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ABSTRACT 

 
This paper provides an analysis of the efficacy of United States (US) greenhouse gas 

(GHG) emission reduction policy implemented in the mid-1990s, specifically targeting 

the Voluntary Reporting of Greenhouse Gases program administered by the Energy 

Information Administration.  Given the potential calamitous effects of global climate 

change, and that the US is the largest contributor of anthropogenic contributions to 

atmospheric GHG emissions, it is imperative for the US to implement policies that 

effectively address this global public policy problem.  This analysis finds that the 

current US GHG policy approach, namely the voluntary reporting of emissions 

reductions, is insufficient, on its own, to achieve the necessary result of reducing 

national GHG emissions.  Additionally, this analysis finds that the relationship 

between energy consumption and GHG emissions prior to the implementation of the 

policy of interest is not statistically significantly different from the relationship after its 

implementation.    
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INTRODUCTION 
 
 There is a growing plurality in the international scientific community that 

anthropogenic emissions of greenhouse gases (GHG) are causing a global warming 

trend, a trend which could result in significant ecological and economic harm (IPCC(a) 

2001).  The United States (US) is the largest emitter of GHGs and, as such, will 

necessarily have to reduce GHG emissions if such harms are to be avoided.  Since it 

can be shown that economic growth is strongly correlated energy consumption, and 

that the majority of energy consumed in the US is derived from the combustion of 

carbon-based fossil fuels, strong national policies are required to reverse the trend of 

increasing GHG emissions from energy consumption.  This analysis will seek to 

determine if the current US policy regime, enacted in the mid-1990s, is sufficient to 

achieve this end.   

To date, the US has engaged non-mandatory national policy initiatives 

regarding emissions reduction.  In 1992, the United States Congress passed the Energy 

Policy Act (EPAct) in which Section 1605(b) established the Voluntary Reporting of 

Greenhouse Gases program.  1605(b) requires the Department of Energy to establish 

guidelines under which reductions in emissions of GHG can be voluntarily reported for 

inclusion in a publicly accessible database.  Administered by the Energy Information 

Administration (EIA), the 1605(b) program has, since 1995, allowed businesses and 

individuals to voluntarily report reductions in GHG emissions.  In the program�s first 

year 108 entities reported emissions reductions, and in 2003 there were 234 reporting 

entities.   
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This analysis finds that, when controlling for Gross Domestic Product (GDP) 

and population, the relationship between energy consumption and GHG emissions is 

not statistically significantly different in the post 1995 time period compared with the 

pre 1995 time period.  However, there appears to be a significant change in the trend of 

nonCO2 GHG emissions over the time period of interest.  While the general results of 

this analysis are inconclusive, such an inconclusive finding supports the proposition  

that present US GHG reduction policy is not having the significantly large effect on 

US GHG emissions that will be required to slow, and reverse, the anthropogenic 

contributions of GHG to the atmosphere.   

 
BACKGROUND AND LITERATURE REVIEW 
 
THE SCIENCE OF CLIMATE CHANGE 

The world is becoming warmer.  NASA has reported that 2005 is statistically 

tied with 1998 with the highest global surface temperature in the history of 

instrumental records.  2005 is the warmest year on record in which there was not an El 

Niño.  Furthermore, with the exception of 1998, the last four years (2002, 2003, 2004 

and 2005) are the four warmest years in the period in which global surface 

temperatures have been instrumentally recorded (the instrumental record began in the 

late 1800�s) (Hansen et al 2006).  Also, during the period of 1950 to 1993, the daily 

night-time minimum air temperatures have increased at a rate that is approximately 

double that of the rate of increase of the daily day-time maximum air temperature 

(IPCC(b) 2001).  While the result of this is a decrease in the length of the freezing 
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season in mid and high latitude regions, the cause, it would seem, can only be from 

increased atmospheric thermal retention caused by increased concentrations of GHGs.  

A night-time low that is increasing faster than the day-time high is indicative that the 

earth�s surface is radiating thermal energy out of the atmosphere and into space less 

efficiently than it did in previous time periods.  The most plausible explanation for this 

is that the atmospheric blanket that is covering the earth is retaining and reflecting this 

thermal energy back to the surface more effectively.  Indeed, recent evidence suggests 

that well mixed GHG in the atmosphere are currently causing the Earth, on net1, to 

absorb 0.85 (±0.15) watts per square meter more than it radiates back into space 

(Hansen 2005).    

Atmospheric carbon dioxide (CO2) concentrations, the most abundant GHG, 

have increased 31% over the period of 1750 to 1999.  The 1999 CO2 concentration, at 

367 parts per million, has not been exceeded in the last 650,000 years (Siegenthaler et 

al 2005) and, as estimated by the Intergovernmental Panel on Climate Change, has 

�likely�2 not been exceed over a period of the last 20 million years.  �The present 

atmospheric CO2 increase is caused by anthropogenic emissions of CO2.  About three-

quarters of these emissions are due to fossil-fuel burning� (IPCC(b) 2001).  Ice core 

samples have shown that the present atmospheric concentrations of methane and 

nitrous oxide, gases which, respectively, are 23 and 296 times more potent than CO2 as 

                                                
1 The thermal retention of GHG in the atmosphere are moderated by the presence of other anthropogenic 
pollutants, such as aerosols, which reflect a substantial amount of incident solar radiation back into 
space before it reaches the surface.   
2 The IPCC uses the term �likely� to indicate a range of confidence in the assertion being true of 66-90%.   
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GHGs on a per unit mass basis (IPCC(b) 2001), also are record highs for the period of 

at least the past 650,000 years (Spahni et al 2005).  While a causal linkage between 

anthropogenically-increased atmospheric concentrations of GHG and increased 

average global surface temperatures cannot be proven, due to the highly complex 

nature of the global climate system and existing uncertainties in the natural variation of 

the climate, the magnitude of the warming trend, which has coincided with industrial 

contributions to the atmospheric GHG concentration, suggests that such a causal link 

exists (NAS 2001).  The majority of the international scientific community has 

concluded that anthropogenic emissions of GHGs are �likely� the cause of the global 

warming trend of the last 100 years (IPCC(b) 2001).   

 

POLITICS AND PUBLIC OPINION 

The US public recognizes climate change as a serious issue, and the salience of 

the issue of global warming has changed since the EPAct was passed by Congress in 

1992.  Despite the contention by those that oppose action on climate change that the 

science on the issue is uncertain3, a Harris public opinion poll taken in October, 2002, 

revealed that 74 percent of the American public believes that the release of carbon 

dioxide and other gases into the atmosphere will lead to global warming and an 

increase in average temperatures.  More recently, a Time/ABC News/Stanford 

University poll from March, 2006, showed that 85 percent of the American public 
                                                
3 The public debate on the validity of the relevant science is skewed by the presence in the news media 
of a demonstrable bias toward presenting both sides of an issue rather than the prevailing scientific 
consensus (Boykoff and Boykoff 2004).  
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believes that the world�s temperature has increased over the past 100 years.  

Furthermore, an ABC News / Washington Post opinion poll taken in June, 2005, found 

that 79 percent of Americans thought that the effects of global warming will pose a 

serious threat to future generations.  Beyond being politically salient issue, a majority 

of Americans support action by their elected representatives on the issue.  A Program 

on International Policy (PIP) poll in October, 1998, a year after the Kyoto protocol was 

agreed to, found that 58.7 percent of Americans supported the ratification of the treaty 

� compared to just 21.1 percent who opposed its ratification.   This majority has, in 

fact, strengthened over time.  A poll taken by PIP and Knowledge Networks in June of 

2004 revealed that 64 percent of the American public would want their Congressional 

representative to vote for US participation in the Kyoto agreement to reduce global 

warming.  

