
  The atmosphere and its components

  How air pollutants are categorized

  The source/cycle of air pollutants

  How pollution affects health and welfare

  Clean air acts

  Air quality management & standards






  We have examine the geochemical cycle of N2, O2 and CO2 

  We will now examine atmospheric gases in controlling the 
temperature of the Earth indicated by bold-faced type below  

CFCs 
CFCs have also accumulated in the 
atmosphere over the past decades 





   Naturally occurring greenhouse gases CO2, CH4, and N2O show 
large increases over the past century due to human activity 
  Additional greenhouse gases produced by the 
chemical industry, such as CFCs 




   Global mean surface temperature has increased by about 0.6 K 
  Sun’s energy has not changed  
  Energy from the Sun has not changed 
  Global mean sea level has been rising at an average rate of about 1.7 
mm/year over the past 100 years 
  Current rate is 3mm per year, equal to about 12 inches a century   

The solar constant is 1368 Wm-2 



   Global upper ocean heat content is rising 
  Glacier volume is shrinking

  Our best understanding from climate models is 
that the climate change is in fact due to 
increases in greenhouse gases




  The main source of heat to the Earth is solar energy 
  Transmitted from Sun to the Earth by shortwave (SW) 
radiation 
  Converted to heat at the Erath’s surface 

   To balance this input of solar radiation 
  Earth emits longwave (LW) terrestrial radiation to space 
  Some of this radiation is trapped by greenhouse gases, 
resulting in the warming of the surface 
  Trapping of LW terrestrial radiation by naturally occurring 
greenhouse gases is essential for maintaining the Earth’s 
surface temperature above the freezing point 





 Sunlight brings energy into the climate system; most of it is 
absorbed by the oceans and land.  

 Some of the infrared energy is absorbed by greenhouse gases 
in the atmosphere, which emits the energy in all directions.  

 Some of the infrared energy further warms the Earth.  



c = 2.998 x 108 ms-1 speed of electromagnetic radiation 
λ = wavelength   
k = 1/λ = wavenumber 
 ν = frequency 

 We will be predomoninantly concerned with radiation in the IR, 
visible, and UV ranges 



  The amount of radiation emitted by a blackbody (a perfect 
absorber and emitter) is uniquely determined by its 
temperature: 

 h = 6.6262×10-34 J s (Planck’s Constant )  
 K = 1.3807×10-23 J K-1 (Boltzmann’s Constant ) 

 c = 2.998 x 108 ms-1 speed of electromagnetic radiation 
 λ = wavelength 

  This yields the smooth curves of intensity as a function of 
wavelength for an emitter at a given temperature.   



Blackbody radiation curves at five different 
temperatures (K; see legend in upper right corner).   

  Normalized curves for the sun and earth (unnormalized the 
radiation from a body the temperature of the earth would be so 
feeble that it would not show up on the same plot with the sun), 
and  
  Several intensity curves for bodies with a range of surface 
temperatures typical of medium-sized stars like the sun.  



  The wavelength of the peak in the thermal spectrum of 
an object (i.e., max emission) is inversely proportional to 
its temperature. 

T in degrees K, and λ in micrometers. 

Earth’s average T = 287 K, so λmax ≈ 10 microns 

Sun’s T = 5780 K, so λmax ≈ 0.50 microns 



€ 

B(T) = bT 4 , b =
2π 4K 4

15c 2h3

If we integrate the Planck function across all wavelengths, it reduces 
nicely to: 

Since blackbody radiation is isotropic, we can define the flux density 
(integrating over the entire spherical solid angle): 

where σ = 5.67×10-8 W m-2 K-4 is the Stefan-Boltzmann constant and T is 
the surface temperature of the body in absolute (K) units.. 

€ 

R =σT 4

where 

The flux of radiation (R) emitted by such a body given by the 
Stefan-Boltzmann Law 



A body absorbs and emits energy at a given wavelength with equal 
efficiency.  For a blackbody: 

Where Aλ is the absorptivity, and ελ is the emissivity.  If the object is not 
a blackbody, then: 

Scattering of radiation (e.g. reflection) is the main contributor. 

Emissivity in the 
5-5.5 µm band 
primarily from 

MODIS and ASTER  







4TRL εσ−=



Atmospheric Scattering by Particles 

Particle Size Parameter 

(r = radius of particle) 



Rayleigh Scattering (x << λ) 

Small particles are much more efficient 
at scattering than larger particles. 



The Effective Temperature of  the Earth & Planets 

Stefan-Boltzmann Law 
Energy Flux from a Blackbody = σ T4 

Energy Flux from a non-BB = σTeff4 

Albedo of Surface (Reflectivity) = A 

Luminosity of Sun at Earth: Ls = 1370 Watts m-2 
Energy Flux from Sun at Distance D  
(in astronomical units) = Ls/D2 

Equilibrium Temperature of a Planet of radius R: 

4πR2 σTe
4 = (1 – A) πR2 Ls/D2 

Incoming Solar Radiation 

Outgoing Terrestrial IR Radiation 

Te = [(1 - A)Ls/4σD2]1/4 

Earth: 
Teff = 255 K 
Tavg = 287 K 



Earth: 
Teff = 255 K 
Tsurf = 287 K 

Mars: 
Teff = 216 K 
Tsurf = 225 K 

Venus: 
Teff = 226 K 
Tsurf = 740 K 

Mercury: 
Teff = 439 K 
Tsurf = 445 K 

Sun: 
Teff = 5780 K 

Te = [(1 - A)Ls/4D2]1/4 

When the average temperature is larger 
compared to effective temperature, it 
must have an internal energy source.  
So that it is radiating more energy than 
it receives from the sun. 











Deviations from blackbody due to absorption by the solar atmosphere, 
absorption and scattering by the earth’s atmosphere (above). 







   Radiative forcing of all the long-lived greenhouse gases 
  The five major greenhouse gases account for 
about 96% of the direct radiative forcing

 The remaining 4% is contributed by the minor 
halogenated gases

 Annual Greenhouse Gases Index is indexed to 1 
for 1990 (The Kyoto Protocol)  











