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ABSTRACT 
 

Increasing knowledge about climate change, and concern about its expected impacts, 

cause behavioral changes in individuals.  This paper finds that in the US, these individual 

choices made as consumers and as voters do have a measurable aggregate impact on the total 

carbon dioxide emitted from fossil fuel consumption.  This effect is measured using a two-way 

fixed effects econometric model.  The magnitude of this impact is increasing over the years, but 

is not as great as the impact of changes in the prices of carbon-intense fossil fuels. 
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I. Introduction 

For decades, the scientific community has been researching the effect that increased 

anthropogenic greenhouse gas emissions are having on global climate patterns.  The evidence 

convincingly indicates that climactic changes of a magnitude unprecedented in human history are 

to be expected unless current energy consumption patterns change substantially (see, for 

example, the IPCC 2007 Report).  Due to concern about the predicted disruption to current and 

future generations, the intention to change current behavior is manifesting itself increasingly in 

civic discourse. 

In a free society such as the United States, where consumers are free to “buy green” and 

voters are free to advocate environmental laws, this concern about climate change ought to 

translate into reduced emissions.  With their pocket books, consumers are able to pay a premium 

for goods and services that seem to reflect their concerns about climate change.  With their 

ballots, those same people are able to support laws that mitigate current and future emissions.  

Although little national policy has been implemented to address climate change, local initiatives 

and individual behavioral changes should have a measurable impact.  By looking at the variation 

of attitudes and emissions across the United States, it is possible to evaluate the magnitude of the 

effect that popular concern has on emissions.   

Several measurements confirm the common perception that a more liberal population will 

have more intentions to combat climate change.  Using the average ideology of a state’s 

congressional delegations as a proxy, it is possible to explain a significant proportion of the 

variance in carbon dioxide emissions across the states, economic considerations held constant.  
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Furthermore, this measure explains more of the variation in the most recent decade of study than 

in the two decades prior, reflecting the increased knowledge about climate change, and its 

partisan polarization. 

However, although political inclinations have a significant effect in the most recent 

decade, their effect alone is not large enough to mitigate climate change.  The variation between 

the least and most liberal states, if applied to every state, would reduce emissions by only 4.4% 

from current levels.  In other words, if the population of the entire United States were as liberal 

as the population of Vermont, but without changes in national policy, energy prices, or the 

sectoral distribution of economic activity, emissions would still be approximately 95.6% of their 

current level.  (See Table 4 in the Results section for details.) 

A thorough study of this relationship could have very important policy implications.  

Understanding the power of individual intentions and state-level policies can help to generate a 

baseline prediction of emissions abatement in the absence of federal and international policy.  In 

selecting federal policy instruments, it will be helpful to compare the behavioral changes that 

result from concern about climate change to the behavioral changes that result from price 

increases.  This line of reasoning could be used to construct an analysis of the benefits of any 

particular economic incentives or education.  Lastly, identifying the difficulties of translating 

individual behavior into aggregate emissions reductions could galvanize efforts to empower 

individuals, whether through “carbon labeling” on consumer products, or instructing utilities to 

offer their customers a “green energy” option. 
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II. Literature Review 

For a population to take action on climate change, several conditions must hold.  First, 

there must be knowledge about climate change, something which has been increasing among the 

science community and the community at large in recent decades.  Second, as described in a 

phenomenon called the Kuznets curve, incomes must be high enough for people to place a high 

priority on distant or secondary concerns.  Lastly, there must exist the civic and market freedoms 

to respond to the emerging concerns. 

Scientific awareness of anthropogenic climate change began with several studies in the 

1890s (Weart 2003), and consensus emerged throughout the century, solidifying in the mid-

1980s (Kellog 1987).  The International Panel on Climate Change was formed in 1988, and has 

produced definitive assessments of the science around climate change in 1990, 1995, 2001, and 

2007 (IPCC 2007).  Popular acknowledgement of this scientific process was slower, and 

polarized in the United States along party lines (Weart 2003). 

It is evident that this scientific knowledge has finally formed a basis for substantial 

environmental concern.  Among the states, this environmental concern has been shown to vary 

strongly by geography, political liberalism, education, and energy consumption patterns (Mazur 

& Welch 1999).  For a long time, however, the overall salience of the climate change issue was 

highly variable, and was too low to cause voluntary lifestyle changes in most people (Bord et al 

1998).  The key element that needed to increase in order to provoke behavioral changes was an 

accurate understanding of global warming (Bord et al 2000).  This mechanism has been 

supported and examined repeatedly (e.g. Sterman and Sweeney 2007).   
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Today, there is broad political support for government action to address climate change.  

The 2007 Roper-Yale Survey found that 74% of Americans want their own local government to 

respond with policy changes, for example.  However, no suitable policy changes have yet 

occurred at any level of government. 

The expression of this popular concern about climate change is, in theory, likely to occur 

in a wealthy country such as the United States.  The Kuznets curve is a commonly studied 

relationship between income and pollution levels (e.g. Aldy 2007). As income per capita rises, 

pollution levels tend to rise initially, reach a peak, and then diminish.  Two countervailing 

mechanisms explain this.  In one direction, higher incomes allow more economic activity, which 

is often associated with various types of pollution.  In the opposite direction, people with higher 

incomes are often more aware of their desire for a good environment, and more empowered to 

achieve it.  This effect has been demonstrated in many countries.  But, in the US states, where 

the high-income levels fall on the downward portion of the Kuznets curve, emissions do not 

respond cleanly to income changes.  Indeed, as states’ incomes have converged over time, 

emissions have diverged (Aldy 2007).  This finding is, to some degree, a result of the centrality 

of energy usage to economic activity.  Unlike other forms of pollution, emissions are, heretofore, 

an inescapable result of economic activity. 