This public support has not fallen on completely deaf ears among policy-

makers.  While the US remains notably absent from international climate change 

agreements, policy-makers, both in Congress and at the state level, have taken 

increasing notice of the probable outcomes and costs that long-term climate change 

presents.  Senators John McCain and Joe Lieberman have both taken strong positions 

on climate change and have successfully brought their Climate Stewardship Act, which 

would create a market-based incentive for GHG emissions reduction, to vote in the 

Senate.  In June of 2005, the US Senate passed a Sense of the Senate Resolution which 

stated that Congress should �enact a comprehensive and effective national program of 
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mandatory, market-based limits and incentives on emissions of GHGs that slow, stop, 

and reverse the growth of such emissions.�  The Senate�s Energy and Natural 

Resources committee held a climate conference on April 4, 2006, which solicited 

comments on the form that new climate legislation should take.  Finally, several 

northeastern states have started their own regional climate policy through the Regional 

Greenhouse Gas Initiative (RGGI).   

 

POLICY OVERVIEW 

Policy responses for environmental problems are, generally, constituted within 

three broad categories � regulatory, economic, and voluntary (Skjærseth and Skodvin 

2003 and IEA 1997).  Regulatory, or �command and control�, policy responses are 

those in which a government body requires a certain level of environmental 

performance or action, such as requiring the installation of a certain type of pollution 

abatement technology.  Economic policy responses introduce financial or market-based 

incentives to achieve the desired environmental outcome.  A pollution tax or a cap and 

trade system to regulate emissions levels are examples of this policy instrument.  

Finally, voluntary policies are those for which the government, or regulating authority, 

does not have enforcing power to ensure a specific environmental outcome but which 

provide participating entities an opportunity to achieve an environmental result with 

the legitimizing oversight of such an authority (Skjærseth and Skodvin 2003).   
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To use the terminology employed by Skjærseth and Skodvin (2003) (which is 

also similar to the delineation made by Solsbery and Wiederkehr (1995)) voluntary 

environmental policies can be further delineated into two categories.  �Negotiated 

agreements� are those that include targets and commitments, such as those in the 

Netherlands and the relatively new EPA Climate Leaders program, and have been 

defined as �negotiated commitments between authorities and target groups setting forth 

environmental objectives based on close cooperation and absence of direct sanctions� 

(Skjærseth 2005).  Alternatively, �public voluntary programs� lack negotiated 

commitments and are without specified targets or requirements to report.  This is the 

category under which the 1605(b) Voluntary Reporting of Greenhouse Gases program 

(to be described in greater detail below) falls.   

The literature notes that for voluntary programs credibility can be a concern 

(IEA 1997).  The primary question that is asked of these programs is: are participating 

entities, and their environmental achievements, going beyond a business-as-usual 

scenario � are improvements greater than what would have happened in the absence of 

the voluntary program?  OECD�s survey (2003) of the effectiveness of voluntary 

environmental policies suggests the answer is �no�.  It concludes that for those 

instances in which significant environmental change was achieved, �factors other than 

the given voluntary approach seem to explain the major part of an environmental 

improvement that has taken place.�  Other commentators have been less tactful in their 
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analysis of voluntary programs � McKitrick (2001) argues that voluntary initiatives as 

public policy amounts to �thinly-veiled hypocrisy.�   

 Several studies have attempted to address the cause for deficiency in voluntary 

environmental programs; most have concluded that the incentives to participate do not 

outweigh competing market-based incentives and thus those that participate only do so 

because other business interests put them in a position to do so.  Typically, the relevant 

incentives to participate in such a program stem from a public relations standpoint.  

Given this perspective, it follows that the resulting data gleaned from the program are 

skewed in a direction that reflects this public relations motive, and not towards actual 

environmental achievement.  �Voluntary environmental reporting is not neutral 

information of external stakeholders but interest-oriented representation of one�s own 

environmental performance.  Environmental reporting is a typical form of public 

relations� (Hitchens, Clausen and Fichter 1999).  Khanna and Damon (1999) conclude 

that efforts for pollution control in the context of a voluntary EPA program (in this 

case for toxic chemicals) are not typically offset in the short-run, but are viewed 

favorably by investors in terms of long-run profitability.  Skjærseth (2000) raises a 

similar argument, and makes the subtle but important point that strikes to the economic 

efficiency of instituting voluntary environmental policy. �If target groups, such as 

companies, maximize expected profits, a company will enter into an [voluntary 

environmental] agreement if the expected profit from participation is greater than the 

expected profit from not participating� (Skjærseth 2000 � emphasis in original).  If this 
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is true, a voluntary program alone cannot be expected to decrease the externalized costs 

of market activity such as the emission of pollutants into the public commons.  In this 

line of reasoning, a voluntary program can be effective if there exists looming, or a 

credible threat of, regulation that would make the production of these externalities 

costly enough to impact a firm�s bottom line.   

Despite the drawbacks to voluntary programs stemming from the incentives 

they present to participation, they do allow for an initial political address of a policy 

issue.  �Public voluntary programs are normally used as a first step in the exploration 

of a new policy area� (Skjærseth and Skodvin 2003). �Their [environmental voluntary 

agreements] real advantage may lie more in their political attractiveness than in their 

presumed effectiveness, compared to other policy tools� (Skjærseth 2000).  Thus, 

using a voluntary approach can be an effective �foot-in-the-door� when significant 

political resistance for more substantial policy action exists.  Also, voluntary 

approaches can be used as a sort of training-grounds for new methodologies for 

addressing environmental issues.  �From an efficiency point of view, voluntary actions 

have the advantage that their flexibility allows exploitation of new technical and 

organizational solutions which under static approaches might be overlooked or might 

not be achievable.  The obvious drawback of voluntary actions is their voluntary 

nature, i.e., that enforceability of commitments might be low and may indicate an 

unwillingness to take early effective action� (IEA 1997).   
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THE VOLUNTARY REPORTING OF GREENHOUSE GASES PROGRAM � 1605(b) 

The Voluntary Reporting of Greenhouse Gases Program allows participants to 

register and record their annual carbon emissions as provided by Section 1605(b) of the 

Clean Energy Act of 1992.  Since 1995, participants, which can include businesses or 

individuals, can choose to report their emissions in any given year or not.  The stated 

purpose of the program is to provide �a means for organizations and individuals who 

have reduced their emissions to record their accomplishments and share their ideas for 

action� (EIA).  IEA (1997), in its survey of voluntary environmental programs, 

highlights the 1605(b) program as �an example of a highly structured but low 

compulsion approach�which has no compulsion to participate, but extensive 

guidelines to be followed for those that choose to do so.�  The same report goes on to 

identify the US program as unique among OECD national GHG policies by saying �the 

United States has taken a different approach, asking individual companies and 

organizations to measure GHG emissions and to report these voluntarily based on 

detailed guidelines issued by the government in a freestanding programme, while at the 

same time monitoring industry-level and national trends in energy and related 

emissions via pre-existing statistical reporting and survey programmes.� 

The questions which this analysis intends to address are:  Is 1605(b) an 

effective policy for reducing US GHG emissions?  And, are emissions lower than they 

would have been without this program?  The 2003 EIA inventory of GHG emissions 

(reported as required by section 1605(a) of the same Act) reports that the United States 
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emitted 6,935.7 million metric tons of carbon dioxide equivalent in that year (US 

2004).  In the 2003 voluntary reporting of GHG report, EIA reports that 214.2 million 

metric tons of carbon dioxide equivalent in direct emissions were reduced (US 2005).  

