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2.5 Greenhouse Gases  
 
Although the Earth's atmosphere consists mainly of oxygen and nitrogen, neither 

plays a significant role in enhancing the greenhouse effect because both are 

essentially transparent to terrestrial radiation. The greenhouse effect is primarily a 

function of the concentration of water vapor, carbon dioxide, and other trace gases 

in the atmosphere that absorb the terrestrial radiation leaving the surface of the Earth. 

Changes in the atmospheric concentrations of these greenhouse gases can alter the 

balance of energy transfers between the atmosphere, space, land, and the oceans. A 

gauge of these changes is called radiative forcing, which is a simple measure of 

changes in the energy available to the Earth-atmosphere system. Holding everything 

else constant, increases in greenhouse gas concentrations in the atmosphere will 

produce positive radiative forcing (i.e., a net increase in the absorption of energy by 

the Earth).  

Naturally occurring greenhouse gases include water vapor, carbon dioxide (CO2), 

methane (CH4), nitrous oxide (N2O), and ozone (O3). Several classes of 

halogenated substances that contain fluorine, chlorine, or bromine are also 

greenhouse gases, but they are, for the most part, solely a product of industrial 

activities. Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) are 

halocarbons that contain chlorine, while halocarbons that contain bromine are 

referred to as bromofluorocarbons (i.e., halons). Because CFCs, HCFCs, and halons 

are stratospheric ozone depleting substances, they are covered under the Montreal 

Protocol on Substances that Deplete the Ozone Layer.  

Carbon dioxide, methane, and nitrous oxide are continuously emitted to and 

removed from the atmosphere by natural processes on Earth. Anthropogenic 

activities, however, can cause additional quantities of these and other greenhouse 

gases to be emitted or sequestered, thereby changing their global average 
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atmospheric concentrations. Natural activities such as respiration by plants or 

animals and seasonal cycles of plant growth and decay are examples of processes 

that only cycle carbon or nitrogen between the atmosphere and organic biomass. 

Such processes – except when directly or indirectly perturbed out of equilibrium by 

anthropogenic activities – generally do not alter average atmospheric greenhouse gas 

concentrations over decadal timeframes. Climatic changes resulting from 

anthropogenic activities, however, could have positive or negative feedback effects 

on these natural systems. Atmospheric concentrations of these gases, along with 

their rates of growth and atmospheric lifetimes, are presented in Table 2.1 
 

 

Table 2.1: Global atmospheric concentration (ppm unless otherwise specified), rate 
of concentration change (ppb/year) and atmospheric lifetime (years) of selected 
greenhouse gases.  
 

 

2.5.1 Water Vapor (H2O)  

Overall, the most abundant and dominant greenhouse gas in the atmosphere is water 

vapor. Water vapor is neither long-lived nor well mixed in the atmosphere, varying 

spatially from 0 to 2 percent. In addition, atmospheric water can exist in several 

physical states including gaseous, liquid, and solid. Human activities are not 

believed to directly affect the average global concentration of water vapor; however, 

the radiative forcing produced by the increased concentrations of other greenhouse 

gases may indirectly affect the hydrologic cycle. A warmer atmosphere has an 

increased water holding capacity; yet, increased concentrations of water vapor 
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affects the formation of clouds, which can both absorb and reflect solar and 

terrestrial radiation.  

 

2.5.2 Carbon Dioxide (CO2)  

In nature, carbon is cycled between various atmospheric, oceanic, land biotic, marine 

biotic, and mineral reservoirs. The largest fluxes occur between the atmosphere and 

terrestrial biota, and between the atmosphere and surface water of the oceans. In the 

atmosphere, carbon predominantly exists in its oxidized form as CO2. Atmospheric 

carbon dioxide is part of this global carbon cycle, and therefore its fate is a complex 

function of geochemical and biological processes.  

Carbon dioxide concentrations in the atmosphere increased from approximately 280 

parts per million by volume (ppmv) in pre-industrial times to 367 ppmv in 1999, a 

31percent increase. The IPCC notes that "[t]his concentration has not been exceeded 

during the past 420,000 years, and likely not during the past 20 million years. The 

rate of increase over the past century is unprecedented, at least during the past 20,000 

years." The IPCC definitively states that "the present atmospheric CO2 increase is 

caused by anthropogenic emissions of CO2". Forest clearing, other biomass burning, 

and some non-energy production processes (e.g., cement production) also emit 

notable quantities of carbon dioxide. In its second assessment, the IPCC also stated 

that "[t]he increased amount of carbon dioxide [in the atmosphere] is leading to 

climate change and will produce, on average, a global warming of the Earth's surface 

because of its enhanced greenhouse effect – although the magnitude and significance 

of the effects are not fully resolved".  
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Figure 2.7: Concentration change and radiative forcing of CO2 in the last thousand years. 
 

2.5.3 Methane (CH4).  

Methane is primarily produced through anaerobic decomposition of organic matter 

in biological systems. Agricultural processes such as wetland rice cultivation, enteric 

fermentation in animals, and the decomposition of animal wastes emit CH4,as does 

the decomposition of municipal solid wastes. Methane is also emitted during the 

production and distribution of natural gas and petroleum, and is released as a by-

product of coal mining and incomplete fossil fuel combustion. Atmospheric 

concentrations of methane have increased by about 150 percent since pre-industrial 

times, although the rate of increase has been declining. The IPCC has estimated that 

slightly more than half of the current CH 4 flux to the atmosphere is anthropogenic, 

from human activities such as agriculture, fossil fuel use and waste disposal. 

Methane is removed from the atmosphere by reacting with the hydroxyl radical (OH) 
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and is ultimately converted to CO2. Minor removal processes also include reaction 

with Cl in the marine boundary layer, a soil sink, and stratospheric reactions. 

Increasing emissions of methane reduce the concentration of OH, a feedback which 

may increase methane's atmospheric lifetime.  

 

 

Figure 2.8: Concentration change and radiative forcing of CH4 in the last thousand years. 
 


