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1
Table 1 Computational methods for different radiation parameters

24x60 G..d, wsingsind + cosgcosdsinw,

R.=

)R R,= 0.75+2x107°Z R,

R,=R.- Ry R.= ( a.+ b,

R, R, R, R,
Ry= —0.09T,, +0.203T,; - 0.101RH,., s+0.687R, +3.97

FAO-56PM !
0.5
Ro=KiR, Ty *° Tp=Tus— Trin KT=0-2( Po)

19
s= kl\’_Ra Tax = Tinin 03 kR_ =0.16

R,
24
*L( d, wsingsind + cos@cosdsinw,

2 10
R,=
360 10.5+ J

0 =sin —23.45° cos 365 .25

31
24x60 G d, wsingsind + cosgcosdsinw

R,= <
b
_ . 2m 284)
¢ =0.4093sin 365

4]2
R M+Cco>( J+C)+Ccos( J+C)
! 3 365 4 3 365 6

5 13
R, = Rdexp( 0018 )
R K,sin$
sin$ = sm[ 0.85+0. 3gpsm( 3265]_ 1.39) —0.42¢2]
0.35-0.33K; Kz=0.15
Kz<0.15

Ro= Ko+ Ky R, KD:{O 18 +0. 82Ky,
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7 14
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C, R, ET, SPSS12.0
2
2.1 R,
2 5 7 FAO-56PM MRE
6.5% 14.9% 20% RMSE 2.24Mf m™%> d™' 4.59Mf m> d°! 5MF m~> d- L.
R, FAO-56PM R, MRE 6.7% 5.6% RMSE
0.59MJ m™* d~'" 0.50MJ m~% d~". R, FAO-56PM
FAO-56PM R, ) 3
R, . R, R, R,
R, .R, 10% R, 11.87%
R,. R, 10% R, 6.4% R, R,
2 FAO-56PM R,

Table 2 Comparison and statistical analysis of R, calculated with different radiation formulas and FAO-56PM equation

/ MJ m™% 47! R,/ MJ m™2 d~!

RMSE / RMSE /
MRE/ MRE/
% M m~% d-! % M} m~2 d-!
R FAO-56PM 7.31 2.6 16.7
" 1 126.4 9.03 9.75 -1.1 19.3 50.2 3.76
FAO-56PM 11.62 2.1 26.3 7.31 2.6 16.7
R, 1 19.30 6.5 32.4 126.4 9.03 9.75 1.1 19.3 50.2 3.76
2 15.61 5.2 26.0 84.4 5.81 9.07 3.4 15.4 40.9 2.83
FAO-56PM  31.98  20.8 41.0 7.31 2.6 16.7
R 3 25.00 -9.0 43.9 53.7 20.89 5.44  -6.8 18.3 65.2 6.45
* 4 32.16  19.6 43.6 30.9 11.28 7.25 2.4 17.0 32.8 3.01
5 32.51  21.1 41.0 6.5 2.24 7.48 2.7 16.8 6.7 0.59
FAO-56PM  24.01  15.6 30.8 7.31 2.6 16.7
6 13.28 5.7 19.0 46.0 10.81 4.09 -6.2 13.6 54.5 4.07
R, 7 27.95  16.4 38.4 14.9 4.59 7.73 2.6 17.5 5.6 0.50
8 45.54  31.3 2.9 116.8 29.54 8.86 3.3 17.0 29.4 2.35
9 31.44  31.0 31.9 38.3 9.03 8.26 3.0 17.0 18.0 4.24
3 R, ET, R, R, R, R
Table 3 Fitting equations for the relationships of the radiation parameters R, R, R; R, with R and ET)
R, ET,
X Y R, X Y ET,
R, Y=X R*=1 Y=0.7015X-3x10"5 R?’=1
R, Y=1.1872X+2x10"5 R?’=1 Y=0.825X-3x10""7 R*’=1
R, Y=0.64X+10"7 R*=1 Y=0.46X +4x10"5 R*=1
Ry, Y= -2.2762X>+1.677X +0.1799 R*=0.9138 Y=-1.1684X>+0.8606X +0.0923 R*>=0.9138
5 7 FAO-56PM R,
Ra Rll
2.2 ET,
ET, FAO-56PM ET,
4. 5 TMRE 4.5% 3.9% RMSE 0.46mm/d 0.94mm/d. ET,
FAO-56PM FAO-56PM ET, «x ET, y
y=ax+b ET, FAO-56PM ET,

4 . FAO-56PM ET,
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3. 3 R, 10% ET, 7% Saxton °
ET, R, R, 0%  ET, 8.25% R,
10% ET, 4.6% R, ET,
4 FAO-56PM ET,
Table 4 Comparison and analysis of ET calculated with different methods and FAO-56PM equation
A 5
R FAO-56PM 2.62 0.19 7.00
1 3.22 -0.20 7.82 35.4 0.98 1.06 0.44 2246.02 0.72 0.86
R. 1 3.22 -0.20 7.82 35.4 0.98 1.06 0.44 2246.02 0.72 0.86
’ 2 3.02 0.44 6.49 28.0 0.86 0.88 0.73 2805.38 0.53 0.94
3 2.08 -1.09 7.39 4 .4 1.22 0.65 0.38 202.67 1.46 0.36
R, 4 2.53 0.37 7.07 22.4 0.88 0.77 0.51 1602.50 0.62 0.82
5 2.29 -0.07 6.17 4.5 0.46 1.01 0.02 59649.33 0.13 0.99
6 1.91 -0.70 6.13 35.6 0.96 0.94 -0.54 4016.94 0.47 0.96
R 7 2.72 0.20 7.23 3.9 0.94 1.04 0.00  756461.11 0.04 1.00
‘ 8 2.93 0.32 7.10 18.8 0.44 0.96 0.42 8619.95 0.33 0.98
9 2.81 0.27 7.08 11.5 0.73 0.98 0.25 24267.88 0.20 0.99
ET, FAO-56PM 5 7
FAO-56PM
3
a. R, 5 R, 7 R, FAO-56PM
. R, R, R, 10% R, 11.87% . R, ET,
R, 10% ET, 7%
b. ET, . 5 7 ET,
FAO-56PM . ET,
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Influence of calculation methods for radiation parameters
on the calculated reference crop evapotranspiration

ZHANG Li' > PENG Shi-Zhang! LUO Yu-feng' DING Jia-Li' XU Jun-Zeng'
1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering
Hohat University ~ Nanjing 210098  China
2. College of Agricultural Engineering Hohai University ~Nanjing 210098  China

Abstract Net radiation R, and reference crop evapotranspiration ET, were calculated using FAO-56PM equation
and other formulas and the results from each method were compared. The results show that different radiation parameters
have different influences on R, and the calculated extraterrestrial radiation has a very significant influence on R, . The
R, values calculated from the Irmak Method and the Allen Method and the corresponding ET are almost identical to the
results from FAO-56PM equation. This indicates that the Irmak Method and the Allen Method can be used to calculate
ETy in hillock areas in the middle subtropical zone. Sensitivity analyses show that one unit variation in R, will produce

0.7 unit variation in ETj.
Key words reference crop evapotranspiration FAO-56PM equation net radiation radiation parameters
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