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ABSTRACT 

 
Policies aimed at reducing CO2 emissions will necessarily make the production of CO2 more 
expensive.  States with high per capita CO2 production will be more adversely affected by these 
policies.  This study seeks to determine what economic activity and which forms of fossil fuel 
based electricity production are associated with high per capita CO2 production.  Using data 
from the EIA, BEA, and US Census Bureau, a two way fixed effects regression, controlling for 
unobserved characteristics in individual states and in individual years,  was run comparing the 
effects of the percentage of electricity a state generates using various fossil fuels, and economic 
factors.  The analysis indicates that poor, rural states will face a heavier burden from any policy 
that makes CO2 more costly. Therefore, it is recommended that any policy that increases the cost 
of CO2 reimburse rural states, especially in ways that would increase the efficiency of electricity 
production in these states. 
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Introduction 

 Carbon dioxide emissions have the largest aggregate effect on climate change of 

any green house gas. Learning how state economies affect their CO2 production based 

emissions, or CO2 production, is useful when trying to design policies that can mitigate 

these emissions and their effects on the global climate by promoting economic growth in 

low emissions sectors or taxing highly carbon intensive sectors of the economy.  This 

thesis will attempt to compare the effects of changes in activity of various sectors of the 

economy to the effects of changes in fossil fuel based energy production on CO2 emitted 

in a given state in a given year.   By determining which sectors have a larger effect, and 

the effect of fossil fuel based emissions, we can better target areas of the economy on 

which to focus investment, and to see whether that money might be better spent investing 

in renewable energy instead. Also, by comparing sectoral economic activity, as well as 

other economic indicators, like average income, the unintended redistributive effects of a 

national CO2 production policy can be determined.  It will also be possible to determine 

which states will have a more difficult time coping with national CO2 emissions 

reductions policies, by developing a profile of what a state with high per capita CO2 

emissions might look like, that is to say, a state with lots of activity in high carbon 

sectors. 

 The problem of anthropogenic global warming has been looming on the policy 

horizon for some time.  While the science is, at this point, beyond debate in all but the 

fringe of the scientific and policy communities, the scope of the problem and the resultant 

costs and dangers associated with global warming are still being debated.  The consensus 

that is emerging from these studies and discussions is that the costs of global warming 

will be economically, as well as environmentally, significant.  The Stern report puts the 

eventual cost of global warming at 1% of global GDP annually in perpetuity if it is not 
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immediately dealt with.   

 The nature of global warming is that it is a problem of local sources with 

international impacts. The carbon released from operating a tractor in a global south 

nation has the same effect as the carbon produced from burning coal to provide electricity 

in the south eastern United States.  Therefore, many have reasoned that any policy that 

seeks to address global warming must be enacted and enforced globally.  The recent 

conference in Copenhagen is indicative of this attitude.  That conference’s failure also 

indicates the difficulty of achieving these accords even when the dangers are severe and 

clearly defined.  Others argue that the best method should be for the largest producers of 

carbon; industrialized, economic powerhouses like the US and China, to curb their 

emissions.  The US, up until recently was the largest single nation producer of Carbon, 

having just been eclipsed by China.  However the US still has the highest per capita CO2 

production.  By necessity, national policies have achieved a position of primacy in 

combating global warming.   

 In the United States, achieving a national CO2/Climate Change policy has proven 

difficult to maneuver through congressional gridlock and national politicking.  Instead, 

most action in climate change in the United States is occurring at the state level.  51 

different governments with 51 different economies and action plans are attempting (or not 

attempting) to curb their impact on climate change.  This presents an opportunity for the 

study of climate change policies.   Whichever policies do appear to have a larger effect 

may be generalized to the US as a whole and perhaps throughout the industrialized world, 

making these States a useful policy laboratory. 