It would be incorrect however to conclude that the US has achieved emissions 

reductions of approximately three percent as a result of the program, as is done by the 

White House in its Global Climate Change Policy Book (The White House 2002).4  

Simply showing reported emissions reductions is not a sufficiently rigorous analysis of 

the Voluntary Reporting of Greenhouse Gases program to make conclusions about this 

policy�s efficacy.  The 1605(b) program allows project-level emission reductions 

without a comprehensive accounting of the emissions across an entire firm.  In many 

cases, closing a plant (for reasons other than environmental �goodness�) can count for a 

massive reduction in emissions for a firm.  Many project-level reductions are likely to 

be simply a case of a transfer in emissions from one segment of a firm or sector to 

another.  For this reason, the design of the Voluntary Reporting of Greenhouse Gases 

program may allow for much of these reported reductions to be no more than a transfer 

of emissions from one source (where the reduction is reported) to another source 

(which does not report emissions reductions).  Additionally, once an entity reports 

emissions, they are under no obligation to continue to report emissions.  The 

predictable result being that firms have an incentive to report an emission reduction if 

they have a bad year of production, but a disincentive to report once production picks 
                                                
4 The White House Global Climate Change Policy Book, released in February of 2002, uses 2000 figures 
(as opposed to the 2003 figure referenced above) to conclude that reductions reported to this program 
�equal 3.9 percent of national emissions� in that year. 
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back up � or will report under a �modified� reference case which pegs emissions to a 

reporter defined ratio of production.  In 2003, 97 percent of all reductions in emissions 

reported were reported on a �modified� reference case basis (US 2005).   

Due to the voluntary nature of the program, and the difficulty in assessing the 

veracity of the reductions reported in the context of the entire nation�s emission 

portfolio, the quantities of emissions reductions reported directly by the Voluntary 

Reporting Program cannot be taken as absolute reductions in national GHG emissions 

but rather as reductions in emissions at a particular point-source � which may, or may 

not, have caused a corresponding increase in reductions at another source that is not 

included in the voluntary reporting inventory.  Thus there is a need for an analysis of 

the program in the context of the national GHG inventory.  Since this policy is not the 

only factor that has influenced national GHG emissions since its inception, any 

analysis of the national GHG inventory should also approximate those changes that 

would have happened in the absence of the policy of interest.  With adequate statistical 

controls, the additional impact, if any, of the policy of interest can then be found.  It is 

important to note that this analysis does not attempt to simulate the effects of other 

policies introduced over this time period.  Thus, the actual effect of 1605(b) is not 

isolated in this study.  Instead, the combined influence of all policies are included in 

the effect detected � this study is simply calibrated, through the temporal demarcation 

selected, to detect changes GHG emission profile changes caused by the 1605(b) 

program.  To do this, factors that are highly correlated with GHG emissions must be 
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modeled.  The challenge in performing this analysis is parsing out the effect of the 

policy of interest from other factors that influence changes in GHG emissions while 

allowing for changes in factors that influence GHG emissions that are caused by the 

policy of interest (e.g., fuel switching).   

What factors, then, are most highly correlated with GHG emissions?  There are 

numerous studies which have analyzed the contributing factors to GHG emissions and 

energy use (see Ang and Zhang 2000 for a survey of such analyses) and the primary 

findings have included a measure of economic output, usually GDP, as well as 

population.  The correlation between GDP and GHG emissions is well documented but 

this relationship becomes less strong at high levels of per capita GDP, and may reverse 

at extremely high levels of per capita GDP as do emissions of other environmental 

pollutants (Holtz-Eakin and Selden 1995) (for an analysis providing evidence against 

the existence of this relationship for GHG see Ansuategi and Escapa (2002)). Schipper 

et. al., (1997) has found a result similar to that of Holtz-Eakin and Selden and shows 

that, for trends at current levels of GDP for industrialized countries, while economic 

growth yields decreases in carbon intensity, overall GHG emissions continue to rise 

with increased economic activity.  Specific to the US, Golove and Schipper (1997) find 

that energy intensity (the ratio between energy consumption and GDP) has dropped in 

both the 1980�s and the 1990�s, though the rate of change in the 1990�s has been 

somewhat diminished � the same study found that the ratio of GHG emissions to GDP 

has dropped at an even greater rate, due, as the authors argue, to fuel switching and 
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energy efficiency improvements.  Population growth also has a major impact on 

environmental factors including emissions of GHG (Ehrlich and Holdren 1971 and 

Hamilton and Turton 2002), though this effect may be already included when using 

GDP instead of per capita GDP as suggested in the classic IPAT equation (Ehrlich and 

Holdren 1972 and Dietz and Rosa 1997).  Levels of GHG emissions, however, can 

vary considerably across countries, even after controlling for population and wealth, 

for reasons associated with factors typically associated with the �technology� 

component of the IPAT equation including economic organization and culture (Dietz 

and Rosa 1997).  While disagreement exists in the literature between which indicators 

are �best� for determining patterns of GHG emissions (see Mielnik and Goldemberg 

(1999) in support of carbon per unit energy, dubbed the �carbonization index�, and 

Ang (1999) in support of energy intensity), certainly there is agreement in the literature 

that both GDP and population are useful measures.     

 

ANALYTICAL METHODOLOGY 

A regression analysis, using annual emissions data available from the Energy 

Information Administration, is used to determine if the trend in emissions changed as a 

result of the start of the 1605(b) program in 1995.  The independent variable of interest 

in the regression model is a binary indicator variable, Post95, which is set against the 

dependent variable, annual GHG emissions.  Since national emissions of GHG are 

correlated with many factors aside from this policy of interest, notably economic 
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growth, the regression analysis will also include controls for these other factors that 

influence GHG emissions.  Given the limited number of observations for the dependent 

variable, limited by the number of years for which reliable data is available, the 

number of independent variables used in this analysis must be restricted to those that 

have the greatest predictive power with the dependent variable.  The general form of 

the regression analysis will be: 

µβββββ +++++= 9543210 POSTENERGYPOPGDPGHG  

Where:  

GHG is a measure of annual emissions of GHG equivalent5 in the US, 

GDP is the annual gross domestic product for the US, 

POP is the US population on July 1 of each year, 

ENERGY is the total annual energy consumption by the US, 

Post95 is an indicator variable that has a value of one for 1995 and all years thereafter 

and a value of zero for all years before 1995, 

and µ is a zero mean, constant variance, independent and normally distributed 

disturbance term. 

In this model, the variable of interest, Post95, will allow for the two time 

periods of this analysis (the time prior to the Voluntary Reporting program and the 

period in which the program is running) to effectively have different intercepts.  Thus, 

if the coefficient for this variable is statistically significant we can infer that there has 

                                                
5 Greenhouse gas equivalent is the total quantity of all greenhouse gases emitted relative to the global 
warming potential of carbon dioxide.   
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been a change between the two time periods which has caused a shift in the national 

emissions profile � this can be attributed to the 1605(b) program if other possible 

influences on GHG emissions which have also changed over this time period can 

successfully be excluded.  If it is not, it is evidence that 1605(b) may not have had the 

desired effect.  The general model described above can be expanded to detect if the 

other independent variables have a changing relationship with respect to the dependent 

variable across the two time periods by interacting the indicator variable with those 

independent variables as shown in the model below: 

µβββ
βββββ

+++
+++++=

95*95*95*
95

765

43210

POSTENERGYPOSTPOPPOSTGDP
POSTENERGYPOPGDPGHG

 

This expanded model allows for the slope of the regression, as given by the 

relationship between the independent variables and the dependent variable, to also 

change between the two time periods.  For the pre-1995 time-period, the relationship 

between the independent variables and the dependent variable is given by the 

coefficient on that independent variable.  For the post-1995 time-period, the 

relationship is given by the sum of the coefficient on the independent variable and the 

coefficient on the interacted form of the independent variable.  In essence this allows 

for the model to be a combination of two linear estimates, one linear estimate for the 

time period prior to 1995 and a separate linear estimate for the time period after 1995.  