The energy intensity of economic activity has been declining over time, however (see 

Figure 1). This is explained, to varying degrees, by two broad phenomena: structural change and 

energy efficiency.  Structural change refers to the rising dominance of the service sector, and the 

outsourcing of production.  Energy efficiency refers to many technological improvements and 



 

5 

their implementation, such as automobile fuel economy, home appliance efficiency, and 

efficiencies in production generally.  Recent research does not agree on the relative importance 

of the two trends.  Weber (2009) concludes that structural changes account for much more of the 

energy intensity decline, for example.  Wing (2008) agrees, but observes that intra-industry 

efficiency improvements have had an increasingly stronger effect in the last three decades.  

Metcalf (2008) concludes that energy efficiency has actually been the greater determinant 

altogether.  In any case, neither trend is immediately affected by concern about climate change, 

and both should be fixed in a model that tries to isolate the impact of climate change concern. 

Additionally, not all energy sources are equally emissions-intensive.  However, studies 

have consistently shown that near-term interfuel substitution possibilities are limited.  In other 

words, a certain type of economic activity will generally require a certain energy source, with 

fixed emissions intensity.  Serletis et al (2009) find this result comparatively across several 

OECD and non-OECD countries, and Serletis et al (2010) confirm the result in all US economic 

sectors.  Kerkhof et al (2009) find that much of the variation in household emissions among 

Western European households can actually be explained by the country’s mix of energy sources. 

Holding aside national and international policy, many of the largest determinants of 

greenhouse gas emissions may therefore seem to be outside of the control of individual actions, 

whether commercial or political.  This partially explains why emissions have not been as 

responsive to income as the Kuznets curve would suggest.  However, there have been many 

demonstrated avenues for successful individual actions to reduce greenhouse gas emissions. 
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A recent study from Switzerland finds a large difference between the highest household 

emitters (17 tons of CO2-equivalent per year per capita) and the lowest (5 tons).  The behaviors 

that give rise to this difference included eating a larger share of organic food, a lower share of 

meat, living in apartments, reduced air travel, and minimal commuting expenses (Girod and de 

Haan 2009).  In the US, similar environmentally driven consumption behaviors have grown 

increasingly prevalent (Schroeder 2000).  One specific example is that air passengers have 

recently proved willing to pay to offset their emissions (Brouwer et al 2008).   

Another avenue for the expression of climate concern is in employment decisions.  An 

employee who is concerned about climate change might be more likely to work for a company 

that either directly or indirectly combats climate change.  One recent theoretical model 

demonstrated that if socially responsible (green) employees are also the most responsible 

employees, the firms into which they self-select will outcompete the socially irresponsible firms 

(Brekke and Nyborg 2008).  In other words, firms may use the image of corporate responsibility 

to attract the most responsible (and productive) workers.  The more salient the issue of climate 

change becomes, the more likely this mechanism will reduce emissions from corporate activity.  

Although this mechanism might be substantial, the authors admit that it would not fully correct 

an externality. 

Even apart from specific individual actions, corporations will respond to changes in 

climate change concern.  One recent theoretical model demonstrated that if the most socially 

responsible employees are also the most responsible employees altogether, then firms may use 

the image of corporate responsibility to attract the best workers (Brekke and Nyborg 2008).  
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Similarly, firms may try to attract socially conscious consumers.  For example, a study of US 

utilities revealed that those utilities that served customers with greater environmental sensitivity 

generated more green power (Delmas, Russo and Montes-Sancho 2007).  Although utilities are 

typically prevented from directly responding to consumer demand due to regulatory structures, 

they are conscious of political trends and publicity.  The more salient the issue of climate change 

is, the more likely these corporate mechanisms will reduce emissions. 

Given the proper civic and economic freedom, these sorts of actions ought to translate 

into aggregate emissions reductions.  Indeed, political freedom has generally been shown to be a 

strong requirement for environmental quality improvements in developing countries (Barrett and 

Graddy 2000).  The United States prides itself on its political and economic freedom.  Indeed, 

studies have also demonstrated that popular attitudes about climate change do tend to cause 

policy changes (Tjernstrom and Tietenberg 2008), but no comprehensive response has yet been 

undertaken.  Without collective action, markets fail to correct externalities like pollution.  

Furthermore, there are many studies that reveal substantial market failures that stymie even 

individual action. 

One market failure is the existence of substantial transaction costs in individual climate 

change responses.  For example, a recent Swiss study found that homeowners strongly favor the 

reduced energy costs, improved air quality, and noise protection of insulation (Banfi, et al. 

2008).  Renters and homeowners were found to be willing to pay an additional 1 to 10% of total 

costs for certain energy efficiency improvements.  However, when less than 1% of existing 

buildings undergo renovation or maintenance in a way that would allow energy efficiency 
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improvements, these preferences only slowly affect the general energy intensity of the stock of 

buildings in a nation.  It stands to reason that the marginal impact of the concern about climate 

change will contribute to only a fraction of this slow rate of change. 

Another important market failure is incomplete information among consumers.  A study 

in Sweden of the willingness to pay for household electricity efficiency revealed that costs, 

social interactions and environmental attitudes are strong determinants (Ek and Soderholm 

2010).  The study also found that presenting information about efficiency-enhancing actions in a 

concrete and specific way can strengthen the impact of costs, social pressure, and environmental 

attitudes.  Policies that sought to educate and inform could therefore prove to be very cost 

effective ways to catalyze existing behavioral intentions. Similar results have been shown in 

Germany, where understanding of the government's energy-efficiency label system is a 

necessary precondition for consumers to correctly purchase efficient goods in response to energy 

price changes (Mills and Schleich 2010).   

A third market example of incomplete information is that Scarpa and Willis (2010) in 

Britain found that homeowners do significantly value private, small-scale renewable energy 

generation, but that the installation and operation of such technology is generally too expensive.  

