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Fig.1. The monthly change in delta temperature (daily range of air temperature) and solar radiation at Taiwan Agriculture
Reasearch Institute form 1992 to 2001.
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B R 2 )5 S AR B (coefficient of variation : CV)EiE 21.4% 4 HREWEE A S 300 A
AEk © IRIIL - (8 4 2 1999-2001 A B 3 vk B2 RN & RHA H 4 & FLAOARRARE » &R BT 40 »

1. RERBAT 1992-2001 42 H B 7 (5 i 18- B AR IE) AT H 4 & 2 U E AR 8
Table 1. Relationship (coefficient of determination) between the difference of daily temperature (maximum-minimum)
and the solar radiation in 1992-2001, TARI

Month

Year 1 2 3 4 5 6 7 8 9 10 11 12

1992 0.71** 0.85* 0.86* 0.71* 0.81* 0.68* 0.74* 0.82* 0.37 0.35 0.82*%  0.74*
1993 0.85%  0.41* 0.68* 0.80* 0.77* 0.86*% 0.23 0.10 0.43*  0.54*  0.82*  0.82*
1994 0.85*  0.89*  0.60* 0.69* 0.54* 0.76% 0.24 0.79*  0.47* 0.75% 0.55% 0.71*
1995 0.79*  0.81* 0.77* 0.90* 0.76* 0.78%  0.53* 0.85%* 0.48* 0.33 0.50*  0.60%
1996 0.51*  0.81* 0.42* 0.68* 0.70* 0.39 0.69*  0.68* 0.34 0.68*  0.65* 0.51*
1997 0.71*  0.89*  0.69* 0.73* 0.70*  0.83* 0.83* 0.73%  0.69* 0.65* 0.45* (0.73*
1998 0.73* 0.75* 0.71*  0.73* 0.57* 0.75% 0.22 0.72*  0.80* 0.63* 0.38 0.83*
1999 0.67*  0.86* 0.79* 0.60* 0.74* 0.71* 0.66* 0.92* 0.68% 0.61* 0.37 0.72*
2000 0.78*  0.84* 0.83* 0.68* 0.83* 0.83* 0.60* 0.39 0.03 0.03 0.65*  0.77*
2001 0.80* 0.89* 0.86* 0.61* 0.62* 0.84* 0.63* 0.07 0.88*  0.49*  0.79*  0.79*

* * indication of the coefficient of determination is significant at the 0.05 level under two-tailed test.
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Fig.2. The delta temperature and solar radiation ratio at TARI in January, 2001. The black bars indicated the rain day.
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Fig.4. Relationship between solar radiation ratio and rainfall at Taiwan Agriculture Research Institute in 1999-2001.
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H 4 & ELry HBRR B 0.46 » K> 10 A 0.51 » K2 20 A 0.59 » K2 30 AJF 0.70 » KL 50 2AE
0.73 » KA 75 A 0.89 » K2 100 A 0.99 - HENEMS » E/HEREHSKEES » HRMER
KIGERST EE Y & - (HREWN R R(<10 AE)REE FSmk it Rt LEREHE AR ERTS
Bl > RERRC R ST R 2 A - (RN AT FTRE R BERS IR - HVR 28 S AT H S EL RS T 1% - fit
2 DB G L ERISERR - L » 15 3R — P 9IIRE (R B AR Z A 17 > k8 T Ry/R, = a(AT)® (1+c In(P)) >
P RN & 1 GG KB E R 10 2FEK » P& E 00 BN E (RBUS & AR S - 41 2001
8 AR EREUS 0.07 » fEFBLIRER 034 MAEAFREEGMRAGEE OGBS » 55
SEWEZENES (6 AZ 10 A) thil FXEH -

H 5t AR R R B2 IR BA AR B3 471 2 McCaskill %) LA R, = aR, + bR't-1 + cR't + dR't+1 AR EH &
HHESE > Hha> b c & d BEBRRE - R BEEG ZERER > 10t & t+1 BEERT—FK
EHHR#%—K - R'WEZHRENEAR 0.1 AEBAS 1> FTWES 0 8 LA RSuEE+
FRNERA McCaskill Z{EE XA - Al FREMERERITENE HS B > TTRERERENY > EELEK
BHIFHERIFTSRE > GIEHFEN R (SORFE) b 5 5 I A 7 T B B K R 2 B 8 b s i
BEBESRRE © Liu and Scott "2 LI 39 {ERRIGHIE RO > HRZERBRERMBELY o @G
H &9 B RS RBUR » 5 S 182 R B I K B 56 R R 7 AT 4R i it B H 5 B A ME R » e RN R
HA3E B 0 AR TE McCaskill ZEHE I » AWFFEE 1S Liu and Scott i 58 R 1012 = LUA AT 8 R & el s
A o PSS AR —FI FIVR 2 AT VRS SR AHE - 3850 DARE RN K Bt I8 B R Rl R G WO e v =
HHSEMEREE > 5L ML HEHARKEZREWFE R EFER » BaE AR E RGN E
o B G R RE TE I R 8 - R RS S ERIE - T ERNERES » NERPEERE (m
) BE - KL - BERESHSREGEEUREHE -

