 4 H. 6

A 10 H P 4a 50 22 80K, Im 2218530 R A
3.68 mm, 4.95mm. 7.75 mm Fl 1.56 mm, HAhs&
A0 45 w22 KT 0.1 mm, WiAE3 H . 4
H . 6 A 10 H 35K 0.047 mm,
0.061 mm. 0.069 mm F1 0.028 mm, %K H FriEl
ZRAAE 6 AUy, N 1.88 mm, % H 5F 4
X 2E R 1.03x10 %, #4IET 0, ULHAPIR 7k
WHEERILFE. 0l LM, rE A
lti<t,,s=2.02, i L. Hargreaves AZi1E M H &%
YEDI TSI k1o B AR i g sy (9 [l A A SR 4
5 Penman-Monteith AR H S HEYETE
R ERA BEES, LR IE R AT AR
# Penman-Monteith 2> 7E T 18 A 38U8 H

%% 2 Penman-Monteith /A ZUH1 Hargreaves AT S B VEYIRFERS K& i H (HSUTHRHIE

Table 2  Statistics characteristics of the monthly ETj calculated by Penman-Monteith and Hargreaves equation

MBE (mm) RMBE (mm) R (%) t

1A 18.0 18.0 177.4 —78.81%
2 H 21.0 22.5 117.5 —74.95%
3H 23.0 24.0 58.8 —66.04*
4 A 20.4 21.6 30.7 —49.38*
5H 14.5 14.3 15.4 —22.11%*
6 H 7.5 8.4 7.6 —-12.02*
7H 47 5.6 42 —-9.58%*

8 H 53 5.5 52 —15.08*
9 H 5.5 6.2 7.9 —14.71*
10 A 12.8 14.2 30.9 —19.89*
11 A 19.1 19.8 83.5 —-102.31*
12 A 18.4 18.4 140.0 —74.02%

TE: * FoR MR RINER  KEERTE 0.05 5K EER R,

# 3 Penman-Monteith 243X 5 Hargreaves A3 HSE IS AR YIRS K& it 22 (8] 0 [l )3 5

Table 3 Regressions equations of ET, calculated by Penman-Monteith and Hargreaves methods

A#y (H) EVEpxi FHIC R t } 55
1 ET(PMY=1.3745%ET,(Har)+0.4560 0.878 0.005
2 ET(PMY=1.2844xET,(Har)+0.5372 0.986 ~0.008
3 ET,(PM)=0.9046x ET,(Har)+0.9169 0.972 0.008
4 ET,(PM)=0.8646xET,(Har)+1.0268 0.974 -0.005
5 ET,(PM)=0.7004xET,(Har)+1.3823 0.720 ~0.008
6 ET(PM)=0.8747xET,(Har)+0.6915 0.720 ~0.008
7 ET,(PM)=1.4880xET,(Har) -1.6301 0.878 ~0.004
8 ET(PM)=1.0919%ET,(Har) -0.1336 0.979 0.006
9 ET,(PM)=0.8880%ET,(Har)+0.4528 0.970 0.011
10 ET,(PM)=0.5880%ET,(Har)+1.0743 0.936 0.007
11 ET,(PM)=0.9871xET,(Har)+0.6455 0.982 0.009
12 ET,(PM)=1.3549% ET,(Har)+0.4409 0.931 ~0.009
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BeAh, A SO EARSE (1978) | WA
ANk (1986 ) FERIIFFTLER, XL Hargreaves
NEITEWH S AEYIETENS K5t [ 22 & /Y 5]
IHARIHELE R AT T — PRk (£ 4) , il
XoF L IR FH RT 05 5 R 5 i 8 AT 5 R AT
e EARAE N B R A —3, HMERRS H .
10 AT 12 HRRSN, HAE H E5 R 5 i1
FEAERMIEAR—F, Skt s A, 10 AfT12 A
TR R I 22 WA RIRK, P35 H # 22 A
F) 1 mm, PE—EHLL Hargreaves A8 (2
ZAVEYNG AN & o B A s i A AT DA
% Penman-Monteith 23 2UHE 5 I 48 o
2.4 Penman-Monteith 23,5 Hargreaves A3 it

HERERNER SR

R4 Allen( 1995 ) F1 Droogers and Allen( 2002 )
(4 BIF 5% 45 2R, Hargreaves 24 2 1Y 11 55 4% & %2 X
. FEEKFR SRR, K 5 2] Penman-
Monteith A=l Hargreaves A IS BAEYTE
FEWS & AFAE R A X w25 . AR PR XU, AT
KA BIREK i, AR SCIRYER 5 113 T 4840
P 25 5 WG . S RIS K B A OC R &k, Jf x4
X 22 5 KU L S0 TR 7K i A 68 DG B R A 7
THEF (LR 6) . H 6 A1, 78T 1 s |
SRR 7K i % Hargreaves 28 3 80RE BE 52 0K
ANEIHE R G > S > BEOK AL, 40 25 5 XL
BRI REIEMRE, SEKNERETAHE

XK, JEHREXT AR B E . £
IR, Bk, &, BEFERRGEER K, HIE
X = A ZE1 A ] Hargreaves 23 2 i 3155 45 3R X
F Penman-Monteith 232 T TE 45 R 2R/, 10
EEZE, T REAEXT RN, PRt A
B4 X s 25 /N, eAh, T IR IR A R K 3
FEPHEE R (EHOIRSE, 2003) , W2 E
Zedfe S 25 N SR R 22—