Their evidence suggests that consumers only evaluate the energy outcomes of consumption 

decisions out to a time horizon of 3 to 5 years.  This is not enough time to fully realize the cost 

savings of local energy generation, and helps to explain why adoption of such technology has 

been so slow. 
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In the United States, there is substantial knowledge about the effects of climate change, 

well-being is generally high enough to allow this knowledge to become a personal concern for a 

sizeable portion of the population, and political and economic freedoms offer many avenues for 

individual and collective action.  However, there are a number of restraints on the full expression 

of climate change concern, including entanglement with economic activity, technological 

limitations on interfuel substitution, ideological opposition to collective action, high transaction 

costs of change, and incomplete information among consumers. 
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III. Hypothesis 

While many of the specific mechanisms of individual action on climate change have been 

studied in detail, uncertainty remains about how much individual behavioral changes are able to 

influence total fossil fuel emissions in aggregate within a short period of time.  Can an individual 

translate his concern about climate change into meaningful action, even given a lack of 

transparency in the carbon content of products and activities, or in a situation akin to the tragedy 

of the commons, where one person’s reductions will likely be offset by another’s excesses? 

By examining broad outcomes – looking at the big picture instead of attempting to piece 

together individual mechanisms that overlap and interact – it may be possible to evaluate the 

magnitude of the effect of individual behavioral intentions on fossil fuel emissions.  I 

hypothesize that the strength and prevalence of attitudes about climate change will significantly 

impact the amount of carbon dioxide emitted at the state level, but that this effect will be small in 

comparison to the effect of changes in the price of carbon-intense energy. 

The determinants of a state population’s political inclinations are manifold, as are the 

determinants of a state’s pattern of fossil fuel consumption.  This complexity requires a 

quantitative study that can isolate the effect of individual determinants.  This study attempts to 

abstract the highest order causal relationship between a population’s concern about climate 

change and their greenhouse gas emissions.  This allows an ignorance of the infinitely intricate 

mechanisms of this relationship.  Indeed, any attempt to control for specific types of actions such 

as renewable portfolio standards, voluntary observance of the Kyoto protocols, or the purchase 
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of hybrid electric automobiles would be controlling for the very mechanisms by which political 

opinion is expected to affect emissions. 

Because direct data on popular knowledge and behavior intentions are not consistently 

available across the states and over time, it is necessary to use a proximate variable.  The most 

consistently available data related to this issue is the DW-NOMINATE dataset that measures the 

partisanship of the individual members of Congress during the course of U.S. history.  With this, 

it is possible to compare the relative ideologies of a state’s congressional delegation; according 

to the median voter theory, these ideologies should reflect the prevalence of liberal inclinations 

in each state.   (The median voter will change depending on the presence of liberals, so a stronger 

proxy would be a direct count of the number of liberals in a state.  Given the lack of data, 

however, a consistent measure of the median voter’s position will still be informative.) 
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IV. Data 

There is no single data source sufficient to conduct this analysis, but there are several 

public sources of data that can be combined.  From these, it is possible to construct a set of panel 

data organized by state and year, with variables for population, GDP, energy prices by fuel 

source, carbon dioxide emissions by sector, and partisanship.  These public data sources are 

described below. 

DW-NOMINATE 

A group of political scientists from Rice University have for many years charted the 

ideology of members of the House and Senate, from 1789 to the current day, along two axes.  

The first axis corresponds to the liberal-conservative labels in the modern era, primarily a 

measure of government involvement in the economy.  The second axis is necessary to capture 

the full variation of ideology, but has not had salience since around 1980.  Earlier in history, this 

variable captured the geographic divergence of the Civil War and the civil rights movement. 

These data were used to form the main variables of interest.  Over the period from 1945 – 

2009, the scores along both axes and in each chamber were scaled to between 0 and 1 for each 

member of Congress.  These scores were then averaged for each state delegation to each 

chamber, followed by another average taken between the two chambers.  This results in one 

number for each axis that reflects the ideology of a state population in any given two-year 

period.   
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Energy Information Administration (EIA) 

The EIA is the statistical agency of the Department of Energy, responsible for producing 

the Annual Energy Outlook.  They collect detailed information about the prices and quantities of 

every fossil and renewable fuel, as well as major energy products such as gasoline and 

electricity.  These values are broken down by state, year, and sector. 

From these measurements, using the average carbon content of each fuel, the EIA 

constructs estimates of the total carbon dioxide emissions that result from a state’s energy 

production.  Notably, these estimates do not include other important sources of global climate 

change such as land use changes, direct agricultural emissions, and emissions from certain 

manufacturing procedures, such as cement production. 

The price data are measured in real dollars (year 2000) per million British Thermal Units 

(BTU) of energy.  The mean and standard deviation among the states are: for coal, $2.17 and 

$0.99; for petroleum, $11.23 and $3.09; and for natural gas, $6.58 and $2.00.  The values were 

adjusted for inflation by using the Consumer Price Index for all cities and goods, less energy 

prices, as provided by the Federal Reserve Bank of St. Louis. 

The emissions data are measured in millions of metric tons of carbon dioxide emissions 

from the combustion of fossil fuels (MMTCO2).  For a finer level of analysis, these estimates 

were also combined with parallel estimates from the Environmental Protection Agency, as 

described below. 
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Environmental Protection Agency (EPA) 

The EPA provides parallel estimates of greenhouse gas emissions by state and year after 

1990.  Their methodology relies on EIA data, but their results differ slightly.  EPA also 

disaggregates their estimates into sectors for each state.  The duplicate data will allow for 

sensitivity analysis eventually. 

The emissions data are measured in millions of metric tons of carbon dioxide emissions 

from the combustion of fossil fuels (MMTCO2).  The combination of EPA and EIA estimates 

range from a minimum of 4.00 MMTCO2 in Vermont in 1982 to a maximum of 711.28 

MMTCO2 in Texas in 2002.  The mean value among the states is 107.17 MMTCO2, with a 

standard deviation of 105.34 MMTCO2. 

