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Thermal Blackbody Emission 

The Sun is a near-blackbody at 5770 K 

The Spectrum of Solar Radiation 



12/14/09 3 

Line wavelengths correspond to energy changes in absorbing atoms. 
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Individual Lines 

Not every photon in an absorption or emission line will have exactly the same 
energy (and thus wavelength) due to processes which shift the energy levels 
of the atom or molecule by small amounts.  

These processes contribute to line broadening: 

Photon Energy: E = hν = hc/λ 

(1) Natural Broadening: Inherent uncertainty 
     in the energy levels associated with the 
     Heisenberg Uncertainty Principle. 
(2) Doppler Broadening: Shifting in the wave- 
     lengths of photons due to their relative  
     motion toward or away from the source. 
(3) Pressure Broadening: Shifting of the energy 
     levels in an atom or molecule due to the 
     interactions with nearby particles. 

In planetary atmospheres Natural Broadening is relatively very small. 
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The absorption coefficient in the neighborhood 
of pressure and Doppler broadened lines can 
be represented by: 

Where the line intensity 

For purely Doppler broadening the shape- 
factor is given by: 

Where the line half-width: 
For both pressure broadening 
the Lorentz shape factor is: 
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The visible, and especially the infrared, 
portion of the electromagnetic spectrum 
includes atmospheric absorption and  
emission by numerous atoms and  
molecules. 

Molecular absorption spectra, e.g. from 
CO2, H2O, and N2O, have thousands of 
lines, many of which overlap.   

The transfer of radiation can be quantified 
by a statistical treatment of “bands” of 
molecular lines produced by energy 
changes between rotational and 
vibrational energy states in the molecules.  
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Consider solar radiation incident upon the top of the atmosphere.  That 
radiation will be attenuated as it passes downward into the atmosphere due 
to extinction (absorption + scattering).   The change in the intensity as the  
radiation pass through a thin layer ds = secθ dz, where ds is the incremental  
distance along the beam of radiation, dz is the corresponding distance in  
the vertical, and Ө is the angle between the beam and the vertical, will be 

where  

This implies:  and upon integrating 

gives 

Taking the antilog of both sides: 

So we can write the transmission: 

With optical depth defined as: 
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Optical Depth 
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For absorption we have Beer’s Law with an absorptivity of αλ 

For emission we use the Blackbody function with an emissivity ελ: 

From Kirchoff’s Law, the absorptivity is equal to the emissivity, so: 

From the optical depth: 

Schwarzschild’s Equation: 
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From thermodynamics, we know that the internal energy per unit volume 
is a function of only temperature.  In particular, the internal energy U is: 

The rate of change of internal energy is dU/dt, which is equivalent to the 
energy flux divergence. In one dimension, z, we have 

So for the rate of change of temperature with respect to time: 
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Radiation transfer calculations can be simplified enormously with the  
use of the plane-parallel approximation where the density of 
absorbing/emitting gases are assumed to be functions of altitude only.  
We then average the upward and downward intensities to get the 
hemispheric average upward and downward fluxes 

where µ = cos θ; ranges from -1 to 1 

OR: 
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The energy flux is given by the radiation flux averaged over all directions (dω): 

Schwarzschild’s Equation: 

Net Radiative Heating Rate: 

So, back to rate of change of temperature:  
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Even though the atmosphere is 
absorbing at IR wavelengths, at 
high altitudes the overlying  
atmosphere is too thin to cause 
significant absorption.   

So at the top of the atmosphere  
photons that are emitted in the  
vertical direction will  
“escape to space.” 
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The radiative component of 
the heating rate is equivalent 
to the net absorption of IR, 
ultraviolet (UV), and visible  
photons. 

In the troposphere, IR heating 
is dominated by H2O and CO2. 

In the stratosphere and above, 
heating is due to absorption of 
ultraviolet, and to a much lesser 
degree visible, sunlight and 
cooling is due to CO2 radiative 
emission. 
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The effective BB 
temperature of the 
monochromatic  
radiation is sometimes 
referred to as the 
Brightness Temperature. 
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Then the transfer equation for each component becomes: 

Note that πB(T) = σT4 by the Stefan-Boltzmann Law 

Two-Stream Approximation: 

(1) Assume that the atmosphere is transparent to solar radiation 
(2) Extinction is independent of wavelength (Grey Approximation) 
(3) Steady State  
(4) Let the energy flux of (Infrared) radiation be denoted by: 

(1) 

(2) 
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The constant is determined by the boundary conditions: 

F↓(χ=0) = 0  or the downward flux at the top of the atmosphere is zero 

F↑(χ=0) = F0 = 240 Watts/m2 (absorbed solar flux) by equilibrium 

The energy continuity equation states that the divergence of 
the energy flux is equal to the time rate of change of the energy 
per unit volume: 

So the steady state assumption is equivalent to the statement that 
the net flux F is constant: 
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From the upper boundary condition we find that the constant is Fo, 

If we add the two equations (1) and (2) for the individual fluxes we get: 

But the first term is zero since the derivative of a constant is zero. 

Subtract (2) from (1): 

Integrating to get: 

This gives: 

(3) 

(4) 
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can obtain the atmospheric temperature (T) as a function of 
the atmospheric burden of greenhouse gases (χ).  This is known 
as the Greenhouse Equation. 

We have two equations, (3) and (4), with two unknowns, F↑ and F↓. 

So for temperature as a function of optical depth χ we have: 

(5) 
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The lower atmosphere and surface temperatures are larger 
with an atmosphere, because of the additional radiation 
emitted downward from the atmosphere. 
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  Venus 

Earth 

Mars 

Too hot Too cold 

Just right! 
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http://www.lifesciences.napier.ac.uk/teaching/Env/runaway.gif 
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