This method is particularly useful in this case given the voluntary nature of the 

program implemented and the gradual increase over time of the number of reporting 
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entities.  The expanded form of the model allows for shifts in the second half of the 

post-1995 period, as more entities participated in the reporting program, to affect the 

post-1995 slope.  The weakness inherent in doing so however is that other factors, 

aside from the 1605(b) program, are more likely to affect the results in this method.  A 

theoretical expectation is that the expanded model will find significant results because 

it cannot differentiate between shifts in GHG emissions that are a direct result of the 

policy and other influencing factors.  A method to test the robustness of findings in this 

methodology will be to restrict the years for which data are included in the in this 

second period to determine if the statistical strength of the relationship is maintained 

for the period immediately following the implementation of the program.   

 A second methodology employed, specifically to overcome the potential 

gradual effect of participation in the 1605(b) program, will be to create time groups 

and attempt to detect different emissions profiles between the time periods while 

controlling for the independent variables identified.  The interest, again, is to determine 

if the time period that follows the implementation of the program shows a statistically 

significant shift in emissions.  If it does, it lends to the consideration that the 1605(b) 

program may be responsible for the shift.  An example of the functional form for this 

second methodology is: 

µβββ
βββββ

+++
+++++=

000395998589
8084

444

43210

PERIODPERIODPERIOD
PERIODENERGYPOPGDPGHG
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In this model the differential effects of each time period on GHG emissions, 

controlling for GDP, population, and total energy consumption, can be found.  The 

time periods dummy variables are a value of zero for all years except for the span of 

years that each particular variable represents, wherein it takes a value of one.  The time 

period variables for this form of the model are defined as such: 

8084PERIOD  represents 1980 through 1984, inclusive, 

8589PERIOD  represents 1985 through 1989, inclusive, 

9599PERIOD  represents 1995 through 1999, inclusive, and 

0003PERIOD  represents 2000 through 2003, inclusive. 

The time period 1990 through 1994 is intentionally omitted to avoid perfect 

collinearity among the time period variables and, thus, acts as a baseline period for 

comparison of the coefficients of the included time period variables.  This time period 

as a baseline is particularly useful because it is likely the most similar, though clearly 

not perfectly so, to the time period of interest (the first time grouping after 1995) and 

thereby allows for a useful direct comparison with a minimal influence of extraneous 

factors.  As a check for robust and consistent results, this methodology will be 

employed with both five time period and six time period formations of the model. 

Finally, the data used (described below) allows for CO2E, CO2, and non-carbon 

dioxide GHG emissions (nonCO2E, expressed in terms of carbon dioxide equivalent) 

to be analyzed separately.  The two methods described above will be applied to both 
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CO2E and nonCO2E data in order to detect if the 1605(b) program has differentially 

affected CO2 and nonCO2E emissions.    

There are several hypotheses to be tested by this analysis.  The first is that, in 

the general model, Post95 will be have a coefficient that is statistically significant and 

negative.  Second, that that the interacted forms of the independent variables included 

in the expanded model will also have statistically significant negative coefficients.  If 

this is the case it is evidence suggesting that the time period from 1995 to 2003 is less 

GHG intensive, in terms of the other three independent variables, than the period 

before 1995.  The next is that the variable 9599PERIOD will be statistically 

significantly less than the time periods that precede it.  These hypotheses apply both to 

the analysis of CO2E and nonCO2E.  The alternative hypotheses are that Post95 is not 

statistically significant (or is statistically significant and positive) indicating that there 

is no discernible difference between the two time periods (or that other factors have 

overwhelmed the direction of the influence of 1605(b)) and that the variable 

9599PERIOD is not statistically significantly less than the comparison time period.   

 

DATA 

DEPENDENT VARIABLE � GREENHOUSE GAS EMISSIONS 

 EIA�s inventory includes measures for each of the six key GHG6, as well as the 

total emissions expressed in terms of the global warming potential of carbon dioxide.  

                                                
6 Carbon dioxide, methane, nitrous oxide, hydrofluorocarbon, perflurocarbon, and sulfur hexafluoride. 
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While carbon dioxide is often central to analysis on the contributions to global 

warming, carbon dioxide equivalent provides a measure that is more representative of 

total economic activity and the national contribution to global warming.  It is the case 

that carbon dioxide emissions account for the vast majority of the quantity reported in 

carbon dioxide equivalent, our interest however, is in the context of global warming as 

a public problem and the current associated policy prescriptions � the goal of which is 

the reduction the quantity of anthropogenic emissions of gases that contribute to the 

greenhouse effect.  Therefore, detecting a statistical change in the rate of emissions of 

carbon dioxide equivalent is the measure of interest.   

 The EIA inventory, collected as prescribed by section 1605(a) of the Clean 

Energy Act of 1992, is the formal inventory of GHG emissions of the US government 

and is the data source for this analysis.  The Environmental Protection Agency (EPA) 

also publishes an annual inventory which differs slightly from that of EIA.  The EPA 

estimate includes, in addition to the overall GHG inventory, a measure of the total 

estimate GHG capture that has occurred due, primarily, to carbon sinks.  While this 

measure could lend itself to valuable analysis, the time period for which this data is 

available (1997 through 2003, plus 1990) is not sufficient for the present question at 

hand.  Aside from the measure of carbon capture, the EIA and EPA inventory 

estimates differ by ±0.5% and thus would not influence detectable statistical trends 

(EIA 2004 and EPA 2005).  
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Figure 1 � Carbon dioxide and carbon dioxide equivalent emissions in the US, 1980-2003 
 
 As shown in Figure 1, CO2 and CO2E emissions have increased by 

approximately 22 and 19 percent (or an annual average rate of 0.885 and 0.773 

percent), respectively, over the period of 1980 to 2003.  Also of note from Figure 1, the 

difference between CO2 and CO2E emissions (non-CO2 emissions) is similar, but not 

constant over the period of analysis.  This variation can exploited by using the 

methodologies described for both CO2E and nonCO2E to determine if the emissions of 

non-CO2 GHG have been affected over the time period of the analysis in a different 

way than that of CO2 emissions.   

Table 1 � Greenhouse Gases Descriptive Statistics 
 Range  
 Min Mean Max St. Dev. 
CO2 4,408 5,151 5,870 465
CO2E 5,415 6,236 6,934 479
Non-CO2E 1,007 1,085 1,136 38
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INDEPENDENT VARIABLES 
 
 For the reasons described above, the independent variables for this analysis are 

GDP, population, and energy consumption.  GDP data were taken from the US 

Department of Commerce�s Bureau of Economic Analysis for the date range that 

matches the availability of GHG data from EIA (1980-2003).  Population data reflect 

the US population for July 1st of each year as reported by the US Census.  Finally, 

energy consumption data, reported as total BTUs from all energy sources, are taken 

from EIA�s Annual Energy Review, Table 1.3.  Descriptive statistics for each of these 

are given below in Table 2. 

