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Development of an estimation model for spectral irradiance from
meteorological data
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Abstract

Solar spectrum varies with seasons, time and weather depending on solar altitude and atmospheric condition. Because the solar
cell efficiency is influenced by its spectral sensitivity, creation of a reliable solar spectrum database is important to accurately estimate
the output from photovoltaic systems. To this end, we observed spectral irradiance on horizontal and inclined surfaces at five stations
located in each climatic region in Japan on the basis of the solar radiation. The observed data were compiled into a database. This
database was released on the New Energy and Industrial Technology Development Organization (NEDO) website in March, 2016.
Using observed data, we developed a statistical model by which we can estimate solar spectrum from global irradiance and other

meteorological elements.
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Table 1 List of observed meteorological elements.

Global solar irradiance on horizontal surface

Global solar irradiance on inclined surface
ST5:Okinoerabu, v . . .
\r' Direct normal solar irradiance
. . . Solar spectral irradiance on horizontal surface
Fig. 1 Solar spectral observation stations. —— —
Solar spectral irradiance on inclined surface
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Table 2 Outline of the database of solar spectrum.

Station Naganuma, Tosu, Tsukuba, Gifu, Okinoerabu

Meteorological data
Solar spectrum data on inclined and horizontal
planes from 350nm to 1700nm
From the start date of measurement of solar
spectral irradiance on horizontal surface (see
below) to Dec.31, 2012.

Naganuma, Apr. 16,2011

Tosu, Jun. 16, 2011

Tsukuba, May 28, 2011

Gifu, Jun. 25, 2011

Okinoerabu, Mar. 6, 2011
Display meteorological and solar spectrum data
on inclined and horizontal planes
Download displayed dataset

Data

Data period

Software

Distribution On the web
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Fig. 3 Examples of abnormal Normalized Spectrum.
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Fig. 4 Spectral irradiance under fine weather at 5 stations in
June, 2011.
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Fig. 5 Conversion Factor on fine weather at 5 stations in June,
2011.
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Fig. 6 Conversion Factor on fine weather at Naganuma and
Okinierabu in July, 2012.
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Fig. 7 Solar irradiance at Okinierabu around 15:40 JST on July
28,2012.
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Fig. 8 Scatter plot of solar irradiance versus Rsz at Okinierabu
on August, 2012.
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Fig. 9 Distribution of the clearness index for dataset including
(lightblue) / not including (blue) rapidly varying phase of solar
irradiance in 2012.
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Table 3 Number of data.

Station Analyzed data | Excluded data Initial data
Naganuma 28.792 17,893 46.685
Tosu 29.319 19,587 48.906
Tsukuba 28.579 17,569 46,148
Gifu 29.507 18,271 47,778
Okinoerabu 26,273 20,093 46.366
Total 142.470 93.413 235.883
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Fig. 11 Variance of each principal component from PCA of
Conversion Factor in August,2012
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Table 4 Monthly optical depth (No snow coverage).

Month Optical depth
Jan. 0. 95
Feb. 1.0
Mar. 1.1
Apr. 1.2
May 1.2
Jun. 1.2
Jul. 1.2
Aug. 1.2
Sep. 1.2
Oct. 1.1
Nov. 1.0
Dec. 0.9
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Fig. 13 Scatter plot of clearness index versus conversion
factor at 400nm on August, 2012.
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Table 5 Number of data.
Fine Cloudy Total
No snow coverage 73,521 59,740 133,261
Snow coverage 4,451 4,758 9,209
All 77,972 64,498 142,470
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Table 6 Analyzed variables for developing the estimation model.

Variable Notes

K =1,/1 I, :Diffuse irradiance, [ :Global irradiance

Ky =1/l I :Global irradiance, I,: Extraterrestrial irradiance
m Calculated from solar altitude
Pw Ca_lculated from air temperature and relative humidity

using the model of Kondo et al!?,
H Relative humidity observed at each station
Wind speed | Wind speed observed at each station
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Fig. 14 The wavelength dependency of the regression
coefficient corresponding to the airmass term for fine weather
in June, 2012.
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Fig.15 The wavelength dependency of the regression
coefficient corresponding to the airmass term for fine weather
in December, 2012.
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Fig. 16 Distribution of the precipitable water for June (blue)
and December (red), 2012.

Vol43. No.2 - 55—

B L7 A AT MAHETEE T /L CRO - HEEM &
FEHME O LL#B % Fig. 17 & Fig. 18 (2R, Fig. 17 |34
TEFRZEN D72, Fig, 18 I3HEERAZENRE W TH 5.

2000

— —— Estimated
5 ——  Observed
55
£ 1500
2
[}
o
<]
.S 1000
=}
[
-
Ll
=
=
~ 500
<]
o
[
(=}
)
0
400 600 800 1000 1200 1400 1600

Wavelength [nml]

Fig.17 Comparison between observed and estimated spectral
irradiance on horizontal plane for Sep 1, 2012,12:15 JST, at
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Fig.18 Comparison between observed and estimated spectral

irradiance on horizontal plane for Sep 8, 2012,13:10 JST, at
Tsukuba.
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Fig. 19 Monthly MAPE at 5 stations (No snow coverage).
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Fig. 20 MAPE on fine weather in September, 2012,
estimated at each wavelength and station.
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Fig. 21 MAPE on cloudy weather in September, 2012,
estimated at each wavelength and station.

2.4
2.2
2.0

1.8

1.6

Conversion factor at 450nm [/m]

00 01

0.2

03 04 05

Clearness index

06 07 038

Fig. 22 Scatter plot of clearness index versus
conversion factor at 450nm in September, 2012, under
cloudy condition at low airmass.
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Fig. 23 Conversion factor for Aug 26, 2012,14:05 JST, at
Tsukuba; representative sample from “partly cloudy sky”.
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Fig. 24 Conversion factor for Aug 6, 2012,14:05 JST, at
Tsukuba; representative sample from “overcast sky”.
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Fig. 25 Normalized distribution of precipitable water
and clearness index on July, 2012. Red represent data
at 48 meteorological stations of JMA, and blue
represent data at 5 stations of this study.
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