Bureau of Economic Analysis (BEA) 

The BEA provides a reliable estimate of annual Gross Domestic Product for each state, 

broken into various sectors.  The sector classification scheme changed in 1997 from using the 

Standard Industrial Classification (SIC) codes to the North American Industry Classification 

System (NAICS) codes.  This split dictated the point of stratification in the sample, as discussed 

below in the Methodology section.  The two GDP classification codes involve different ways of 

counting value and different ways of classifying the activity.  In order to compare across time 

frames, and to simplify the analysis, the various sectors were categorized into three consistent 

groups according to their emission-intensity: high (transportation and utilities), medium 

(construction, manufacturing, and mining), and low (government, service, information, 
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agriculture, and trade).  Notably, the transportation included in the high-intensity group is only 

for-pay shipping and warehousing.  Any transportation undertaken in-house by manufacturing 

firms, construction firms, etc. is included in those sectors. 

These data are measured in millions of real dollars (year 2000).  The inflation adjustment 

was performed using GDP deflators provided by the Federal Reserve Bank of St. Louis. 

Current Population Survey (CPS) 

The Census Bureau’s Current Population Survey provides reliable estimates of the annual 

population by state.  In this model, population is measured in millions of residents. 

General Social Survey (GSS) 

The GSS conducts extensive surveys every year, but provides only regional data for 

public use.  Their data on partisanship and political opinions allow for a sensitivity analysis. 

Certain questions from the GSS also lend support to the use of the DW-NOMINATE 

variable as a proxy.  Table 1 lists the correlations between these General Social Survey variables 

and the DW-NOMINATE data among the 48 continental states.  In recent years, a state 

congressional delegation’s liberal political identification is correlated with its population’s 

acceptance of other controversial scientific theories, and support for preventative action. 
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Table 1. Correlations between GSS and DW-NOMINATE 

 

National Journal 

The National Journal, a respected periodical, each year calculates an index of voting 

records for members of Congress.  Major votes are organized into three groups: foreign, social, 

and economic policy.  These rankings are accessible since 1997.  This study uses a standardized 

ranking to compare states over time, created by taking the average of each Congressional 

delegation in each house, and then averaging the two houses.  Although there are many national 

and local issues that affect Congressional races, on average this measure ought to reflect the 

variation of a state’s ideological disposition.  This measure is not used in the main model, as 

DW-NOMINATE provides a more complete set of data, but it does allow for a sensitivity 

analysis. 

These data can also be useful in understanding the value of the DW-NOMINATE data as 

a proxy.  Table 2 lists the correlations between these different measures of the average ideology 

of a state’s congressional delegation. 
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Table 2. Correlations between National Journal and DW-NOMINATE 
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V. Methodology 

To isolate the impact of a population’s political liberalism on greenhouse gas emissions, 

this study employs a two-way fixed effects model, stratified into three time samples.  The 

dependent variable is total carbon dioxide emitted from the combustion of fossil fuels.  The 

primary independent variable of interest is a standardized measure of the liberal ideology of the 

state’s Congressional delegation.  Energy prices and gross domestic product by sector are also 

controlled. 

Dependent Variable 

Complete measures of greenhouse gas emissions are not available, but the greatest 

component of total emissions is carbon dioxide emitted from the combustion of fossil fuels.  

According to the EPA’s 2010 Inventory of US Greenhouse Gas Emissions and Sinks, carbon 

dioxide emitted from fossil fuel combustion accounts for 79% of total greenhouse gases emitted 

since 1990, weighted for global warming potential.  This data is available by state and year. 

After 1990, emissions estimates are also available in five economic sectors: commercial, 

electricity generation, industrial, residential, and transportation.  This enables a sectoral analysis 

of the model in the most recent time period. 

Independent Variable of Interest 

The main independent variable of interest is a standardized measure of the liberal 

ideology of the state’s Congressional delegation.  This measure reflects the liberalism of the 

House and Senate members relative to all other members of Congress throughout 1945-2009.  
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Each measurement derives from the behavior of members of Congress from a particular two-year 

session of Congress.  For this reason, the independent variable is identical in any given pair of 

odd-even years. 

As explained above, the DW-NOMINATE study characterizes members of Congress by 

their acceptance of federal involvement in economic issues along one axis, and explains 

variations during the Civil War and the Civil Rights movement of the 1960s on the second axis.  

Although the first axis is the variable of interest, as it corresponds to the typical liberal-

conservative spectrum, the second axis is included to fully explain the variation in political 

ideology in the DW-NOMINATE system. 

Both indices of liberalism are included in the model with four and eight year lags.  This is 

because individual and collective changes often have delayed impact.  The political beliefs of 

previous populations can reasonably be expected to influence the emissions of current 

populations. 

Control Variables 

In addition to the main variable of interest, there are two other sets of independent 

variables included in the model.  First, the average annual prices of petroleum, coal, and natural 

gas vary between states and across time.  Prices significantly affect emissions and are correlated 

with political factors (particularly in the case of coal).  Their inclusion is important, at the very 

least, to offer a point of comparison for the magnitude of the effect of political opinion.  The 

second set of variables included are the nine sectors of gross domestic product by state.  For 

comprehensibility, these nine sectors were categorized according to their emissions intensity into 
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three groups: high, medium, and low emission-intensity economic activity.  It is important to 

note that these classifications were made based on the measure of emissions used in this study, 

which is carbon dioxide emissions from fossil fuel combustion.  If emissions from cattle or soil 

tillage were included, for example, agriculture might not have belonged in the low intensity 

group.  Likewise, if natural gas flares had been included, mining might not have belonged in the 

medium intensity group. 

It should also be noted that log and per capita measures were considered for the model, 

but rejected for ease of communication and for accuracy.  Population and GDP, according to the 

literature, each have independently varying emissions intensity, and a per capita model would 

fail to account for this.  In consideration of logarithms, it is not clear how a percentage change in 

a constructed variable of partisanship could be communicated.  The evidence did not support a 

non-linear relationship between emissions and energy prices or emissions and GDP, which 

precluded the use of logged values in these variables as well. 