 When considering CO2 production, it is useful to think of it as an equation.  The 

amount of Carbon, C, is equal to the amount of energy produced or consumed in a given 

state, E, multiplied the average carbon intensity, C/E of that energy.  That is, C=E*C/E.  
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When viewed in this way, it becomes clear that there are two basic strategies to reduce 

anthropogenic CO2 emissions.  Energy consumption (E) can be reduced, or Carbon 

Intensity can be reduced.  But which option is more effective?  Answering this question 

becomes more difficult when one considers that many of these global warming policies 

have only been enacted within the last several years.  There simply hasn't been time for 

these policies to have an effect.  But, natural variation in these factors does exist. By 

studying these variations, we can approximate the effects of policies that attempt to use 

these areas, fossil fuels or economic activity, as policy levers, and the costs associated 

with these policies.
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Background 

Mechanics of Climate Change 

 CO2 is just one of a number of so called Green House Gases (GHGs) that trap 

heat in the atmosphere.  While many of these gases, like methane (CH4), are much more 

effective per molecule at trapping heat in the atmosphere, none are anywhere near as 

prevalent as CO2.  Since the industrial revolution CO2 concentrations in the atmosphere 

have risen at a rate unprecedented in recent natural history, certainly within the last 

10,000 years.  While the earth has experienced climate changes in the past, with large 

ranges in temperature, the change in temperature has not been this fast.  The 

concentration of CO2 in the atmosphere was 367 parts per million (ppm) in 1999 

(Siegenthaler et al 2005).  If current trends in CO2 emissions continue, that concentration 

will grow to 450 to 550 ppm by 2050 (IPCC 2001). This process of Anthropogenic 

Global Warming (AGW) works by insulating the planet.  These higher concentrations 

mean that the earth will continue to trap more heat.  The fact that nighttime low 

temperatures are rising faster than daily high temperatures would indicate that the planet 

is radiating heat less efficiently than in the past (Harvell et al, 2002).  

 

Impacts of Climate Change 

 This process will lead to a rise in sea level of as much as 22 feet (IPCC 2001), 

having massive effects on low lying coastal lands, and completely submerging some 

island nations, like Maldives, who sought to dramatize this fact by issuing a proclamation 

calling for action to combat climate change in a cabinet meeting held 15 feet below the 

surface of the Indian Ocean, replete with waterproof pens, paper, and scuba gear.  These 

changes in sea level are driven both by melting of polar ice sheets and through the 
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thermal expansion of the water already present.  As water warms, its density declines, 

which is to say that it expands.  The resultant changes in climate will also have 

deleterious effects on agricultural output in much of the global south.  The industrialized 

world will not bear the brunt of the effects of climate change, despite causing the bulk of 

the climate change. 

 Others have researched the potential of global warming to increase the incidence 

and prevalence of disease, again with the impacts being felt primarily in the global south, 

as the potential range of tropical climates and the diseases associated (Malaria, Yellow 

Fever, etc.) with those climates is expected to expand (Harvell et al 2002).  These 

diseases may be the cause of some of the first deaths associated with global warming, if 

they have not already. 

 

Ecological Costs 

 AGW will cause the extinction of many plant and animal species due to changes 

in the ecosystems (IPCC 2001, Harvell et al 2002, Siegenthaler et al 2005, Rahmstorff et 

al 2007, Hansen 2004).  While extinction is a natural process, AGW accelerates this 

process by destroying habitat for many species, Polar Bears and Penguins being the most 

obvious examples.  But due to climate changes, AGW can have effects across many 

biospheres, from arctic tundra to desert biomes.  The loss of Coral Reefs, the most 

ecologically diverse biomes in the world, with often many thousands of species per 

square mile would be a huge blow to the planets over all biodiversity (Munday 2004).  

Why should humans care about biodiversity? Besides the overall health of the planet, 

biodiversity means that there is a wider array of animal and plant species that may have 

potentially beneficial products for humanity, like medicines.  The rapidity of the changes 

is a chief driver in the extinction process.  The climate and habitats of these species are 
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changing at a rate faster than animals and plants can adapt.  In natural history, while 

punctuated with “bottleneck” events that greatly reduced the number of species, the vast 

majority of the history of life is one of equilibrium, of balance.  Humanity has managed 

to greatly unbalance this equation. 

