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Greenhouse gases and global warming contribution

Gas
Source (natural and 

anthropogenic) 

Estimated 
Anthropogenic 
Emission Rate

Preindustrial 
Global 

Concentration

Approximate 
Current  

Concentration

Estimated 
Residence 

Time in 
Atmosphere

Radiative 
Forcing 

Efficiency over 
100 years        
(CO2 = 1)

Estimated 
Contribution 
to radiative 

Forcing 
(W/m2)

Carbon dioxide (CO2) Fossil fuel combustion, 
deforestation

38 Gt/yr            
(1012  kg/yr)

280 ppm 390 ppm 50-200 yr 1 1.5-1.8

Methane (CH4)

Anaerobic decay (wetlands, 
landfills, rice paddies), ruminants, 
termites, natural gas, coal mining, 
biomass burning

0.3 Gt/yr 0.8 ppm 1.8 ppm 10 yr 25 0.43-0.53

Nitrous oxide (N2O)

Estuaries and tropical forests, 
agricultural practices, deforestation, 
land clearing, low-temperature fuel 
combustion

0.01 Gt/yr 0.385 ppm 0.32 ppm 140-190 yr 298 0.14-0.18

Chlorofluorocarbons (CFCs)
Refrigerants, air conditioners, foam 
blowing agents, aerosol cans, 
solvents

<0.0005 Gt/yr 0 0.0004-0.001 ppm 65-110 yr 4750 (CFC-11) 0.31-0.37

Tropospheric ozone (O3)
Photochemical reactions between 
VOCs and Nox from transportation 
and industrial sources

Not emitted 
directly NA 0.022 ppm hours-days 2000 0.25-0.65



Anthropogenic activities and effects on the living environment and human health – online – 21-25 July 3

GHG emissions from various energy sources
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Others air Pollutants

 Carbon monoxide

 Hydrocarbons, and VOCs

 Ground-level Ozone

 NOx, SO2 and acid deposition

 Soot and PAHs

 Air Toxics including Dioxines

 Particulate Matter (PMx) – primary and secondary PM

 Ozone
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The major pollution issues

 The ozone in the troposphere
 The photochemical smog
 The ozone in the stratosphere
 The ozone hole
 The radiative balance in the atmosphere
 Global warming: Earth’s albedo
 Climate change
 Health effects
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The atmospheric reactor

The atmosphere functions as a massive photochemical reactor, with sunlight 
serving as the energy source for reactions. 

Light radiation, particularly in the visible and ultraviolet regions, has the ability to 
break down atmospheric constituents to create atoms, radicals, and ions, or to 
excite the constituents without causing a chemical change, thereby altering 
their reactivity.
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The atmospheric reactor
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The atmospheric reactor
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Ozone (O3) in the atmosphere
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The energy source for atmospheric reactions

According to Planck’ law, the energy of 
one photon (ε ) of frequency ν is hν, 
where h is the Planck constant

ε = hν
and in terms of wavelength of radiation 
λ 

ν = c/λ
where c is the velocity of light

ε = hν = hc/λ

role of thumb: 300nm = 95.3kcal
300nm = 398.75kJ
300nm = 4.13282eV
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The electromagnetic spectrum
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Ionization energies of major species
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Atmospheric photochemistry

Absorption of a photon of photochemically active radiation leads to 
electronic excitation: AB + hν  AB*
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Solar radiation spectrum

The atmosphere acts as a filter, blocking out short-wavelength 
radiations
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Spectral absorption cross-sections 
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Spectral absorption cross-sections 

There is a gap in the two 
absorption spectra that 
strongly affects the 
chemistry of the 
stratosphere.
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Transmitted Radiation (by the Atmosphere)
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Major anthropogenic pollutants
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Major anthropogenic pollutants
Emission estimates
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Major anthropogenic pollutants
Emission estimates
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry
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Pollutant formation (CO, VOC, SVOC)
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Pollutant formation (CO, VOC, SVOC)
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Pollutant formation (CO, VOC, SVOC)

stoichiometric fuel-rich
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Pollutant formation (CO, VOC, SVOC)