Table 2 � Descriptive Statistics for Independent Variables 
N=24 Range  

 Max Mean Min St. Dev. 
GDP7 10,381 7,503 5,162 1,663 
POP 290,850,005 255,386,786 227,224,681 19,338,796 

ENERGY8 98,961,210 86,423,396 73,100,527 8,741,660 
 

Given the nature of this analysis, it is also appropriate to examine the 

independent variables over the two time periods of interest, pre and post-1995.  Table 3 

and Table 4 provide descriptive statistics for the independent variables for the 1980-

1994 and the 1995-2003 time periods, respectively.   

Table 3 � Descriptive Statistics for Independent Variables for the 1980-1994 time period 
N=15 Range  

 Max Mean Min St. Dev. 
GDP 7,836 6,421 5,162 900 
POP 260,327,021 242,959,491 227,224,681 10,478,333 

ENERGY 89,283,067 80,682,636 73,100,527 5,298,230 
 

                                                
7 Billions of 2000 dollars 
8 Billion BTUs 
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Table 4 � Descriptive Statistics for Independent Variables for the 1995-2003 time period 
N=9 Range  

 Max Mean Min St. Dev. 
GDP 10,381 9,307 8,031 820 
POP 290,850,005 276,098,942 262,803,276 10,530,348 

ENERGY 98,961,210 95,991,330 91,249,570 2,406,5450 
 
Table 5 shows the correlation coefficients of the independent variables with 

each other and with CO2E.  As expected from the review of available literature 

described above, the independent variables are highly positively correlated with CO2E, 

as well as with each other.   

Table 5 � Correlation Matrix 
 CO2E Non-CO2E GDP POP ENERGY 

CO2E 1 0.40971 
(0.0468) 

0.97211 
(<0.0001) 

0.95740 
(<0.0001) 

0.99493 
(<0.0001) 

Non-CO2E  1 0.35422 
(0.0895) 

0.32775 
(0.1179) 

0.41976 
(0.0411) 

GDP   1 0.99397 
(<0.0001) 

0.97377 
(<0.0001) 

POP    1 0.96093 
(<0.0001) 

ENERGY     1 
 
 
RESULTS AND ANALYSIS 
 
CO2E 

The results from the general and expanded forms of the regression analysis, run 

for the entire data period of 1980-2003 against the dependent variable CO2E, are 

summarized in Table 6 (standard errors of the estimates are in parentheses). 
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Table 6 � General and Expanded Regression of CO2E for Data from 1980-2003 
 General Expanded 

GDP 0.09524 
(0.07065) 

0.22873 
(0.05675)� 

POP9 -5.49216 
(4.97895) 

-22.67633 
(4.24003)� 

ENERGY10 51.43828 
(5.46199)� 

60.30280 
(3.89996)� 

Post95 -58.86696 
(41.37583) 

-4752.99019 
(1413.94051)� 

GDP*Post95 - -0.23912 
(0.08802)� 

POP*Post95 - 28.11304 
(5.75521)� 

ENERGY*Post95 - -8.26987 
(11.81434) 

Intercept 2500.58948 
(948.43158)� 

5103.28300 
(766.83587)� 

Adjusted R2 0.9897 0.9968 
� indicates significance at α<0.05 
� indicates significance at α<0.01 

 
 As expected, given the values provided in the correlation matrix in Table 6, the 

independent variables included for the analysis explain over 99 percent of the variation 

in the dependent variable, as shown with the particularly high R2 for both regressions.  

This lends credibility to the decision not to include other independent variables in this 

analysis, as there is not a great deal of variation in the dependent variable that is not 

explained by the independent variables included � the addition of other independent 

variables would likely add unnecessary uncertainty by inflating the standard errors of 

the coefficients to the model.  Performing a test of joint significance on the interacted 

forms of the independent variables yields an F-statistic of 15.04, with which the null 

                                                
9 The variable POP is, for the purposes of the statistical analysis from this point forward, the population 
on the United States divided by 1,000,000. 
10 The variable ENERGY is, for the purpose of the statistical analysis from this point forward, the total 
energy consumption of the United States in quadrillion BTUs.   
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hypothesis that those variables are jointly indiscernible from zero is rejected with more 

than 99 percent confidence.  This is evidence that the expanded form of the regression 

analysis, which includes the interacted versions of the independent variables, is an 

appropriate characterization of the model.   

In the general regression, the coefficient on the variable of interest, Post95, is 

not statistically significantly different from zero (statistically significant).  

Interestingly, the coefficients for GDP and POP are also not statistically significant.  

For the expanded model all of the independent variables have statistically significant 

coefficients to the 99 percent confidence level.  In addition, the coefficients on two of 

the three interacted variables, GDP*Post95 and POP*Post95 are also statistically 

significant, to the 95 and 99 percent confidence levels, respectively.   

Analyzing these values at the means for each variable provides context from 

which these results can be referenced.  Thus, in the general model, a one percent 

increase in ENERGY as measured from its mean, or an increase of 0.86 quads, results, 

when holding all other factors constant, to an expected increase in CO2E emissions of 

44.45 million metric tons or 0.821 percent. 

In the expanded model, a one percent increase of GDP as measured from its 

mean, or an increase of $75.03 billion, leads to an increase in emissions of CO2E of 

approximately 17.17 million metric tons, equivalent to an increase of 0.317 percent as 

measured from the CO2E mean during the pre-1995 time-period.  For POP, a one 
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percent increase, or an increase of 2.55 million as measured from the mean, leads to a 

decrease in CO2E of 57.91 million metric tons for the pre-1995 time-period.   

Since all of the coefficients of the interacted versions of the independent 

variables have signs which are opposite of the coefficients of the un-interacted 

independent variables, the statistical significance of the interpreted post-1995 effect is 

not obvious.  Table 7 provides the results of a regression run for all years after 1995, 

inclusive, with the general form of the model.  This simulates the post-1995 period of 

the full expanded regression above.  As expected, the coefficient estimates for the 

restricted version are identical to the calculated effects of the post-1995 period in the 

full model � however this method provides standard errors applicable to these 

estimates.  As Table 7 shows, GDP in the post-1995 period is not statistically 

significantly different from zero.  For the post-1995 time-period, a one percent increase 

in GDP does not lead to a discernable increase in CO2E emissions.  This is evidence 

that while prior to 1995 an increase in GDP leads to an increase in GHG emission, 

from 1995 onward increases in GHG emissions have become less of a function of 

economic output.  The interacted coefficient for POP is statistically significant in the 

restricted model, at the 90 and confidence-level, a result which is important to report 

since the estimates for the post-1995 period are closer to zero than the pre-1995 

counterpart.  This confirms for POP that, even though the sign of the estimate changed 

signs, the post-1995 effect is still significant and the results are discernable from zero. 

In the post-1995 time-period a one percent increase in POP, holding all other factors 
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constant, leads to a modest expected increase in CO2E of 1.52 million metric tons, an 

increase of less than a tenth of a percent.  For ENERGY, although the effect of the 

coefficient is reduced in the post-1995 period, the interacted form of ENERGY in the 

expanded model indicates that this reduction is not statistically significant.  Since the 

coefficient on the interacted form of the variable ENERGY was statistically no different 

from zero it is not possible to determine if the pre and post-1995 coefficient estimates 

are statistically different.  Interpreting the coefficient from the baseline for the 

expanded model, a one percent increase in ENERGY leads to an increase in CO2E of 

52.12 million metric tons, or approximately 0.962 percent.  This nearly one-to-one 

directly proportional increase, when measured in terms of percent of national total, is 

an intuitive result and supports the a priori expectation that energy consumption drives 

the majority of GHG emissions.   

