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Fundamentals of Cloud Radiative Properties

Tadahiro Hayasaka

The basic radiative properties are described in this paper. Refractive index of water and ice, and droplet
size distribution play important roles in the relationship between microphysics and radiative properties of cloud.
Water and ice are almost transparent for the radiation in visible region, and thus cloud transmits shortwave
radiation even in a thick cloud. On the other hand, cloud easily becomes blackbody with increase in cloud water
or ice content because of large absorptance of infrared radiation. These properties cause greenhouse effect and
parasol effect, and cool the Earth’s surface as a result. However, cloud does not largely affect the absorption
of shortwave radiation. Moreover, the longwave radiation at the cloud top is important for formation,

maintenance, and dissipation od cloud.
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Fig. 1 : Complex refractive indices of ice (top) and water
(bottom). Solid and broken lines show the real part and the
imaginary part, respectively.
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Fig. 2 : Broken lines indicate volume size distributions of
cloud droplets observed by research aircraft. Solid lines
show the log-normal distribution with two mode radii
(Hayasaka et al. 1994, with modification).
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Fig. 3 . Relationships between liquid water path and short-
wave radiative properties such as reflectivity, transmis-
sivity, and absorptivity (Stephens 1978, with modification).
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X4 BONFEME S et % PRE. FEO 2002~2005 4
7 HO¥E (Kawamoto and Hayasaka 2008 Z{&1E) .
Fig. 4 . Potential radiative forcing (PRF) of cloud optical
thickness in July averaged for 2002-2005 (Kawamoto and
Hayasaka 2008, with modification).
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Fig. 5 . The potential radiative forcing (PRF) of cloud
amount in July averaged for 2002-2005 (Kawamoto and
Hayasaka 2008, with modification).
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Fig. 6 . The upward and downward effective emissivities
of cloud (Stephens 1978, with modification).
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