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Abstract: Global solar radiation (R,) is an important elementary datum for crop modeling and reference
evapotranspiration (ET,) estimation, but only 1/20 of Chinese weather stations can observe it directly. It
is a common method for estimating R_ to use empirical model based on temperature data, which are easy
to get. Based on the temperatures of 20 weather stations in south of China from 1982 to 2014, parameters
of six different forms of Bristow — Campbell (B —C) and Hargreaves ( Harg) methods were calibrated ,

and the applicability of above-mentioned methods and fifteen support vector machine (SVM) parameter
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input forms were evaluated. The results showed that SVM model was better than B — C method and Harg

method as a whole. The SVM model with maximum temperature (T ), minimum temperature (7T ; ),

max

relative humidity (RH) and precipitation (P) as input variables had the highest precision. On average,

R’ and RMSE from the twenty weather stations were 0. 80 and 3.20 MJ/(m’-d), respectively, even

when it included precipitation data, R was not negative and even greater than the extraterrestrial total

radiation (R,). R’ from the twenty weather stations was 0. 74 on average, and RMSE was 3. 72 MJ/(m”+d)

when based on temperature data. Different input variables had different influences on the SVM model

forecasted R_, the input variables of T, and T, were superior to AT. In addition to temperature data,

when the model had the relative humidity and rainfall data, it was showed that RH + P > RH > P.
Among the empirical models, the B —C model’ s M1 and M3, and the Harg models’ M10 and M12 were
preferable , their R were 0. 69 ~0. 70, RMSE was about 4.0 MJ/(m”+d). While the M10 and M12 had

higher request to the meteorological data, which needed the data of dayly temperature and precipitation.

There existed the dayly R_ overestimation or negative problems when it rained.

Key words: global solar radiation; temperature; model; support vector machine; estimation method
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Fig.1 General situation of research area and weather stations
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Tab.1 Summary of twenty meteorological stations in south of China

s oy g/ ZJg/ B ek HREE2E/ SR R/ AR, REREK
(°) (°) /% C (MJem~2-d-1) % #/mm
1 I 8 L 29.52 103. 20 3048.6 6.4 8.4 16.8 80.0 1670
2 [iRaR 26. 87 100. 13 2394.4 13.7 11.7 17.5 60. 5 980
3 ¥ o 25.02 98. 30 1648.7 9.6 11.2 16.3 73.8 1532
4 B 25.02 102. 41 1896. 8 10. 8 10. 4 16.7 67.1 979
5 Fot 22.00 100. 48 553.6 10.9 12. 1 16.3 77.9 1181
6 ZEH 23.38 103.23 1301.7 14.3 9.6 17.0 68. 1 1512
7 TE 30. 70 111.18 134.3 12.6 10.3 15.5 70.2 1161
8 iw)'d 30. 62 114. 08 27.0 10. 6 9.0 15.3 69.9 1316
9 pilE! 26.58 106. 43 1074.3 21. 1 9.8 15.8 71.7 1073
10 FEMR 25.32 110. 18 166. 2 12.7 9.0 15.6 69.5 1888
11 N 25.85 114.57 124.7 16.0 9.7 15.9 69. 6 1 446
12 i 32.00 118. 48 12.5 11.1 9.7 15.2 69. 6 1091
13 AR 31.87 117. 14 36.5 8.9 9.5 15.7 69. 1 1001
14 B 30.23 120. 10 43.2 12.4 9.4 15.6 68.6 1438
15 HE 28. 60 115.55 45.7 13.0 8.2 15.8 70.2 1614
16 &I 26.08 119. 17 85.4 14.2 9.2 15.9 69.7 1392
17 7N 23.02 113.20 4.2 11.2 8.4 13.9 71.3 1801
18 ik 23.40 116. 41 7.3 11.9 7.3 16.7 74.4 1618
19 T 22.82 108. 21 73.7 14.5 9.4 15.7 76.5 1290
20 W 20.03 110. 21 18.0 13.5 7.1 17.0 80.2 1656
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Tab.2 Temperature-based empirical models

[EET R R 24 KU
M1 R, =a(l —exp( —bAT*))R, a.b.c SCRR[ 18]
M2 R, =0.75(1 —exp( —bAT*) )R, b ik [25]
M3 Ksza(l—exp( —bARTC) )Rd ab.c SCRR[26 ]
M4 R\:0.75(1 —exp( —bAR—TZ) )Ru b Sk[27]
M5 R, =a(1l —exp( —bf(T,, )AT))R, ab.c SCHik[ 28]
S(Ty,) =0.017exp(exp( —0.053T,,AT*) )R,
M6 R, =0.75(1 —exp( =bf(T,,)AT*))R, b k271
S(Ty,) =0.017exp(exp( -0. 053T(“ngT2 ))R,
M7 R, =a /ATR, a SCHRL16]
M8 R, =a(1+2.7x107°h) /ATR, a Cik[29]
M9 R, =(a /AT +b)R, ab SCHR[30]
M10 R, =aAT"(1 +cP +dP*)R, ab.cd SCRik[31]
M1l R, =a /ATR, +b a.b ik[32]
M12 R,=a /ATR, +bT,, +cP+dP* +e ab.c.d.e k[ 32]
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Tab.4 Parameters of radiation model based on temperature data