F 4 XLA Hargreaves AL A SH Y EE & &

R FV AR BT A R 2 2 T4 SR 56 E

Table 4 Further comparison with the results of other experts

Fsf 1] B HBAE (mm) HHEE (mm)
1 H 20~30 28
2 A 30~40 39
3 A 50~70 68
4 A 80~100 92
5H 80~100 109
6 H 100~120 112
7H 100~120 118
8 H 100~120 108
9H 60~100 77
10 A 40~60 61
1A 30~50 42
12 A 20~30 31

2 800~900 889

%5 ] Penman-Monteith /A 30 F1 Hargreaves 232034 SV EMITRIE I & B AR X R 22 |
ARSI RGH | ARSI AR S 4 [k B

Table 5 Difference of the annual ET, calculated by Penman-Monteith and Hargreaves equation and annual wind speed,

atmospheric pressure and annual precipitation

0 (4F) BE (mm) K (mes™) S (hPa) Fé7K (mm)
1958 188.3 3.8 680.6 415.1
1959 172.7 34 680.1 356.7
1960 162.4 34 680.5 322.5
1961 139.2 3.2 680.2 347.1
1962 184.6 3.4 680.6 311.9
1963 184.8 3.6 680.9 407.0
1964 161.8 34 680.1 407.3
1965 191.0 3.7 680.9 361.0
1966 178.8 3.8 680.3 328.6
1967 139.6 3.5 680.2 499.5
1968 175.9 3.9 680.3 345.4
1969 211.3 43 680.1 3933
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(8:K5)

Ey D BE (mm) i (ms™) S JE (hPa) K (mm)
1970 378.4 4.0 680.5 369.3
1971 196.0 4.1 680.7 425.0
1972 408.6 3.8 680.3 408.3
1973 210.9 4.1 680.8 290.7
1974 165.1 3.9 680.1 393.0
1975 134.6 3.6 680.4 442.8
1976 169.1 3.2 680.0 357.8
1977 182.3 3.7 680.7 329.3
1978 189.1 3.9 680.8 303.3
1979 229.4 4.0 680.8 375.4
1980 211.6 3.9 680.5 325.7
1981 180.3 3.7 680.2 407.2
1982 170.5 3.6 680.3 365.9
1983 188.2 3.7 680.5 384.8
1984 212.2 3.9 679.3 350.7
1985 199.3 39 679.8 474.9
1986 190.5 35 680.4 384.8
1987 182.0 3.6 680.9 418.1
1988 150.3 3.5 680.4 515.8
1989 135.8 3.1 680.3 458.8
1990 174.3 34 680.8 260.1
1991 186.0 3.9 680.3 300.8
1992 163.5 3.6 680.5 308.9
1993 144.0 33 681.0 397.1
1994 152.7 34 681.3 371.1
1995 551.7 3.7 681.2 349.9
1996 157.4 3.5 680.6 409.7
1997 166.4 32 681.4 363.6
1998 150.2 33 681.6 380.1
1999 216.6 32 681.1 408.5
2000 156.2 3.1 680.3 419.6
2001 177.3 34 680.9 297.5
2002 168.4 33 681.1 372.2
2003 163.3 33 680.3 344.9
2004 176.8 33 680.8 4279
2005 144.5 3.1 680.3 427.7
2006 138.4 3.1 680.8 415.5

F6 N2 SR SHFIFEIK Y Pearson AHOCZR BRI (4 OCHK BEHEF
Table 6 Pearson correlation coefficient and Grey integrated incidence among BE, wind wind speed,
atmospheric pressure and annual precipitation over Qinghai lake basin

PR SR [k
Pearson #H ¢ 2%k 0.382* 0.103 —0.128
TRAO IR 0.6769 0.4402 0.5660

T * FORTE 0.01 BFACE LRBIR B,
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FRE I 2GR 0k 1958—2006 4F 1R 5EL,
435 F| F Penman-Monteith 23 2 fil Hargreaves 23y 2
TR T SHBAEYNETEs ki, FEMREIRIT .

(1) M4E{E ¥ % &, Penman-Monteith 73 =X
1 Hargreaves 23 2 13155 45 SR AE ¥ 1 W i s B A
%224 5 Penman-Monteith 2 = [ 38 25 1 &
= K T Hargreaves 7y 20 ) 7158 25 S, 468 X} s 22
1€ 135~552 mm, “FH0f 22 191 mm, AHXHR 2 7E
18.5%~77.2%, ~FIJAHXS {2 26.8%.

(2) fWZEZ N, ERMBEK P, Hrh
32 RHL ) SE R B R b 2

(3) MHER%%E, FlH Penman-Monteith
7~ RN Hargreaves v X THAE ) A 22 57 W3, JC
HAEFERZTr, 2RI NI,

(4) 4 Penman-Monteith />3 Hargreaves
IERITE WA S BRI TEAE N k50 25 5 A,
FI ] Hargreaves 2 X545 AR A A @ T
ZHEEHAK, Sk, BIRAKXW A
RAEH B2 Penman-Monteith A1 318E 45 5
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