 

Economic Costs 

 A report commissioned by the British government, and executed by Lord Stern, 

sought to put a price tag on AGW.  The report found that if left unchecked, Global 

Warming will cost 1 % of Global GDP annually, forever (Stern 2006).  While there is 

much controversy surrounding the Stern Report, the disagreements are with the severity 

of the costs associated, and with Stern's choice of a 1.24% discount rate in calculating the 

costs of global warming.  Using larger discount rates, like the traditional 3 or 7% 

however, still yield massive costs of global warming.
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Literature Review 
 

 In the past, research has been focused on assessing the costs of CO2 emissions, to 

more clearly demonstrate the dangers associated with global warming (Stern 2006, Elkins 

1996, Gielen & Changhong 2001).  Subsequently, much has been done trying to 

determine the factors that drive CO2 production; economics, population, affluence, and 

other factors, however most of this ground work was laid in the middle portion of the 

1990s (Shafik 1994, Holtz-Eakin & Selden 1995, Dietz & Rosa 1997, And & Pandiyan 

1997, Azomahou, Laisney & Van 2006) .  More recently, much of the work has been 

concerned with determining optimal levels of CO2 emissions (Elkins 1996, Schultz & 

Kasting 1997, Caldeira, Jain, & Hoffert 2003, Martinez-Zarzoso & Bengochea-Morancho 

2004).  

 Recent studies of policies associated with CO2 levels have been focused on 

predicting future trends in emissions (e.g., Rose & Zhang 2004,  Arar & Southgate 2009, 

Azomahou and Tracy 2006, Galeotti, Lanza & Pauli 2006, Zhang & Folmer 1998).  

However, there is a growing literature comparing the effects of CO2 reduction policies, 

much of this work has been done internationally, and less of the work has been done in 

the US (Chiu & Chang 2009, Gielen & Changhong 2001, Lin, Lu & Lewis 2006).  These 

studies are seeking national solutions to the problem, and while laudable that may not 

work for the United States.  However, there is a growing literature focused on the 

primacy of the states in US CO2 abatement (Arar & Southgate 2009, Huang et al 2007, 

Peterson & Rose 2006). Of the studies that focus on state policies associated with CO2 

emissions, most are concerned with what policies have been adopted, and using those 

policies to model future CO2 emissions (Deyette et al. 2003, Menz 2005, Petersik 2004).  
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These studies indicate that states are trying to incentivize RPS, but that efforts may not be 

robust enough to have economically significant impacts.  

 The two studies most closely related to this one is an analysis by Scott Jiusto, 

published in 2006 and another by Joe Aldy in 2007.  In his paper Jiusto takes a look at 

baseline trends in CO2 emissions in the US from the same time period, 1990 to 2007, as 

this analysis, using the same EIA data set.  There are differences.  His study looked at 

consumption based data, whereas this analysis uses the production based numbers. While 

developing baseline trends of CO2 emissions, Jiusto did not run analyses to compare 

economic the effects of fossil fuels and economic activity on CO2 emissions.  His 

analysis was concerned with creating a baseline for future analysis, and this analysis 

intends to use these results as that baseline.  The results from his trend lines are consistent 

with the results of this study.   

 Joe Aldy's 2007 paper focused mostly on the effects of income on CO2 per capita 

emissions.  Aldy's work is similar to this one in that both are comparing the effects of 

economic activity on CO2 emissions.  Aldy's specific focus on the convergence between 

income and CO2 emissions found that production based CO2 emissions diverge with 

incomes – that is, lower incomes have higher CO2 production, and higher incomes have 

lower CO2 production.  When the data is consumption based however, Aldy finds no 

evidence for convergence or divergence.  In order to generate consumption based CO2 

emissions data from the EIAs production based numbers, Aldy used an equation to 

produce consumption data from production data.  If a state was a net importer or exporter 

of electricity, that difference was subtracted or added to the states total.  The amount of 

carbon was gotten by multiplying these deficits or surpluses by the national average 

carbon intensity per unit of energy.  While this equation certainly does bring CO2 

numbers more inline with those reflected by consumption, there are problems.  A state 
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exporting CO2 may be seen to be a more efficient producer of CO2 than an importer, and 

therefore may be being too “harsh” on CO2 importing states.  That is to say, the average 

