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ABSTRACT

Empirical models including the Angstrom-Prescott (AP) model have been used to estimate
solar radiation at sites, which would support a wide use of crop models. The objective of
this study was to estimate two sets of solar radiation estimates using the AP coefficients
derived for climate zone (APpe.) and specific site (APcnoi), respectively. The daily solar
radiation was estimated at 18 sites in Korea where long-term measurements of solar radiation
were available. In the present study, daily solar radiation and sunshine duration were
collected for the period from 2012 to 2021. Daily weather data including maximum and
minimum temperatures and rainfall were also obtained to prepare input data to a
process-based crop model, CERES-Rice model included in Decision Support System for
Agrotechnology Transfer (DSSAT). It was found that the daily estimates of solar radiation
using the climate zone specific coefficient, Sg.re, had significantly less error than those using
site-specific coefficients Schoi (p<0.05). The cumulative values of Sge. for the period from
march to September also had less error at 55% of study sites than those of Scioi. Still, the
use of Sgee and Scnei as inputs to the CERES-Rice model resulted in slight differences
between the outcomes of crop growth simulations, which had no significant difference
between these outputs. These results suggested that the AP coefficients for the temperate
climate zone would be preferable for the estimation of solar radiation. This merits further
evaluation studies to compare the AP model with other sophisticated approaches such as
models based on satellite data.
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Fig. 1. Locations of 18 weather stations where
sunshine duration and solar radiation were
observed for over 20 years.
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Table 1. Angstrom-Prescott coeffiecient by climate

zone
Climate zone a b
Cold and temperate 0.18 0.55
Dry tropical zone 0.25 0.45
Humid tropical zone 0.29 0.42
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Table 2. Angstrom-Prescott coefficients by weather stations reported by Choi et al. (2010)

Daily data
Station ID Station Name Elavation . >
100 Daegwallyeong 843 0.175 0.559
101 Chuncheon 77 0.207 0.476
105 Gangneung 26 0.217 0.482
108 Seoul 89 0.197 0.452
112 Incheon 69 0.192 0.476
119 Suwon 34 0.199 0.459
129 Sosan 26 0.222 0.484
131 Cheongju 57 0.198 0.491
135 Chupungnyeong 243 0.181 0.485
136 Andong 141 0.200 0.471
138 Pohang 2 0.201 0.493
143 Daegu 58 0.204 0.463
146 Chungju 54 0.206 0.470
156 Gwangju 71 0.211 0.495
159 Busan 69 0.200 0.471
165 Mokpo 38 0.230 0.500
184 Jeju 20 0.197 0.506
192 Jinju 21 0.194 0.477
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Fig. 2. Normalized Root Mean Square Error values of daily solar radiation
using climate zone and site-specific coefficients of Angstrom Prescott
model (* indicates that p-value is less than 5%) Frere and Choi
indicate the solar radiation estimate using climate zone and
site-specific coefficients respectively.
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Fig. 3. Normalized Root Mean Square values of accumulative solar
radiation by sites and year. Frere and Choi indicate the solar
radiation estimates using climate zone and site-specific

coefficients respectively.
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Fig. 4. Normalized Root Mean Square values of yield by site. Frere
and Choi indicate the outputs of rice model using the solar
radiation estimates using climate zone and site-specific

coefficients as inputs, respectively.
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Table 3. Two sets of Analysis of variance for crop
yield, one set using site, year, and the
coefficient set as factor, the other cultivar
transplant and the coefficient set

Factor F value P value
site 78.50 1.56%10724
year 88.26 431%10"%
AP 20.83 5.14*10°
site*year 4.54 3.45%107%
site* AP 3.20 9.48*10°
year* AP 221 0.019
site*year* AP 1.43 4777%10*
cultivar 248.21 7.96*%107%
transplant 526.23 0
AP 20.79 5.25%10°
cultivar *transplant 23.65 5.51%107
cultivar* AP 0.12 0.89
transplant*AP 0.81 0.52
cultivar*transplant* AP 0.11 1.00
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