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Relationship between colors of clothing and solar reflectance, transmittance and absorptance.

Kouhei KUWABARA, Koki IKEDA, Hideki KUBOTA,
Yasuhiro HAMADA, Makoto Nakamura and Katsunori NAGANO
Hokkaido University

Abstract: Solar transmittance 7, reflectance 0, and absorptance ¢, of eight different colors of clothing were measured.
Solar transmittance increased and solar reflectance decreased with decreasing solar incidence angle to clothing. Solar
absorptance was constant regardless of solar incidence angle. The relationships between colors of clothing and solar
transmittance, reflectance and absorptance were studied. Solar reflectance was expressed as a linier function of Munsell
value regardless of hue and chroma. Solar transmittance, reflectance and absorptance were expressed as a function of
luminance reflectance Y: 7,=0.149 + 0.002Y, o,= 0.316 + 0.005Y, a,;= 0.535 - 0.007Y.
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Table 1 Measured color specification values of clothing

Munsell XYZ Yxz L*a*b*
X Y V4 Y X 4 L* a* b*
T-shirt |White N8.1 60.11] 61.27| 72.38| 61.27| 0.3102{ 0.3162| 82.52] 0.07 0.04
Gray 1.6RP 5.6/0.3 25.571 25.84] 30.79] 25.84| 0.3111] 0.3144| 57.89] 0.96] -0.33
Black 7.6P 1.9/0.7 3.03 2.9] 3.87 2.9 0.309] 0.2956 19.62] 3.31| -2.53
Red 3.5R 3.0/10.4 12.6)] 6.76] 4.12] 6.76] 0.5366] 0.288] 31.26] 48.59] 16.17
Blue 7.8PB 2.7/7.4 6.82] 5.52| 18.81] 5.52] 0.219{ 0.1772] 28.16] 15.24| -32.22
Yellow 2.4GY 8.0/3.3 54.31] 59.39] 44.09| 59.39] 0.3442| 0.3764| 81.51f -9.69| 24.16
Olive 1.3Y 3.1/0.7 7.01] 7.07 7.08] 7.07] 0.3314] 0.334] 31.96 0.8 4.45
Half pants {Deep blue [8.3PB 2.2/2.4 3.96] 3.69] 7.01] 3.69] 0.2699| 0.2515] 22.6] 5.06] -11.44
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Fig.2 Relationship between solar altitude and solar

transmittance of clothing
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Fig.3 Relationship between solar altitude and solar

reflectance of clothing
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Fig.4 Relationship between solar altitude and solar
absorptance of clothing

Table 2 Mean values of solar transmittance, reflectance and absorptance

Black | Blue | Gray | Olive | Red | White | Yellow | Deep blue
Solar transmittance |mean | 0.17 | 0.16 | 0.20 | 0.17 [ 0.16[ 0.28 | 0.21 0.13
sd 0.04 10.05[0.04] 0.05]0.06] 0.05| 0.05 0.03
Solar reflectance mean | 0.31 | 034 0.46 [ 0.32 | 0.38] 0.67 | 0.59 0.35
sd 0.05 [0.03]0.04] 0.02]0.03] 003 | 0.02 0.03
Solar absorptance  |mean | 0.52 | 0.50 [ 0.34 [ 0.51 [ 0.45] 0.05 | 0.20 0.52
sd 0.05 [ 0.03f 0.04 ] 0.05]0.03] 0.05 [ 0.05 0.05
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Fig.5 Relationship between Munsell value and solar
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Fig.6 Relationship between luminous reflectance Y
and solar reflectance, transmittance and

absorptance of clothing
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