There are complex relationships between energy prices that result from their 

substitutability.  From a policy perspective, it is important to understand the impact of a 

simultaneous increase in all fossil fuel prices, which limits the capacity for short-term interfuel 

substitution.  To reflect this, the model fully interacts the energy price variables. 

Similar considerations occur with the sectors of economic activity.  An increase in the 

service sector will have a different impact on emissions if it comes at the expense of the 

manufacturing sector than if it is pure economic growth.  The model also therefore fully interacts 

the three groupings of economic activity. 
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Fixed Effects 

It is necessary for this model to include the fixed effects of each state in order to avoid 

omitted variable bias.  There are countless state features that were nearly invariant over last thirty 

years, such as land area, population density, and climate (anticipated global climate change 

notwithstanding).  These features can impact electricity usage, transportation fuel usage, and can 

have very complicated effects on a population’s political inclinations.  Including state fixed 

effects ensures that such variables will not be excluded, lest they bias the estimated effect of 

partisanship. 

It is also necessary to include the fixed effects of time in order to avoid omitted variable 

bias.  There are many variables that affect both emissions and politics that vary uniformly across 

the nation over time.  These include any technological breakthroughs that are autonomous of 

climate change responses, federal CAFE standards that apply uniformly to all states regardless of 

their own political desires, temporary attention given to the issue in years of a presidential 

election, and other temporary political shifts that occur nationally but independent of 

environmental attitudes. These cannot all be measured accurately, but including fixed effects for 

year in the model will prevent their bias. 

Overcontrolling the mechanism 

There are many other variables that are related to both political attitudes and emissions, 

including cultural dependence on automobiles, the prevalence or lack of public transportation, 

and the maturity of a renewable energy generation infrastructure.  In fact, it is important not to 

control for these, for they are the mechanism by which individual behavioral intentions are 
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manifested in the aggregate, both economically and politically.  Including any measure of these 

in the model beyond political attitudes would overcontrol the mechanism of interest. 

Stratification into three time periods 

It is necessary to stratify the data into three time periods in order to examine the changing 

relationships involved.  As the issue of climate change has grown in prominence, casual 

observation suggests that people’s reactions have grown in strength, one way or another.  If 

aggregate political opinions do affect aggregate emissions, it would be unreasonable to assume 

that this relationship is the same in 2007 as it was in 1977.  The specific years at which the data 

were stratified are driven by the data.  Emissions data are only available until 2007.  In 1997, the 

BEA adjusted its method of calculating GDP by sector, switching from SIC codes to NAICS 

codes.  These two data constraints neatly describe one decade.  For the sake of consistency, the 

thirty years of data were therefore broken into three decades: 1977-1987, 1987-1997, and 1997-

2007. 

Exclusion of Outliers 

Alaska, Hawaii, the District of Columbia, and all other territories of the United States 

were not included in this analysis.  The uniquely high urban population of DC, the island nature 

of Hawaii, and the extreme climate of Alaska make them outliers in their consumption of energy 

and emission of green house gases.   
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Endogeneity Concerns 

Although it will be possible to compare the effect of politics before and after the issue of 

climate change has come to prominence, it is not possible in this research design to prove the 

direction of causality.  To some degree, populations that depend for their livelihood on emission 

heavy industries may be less likely to become liberal, knowing that climate change policies may 

be particularly costly to them.  This endogeneity certainly exists to some degree, but it is not 

clear how strongly it will affect the capacity of liberal political opinions to explain emissions 

reductions. 
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Specification 

The following equation was estimated using ordinary least squares regressions, fixing 

year and state, from three different samples, stratified by decade: 

CO2it = ß0 + ß1LibIit + ß2LibIit-4 + ß3LibIit-8  + ß4LibIIit + ß5LibIIit-4 + ß6LibIIit-8 + ß7Popit  

 + ß8Petrit + ß9NatGit + ß10Coalit  

 + ß11Petrit•NatGit + ß12Petrit•Coalit + ß13Coalit•NatGit + ß14Petrit•NatGit•Coalit  

 + ß15gdpHIit + ß16gdpMDit + ß17gdpLOit  

 + ß18gdpHIit•gdpMDit + ß19gdpHIit•gdpLOit + ß20gdpMDit•gdpLOit + ß21gdpHIit•gdpMDit•gdpLOit 

Where, 

i  = US State (excludes Alaska and Hawaii, and the District of Columbia) 

t = Year (1977-1986, 1987-1996, 1997-2007) 

•    denotes an interaction term (multiplication) 

CO2  = Millions of metric tons of carbon dioxide (MMTCO2) emitted from fossil fuel combustion 

LibI = Average of the House and Senate delegations’ average DW-NOMINATE primary axis 

measurements, inverted and scaled so all values over the time period 1960-2010 fall between 0 

and 1 

LibII = Derived in the same manner as LibI, but from DW-NOMINATE’s secondary axis 

Pop = Millions of residents 

Petr = Average annual price per BTU of all petroleum-based fuels in year 2000 dollars 

NatG = Average annual price per BTU of natural gas in year 2000 dollars 

Coal = Average annual price per BTU of coal in year 2000 dollars 

gdpHI = Gross domestic product from transportation and utilities sectors, billions of year 2000 dollars 

gdpMD = Gross domestic product from mining, construction and manufacturing sectors, billions of year 

2000 dollars 

gdpLO = Gross domestic product from service, information, trade, government and agriculture sectors, 

billions of year 2000 dollars 
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VI. Results 

The primary model shows that the effects of political liberalism on emissions are strongly 

significant.  This effect has not always been present, and is only manifest in the most recent 

decade.  This confirms the hypothesis that states with strong liberal attitudes generate fewer 

emissions, all else equal, and that this effect has strengthened over time.   

Table 3 reports the coefficients on the political and population variables.  Because of the 

interactions between energy prices and GDP, it does not report these coefficients directly.  