C/E of all electricity produced in the United States may be higher than the average of all 

electricity exported in the United States.  Also, this measure ignores regional differences 

in C/E production.  A better indicator would be to determine the average C/E of all 

contiguous net exporting states, and then multiply that by a states deficit.  Net exporters 

would use a state specific C/E value, and reduce their total CO2 by the product of their 

C/E and E. Aldy's work uses the same data set as this analysis, and approaches some of 

the same problems, notably the effect of income on CO2 per capita emissions.  By 

including other factors in the analysis of the effect of income on CO2 production this 

analysis can go one step further than Aldy's analysis and determine whether or not the 

effects of income remain significant when other factors are considered.   

 This study intends to expand the knowledge base of the literature by determining 

what is driving CO2 production, per capita, in the United States, and to use that 

information to determine the effects of potential policies on the individual states 

throughout the country. 
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Data 

 The Energy Information Administration provides yearly estimates of CO2 

production on a state level from 1990 to 2007.  These data are compiled annually by EIA 

economists and analysts, based on data from the State Energy Data System (SEDS).  The 

EIA measured the amount of energy produced by a given method of production – coal, 

natural gas, oil and petroleum, and then used the average carbon intensity of that fuel type 

to arrive at the amount of CO2 produced by that sector of the economy.  The rest of the 

CO2 production data come from information about fuels used in non-electricity 

production applications, like gasoline in transportation and other activities.  As well as 

some credits for carbon fixation, the EIA then computes a states total CO2 production 

from these numbers. 

 The EIA, in order to avoid complications unraveling interstate electricity trade, 

used production based data rather than consumption based data.  The emissions from a 

given power source are not measured for the state in which their electricity is used, per 

se, but rather counts for the state in which this electricity is produced.  While the two are 

often similar, this reporting technique can have the effect of under reporting CO2 

production for states that are net importers of electricity, and over report states that are net 

exporters of energy.  However, since we are concerned with economic costs of CO2 

emissions reduction policies, production based CO2 data are quite useful as that is a 

likely method of CO2 permit allocation or the incidence of a CO2 tax. 

 The EIA CO2 data were used to construct my left hand side variable, 

TOTPCMILL, which is a measure of CO2 per capita in metric tons.  The fossil fuel mix 

variable is constructed from EIA data which catalogued the percentage of electricity 

produced in a state by the burning of various fossil fuels.  Total fossil fuel mix is derived 

from those numbers.   Population and income data were provided by the U.S Census 
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Bureau.   

 Statistics from the Bureau of Economic Analysis  provide data on the percentage 

of GDP focused in certain sectors of the economy. BEA uses data from the economic 

census conducted every 5 years, and a variety of other economic data are used to develop 

their state and sectoral GDP totals.  In 1994 BEA altered its methodology of data 

categorization and formatting.  Since my data use proportions of economic focus and not 

raw numbers, the effects of these changes should be mitigated. However, it is important 

to note that this change could be biasing my results.  

 This specific data set contains a total of 72 variables.  Many of them are 

derivations – percentages of total economic activity, broken down by sector, percentage 

of electricity generated by a single form of fossil fuel, annual dummy variables, etc.  To 

follow you will find a table, listing many, but not all of the variables, including summary 

statistics for that variable, when appropriate. All data were downloaded from the websites 

of the EIA, BEA, and U.S Census Bureau. 

 

Table 1: Descriptive Statistics 

Variable Name Measure National Average Range 

SID (State 
Identification 

Number) 

Each state was matched 
with a number from 1-51. 

