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Solar reflectance, transmittance and absorptance of different clothing materials

Kouhei KUWABARA, Makoto YACHI, Hideki KUBOTA, Koki IKEDA,
Kentaro HAYASHI, Yasuhiro HAMADA and Katsunori NAGANO
Hokkaido University

Abstract: Solar reflectance, transmittance and absorptance of different clothing materials were measured. Three T-shirts
were selected: A(100% cotton), B(74% polyester and 26% cotton) and C(100% polyester). Regardless of clothing materials
solar transmittance increased and reflectance decreased with increasing solar altitude. Relationship between luminance
reflectance and solar reflectance, transmittance and absortptance was linear. Solar reflectance was almost same irrespective
of clothing materials, while solar transmittance of T-shirt B was slightly higher than that of the others. The calculation of the
effect of solar transmittance and absorptance on solar operative temperature under the same solar reflectance indicates that
solar operative temperature decreases with decreasing solar transmittance and increasing solar absorptance of clothing,
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Table 2 Color values of T-shirts

Munsell Yxy L*a*b*
Y X y L* a* b*
A |White |N8.1 61.27 0.3102 0.3162 82.52 0.07 0.04
Gray |[1.6RP 5.6/0.3 25.84 0.3111 0.3144 57.89 0.96 -0.33
Black |7.6P  1.9/0.7 2.9 0.3090 0.2956 19.62 3.31 -2.53
B |White |6.7PB 7.8/0.4 55.94 0.3028 0.3139 79.58 0.13 -0.99
Gray |3.4RP 5.5/0.3 24.61 0.3120 0.3142 56.69 1.28 -0.25
Black |1.9R 1.3/0.4 1.63 0.3253 0.3094 13.39 2.98 0.02
C |White [9.2PB 8.3/0.4 65.34 0.3090 0.3144 84.66 0.31 -0.76
Gray |1.7Y 7.0/0.5 42.37 0.3183 0.3245 71.13 0.02 3.54
Black [8.9P 1.7/0.7 2.5 0.3108 0.2926 17.93 3.91 -2.7
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Table 1 Sample clothing

Color Component
T-shirt A Black, gray, white Cotton 100%
T-shirt B Black, gray, white Polyester 74%
Cotton 26%
T-shirt C Black, gray, white Polyester 100%
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Fig.2 Relationship between solar altitude and solar
reflectance of T-shirt B and C
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Fig. 6 Relationship between luminous reflectance Y and

solar transmittance 7,
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Fig.8 Effect of solar transmittance 7,; and absorptance o,; on

solar operative temperature under the same p,;
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