M1 M2 M3 M4
i
a b ¢ b a b ¢ b
Ik J5 1L 0. 83 0. 023 1.78 0.018 0.77 0.73 1.90 0. 64
[IERAN 0.73 0.013 1.95 0.011 0.71 0.49 1.97 0.41
¥ uh 0.76 0. 052 1.28 0.011 0.71 2.36 1.23 0.39
EHH 0.69 0.011 2.08 0.011 0. 66 0.36 2.20 0.40
ot 0.57 0.013 2.17 0. 009 0.56 0.42 2.25 0.33
5H 0. 65 0. 020 1.94 0.013 0.63 0. 64 2.01 0.45
HE 0.58 0. 007 2.33 0. 009 0.55 0.11 2.81 0.32
X 0.52 0. 006 2.77 0.012 0.50 0.09 3.32 0.43
StfH 0.61 0.015 1.98 0. 009 0.55 0.28 2.38 0.33
ERN 0.59 0.018 2.00 0.011 0.56 0.43 2.27 0.41
M 0.57 0.012 2.25 0.012 0.55 0.25 2.60 0. 42
P 0.56 0.011 2.36 0.012 0.54 0.21 2.74 0.41
A 0.56 0. 009 2.43 0.012 0.54 0.15 2.91 0.42
L 0.58 0. 008 2.46 0.012 0.56 0. 14 2.83 0.41
ME 0.55 0. 004 3.04 0.015 0. 54 0.08 3.40 0.55
N 0.59 0. 009 2.41 0.012 0.57 0.18 2.71 0.42
Il 0.55 0. 008 2.47 0.012 0.53 0.23 2.62 0.40
sk 0.58 0. 020 2.36 0.022 0.55 0.50 2. 66 0.77
T 0.58 0.016 2.15 0.013 0.55 0.31 2.54 0.46
W 0.54 0. 040 2.04 0. 020 0.53 0.97 2.29 0.70
M5 M6 M7 M8 M9
Wi
a b c b a a a b
Ik JE 1 0. 536 0. 877 2.434 1. 031 0. 164 0. 151 0.319 -0.414
[IpAN 0.732 0. 786 1.950 0. 666 0. 160 0. 151 0.269 -0.361
i nj 0.748 2.979 1.312 0. 648 0. 149 0. 142 0.215 -0.213
B 0. 685 0.679 2.082 0.671 0. 154 0. 146 0.277 -0.392
ot 0. 566 0.764 2.174 0. 549 0.139 0.137 0. 156 -0.058
5H 0. 646 1. 161 1.947 0.748 0. 157 0.152 0.243 -0.265
HE 0. 586 0. 461 2.296 0.538 0. 130 0. 130 0.254 -0.368
vl 0. 520 0.379 2.750 0.713 0. 142 0. 141 0.251 -0.312
e 0. 581 0.776 2.057 0. 549 0. 125 0. 121 0.243 -0.338
ER/N 0.593 1. 051 1.999 0. 666 0. 135 0. 135 0.248 -0.317
B 0.571 0.732 2.249 0. 682 0. 142 0. 142 0.242 -0.290
25 0. 557 0. 670 2.351 0. 677 0. 144 0. 144 0.232 -0.264
A 0. 562 0. 526 2.453 0. 696 0. 145 0. 145 0.262 -0.342
G| 0.578 0. 470 2.449 0. 675 0. 142 0. 142 0.268 -0.366
HE 0. 547 0.261 3.024 0. 898 0.152 0.152 0.285 -0.362
M 0. 587 0. 504 2.410 0. 705 0. 144 0. 144 0.279 -0.388
)| 0. 549 0. 467 2.473 0.678 0.133 0.133 0.276 -0.396
sk 0.575 1.202 2.362 1.268 0.172 0.172 0.293 -0.314
M7 0.585 0.915 2.153 0. 745 0. 145 0. 145 0.251 -0.304
pagn 0. 542 2.339 2. 050 1. 153 0. 168 0. 168 0.247 -0.209
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gR4
"y M10 Mil M12
a b c d a b a b c d e
gKJEIL 0.077 0. 890 -0.014 7.20x107°  0.217 -4.676  0.185 0. 161 -0.288 1.5x107° -2.295
WHYL 0. 089 0.752 -0.013 1.44x10°* 0.186 -2.83  0.166 0. 064 -0.394 4.7x107° -1.082
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Tab.5 Comparison of different radiation models in south of China
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