N/A 1(Al) -51(WY) 
 

year The year each observation 
was recorded 

N/A 1990-2007 

gdp Total GDP, in thousands of 
$ 

 178445.8 
(224744.9) 

 11480 (ND, 1990) – 
1801762 (CA - 2007) 

popmill Population, in millions, 
from BEA 

 5.3886  
(6.0012) 

.45(WY)  – 36.38 (CA)

total Total CO2 production 109.4143 
(110.4135) 

3.19 (DC, 2006)– 
711.28(TX, 2002) 

totpcmill Total CO2 production per 
person, in Metric Tons 

25.4 
(19.4) 

5.44(DC, 2006)-
133.14(WY, 1992) 
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pctagricgdp Portion of GDP from 
agricultural sector of 

state's economy. 

.0196163 
(.0203662) 

0(DC, all years) -.13 
(SD, 1990) 

pctcommgdp Portion of GDP from 
communications sector of 

state's economy. 

.0289886 
(.02686) 

0(NY,1996)-.38(UT, 
1996) 

pctconstgdp Portion of GDP from 
construction sector of 

state's economy. 

.0447662 
(.0207896) 

.01(C, 1997)-.1(NV, 
1999) 

pctgovgdp Portion of GDP from the 
government sector of 

state's economy. 

.1397909 
(.0452184) 

.08 (MA, 2000) -
.42(DC, 1992) 

pctmanugdp Portion of GDP from 
manufacturing sector of 

state's economy. 

.1483192 
(.068738) 

0(DC, all years)-.32 
(IN, 1994) 

pctservicegdp Portion of GDP from 
service sector of state's 

economy. 

.1020501  
(.0811386) 

.02 (NE,2002) -.35 
(DC, 1996) 

pcttransgdp Portion of GDP from 
transportation sector of 

state's economy. 

.0341812 
(.016509) 

0 (DC, all years) -.14 
(AK, 1994) 

pctutilgdp Portion of GDP from 
utilities sector. 

.0254188 
(.0110245) 

0(TN, 2005) -.08 (WY, 
1991)  

fossilfuelmix Portion of electricity 
generated by fossil fuels. 

.6905236 
(.2575204) 

0(VT)-1(DC, DE, RI, 
IN) 

totalng Portion of electricity 
generated by natural gas 

.1388562 
(.1986583) 

0 (MT, HI)-.99 (RI) 

totalpet Portion of electricity 
generated by petroleum 

.0661874 
(.1807215) 

0(ID, NV, SD, AK, SC) 
-1 (DC, all years) 

totalgas Portion of electricity 
generated by other gases 

.0022986 
(.0075773) 

0-.13 (DE, 2006) 

totalcoal Portion of electricity 
generated by coal 

.4818627 
(.3093196) 

0-.99 (WV) 

avginc Average income, in $ 26644.61 
(7504.286) 

13117(MS, 1990)-
63811(DC, 2007) 

 

To begin an analysis of the data, it would be interesting to take a look at aggregate data to 

see if there is a trend that can be discerned between total CO2 production per capita and 

the percentage of electricity generated by fossil fuels.  
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Figure 1: CO2 Production vs. Fossil Fuel Mix 

 

As Figure 1 demonstrates, it would seem that there is indeed a trend to backup this claim.  

However, considering that this is aggregate data there may be a lot more going on than 

may first meet the eye.  The clumping of the data indicate that there may be some effects 

not accounted for in this simple, aggregate analysis.  It is important to get a closer look at 

the interactions involved by running a regression of the data.  Since we want to determine 

the effect of fossil fuel mix and economic indicators, holding other factors constant, it 

would behoove us to run a regression, trying to control for omitted variables, which is 

exactly what was done by using panel data. 
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Figure 2: Per Capita CO2 Emissions 

 

Figure 2 demonstrates the variation present in the per capita CO2 production among the 

51 states.  Each year is presented as a different data point on the graph, so states with 

what appears to be only one dot did not experience much variation in the per capita CO2 

production, whereas states with what appear to be lines experienced much more variation 

in per capita CO2 production.  