Table 7 � Post-1995 Independent Variable Coefficients as Calculated from Full Regression and as 
Determined from post-1995 Restricted Regression 

 Calculated Post-1995 Model 
GDP -0.01039 -0.01039 

(0.04147) 
POP 5.43671 5.43671 

(2.39835)* 
ENERGY 52.03293 52.03293 

(6.87341)� 
Intercept 350.2928 350.2928 

(732.16452) 
Adjusted R2 0.9968 0.9902 

* indicates significance at α<0.10 
� indicates significance at α<0.01 

 
 These results suggest that the relationship between the GHG emissions and the 

independent variables GDP and POP is different for the pre- and post-1995 time-
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periods, specifically, that the US has become less CO2E intensive per unit of GDP and 

more CO2E intensive per capita.   However it appears that the US has remained 

statistically similarly CO2E intensive per unit of energy consumed since the coefficient 

on the interacted version of the independent variable ENERGY in the expanded model 

is not statistically significant � the emissions profile of the post-1995 period is not 

statistically significantly different from the pre-1995 period in terms of energy 

intensity.   

The results for GDP and POP, however, are not completely robust when the 

data are restricted in the post-1995 period to test the sensitivity of the relationship 

found between the dependent and independent variables in the post-1995 period.  The 

relationship for the interacted versions of the independent variables are not statistically 

significantly different from zero when the overall regression is restricted to data from 

1980-2000 (as opposed to the unrestricted regression with data from the period of 

1980-2003).  The results of the regression for the expanded model in the restricted data 

set are provided in Table 8 for comparison to the expanded model for the unrestricted 

data set.   
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Table 8 � Comparison of Expanded Regressions of CO2E for Restricted and Unrestricted Data 
Periods 

Data Period 1980-2000 1980-2003 

GDP 0.22873 
(0.06190)� 

0.22873 
(0.05675)� 

POP -22.67633 
(4.24003)� 

22.67633 
(4.24003)� 

ENERGY 60.30280 
(3.89996)� 

60.30280 
(3.89996)� 

Post95 -23127 
(20228) 

-4752.99019 
(1413.94051)� 

GDP*Post95 -0.82968 
(0.64947) 

-0.23912 
(0.08802)� 

POP*Post95 119.73692 
(102.64006) 

28.11304 
(5.75521)� 

ENERGY*Post95 -18.95314 
(26.48393) 

-8.26987 
(11.81434) 

Intercept 5103.28300 
(836.39709)� 

5103.28300 
(766.83587)� 

Adjusted R2 0.9948 0.9968 
� indicates significance at α<0.05 
� indicates significance at α<0.01 

 
It should be noted that the root cause for statistically insignificant independent 

variable coefficients for the restricted regression could be the result of either no change 

in the emissions profile for the US from 1995 to 2000 or that restricting the number of 

observations overly restricted the ability of the regression to detect statistically 

significant effects in the post-1995 period (note the substantially larger standard errors 

in the restricted regression compared to the unrestricted regression).  As Table 8 

shows, while the coefficients for the independent variables representing the post-1995 

period are not statistically significant in the restricted regression, the coefficient 

estimates are, in fact, larger in the restricted regression than their counterparts in the 

unrestricted regression (though, importantly, this is not the case for Post95).  Thus, the 

numerical cause for the statistically insignificant result is that the standard errors for 
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these variables are much larger in the restricted regression.  This supports the 

supposition that the cause for the insignificant finding is a statistical cause, and 

possibly not that the post-1995 time period, through 2000, is not different from the pre-

1995 period.  Thus, while Table 6 shows results that are not robust with those in Table 

8, it is not the case that these results are in complete disagreement.   

 The results of the second methodology, controlling for GDP, POP, and 

ENERGY and detecting differences in GHG emissions among different time periods, 

are shown in Tables 9 and 10.  Table 9 shows a model with five time groups while 

Table 10 shows a model with six, slightly smaller, time groups.  In both models the 

period immediately preceding the first post-1995 time group is excluded as the 

baseline time period against which the other time periods are compared.  
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Table 9 � Year Grouping Model of CO2E � 5 
Groups (1990-1994 baseline) 

Variable Name Coefficient Estimate 
GDP 0.01434 

(0.05283) 
POP -4.22866 

(4.45378) 
ENERGY 66.32176 

(3.90216)� 
Years80-84 72.89434 

(44.66352) 
Years85-89 104.22333 

(33.38711)� 
Years95-99 -80.83281 

(29.18813)� 
Years00-03 19.92564 

(56.52153) 
Intercept 1453.17814 

(929.40535) 
Adjusted R2 0.9968 

� indicates significance at α<0.05 
� indicates significance at α<0.01 

Table 10 � Year Grouping Model of CO2E � 
6 Groups (1991-1994 baseline) 

Variable Name Coefficient Estimate 
GDP 0.03665 

(0.08296) 
POP 0.41184 

(5.15072) 
ENERGY 60.60183 

(7.68729)� 
Years80-82 197.54441 

(72.66056)� 
Years83-86 142.64934 

(66.35308)� 
Years87-90 113.71578 

(41.60112)� 
Years95-98 -107.91051 

(44.82581)� 
Years99-03 -125.78556 

(75.09610) 
Intercept 595.11232 

(1173.31253) 
Adjusted R2 0.9931 

� indicates significance at α<0.05 
� indicates significance at α<0.01 

 
The results from the models in Tables 9 and 10 are consistent in that for both 

the coefficient on the independent variable ENERGY is statistically significant (and is 

of a similar magnitude) and, notably, that the first time period in the post-1995 period 

is both statistically significantly different from the comparison time period and is 

negative.  This indicates that there was, in fact, a difference between the two time 

periods in GHG emission that is caused by something other than GDP, POP, or 

ENERGY.  It also appears that this is part of a larger trend since the periods which 

precede the comparison period in both models show decreasing positive values, though 

the models exhibited here do not test the statistical significance of this trend.  These 

results agree with that which was found with the initial model, for which results are 
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presented in Table 6 � with the caveat that for both the models presented in Tables 9 

and 10, the second and final time period in the post-1995 period is not statistically 

significantly different from the period immediately preceding the first post-1995 

period.  This is a notable caveat since it runs counter to the claim suggested by the 

results in Table 8 that the majority of the change in the post-1995 period occurred after 

2000.  This could suggest that the statistically insignificant results of the restricted 

model shown in Table 8 may not be solely numeric in nature.  However, the 

significance of the post-1995 difference is tempered by the apparent trend of 

decreasing GHG emission intensity exhibited in all periods, except for the final period, 

in both models.   

 

NON-CO2E 

For comparative purposes, an analysis of the results of the methodologies 

applied to the suite of GHG emissions is provided below for all nonCO2 GHG 

emissions.  While it is expected that CO2 emissions are highly related to energy 

consumption, this relationship is expected to be less strong (though still present) with 

nonCO2 gases.  Therefore, an analysis of nonCO2 GHG emissions provides insight to 

the nature of the US emissions profile and, importantly, if 1605(b) had a substantive 

effect on GHG emissions resulting from sources aside from fossil fuel consumption.  

