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Executive Summary 
Global climate change (GCC) is a change in the average weather of the earth that can be measured by 
wind patterns, storms, precipitation, and temperature.  This paper is not a scientific analysis of the 
existence or potential causes of GCC.  Further, this paper does not address National Environmental 
Policy Act (NEPA) requirements.  Instead, the intent of this paper is to provide practical, interim 
information to California Environmental Quality Act (CEQA) practitioners to help Lead Agencies 
determine how to address GCC in CEQA documents prior to the development and adoption of 
guidance by appropriate government agencies.  

A typical individual project does not generate enough greenhouse gas emissions to influence GCC 
significantly on its own; the issue of GCC is by definition a cumulative environmental impact.  
Therefore, if the Lead Agency chooses to address GCC effects in a CEQA document, it should be 
discussed in the context of a cumulative impact.  A complicating factor, however, is that there are 
currently no published CEQA thresholds or approved methods for determining whether a project’s 
potential contribution to a cumulative GCC impact is considerable.   

This paper provides a summary of background information on GCC, the current regulatory 
environment surrounding greenhouse gas (GHG) emissions, and the various approaches that a Lead 
Agency may select in a CEQA document to address the potential impacts of GCC and a project’s 
cumulative contribution to GHG.  There are many potentially valid approaches, some of which may 
not be addressed in this paper; for this reason, this document does not recommend a single approach, 
but rather describes several alternative methodologies and factors that a Lead Agency can consider in 
selecting the most appropriate methodology for a particular project. 

                                                           
1 Preparation of this paper was partially funded by Michael Brandman Associates 



 Alternative Approaches to Analyzing Greenhouse Gas 
Association of Environmental Professionals Emissions and Global Climate Change in CEQA Documents 
 
 

 
 
Final - June 29, 2007 3 

atmosphere regulates the earth’s temperature.  Without the natural heat trapping effect of GHG, the 
earth’s surface would be about 34 degrees Centigrade (°C) cooler (CAT 2006).  However, it is 
believed that emissions from human activities, such as electricity production and vehicle use, have 
elevated the concentration of these gases in the atmosphere beyond the level of naturally occurring 
concentrations.   

Climate change is driven by forcings and feedbacks.  A feedback is “an internal climate process that 
amplifies or dampens the climate response to a specific forcing” (NRC 2005).  Radiative forcing is 
the difference between the incoming energy and outgoing energy in the climate system.  The global 
warming potential (GWP) is the potential of a gas or aerosol to trap heat in the atmosphere; it is the 
“cumulative radiative forcing effects of a gas over a specified time horizon resulting from the 
emission of a unit mass of gas relative to a reference gas” (EPA 2006a).   

Individual GHG species have varying GWP and atmospheric lifetimes.  The carbon dioxide 
equivalent is a consistent methodology for comparing GHG emissions since it normalizes various 
GHG emissions to a consistent metric.  The reference gas for GWP is carbon dioxide; carbon dioxide 
has a GWP of one.  Compared to methane’s GWP of 21, methane has a greater global warming effect 
than carbon dioxide on a molecule per molecule basis (EPA 2006b).  One teragram (Tg) (equal to one 
million metric tons) of carbon dioxide equivalent (Tg CO2 Eq.) is the mass emissions of an individual 
GHG multiplied by its GWP.   

Of all greenhouse gases in the atmosphere, water vapor is the most abundant, important, and variable.  
It is not considered a pollutant; in the atmosphere, it maintains a climate necessary for life.  The main 
source of water vapor is evaporation from the oceans (approximately 85 percent).  Other sources 
include evaporation from other water bodies, sublimation (change from solid to gas) from ice and 
snow, and transpiration from plant leaves.   

Ozone is a greenhouse gas; however, unlike other GHG, ozone in the troposphere is relatively short-
lived and, therefore, is not global in nature.  It is difficult to make an accurate determination of the 
contribution of ozone precursors (nitrogen oxides and volatile organic compounds) to GCC (CARB 
2004b).   

Aerosols are suspensions of particulate matter in a gas emitted into the air through burning biomass 
(plant material) and fossil fuels.  Aerosols can warm the atmosphere by absorbing and emitting heat 
and can cool the atmosphere by reflecting light.  Cloud formation can also be affected by aerosols.  
Sulfate aerosols are emitted when fuel containing sulfur is burned.  Black carbon (or soot) is emitted 
during bio mass burning or incomplete combustion of fossil fuels.  Particulate matter regulation has 
been lowering aerosol concentrations in the United States; however, global concentrations are likely 
increasing. 