Instead, it reports the effect of an increase of one dollar in price, or one billion dollars in 

economic activity, holding the interacted terms at their mean levels from the same time period in 

New York State.  The full results of these models, including all the interaction terms and the 

fixed effects for time and state, can be found in Appendix B. 
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Table 3. Main Model Results 

 

Political Liberalism of Congressional Delegation 

The primary axis of political liberalism, which ranges from 0 (most conservative) to 1 

(most liberal) has a significantly stronger effect in the most recent decade than in the twenty 

years prior.  The difference between the least liberal state and the most liberal accounts for a 
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reduction in 13.9 MMTCO2 annually, statewide.  The lagged variables indicate that levels of 

liberalism continue to reduce emissions in future years. 

For context, it is possible to predict the change in emissions if every state population 

were to suddenly shift in ideology, but without changing the structure of economic activity, the 

prices of energy, or any national policies.  In 2007, the most conservative congressional 

delegation was from Oklahoma (LibI = .15) and the most liberal congressional delegation was 

from Vermont (LibI = .91).  If the national population shifted to be as conservative as Oklahoma, 

the 48 continental states together would have emitted an additional 246.1 MMTCO2, or 4.2% 

more than they did.  If the national population instead shifted to be as liberal as Vermont, the 48 

continental states together would have emitted 262.5 MMTCO2 less, or 4.4% of 2007 emissions.  

The actions taken in that year would continue to have repercussions in future years, as predicted 

by the lagged coefficients.  Table 4 presents these predictions, along with a 95% confidence 

interval around the predictions. 

Table 4. Contextual Extension of the Effect of Ideology 
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Population 

Population has a very significant effect on emissions in all three decades.  Using the 

Welch-Satterthwaite t-test, it is clear that the effect of population is significantly larger in the last 

decade than it was in the first (t=17.98, df=669.64).  This increase over time seemingly 

contradicts the perception that per capita emissions are declining over time.  However, as seen in 

Figure 1, emissions per capita fell sharply in the early eighties, rose quickly throughout the 

presidencies of Ronald Reagan and George HW Bush, and then reached elevated levels in the 

final years of the Clinton Administration, which lasted until 2001. 

Figure 1. National Per Capita Emissions 
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Visually, per capita emissions seem to closely track the performance of the economy.  

This is especially evident, for example, in the post-9/11 recession.  However, over these three 

decades, emissions per capita and gross domestic product per capita are not strongly correlated (r 

= -0.0018).  A stronger determinant is the price of energy (r = -.3783), but this still leaves much 

of the variation unaccounted for.  In this context, the model’s estimation of the effect of 

population on metric tonnes of CO2 emissions seems very accurate: earliest decade, 14.1; middle 

decade, 9.2; recent decade, 16.3.  These estimates line up well with the y-axis of Figure 1. 

Energy Prices 

The model fully interacts the prices of coal, natural gas, and petroleum, yielding seven 

coefficients.  For clarity, Table 3 does not report all seven coefficients and their t-statistics.  

Instead, it reports the effect of a one-dollar increase in an energy price, while the other two fuels 

remain at their average value in New York state over that time period.  Table 3 also reports a F-

statistic of the joint probability of the five terms that include each fuel.  All coefficients and their 

individual t-statistics can be found in Appendix I. 

Figure 2 conveys the behavior of the interaction terms in the most recent time period.  On 

the y-axis is the total effect on emissions of the price of a given fuel.  The x-axis reflects 

situations where all three energy prices are each simultaneously a certain number of standard 

deviations above or below their mean prices. 
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Figure 2. Interacted Effect of Energy Prices 

 

To contextualize: the prices of these fuels, as measured in year 2000 dollars / BTU, range 

from $0.69 to $4.63 for coal, from $3.57 to $11.58 for natural gas, and from $6.60 to $18.94 for 

petroleum.  Using other measurements: coal ranges between $14.51-$97.26/ton; natural gas, 

¢.37-¢1.19/cubic foot; petroleum, $39.60-$113.67/barrel.  This is the range represented by -1.5 

to 2.5 standard deviations. 

As prices rise simultaneously for these energy sources, the model reports that 

consumption (and therefore emissions) are much more sensitive to petroleum prices than coal or 

natural gas in the short term.  This result is intuitive, considering that predominant uses of 

petroleum (viz. transportation fuels) are much more elastic than uses of coal (viz. electricity 

generation, where prices are shielded from consumer attention but easily passed through). 



 

31 

It is possible, using these data and estimates, to calculate the emissions impact of a 

nationwide price on carbon.  For these calculations, I assume that coal on average emits 210 

pounds of CO2 per million BTU, petroleum 155 pounds, and natural gas 120 pounds.   (For 

context, see http://www.eia.doe.gov/oiaf/1605/coefficients.html.)  A modest price of $15 per ton 

of CO2 would result in an immediate reduction in the 48 states of 369 tons of CO2, 6% of 2007 

emissions.  A stronger price of $30 per ton of CO2 translates into an immediate reduction of 

1,392 tons, or 24% of 2007 emissions.  These estimates are only the first step of a complex 

calculation that would need to figure secondary reactions involving changes in total economic 

output, in the sectoral distribution of economic activity, and in ideological preferences.  

Nevertheless, they provide some context for the magnitude of the political effects.   

Gross Domestic Product 

Similar to energy prices, the model fully interacts the effects of the three groupings of 

gross domestic product.  Table 3 therefore only reports the joint significance of the five 

coefficients for each sector as an F-statistic, and the average effect of GDP in one sector while 

the other two remain at their mean New York State levels over the given decade.  Appendix I 

reports all of the coefficients individually. 

Figures 3 and 4 attempt to report the complex behavior of the nine interaction terms.  

These figures imagine a state with a fixed population, fixed energy prices, and fixed politics.  