Table 11, shown below, provides the results of the regressions analysis similar to that 

provided in Table 6 but only for the annual nonCO2E GHG emissions. 
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Table 11 � General and Expanded Regressions of nonCO2E for from 1980-2003 

 General Expanded 

GDP 0.02112 
(0.04216) 

0.11216 
(0.02361)� 

POP -2.92227 
(2.97107) 

-4.92305 
(1.76399)� 

ENERGY 8.22037 
(3.25931)� 

-1.25846 
(1.62251) 

Post95 -83.07966 
(24.69006)� 

-580.93846 
(588.24588) 

GDP*Post95 - -0.14699 
(0.03662)� 

POP*Post95 - 4.69691 
(2.39436)* 

ENERGY*Post95 - 5.39327 
(4.91516) 

Intercept 993.71673 
(565.95444)* 

1660.00985 
(319.02901)� 

Adjusted R2 0.4326 0.9143 
* indicates significance at α<0.10 
� indicates significance at α<0.05 
� indicates significance at α<0.01 

 
These results for nonCO2E strongly suggest that the pre- and post-1995 time 

periods exhibited different profiles for the emissions of nonCO2E GHG.  This is 

evidenced by the substantial jump in the value of the adjusted R2 statistic between the 

general and expanded forms of the regression analysis.  The result of expanded form of 

the model�s capability of explaining a far greater proportion of the variation in the 

dependent variable suggests that including the interaction terms which allow for two 

distinct linear relationships between the pre- and post-1995 time periods allows the 

model to adjust between two distinctly different emissions profiles.  Indeed, the F-

statistic on the joint significance of the interacted forms of the independent variables in 

the expanded regression is a highly statistically significant 36.58 � providing more than 
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99 percent confidence that the inclusion of those variables provides a useful 

characterization of the model.  

 Unlike the general regression analysis on all forms of CO2E, the coefficient on 

the variable of interest, Post95, is statistically significantly different from zero in the 

general regression for nonCO2E shown above.  The coefficient for ENERGY remains 

statistically significant in the nonCO2E regression analysis, as it is in the CO2E form of 

the model.  Interestingly, neither of these is also statistically significant in the 

expanded form of the nonCO2E regression.  In the expanded form of the regression 

above, the coefficients on both the initial and interacted forms of the variables GDP 

and POP are statistically significant, whereas the coefficients for both are not 

significant in the general form.  Also, the coefficients on both the initial and interacted 

forms of the variable ENERGY and Post95 are statistically insignificant in the 

expanded regression, whereas the coefficients for both are significant in the general 

model.  This result suggests that while ENERGY is a moderately good predictor of 

nonCO2E emissions (recall from Table 5 that ENERGY is the most strongly correlated 

of the independent variables included in this analysis with nonCO2E), GDP and POP 

are, when allowed to vary between the pre- and post-1995 time periods, better.  This 

result is not surprising; the purpose of the nonCO2E regression analysis is to determine 

if a differential rate of change of CO2E and nonCO2E exists, presumably stemming 

from the fact that nonCO2E GHG emissions are less strongly tied to energy 

consumption than all forms of CO2E emissions.   



35 

 In the general model, the coefficients for the variables GDP and POP are not 

statistically significant.  The coefficient for ENERGY, evaluated at its� mean in the 

general model, suggests that for a one percent increase in energy consumption, holding 

other factors constant, an increase of 7.10 million metric tons of nonCO2E emissions, 

or 0.655 percent, is expected.  The general model�s variable of interest, Post95, 

suggests that the post-1995 time period is statistically significantly different than the 

pre-1995 time period � a result that is different than that found for the complete CO2E 

portfolio.  Interpreting the significance of the post-1995 period requires an additional 

restricted regression in order to determine the statistical significance of the calculated 

post-1995 effects; this is provided in Table 12.  In the expanded regression the 

coefficient for the independent variable ENERGY is no longer statistically significant, 

but the coefficients for GDP and POP become significant.  This is the case for both the 

pre-1995 and the post-1995, interacted, forms of the variables.  However, for both 

GDP and POP, the pre and post-1995 coefficients are signed in opposite directions.  

The result from the post-1995 general model shows that the influence of these 

variables cannot be differentiated from zero in the post-1995 time period.  This result 

does not suggest however that the pre and post-1995 time periods are not different.  

While the general regression for the full time period shows an adjusted R2 that is low 

relative to the expanded model, it is also low relative to versions of the general 

regression restricted to only the pre or post-1995 time periods.  Table 12 shows an 

adjusted R2 of 0.9229 for the post-1995 period, and the data from the pre-1995 period 
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(regression results not shown) results in an adjusted R2 of 0.8766.  This suggests that 

the independent variables included in the model strongly explain the nature of US 

nonCO2E GHG emissions for either time period, but are not nearly as strong when the 

coefficients cannot adjust between time periods.  Indeed this suggests that the nature of 

the US nonCO2E emissions profile changed.  

Table 12 � Post-1995 Independent Variable Coefficients for nonCO2E as Calculated from Full 
Regression and as Determined from post-1995 Restricted Regression 

 Calculated Post-1995 Model 
GDP -0.03482 -0.03482 

(0.02004) 
POP -0.22614 -0.22614 

(1.15936) 
ENERGY 4.1348 4.1348 

(3.32233) 
Intercept 1079.071 1079.071 

(353.89961)� 
Adjusted R2 0.9143 0.9229 

� indicates significance at α<0.05 
 
 As with CO2E, the expanded regression for nonCO2E is presented for the full 

data set as well as for a restricted data set that includes the time period of 1980-2000 

only.  The results from both expanded repressions are presented in Table 13.   
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Table 13 � Comparison of Expanded Regressions of nonCO2E for Restricted and Unrestricted 
Data Periods 

Data Period 1980-2000 1980-2003 

GDP 0.11216 
(0.02405)� 

0.11216 
(0.02361)� 

POP -4.92305 
(1.79701)� 

-4.92305 
(1.76399)� 

ENERGY -1.25846 
(1.65288) 

-1.25846 
(1.62251) 

Post95 -539.35004 
(618.44019) 

-580.93846 
(588.24588) 

GDP*Post95 -0.14075 
(0.03824)� 

-0.14699 
(0.03662)� 

POP*Post95 6.77074 
(3.19426)* 

4.69691 
(2.39436)* 

ENERGY*Post95 -1.50119 
(7.80711) 

5.39327 
(4.91516) 

Intercept 1660.00985 
(325.00082)� 

1660.00985 
(319.02901)� 

Adjusted R2 0.9186 0.9143 
* indicates significance at α<0.10 
� indicates significance at α<0.05 
� indicates significance at α<0.01 

 
In this case, the coefficients in the restricted version of the expanded regression 

maintain similar levels of statistical significance.  Whereas in the full CO2E analysis, it 

appears that even for the post-1995 time period, the exclusion of the 2001-2003 time 

period does not greatly influence the results of the analysis.  This suggests that the US 

nonCO2E emissions profile in the 2001-2003 time period is not greatly dissimilar from 

that in the 1995-2000 time period.   

 The second methodology described in the analytical plan yield results which 

test this result further.  Tables 14 and 15 provide the results from the time-period 

regression analysis.   