Carbon dioxide (CO2) is an odorless, colorless gas, which has both natural and anthropogenic sources.  
Natural sources include the following: decomposition of dead organic matter; respiration of bacteria, 
plants, animals, and fungus; evaporation from oceans; and volcanic outgassing.  Anthropogenic 
sources of carbon dioxide are from burning coal, oil, natural gas, and wood.  Concentrations of 
carbon dioxide were 379 parts per million (ppm) in 2005, which is an increase of 1.4 ppm per year 
since 1960 (IPCC 2007).   
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Methane is a flammable gas and is the main component of natural gas.  When one molecule of 
methane is burned in the presence of oxygen, one molecule of carbon dioxide and two molecules of 
water are released.  There are no ill health effects from methane.  A natural source of methane is from 
the anaerobic decay of organic matter.  Geological deposits, known as natural gas fields, also contain 
methane, which is extracted for fuel.  Other sources are from landfills, fermentation of manure, and 
cattle. 

Nitrous oxide (N2O), also known as laughing gas, is a colorless greenhouse gas.  Higher 
concentrations can cause dizziness, euphoria, and sometimes slight hallucinations.  Nitrous oxide is 
produced by microbial processes in soil and water, including those reactions that occur in fertilizer 
containing nitrogen.  In addition to agricultural sources, some industrial processes (fossil fuel-fired 
power plants, nylon production, nitric acid production, and vehicle emissions) also contribute to its 
atmospheric load.  It is used in rocket engines, racecars, and as an aerosol spray propellant. 

Chlorofluorocarbons (CFCs) are gases formed synthetically by replacing all hydrogen atoms in 
methane or ethane with chlorine and/or fluorine atoms.  CFCs are nontoxic, nonflammable, insoluble, 
and chemically unreactive in the troposphere (the level of air at the earth’s surface).  CFCs were first 
synthesized in 1928 for use as refrigerants, aerosol propellants, and cleaning solvents.  They destroy 
stratospheric ozone; therefore, their production was stopped as required by the Montreal Protocol in 
1987.   

Hydrofluorocarbons (HFCs) are synthetic man-made chemicals that are used as a substitute for CFCs 
for automobile air conditioners and refrigerants.   

Perfluorocarbons (PFCs) have stable molecular structures and do not break down though the chemical 
processes in the lower atmosphere.  High-energy ultraviolet rays about 60 kilometers above the 
earth’s surface are able to destroy the compounds.  PFCs have very long lifetimes, between 10,000 
and 50,000 years.  Two common PFCs are tetrafluoromethane and hexafluoroethane.  Concentrations 
of tetrafluoromethane in the atmosphere are over 70 parts per trillion (ppt) (EPA 2006d).  The two 
main sources of PFCs are primary aluminum production and semiconductor manufacture. 

Sulfur hexafluoride (SF6) is an inorganic, odorless, colorless, nontoxic, nonflammable gas.  It has the 
highest GWP of any gas evaluated, 23,900.  Concentrations in the 1990s were about 4 ppt (EPA 
2006d).  Sulfur hexafluoride is used for insulation in electric power transmission and distribution 
equipment, in the magnesium industry, in semiconductor manufacturing, and as a tracer gas for leak 
detection. 

International and Federal Legislation 
International and Federal legislation has been enacted to deal with GCC issues.  The Montreal 
Protocol was originally signed in 1987 and substantially amended in 1990 and 1992.  The Montreal 
Protocol governs compounds that deplete ozone in the stratosphere—chlorofluorocarbons (CFCs), 
halons, carbon tetrachloride, and methyl chloroform.  The Protocol provided that these compounds 
were to be phased out by 2000 (2005 for methyl chloroform).  

In 1988, the United Nations and the World Meteorological Organization established the 
Intergovernmental Panel on Climate Change (IPCC) to assess “the scientific, technical and socio-
economic information relevant to understanding the scientific basis of risk of human-induced climate 
change, its potential impacts, and options for adaptation and mitigation” (IPCC 2004).   
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