 

.   
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Figure 3: Portion of Economy in Utilities Sector 
To give a rough idea of the amount of variation in some of the economic variables, Figure 

3 contains a comparison of the percentage of the economy devoted to the utilities sector.  

Again, the presence of lines indicates variation in annual data.
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Results 

Table 2: Results, Fossil Fuel Mix 
Fixed-effects (within) regression               Number of obs      =       918 

Group variable: sid1                            Number of groups   =        51 

 

R-sq:  within  = 0.2919                         Obs per group: min =        18 

       between = 0.2437                                        avg =      18.0 

       overall = 0.2426                                        max =        18 

 

                                                F(29,838)          =     11.91 

corr(u_i, Xb)  = 0.2611                         Prob > F           =    0.0000 

 

------------------------------------------------------------------------------ 

   totpcmill |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

     popmill |  -.5745906   .0981514    -5.85   0.000    -.7672421   -.3819392 

      avginc |  -.0000603   .0000384    -1.57   0.117    -.0001357    .0000151 

     density |   .0000193   .0008768     0.02   0.982    -.0017017    .0017404 

fossilfuel~x |   5.113759    .906192     5.64   0.000     3.335086    6.892432 

 pctagricgdp |  -24.02568   6.788581    -3.54   0.000     -37.3503   -10.70106 

  pctcommgdp |  -3.436297   1.895348    -1.81   0.070    -7.156484      .28389 

 pctconstgdp |    32.9747   9.194956     3.59   0.000     14.92685    51.02255 

pctfinance~p |  -30.99239   2.891575   -10.72   0.000    -36.66797   -25.31681 

   pctgovgdp |   15.72268   6.125992     2.57   0.010     3.698585    27.74677 

pctservice~p |   7.893255   2.876396     2.74   0.006     2.247467    13.53904 

 pcttransgdp |   25.30251   11.28536     2.24   0.025     3.151614     47.4534 

  pctutilgdp |   21.08368   10.26176     2.05   0.040      .941908    41.22546 

         y91 |  -.2661234   .2639223    -1.01   0.314    -.7841498    .2519029 

         y92 |   .3808463    .276907     1.38   0.169    -.1626664     .924359 

         y93 |   .4384269   .2848949     1.54   0.124    -.1207646    .9976183 

         y94 |   .7210618   .2962393     2.43   0.015     .1396036     1.30252 
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         y95 |   .8210556   .3191564     2.57   0.010     .1946158    1.447495 

         y96 |   1.737806    .330754     5.25   0.000     1.088602     2.38701 

         y97 |   1.816827   .3791138     4.79   0.000     1.072703    2.560951 

         y98 |   3.527522   .4813082     7.33   0.000     2.582811    4.472233 

         y99 |    3.68938   .4826998     7.64   0.000     2.741938    4.636823 

         y00 |   3.577801   .4873167     7.34   0.000     2.621296    4.534305 

         y01 |   3.635204   .5708497     6.37   0.000      2.51474    4.755667 

         y02 |   3.693664   .5896433     6.26   0.000     2.536313    4.851015 

         y03 |   3.918367   .6096641     6.43   0.000     2.721719    5.115015 

         y04 |   4.262028   .6384815     6.68   0.000     3.008817    5.515239 

         y05 |   4.291162   .6785528     6.32   0.000       2.9593    5.623025 

         y06 |   3.751191   .7370804     5.09   0.000      2.30445    5.197931 

         y07 |   4.223286    .788057     5.36   0.000     2.676488    5.770083 

       _cons |   24.27315   1.845346    13.15   0.000     20.65111    27.89519 

-------------+---------------------------------------------------------------- 

     sigma_u |  17.699237 

     sigma_e |   1.293904 

         rho |  .99468406   (fraction of variance due to u_i) 

