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Why 1s the summer warm & the winter cold?
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Three Radiation Laws

(1) Plank’s law adopted from Y. Ogura (1984)

An=987xm

}lm=I|.5
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(2) Stefan-Boltzmann law I =0Tl )
(3) Wien's displacement law A =2897 /T



understand radiation, then we can understand

http://faculty.icc.edu/eascl11lab/labs/labi/prelab_i.html red Betelgeuse &
white Sirius
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Solar Radiation Spectrum

Solar Radiation Spectrum
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Solar Radiation Spectrum

Solar Radiation Spectrum
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Observation of Visible Lights

Flame Reaction

Isaac Newton
__ _ﬁﬁ 665)

Natﬂium

(]! a||||'

4000 5000 i 6000

=» Can estimate (1) stars’ molecules,
and (2) distance from the earth. van Fraunhofer (1813)



Absorption (%)

http://www.ces.fau.edu/nasa/module-2/how-greenhouse-effect-works.php

Solar and Earth Radiation Spectrums
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The Earth Energy Balance w/o Atmosphere

Sy (1—A)zr =4xr’I
A=0.3

[=oT"*

S, =1.37x10° (W /m’)

0:5.67><10‘8(W/m2/K4)

A: Albedo

-~

]z24O(W/m2)\

~255(K)

r.: the Earth'’s radius (m)

/

much lower than the real Earth (288K)

adopted from Y. Ogura (1984)



The Earth Energy Balance w/ Atmosphere

Simplistic 1-layer atmospheric model

o,
Sun le L
light
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10 % 0.97:
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Balance Eq. of ground

close to the real Earth (288K)

adopted from Y. Ogura (1984)




Energy Balances of Planets

distance | Incoming Radiation Surface
from the | radiation Pressure

Temp. (K)

Sun (AU) (W/m?) (1013hPa)

Venus 0.72 2.60 x 103 0.78 90
Earth 1.00 1.37 x 103 0.30 1
Mars 1.52 0.58 x 103 0.16 216 mmmm) 230 0.006

Jupitar 5.20 0.05 x 103 88 » 130 2

/%

w/o atmosphere w/ atmosphere




Energy Balances of the Earth
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IPCC’s 5th Report (2013)

Eitea ReRuiting-atmasphietc Radiative forcing by emissions and drivers Levelor
compound drivers confidence
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Radiation Balance
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CERES
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What you will see (1)
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What you will see (2)
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