They also assume that the sectoral makeup of the economy is static, so that the total size of the 

economy can be scaled up or down, keeping the high, medium, and low intensity sectors in 

proportion. 
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Figure 3. Interacted Effect of Economic Activity, 1977 - 1986 

 

In the earliest decade, as an economy scales up, its high intensity sector (transportation 

and utilities) added more and more to emissions.  On net however, the model shows that 

increased economic activity decreased emissions, holding everything else constant.  This is likely 

because states with high economic activity also had high populations, so most emissions had 

already been accounted for in the model.  A state that had relatively more activity in the service 

sector, however, would likely have relatively less emissions. 
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Figure 4. Interacted Effect of Economic Activity, 1997 – 2007 

 

In the most recent decade, it is evident that the emissions intensities of the various types 

of economic activity have converged.  The model no longer attributes greatly lower emissions to 

the service sector, for example.  (Notice that Figure 4 extends to $250 billion beyond the range 

covered in Figure 3, reflecting the greater economic activity of in later time period.  Figure 4 also 

represents a greater share of activity in the low intensity sectors (75% vs. 65%), reflecting the 

differences between the two decades.) 

Sensitivity Analysis 

There are several other measures of a state’s liberalism that can be used, but none cover 

all of the states over all three decades.  Nevertheless, it is possible to run the same model using 

these alternate measures instead of the DW-NOMINATE data.  Due to data limitations, it was 
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not possible to include lagged effects in any of the models, and several models could only be run 

on the most recent decade.  Table 5 displays the results of these alternate models. 

Table 5. Sensitivity Analysis Results 
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Table 5, Continued 

 

The first two models apply National Journal vote rankings of members of Congress.  

None of the political variables is significant at the 99% confidence interval, but it does appear 

that proponents of liberal foreign policy reduced emissions more than proponents of liberal 

economic policy, who may actually have increased emissions.  Such a result does not corroborate 

the main model. 

The General Social Survey, however, offers some confirmation.  A wider range of years 

is available, but measurements were taken at the regional level rather than the state level.  

Neither the proportion of liberals in a region nor the proportion of Democrats has any 
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significance in any of the three time periods.  However, the t-statistics do grow increasingly 

negative over time (for proportion of Democrats: .80, .09, -.50; for proportion of liberals: .39, -

.33, -.86).  More observations might have afforded more significance. 

The coefficients on population, energy prices, and GDP are not substantially different, 

but National Journal models yield more similar results to the DW-NOMINATE models.  

Sectoral Analysis 

In the most recent decade, additional data on emissions is available that breaks the total 

out into five sectors: commercial, electrical generation, industrial, residential, and transportation.  

The same model was run using these various measures as the dependent variable.  The results are 

presented in Table 6. 
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Table 6. Sectoral Analysis Results 

 

Political attitudes have the most impact on emissions from electrical generation, industry, 

and transportation.  They have an indiscernible impact on residential emissions, and perhaps 

even a positive impact on commercial emissions, both of which are based on the energy use of 

homes or facilities used in the service, government, and trade sectors of the economy. 
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The strongest effects occur in the electrical generation sector.  It is difficult to say 

whether this reflects consumer demand for green energy offerings, or voter demand for 

renewable energy public development, but the presence of liberal political inclinations is able to 

significantly reduce emissions in this sector.  The fact that previous years of ideology are 

especially significant suggests that green energy investments play a large role in this effect, more 

so than transitory consumer preferences.  It is also notable that the price of coal has a stronger 

impact in this sector than in any other model, which confirms the logic of this methodology. 

The second strongest effect occurs in the industrial sector.  It is not immediately evident 

how consumer demand is able to promote emissions-efficiency, holding the sectoral distribution 

of GDP constant.  Another puzzling result is that the increasing price of coal promotes 

emissions.  This could be related to the fact that coal-mining activity is included in this sector, 

and this would increase in response to a coal price increase. 

The third sector that displays a significant effect is transportation.  It is most interesting 

that the current year’s ideology is not significant, but previous years’ are.  This suggests that 

liberals might not have substantially different patterns of transportation consumption, but do 

make different investments.  This would seemingly involve personal investments in more fuel-

efficient automobiles, and public investments in transit and rail.  Another confirmation of the 

model comes from the fact that the effect of petroleum is stronger in the transportation sector 

than in any other. 



 

39 

VII. Policy Implications 

By observation alone, it is possible to see the variety of state policies that have been 

implemented, and the numerous individual actions that begun to grow common.  Individual 

studies have examined the efficacy of these actions in isolation, and advocates rightly push for 

greater adoption. 

However, the results of these many various reduction efforts are not having a sufficiently 

large impact at the aggregate level.  From a societal perspective, this is clear evidence that 

greater collective action is necessary.  Such action might take many forms.  Direct regulations or 

subsidies could compel behavioral changes in the industries least amenable to voluntary action, 

such as the commercial and residential sectors.  Public investments can be made in the sectors 

that show strong lagged effects of action, such as the transportation, electrical, and industrial 

sectors.   

There are also many policies that would catalyze the effect of individual behavior.  

Education campaigns could increase the concern about climate change, and could clearly 

demonstrate effective behavioral changes.  Labeling the carbon content of goods and services 

could help consumers to express their preferences more easily.  Correcting the market failures of 

high transaction costs and incomplete information could amplify the efficacy of existing climate 

change attitudes. 

Perhaps the most powerful policies, however, will be those that impose a price on carbon 

emissions.  Whether through a cap and trade policy or a direct carbon excise tax, this model 

shows that consumers do respond to the price of raw fuels.  According to the estimates of this 
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model, carbon prices as low as $15 per ton of CO2 could provoke immediate reductions that are 

stronger than even the most tremendous shifts in national political opinion could produce.  In the 

short term, emissions are most responsive to petroleum prices, but long-term economic responses 

would require a sustained price increase for all fossil fuels. 

