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2.5.4 Nitrous Oxide (N2O)  

Anthropogenic sources of N2O emissions include agricultural soils, especially the 

use of synthetic and manure fertilizers; fossil fuel combustion, especially from 

mobile combustion; adipic (nylon) and nitric acid production; wastewater treatment 

and waste combustion; and biomass burning. The atmospheric concentration of 

nitrous oxide (N2O) has increased by 16 percent since 1750, from a pre industrial 

value of about 270 ppb to 314 ppb in 1998, a concentration that has not been 

exceeded during the last thousand years. Nitrous oxide is primarily removed from 

the atmosphere by the photolytic action of sunlight in the stratosphere.  

 

 
Figure 2.9: Concentration change and radiative forcing of N2O in the last thousand years. 

 

2.5.5 Ozone (O3)  

Ozone is present in both the upper stratosphere, where it shields the Earth from 

harmful levels of ultraviolet radiation, and at lower concentrations in the 
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troposphere, where it is the main component of anthropogenic photochemical 

"smog." During the last two decades, emissions of anthropogenic chlorine and 

bromine-containing halocarbons, such as chlorofluorocarbons (CFCs), have 

depleted stratospheric ozone concentrations. This loss of ozone in the stratosphere 

has resulted in negative radiative forcing, representing an indirect effect of 

anthropogenic emissions of chlorine and bromine compounds. The depletion of 

stratospheric ozone and its radiative forcing was expected to reach a maximum in 

about 2000 before starting to recover, with detection of such recovery not expected 

to occur much before 2010. The past increase in tropospheric ozone, which is also a 

greenhouse gas, is estimated to provide the third largest increase in direct radiative 

forcing since the pre-industrial era, behind CO2 and CH4. Tropospheric ozone is 

produced from complex chemical reactions of volatile organic compounds mixing 

with nitrogen oxides (NOx) in the presence of sunlight. 

 

2.5.6 Halocarbons, Perfluorocarbons, and Sulfur Hexafluoride (SF6)  

Halocarbons are, for the most part, man-made chemicals that have both direct and 

indirect radiative forcing effects. Halocarbons that contain chlorine – 

chlorofluorocarbons (CFCs), hydro-chlorofluoro-carbons (HCFCs), methyl 

chloroform, and carbon tetrachloride – and bromine –halons, methyl bromide, and 

hydrobromofluorocarbons (HBFCs) – result in stratospheric ozone depletion and are 

therefore controlled under the Montreal Protocol on Substances that Deplete the 

Ozone Layer. Although CFCs and HCFCs include potent global warming gases, 

their net radiative forcing effect on the atmosphere is reduced because they cause 

stratospheric ozone depletion, which is itself an important greenhouse gas in addition 

to shielding the Earth from harmful levels of ultraviolet radiation. Under the 

Montreal Protocol, the United States phased out the production and importation of 
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halons by 1994 and of CFCs by 1996. PFCs and SF6 are predominantly emitted from 

various industrial processes including aluminum smelting, semiconductor 

manufacturing, electric power transmission and distribution, and magnesium 

casting. Currently, the radiative forcing impact of PFCs and SF6 is also small; 

however, they have a significant growth rate, extremely long atmospheric lifetimes, 

and are strong absorbers of infrared radiation, and therefore have the potential to 

influence climate far into the future.  

 

2.5.7 Carbon Monoxide (CO)  

Carbon monoxide has an indirect radiative forcing effect by elevating concentrations 

of CH4 and tropospheric ozone through chemical reactions with other atmospheric 

constituents (e.g., the hydroxyl radical, OH) that would otherwise assist in 

destroying CH4 and tropospheric ozone. Carbon monoxide is created when carbon-

containing fuels are burned incompletely. Through natural processes in the 

atmosphere, it is eventually oxidized to CO2 . Carbon monoxide concentrations are 

both short-lived in the atmosphere and spatially variable.  

 

2.5.8 Nitrogen Oxides (NOx).  

The primary climate change effects of nitrogen oxides (i.e., NO and NO2) are 

indirect and result from their role in promoting the formation of ozone in the 

troposphere and, to a lesser degree, lower stratosphere, where it has positive 

radiative forcing effects. Additionally, NOx emissions from aircraft are also likely 

to decrease methane concentrations, thus having a negative radiative forcing effect. 

Nitrogen oxides are created from lightning, soil microbial activity, biomass burning 

–both natural and anthropogenic fires – fuel combustion, and, in the stratosphere, 
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from the photo-degradation of nitrous oxide (N2O). concentrations of NOx are both 

relatively short-lived in the atmosphere and spatially variable.  

 

2.5.8 Non-methane Volatile Organic Compounds (NMVOCs)  

Non-methane volatile organic compounds include compounds such as propane, 

butane, and ethane. These compounds participate, along with NOx , in the formation 

of tropospheric ozone and other photochemical oxidants. NMVOCs are emitted 

primarily from transportation and industrial processes, as well as biomass burning 

and non-industrial consumption of organic solvents. Concentrations of NMVOCs 

tend to be both short-lived in the atmosphere and spatially variable.  

 

 

 