------------------------------------------------------------------------------ 

F test that all u_i=0:     F(50, 838) =  1241.67             Prob > F = 0.0000 

 

A two way fixed effects model was run, grouping the results by state.  A fixed effects 

model was used to control for traits that were unmeasured in a given state, but that may 

have an effect on CO2 per capita production, such as attitudes about global warming, 

whether the state is mountainous or a plains state, and other factors.  The effects of a 

given year were also controlled for similar reasons, like spikes in the price of oil due to 

wars in the middle east, or major weather events in the Gulf of Mexico, exceptionally 

cold winters, etc.  From the regression it becomes clear that population has a negative 

effect on per capita CO2.  Holding all other factors constant, a 1 million person increase 

in population will reduce per capita CO2 production by .57 metric tons of carbon 
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annually.  Considering that state populations range from .453 Million in Wyoming in 

1990 to 36.377 Million in California in 2007, these results indicate that population has an 

economically as well as statistically significant effect on CO2 per capita production.   

 

The fossil fuel mix variable's value of 5.53 is highly statistically significant, but its 

apparent economic significance may not be as great as originally anticipated.  While the 

values of fossil fuel mix vary from nearly zero to 1, this effect may be smaller than 

anticipated when compared with state CO2 production per capita, as summarized in Table 

1.  While fossil fuel mix has a large effect on CO2 production, it does not explain all 

variation.  It would seem that other factors are still having an effect.  This implies that 

policies focused on clean sectors of the economy and promoting electrical efficiency may 

be more effective than originally thought when compared with policies aims at reducing 

carbon intensity of energy.  However, the effects of fossil fuels may be masked by 

aggregating them, something that was not done in regression 2.  

 Several variables measure the portion of total economic activity associated with 

various sectors of the economy.  It is important to note that a 1 unit increase in these 

variables would mean a 100 % increase in the percentage of the economy devoted to that 

sector – a mathematical impossibility.  It is better to think in terms of the effect of a 1% 

increase in the share of the economy held by a given sector.  For the purposes of this 

regression, and the one following, manufacturing is the omitted category.  Since 

manufacture accounts for the largest average portion of a states economy, omitting it from 

the regression allows us to interpret the results of a change in economic focus from 

manufacturing to other sectors of the economy.  Only communication is an insignificant 

predictors of CO2 production at the alpha =.05 level, but does become significant at an 

alpha of .1.   The rest, agriculture, finance, government, services, construction and 
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transportation are all statistically significant.  Their significance in terms of changes in 

CO2 per capita vary.  Agriculture has a significantly negative coefficient, as do the 

financial and communications sectors.  Government, services, construction, utilities and 

transportation have positive coefficients. 

 The coefficients of the year dummy variables are all positive, except for y91.  

After 1995 they are all statistically significant.  What this means is that all years, except 

1991, experienced more CO2 output than 1990, and that these differences were 

statistically significantly different from the 1990 levels every year since 1995. 

 While these results are interesting, something may be going on with the fossil fuel 

term.  The value seems to be lower than one might expect, especially since electricity 

production is said to be responsible for the majority of CO2 production.  What if, instead 

of using aggregate fossil fuels, these data were separated into their fuel types. Before 

running a regression, it would help to look at the data, to get a feel for what trends may be 

present.  In a year chosen at random, 1997, compare the CO2 per capita to the percentage 

of electricity produced by these fossil fuels in each of the 50 states and the District of 

Columbia. 
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Figure 4: Per Capita CO2 vs. Electricity from Gasoline 

.  Per capita CO2 production (Metric Tons) vs. portion of electricity produced by gasoline 

(petroleum). No easily discernible correlation, perhaps negative. 
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Figure 5: Per Capita CO2 vs. Electricity from Natural Gas 

Per capita CO2 production (Metric Tons) vs. portion of electricity produced by natural 

gas. Again, no easily discernible correlation, perhaps negative. 
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Figure 6: Per Capita CO2 vs. Electricity from Other Gases 

