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Relations between Abnormal Transmission Values of Light beneath Covering
Materials and Meteorological Conditions

Miho TomomiTtsu, Teerasak PONGSA-ANUTIN and Haruo SuzUKI

Abstract

Concerning typical films that are used as agricultural covering materials, we have studied their solar light trans-
mittance, illumination transmittance, and photon transmittance. As for the period average transmittances of different
types of light during the experiment period, all films showed more or less the same vertical relationship, except the
light-selective purple-colored film. Materials with higher transparency had lower variation coefficients of transmit-
tances. The same tendency as these results was observed when materials were placed horizontally and when they
were placed on a slant.  As for the occurrence of abnormal transmittance values, black polyethylene films with low
transmittance had a higher occurrence of abnormal solar light transmittance values. As for illumination transmittance,
films with high transmittance had a higher occurrence of abnormal values, and photon transmittance produced the
same result. Abnormal values did not result from the measurement principle of light, but were largely influenced by
the transmittance of films and solar light conditions.

From these experiments, we found that there was little difference between solar light transmittance, illumination
transmittance, and photon transmittance, and that the occurrence of abnormal values was largely influenced by the

time and period of measurements and light conditions.

Key words : Quantum flux density, Intensity of illumination, Transmission, Solar radiation.
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Table 1  Test covering materials.

Symbol Use Raw materials

Tp, Mulch Polyethylene 0.02mm thick Transparent 16.1gm
Tp, Mulch Polyethylene (Tp, x 2)

Bp Mulch Polyethylene 0.02mm thick  Black  18.2gm
Vp Mulch Polyethylene 0.02mm thick  Violet — 21.7gm"*
Bc Shade  Vinylon #600 Black  50.1gm *
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Fig. 1  Average values and C.V. of the transmission of covering materials from Jun. 16 to Nov. 30 in
2001. Covering materials Tp,, Tp., Bp, Vp and Bc are the same as those described in Table 1.
GS: Global solar radiation, IL: Illumination, QF: Quantum flux density. Horizontal: The materi-
als were horizontally, Inclined: Materials incliend at an angle vertical to the solar beam.
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Table 2 Standard partial regression coefficients regarding the relations between the transmis-
sion of solar radiation, illumination and quantum flux desity beneath covering mate-
rials and four meteorological factors. Measurements were at 12:30 to 13:30 from Jun.
16 to Nov. 30 in 2001.

Covering Solar

Treatment material’  radiation Ratio’  Sun altitude Cloud amount Coefficient’
Tp, 0.240 0.100 -0.170 0.210 0.190
Tp. 0.557 0.460 0.311 0.425
Horizontal Bp 0.757 0911 0.535
Vp 0.470 0.453
Global solar Be 0.509 0.263 0.270 0.407
radiation Tp, —-0.320 0.303
Tp. —0.430 0.381
Inclined Bp 0.358 0.316
Vp —0.524 0.509
Be —0.209 —0.150 0.200
Tp, 0.253 0.205
Tp. 0.390 0.363
Horizontal Bp - - - - -
Vp 0.493 0.474
Be 0.461 0.440
Illumination
Tp, —-0.310 0.273
Tp. —0.280 0.238
Inclined Bp - - - - -
Vp —0.407 0.382
Be -0.240 —-0.220 0.100 —0.050 0.270
Tp, -0.290 —0.240 0.040 0.080 0.320
Tp. 0.120 0.210 0.050 —0.120 0.340
Horizontal Bp 0.601 0.586
Vp 0.009 -0.446 0.014 0.427 0.205
Quantum Be 0.220 0.020 —0.030 0.180 0.300
flux density Tp, -0.585 —1.032 0.505
Tp. 0.307 0.261
Inclined Bp 0.300 0.250
Vp 0.399 0.239 0.422
Be 0.378 0.343

z:Covering materials are the same as in Table 1.
y :Ratio of sky solar radiation to global solar radiation.
x : Multiple regression coeffecient is adjusted for the degrees of freedom.
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Table 3 Appearance days of abnormal transmission values
from Jun. 16 to Nov. 30 in 2001. The values were
by instantaneously measurement between 12:30 to
13:30 during experimental period.

Horizontal Inclined

Transmission Number Percentage Number Percentage

of days (%) of days (%)

Tp, 0 0 1 1.1
Tp. 0 0 0 0
r(;’lldoizzlo:’lar Bp 33 375 2 205
Vp 0 0 0 0
Bc 0 0 0 0
Tp, 6 6.9 2 2.3
Tp, 5 5.7 3 34
[llumination  Bp - - - _
Vp 1 1.1 1 1.1
Be 1 1.1 1 1.1
Tp, 4 46 6 6.9
Tp. 2 2.3 15 172
fodny P00 00
Vp 0 0 0 0
Bce 0 0 0 0
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Fig. 2  Diurnal variations of solar radiation by two sensors
at open field and in the house.
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Fig. 3  Frequency of abnormmal transmission values be-
neath black PE film, measured by two types of
solarimeter from Jul. 17 to Aug. 2 in 2002. Explana-
tory notes (X) were the total minutes of abnormal
values per day.
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Table 4 Discriminant analysis of light transmission beneath some covering materials

from Jun. 16 to Nov. 30 in 2001.

Situation of film Linear discriminant function . C.O rr.ect.
discrimination

Global solar Horizontal Z=15.73G + 7.85R - 11.66 84.0%
radiation beneath ) B
film Bp Inclined Z= 9.33G+0.32C - 6.54 78.0
Illumination beneath .

Horizontal Z= 792G -3.46R - 0.32S + 14.10 90.0
film Tp,

Quantum flux density .
Incl
beneath film Tp, nelined

Z=0.08S-3.05 66.7

G Global solar radiation, R: Ratio of sky solar radiation to global solar radiation,

C:Amount of cloud, S: Sun altitude.
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