K 2IKARIRIRREES RER EIL ~ A ~ SHERALE - RN LB & L2 B 8 K E L
L > LL 1997 FE% 2001 FEFI A H i @ik H &R 2 ZE 5 H S A0 SR8 R iGEREm
TE - HAFAIFIERHSED - FIIFEZE S B ARE RBAE 6 EIBEETE 0.5 LLE » fEFHEH L
i HERIIEBRES 0.54 » TLEBIBEICE S 0.70 - FHbEIBE AR E FRE PSS - HAES 0.77 » [ H

& 2. HH 6 {ERRIL 1997-2001 LG5 A 22 A X RBUIREREA T
Table 2. Monthly coefficient and statistics for estimates of solar radiation at 6 weather station in Taiwan, data derived
form 1997-2001 years combined

Location

Month Taipei Taichung Kaohsiung Hualien Jihyuehtan Alishan

a b R a b R a b R a b R a b R a b R
Jan. 0.009 1.82 0.63 0.037 1.10 0.68 0.019 1.43 0.66 0.020 1.35 0.73 0.020 1.34 0.82 0.036 1.10 0.77
Feb. 0.010 1.80 0364 0.014 1.50 0.77 0.037 1.32 0.55 0.020 1.30 0.68 0.007 1.80 0.75 0.024 1.42 0.82
Mar. 0.008 1.68 0.67 0.13 1.50 0.75 0.028 1.30 0.46 0.017 1.29 0.76 0.013 1.45 0.81 0.014 1.55 0.75
April 0.005 1.92 0.67 0.015 1.48 0.68 0.049 1.15 0.45 0.018 1.48 0.72 0.019 1.27 0.75 0.027 1.22 0.77
May 0.012 1.49 0.61 0.013 1.58 0.64 0.038 1.33 0.47 0.021 1.41 0.72 0.016 1.45 0.81 0.028 1.18 0.73
June 0.013 1.46 0.68 0.010 1.79 0.66 0.016 1.92 0.60 0.027 1.42 0.69 0.023 1.30 0.74 0.024 1.15 0.71
July 0.012 1.56 0.57 0.015 1.70 0.59 0.008 2.13 0.44 0.019 1.78 0.60 0.015 1.46 0.69 0.027 1.15 0.64
Aug. 0.013 1.53 0.56 0.015 1.50 0.62 0.003 2.65 0.60 0.012 1.93 0.73 0.020 1.30 0.76 0.025 1.30 0.73
Sept 0.013 1.75 0.60 0.020 1.43 0.72 0.035 1.42 0.51 0.011 1.99 0.61 0.024 1.26 0.83 0.026 1.24 0.70
Oct. 0.019 1.75 0.54 0.011 1.55 0.73 0.024 1.60 0.53 0.014 1.83 0.77 0.013 1.62 0.68 0.016 1.55 0.67
Nov. 0.017 1.73 0.60 0.020 1.34 0.62 0.014 1.27 0.53 0.030 1.29 0.71 0.018 1.42 0.78 0.047 1.21 0.74
Dec. 0.023 1.48 0.61 0.020 1.36 0.70 0.031 1.22 0.66 0.028 1.51 0.70 0.022 1.38 0.78 0.033 1.27 0.79

2

“Ab : coefficient of solar radiation estimating formula (eql); R*coefficient of determination
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Fig.5. Measured vs. modeled solar radiation and its mean bias error (MBE) and root mean square errors (RMSE) for
10-day period of 1995 at Taipei and Taichung.
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Fig.6. Measured vs. modeled solar radiation and its mean bias error (MBE) and root mean square errors (RMSE) for
10-day period of 1995 at Kaohsiung and Hualien.
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Fig.7. Measured vs. modeled solar radiation and its mean bias error (MBE) and root mean square errors (RMSE) for
10-day period of 1995 at Jihyuehtan and Alishan.
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Estimating Solar Radiation from
Daily Temperature Data

Ming-Hwi Yao™*, Shun Chen®, Kuang-Shih Chi’ and Jin-Chuan Tsai’

Summary

Solar radiation is an important input parameter for crop simulation model . Because the sensor of solar
radiation is expensive, to measure solar radiation are not popular as air temperature. Therefore, the objective
for this study is to develop the algorithms for calculating solar radiation from daily maximum and minimum
temperature. With a 10-year data set from weather station of Taiwan Agricultural Research Institute, we
found the rainfall condition highly effect the estimation of solar radiation based on daily temperature,
especially during the high rain-month period (June to October). A newly combined formula that included the
temperature and rainfall could provide the estimation with less error than single factor. This study evaluated
the accuracy for using daily temperature to estimate daily solar radiation at 6 weather stations in Taiwan area,
the root mean square error (RMSE) range between calculated values from developed model and measured
data in 1995 was 1.02-6.08 MJ m™ day! with a standard deviation of 2.33 MJ m™ day".

Key words : Solar radiation, Solar radiation ratio, Root mean square error (RMSE), Mean bias
error (MBE).
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