Understanding the power of individual intentions and state-level policies can help to 

generate a baseline prediction of emissions abatement in the absence of federal and international 

policy.  In selecting federal policy instruments, it will be helpful to compare the behavioral 

changes that result from concern about climate change to the behavioral changes that result from 

price increases. 
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 Appendix A: Selected Data 

Emissions, Ranked Alphabetically 
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Emissions, Ranked Greatest to Least 
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Ideology, Ranked Alphabetically 
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Ideology, Ranked Most Liberal to Least Liberal 
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Appendix B: Full Regression Results 

Full Regression Results, 1997 – 2007 
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Full Regression Results, 1987 – 1996 
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Full Regression Results, 1977 – 1986 

 



 

48 

References 

A. Works Cited 
Aldy, J.E. "Divergence in State-Level Per Capita Carbon Dioxide Emissions." Land Economics 

83, no. 3 (2007): 353-369. 

Banfi, Silvia, Mehdi Farsi, Massimo Filippini, and Martin Jakob. "Willingness to pay for energy-

savings measures in residential buildings." Energy Economics 30 (2008): 503-516. 

Barrett, Scott, and Kathryn Graddy. "Freedom, Growth, and the Environment." Environment and 

Development Economics 5 (2000): 433-456. 

Bord, Richard J., Ann Fisher, and Robert E. O'Connor. "Public perceptions of global warming." 

Climate Research 11 (1998): 75-84. 

Bord, Richard J., Robert E. O'Connor, and Ann Fisher. "In what sense does the public need to 

understand global climate change?" Public Understanding of Science 9, no. 3 (2000): 

205-218. 

Brekke, Kjell Arne, and Karine Nyborg. "Attracting responsible employees: Green production as 

labor market screening." Resource and Energy Economics 30 (2008): 509-526. 

Brouwer, R., L. Brander, and P. Van Beukering. "A convenient truth: air travel passengers' 

willingness to pay to offset their CO2 emissions." Climatic Change 90, no. 3 (10 2008): 

299-313. 

Delmas, Magali, Michael V. Russo, and Maria J. Montes-Sancho. "Deregulation and 

Environmental Differentiation in the Utilities Industry." Strategic Management Journal 

28 (2007): 189-209. 



 

49 

Ek, Kristina, and Patrik Soderholm. "The devil is in the details: Household electricity saving 

behavior and the role of information." Energy Policy 38 (2010): 1578-1587. 

GfK Roper Yale Survey on Environmental Issues. "American Support for Local Action on 

Global Warming." 2007. 

Girod, Bastien, and Peter de Haan. "GHG reduction potential of changes in consumption patterns 

and higher quality levels: Evidence from Swiss household consumption survey." Energy 

Policy, 2009: 5650-5661. 

Intergovernmental Panel on Climate Change. "Fourth Assessment Report." Geneva, Switzerland, 

2007. 

Kellog, William W. "Mankind's impact on climate: The evolution of an awareness." Climatic 

Change 10, no. 2 (4 1987): 113-136. 

Kerkhof, Annemarie C., Rene M.J. Benders, and Henri C. Moll.  "Determinants of variation in 

household CO2 emissions between and within countries." Energy Policy 37 (2009): 

1509-1517. 

Mazur, Allan, and Eric W. Welch. "The Geography of American Environmentalism." 

Environmental Science & Policy 2, no. 4-5 (8 1999): 389-396. 

Metcalf, G.E. "An empirical analysis of energy intensity and its determinants at the state level." 

The Energy Journal 29 (2008): 1-26. 

Mills, Bradford, and Joachim Schleich. "What's driving energy efficient appliance label 

awareness and purchase propensity?" Energy Policy 38 (2010): 814-825. 



 

50 

Scarpa, Riccardo, and Ken Willis. "Willingness to pay for renewable energy: Primary and 

discretionary choice of British households' for micro-generation technologies." Energy 

Economics 32 (2010): 129-136. 

Schroeder, Christopher H. "Clear Consensus, Ambiguous Commitment: Review of Eco-

Pragmatism by Daniel A. Farber." Michigan Law Review 98, no. 6 (5 2000): 1876-1915. 

Serletis, A., G. Timilsina, and O. Vasetsky. "Interfuel substitution in the United States." Energy 

Economics, 2010. 

Serletis, A., G. Timilsina, and O. Vasetsky. "International Evidence on Interfuel Substitution." 

World Bank Working Paper, 2009. 

Sterman, John D., and Linda Booth Sweeney. "Understanding public complacency about climate 

change: adults' mental models of climate change violate conservation of matter." Climatic 

Change 80, no. 3-4 (2 2007): 213-238. 

Tjernstrom, E., and T. Tietenberg. "Do differences in attitudes explain differences in national 

climate change policies." Ecological Economics 65 (2008): 315-324. 

U.S. Environmental Protection Agency (EPA). "Inventory of U.S. Greenhouse Gas Emissions 

and Sinks: 1990 - 2008." Washington, DC, 2010. 

Weart, Spencer R. The Discovery of Global Warming. Cambridge, MA: Harvard University 

Press, 2003. 

Weber, Christopher L. "Measuring structural change and energy use: Decomposition of the U.S. 

economy from 1997 to 2002." Energy Policy 37 (2009): 1561-1570. 



 

51 

Wing, Ian Sue. "Explaining the declining energy intensity of the U.S. economy." Resource and 

Energy Economics 30 (2008): 21-49. 

B. Data Source Availability 
DW-NOMINATE data and documentation are available at 
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The Bureau of Economic analysis provides GDP by state, year, and sector (as classified 

by SIC and NAICS codes) at http://www.bea.gov/industry/gdpbyind_data.htm. 

The Census provides population estimates by year and state at 

http://www.census.gov/popest/archives/. 

The General Social Survey data and documentation are available at 

http://www.norc.org/GSS+Website/. 

The National Journal’s vote rankings are available, with a subscription, beginning at 

http://www.nationaljournal.com/njmagazine/cs_20100227_3230.php?mrefid=site_search. 
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The Federal Reserve Bank of St. Louis provides economic data, including CPI and GDP 

deflators at http://research.stlouisfed.org/fred2/. 

The constructed database used in this study is available upon request from 

tbh9@georgetown.edu. 


