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Estimation model of hourly global solar radiation from hourly sunshine duration
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Abstract

The hourly meteorological data set at the Japan Meteorological Agency meteorological stations have
been prepared named METPV by authors. METPV means MEteorological Test data for PhotoVoltaic systems
which is useful to simulate output from PV systems. METPV consists of basic meteorological elements on hori-
zontal surface and solar radiation on inclined surfaces. When preparing METPV, solar radiation data was an ex-
tremely important element for estimating output from PV systems. However, only 66 meteorological stations
measured solar radiation included in METPV. Therefore, it was necessary to estimate hourly solar radiation in
order to prepare solar radiation data throughout Japan. For this reason, a model was developed to estimate hourly

solar radiation from hourly records of sunshine duration measured at all meteorological stations.
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Fig.1 Correlation between clearness index and sunshine dura-
tion
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Fig.2 Correlation between clearness index and sunshine dura-
tion divided by solar altitude (S.A.) at no snow cover
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Fig.3 The basic idea of estimating model of clearness index
from sunshine duration at no snow cover
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Fig.4 Correlation between clearness index and solar altitude
when sunshine duration is 1.0 hour at no snow cover
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Fig.5 Correlation between clearness index and air mass
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Fig.6 Correlation between clearness index and air mass when
sunshine duration is 1.0 hour at no snow cover
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Fig.7 Correlation between clearness index and air mass when
sunshine duration is 0.1 hour at no snow cover
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Fig.8 Correlation between clearness index and air mass when
sunshine duration is smaller than 0.1 hour at no snow cover
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Table2 Statistical results for METPV-2’s model
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Fig.10 Correlation between observed values and estimated val-
ues of solar radiation at Sapporo using METPV-2’s model when
sunshine duration is smaller than 0.1 hour
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Fig.9 Correlation between observed values and estimated val-
ues of solar radiation at Sapporo using METPV-2’s model

Table3 Statistical results:for METPV-2’s model divided by
sunshine duration at Sapporo
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Fig.11 Correlation between observed values and estimated val-
ues of solar radiation at Sapporo using METPV-3’s model in
case of Fig.10(b)
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Fig.15 Correlation between clearness index and air mass when
sunshine duration is 1.0 hours at snow cover is larger than 20cm
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tion amount and air mass at snow cover is larger than 20cm
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Table5 Statistical results for the 2-4 section’s model and 2-5
section’s model at snow cover is larger than lem and smaller
than 20 cm between November to February

s EREEHBETIL BERETL et

mER DRMSE ODRMSE AR
5 ok 0.157 WJ/m 0.173 Wd/m 532
5 ~ {0cm 0.164 MJ/m 0.146 ®J/m 418
10 ~ 20cm 0.170 MJ/m 0.121 W/m 652

Table6 Statistical results for the 2-4 section’s model and 2-5
section’s model at snow cover is larger than lcm and smaller
than 20 cm between March to April

P BRERETIL BEBETIL o

"ER DRMSE DRMSE e
5 omEk i 0.239 MJ/m 0.273 MJ/m 186
5 ~ 10cm 0.266 MJ/m 0.169 MJ/mi 96
10 ~ 20cm 0.258 MJ/m 0. 206 MJ/mi 115
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Table7 Statistical results for the three models.

‘ VETPV-3 METPV-2 Mabuchi
COR. 0.975 0.974 0. 968
RMSE 0.227 MJ/mi | 0.231 MJ/mi | 0.269 MJ/mi
BIAS ~0.071 MJ/m | -0.073 MJ/m | -0.121 MJ/mi
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