 



Table 14 � Year Grouping Model for 
nonCO2E � 5 Groups (1990-1994 baseline) 

Variable Name Coefficient Estimate 
GDP -0.03735 

(0.02727) 
POP 1.69366 

(2.29910) 
ENERGY 4.83178 

(2.01435)* 
Years80-84 -83.51207 

(23.05589)� 
Years85-89 -11.67488 

(17.23486) 
Years95-99 -31.56795 

(15.06729)* 
Years00-03 -66.65030 

(29.17715)� 
Intercept 552.75824 

(479.77111) 
Adjusted R2 0.8665 

* indicates significance at α<0.10 
� indicates significance at α<0.05 
� indicates significance at α<0.01 

 
 

Table 15 � Year Grouping Model for 
nonCO2E � 6 Groups (1991-1994 baseline) 

Variable Name Coefficient Estimate 
GDP 0.03014 

(0.03765) 
POP -2.52831 

(2.33772) 
ENERGY 3.02746 

(3.48898) 
Years80-82 -71.89828 

(32.97797)� 
Years83-86 -38.24819 

(30.11524) 
Years87-90 -13.78544 

(18.88123) 
Years95-98 -44.38455 

(20.34480)� 
Years99-03 -92.17274 

(34.08338)� 
Intercept 1287.30480 

(532.52367)� 
Adjusted R2 0.7788 

� indicates significance at α<0.05 

For both of the models presented above, each of the time periods for which the 

coefficients are statistically significant have values which are less than the comparison 

time period of immediately preceding the first post-1995 time period.  This suggests 

that nonCO2E emissions peaked in, or around, the excluded baseline period.  Also for 

both models, the coefficient for the final post-1995 time period has a magnitude that is 

greater than that of the first post-1995 time period.  While these have not been shown 

to be statistically significantly less, it suggests that the trend of reduced nonCO2E 

emissions intensity is accelerating away from its peak in the early or mid-1990�s.  Also 

notable from the time period analysis presented here is that none of the primary 

independent variables are highly statistically significant (ENERGY is significant to the 
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α=0.9 level in the 5 group model).  Controlling for change over time for this dependent 

variable in the manner as done here appears to explain the majority of the variation 

present.   

 

DISCUSSION AND POLICY IMPLICATIONS 

For CO2E, the results of this analysis are mixed.  The general form of the model 

shows no distinct relationship between the pre and post 1995 time periods, as 

illustrated by the statistically insignificant coefficient on the variable of interest for that 

model, Post95.  Conversely, the results of the expanded form of the model do suggest 

that the two time periods are different but shows that the direction of the relationships 

of the independent variables with CO2E are not all in the same direction.  For example, 

while CO2E emissions became less intense per unit of economic output, as measured 

by GDP, from pre to post 1995 there was shown to be a statistically significant 

increase in CO2E emissions per capita in the post 1995 time period compared to pre 

1995.  Perhaps most interestingly, the effect of ENERGY remained statistically 

unchanged in the post 1995 time period, compared to pre 1995.  This result is 

significant; it appears that neither 1605(b) nor indeed any other policy instrument 

applied in the time period of analysis significantly reduced the GHG intensity of 

energy consumption in the US.  While effects on the other independent variables are 

important, certainly altering the nearly one-to-one ratio of energy consumption to GHG 
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emissions has to be a priority of any public policy to address climate change.  

Statistically, no such alteration is detected by this analysis.   

The coefficient for the uninteracted form of the time dummy, Post95, points 

strongly in the direction of a substantial downward shift CO2E emissions in the 

expanded model specification and suggests that there has been an effect on GHG 

emissions that is outside the influence of the other independent variables.  While this 

result is not robust when tested with a restricted data set that excludes the years after 

2000, it is supported by the results of the year grouping models.  A comparison of the 

results of the expanded model (in unrestricted and restricted forms) with the year 

grouping models indeed provides contradictory findings of what time period is actually 

responsible for this downward shift.  While the two sets of results for the expanded 

model suggest that the majority of the downward influence on CO2E occurred after the 

year 2000, the year grouping models are consistent in suggesting the opposite � that the 

downward effect of the first post 1995 time period is diluted by a final time period that 

is statistical indiscernible from the baseline period immediately prior to 1995.  

Additional analysis is required to determine if this downward shift is a true feature of 

the US GHG emissions profile and, if so, which factors and time periods are 

responsible.  

The results of the analysis of nonCO2E yield strong indications that the pre and 

post 1995 time periods exhibit different nonCO2E emissions profiles.  Perhaps the 

strongest evidence found by this analysis to this effect is the relative strengths of the 
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general and expanded forms of the model in explaining the variation present in the 

dependent variable.  Allowing the coefficients of the independent variable to vary 

between the pre and post 1995 time periods, as is allowed by the expanded model, 

allows those variables to explain over 90 percent of the variation in nonCO2E over the 

time period of 1980 to 2003, whereas those same variables, when not allowed to vary 

between the two time periods, explain approximately 50 percent of the variation in 

nonCO2E.  As with the models for CO2E, the models for nonCO2E show that the effect 

of ENERGY is unchanged between time periods however.  An additional similarity is 

that the relative effects of GDP and POP are diminished in the post 1995 period � the 

coefficients of the interacted forms of these variables effectively cancel out the 

coefficients of the uninteracted forms after 1995.  Conversely, while there is 

disagreement between the expanded model and the time grouping models for CO2E, 

the results between the two model forms appear consistent for nonCO2E � there is no 

statistical downward shift in the post 1995 period but a general downward trend.  This 

is illustrated by the statistically significant negative coefficients on the year groupings 

after the excluded baseline period that are, in fact, growing in magnitude.  Generally, it 

appears that prior to 1995 the trend in nonCO2E emissions is increasing while after 

1995 the trend is reversed and is decreasing and the relationship between nonCO2E and 

the independent variables GDP and POP reverses.   

It is important to note the statistical limitations of this study.  This analysis has 

potential statistical problems similar to those encountered by Golove and Schipper 
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(1997), and likely others; the effect of the policy of interest for this analysis may have 

been lost in the statistical margin of error if they are on the order of a few percent (or 

less).  This, unfortunately, cannot be helped given the annual nature of data reporting 

for energy statistics and GHG emissions, and the inherent uncertainty surrounding 

these estimates (US 2004 and IPCC 2000).  Additionally, the high correlations between 

the independent variables (presented in Table 5), and the high multicollinearity of the 

regression analysis, likely inflate the standard errors (Lewis-Beck 1980) adding to the 

potential for losing an effect within the statistical margin.   

 

CONCLUSIONS 

 Though the results of this analysis are generally inconclusive, it importantly 

illustrates that the ratio of energy consumption to GHG emissions have not changed in 

a statistically significant fashion as a result of the 1605(b) program (or any other policy 

implemented in the mid-1990s).  Also, while the growth in CO2E emissions may have 

decreased relative to GDP, and not increased relative to ENERGY, they have still 

increased absolutely.  Given that the earth is warming (Hansen et al 2006, Hansen 

2005, IPCC(a) 2001) and that the consensus of the scientific community is that 

emissions of GHG are contributing to this warming (IPCC(a) and (b) 2001, NAS 

2001), it is imperative that public policies which reduce CO2E emissions absolutely, 

not relatively, are introduced.   
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 As suggested in the literature, emissions restraints must be made by large 

numbers of small consumers rather than a small number of large consumers (Schipper, 

1997).  This, applied to 1605(b), would imply that, although it is open to all individuals 

and entities, the voluntary reporting program which receives emissions reduction 

reports from a relatively small proportion of the emitting population is likely to be 

ineffective in achieving the emissions reductions that will be necessary in the US.  This 

analysis, in agreement with the literature suggests that the voluntary environmental 

policies utilized by the US are, by themselves, inadequate to achieve the shift in GHG 

emissions that will be required to allay the effects of climate change.  While voluntary 

programs certainly have their place in a comprehensive GHG mitigation agenda, they 

should be implemented pragmatically as one policy tool among many when crafting 

the suite of policies that will necessarily be involved in reaching national GHG 

objectives.   
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