 Per capita CO2 production (Metric Tons) vs. portion of electricity produced by  all other 

combustible gases (e.g. propane).  Yet again, no readily discernible relationship,  perhaps 

negative. 
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Figure 7: Per Capita CO2 vs. Electricity from Coal 

Per capita CO2 production (Metric Tons) vs. portion of electricity produced by coal. Here 

we see a positive relationship between CO2 per capita and portion of electricity generated 

by coal. 
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Figure 8: Per Capita CO2 vs. Electricity from Fossil Fuels 

Per capita CO2 production (Metric Tons) vs. portion of electricity produced by all fossil 

fuels. Again, a positive correlation.  Notice the similarities between the total fossil fuel 

graph and the total CO2 graph. Implies the dominance of coal as fuel source, since the 

Fossil Fuel CO2 production most closely mirror the Coal CO2 production. 

 

The regression was run again, disaggregating the components of fossil fuel electricity 

production. 

Table 3: Regression Results, including disaggregated fossil fuels 
Fixed-effects (within) regression               Number of obs      =       918 

Group variable: sid1                            Number of groups   =        51 

 

R-sq:  within  = 0.3160                         Obs per group: min =        18 

       between = 0.2420                                        avg =      18.0 
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       overall = 0.2412                                        max =        18 

 

                                                F(32,835)          =     12.06 

corr(u_i, Xb)  = 0.2453                         Prob > F           =    0.0000 

 

------------------------------------------------------------------------------ 

   totpcmill |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

     density |   1.42e-06   .0008637     0.00   0.999    -.0016939    .0016967 

      avginc |  -.0000429   .0000387    -1.11   0.267    -.0001188    .0000329 

     popmill |  -.5766155   .0974384    -5.92   0.000    -.7678685   -.3853625 

   totalcoal |   7.116207   1.312129     5.42   0.000     4.540749    9.691665 

     totalng |   3.712139    .979725     3.79   0.000     1.789126    5.635152 

    totalgas |  -37.79463   9.992196    -3.78   0.000    -57.40741   -18.18186 

    totalpet |   6.673825   1.616656     4.13   0.000     3.500637    9.847013 

 pctagricgdp |  -21.03857   6.725055    -3.13   0.002    -34.23857   -7.838573 

  pctcommgdp |  -2.886934   1.872641    -1.54   0.124     -6.56257    .7887018 

 pctconstgdp |   34.59697   9.201026     3.76   0.000     16.53712    52.65683 

pctfinance~p |  -26.19147   3.066362    -8.54   0.000    -32.21015   -20.17278 

   pctgovgdp |   15.61994   6.112044     2.56   0.011     3.623163    27.61671 

pctservice~p |   7.827512   2.893728     2.70   0.007     2.147676    13.50735 

 pcttransgdp |   24.36685   11.12764     2.19   0.029     2.525408    46.20829 

  pctutilgdp |   23.65864   10.15248     2.33   0.020     3.731268    43.58601 

         y91 |  -.2530685   .2604185    -0.97   0.331    -.7642202    .2580833 

         y92 |   .3970736   .2730635     1.45   0.146    -.1388979     .933045 

         y93 |   .4169182   .2806864     1.49   0.138    -.1340156     .967852 

         y94 |   .7567197   .2925629     2.59   0.010     .1824745    1.330965 

         y95 |   .8548503    .316327     2.70   0.007     .2339607     1.47574 

         y96 |    1.71767   .3266718     5.26   0.000     1.076476    2.358864 

         y97 |   1.744324   .3744767     4.66   0.000     1.009298     2.47935 

         y98 |   3.414609   .4826336     7.07   0.000     2.467291    4.361926 

         y99 |   3.594088   .4821384     7.45   0.000     2.647743    4.540434 

         y00 |   3.453667   .4872997     7.09   0.000     2.497191    4.410143 
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         y01 |   3.397442    .570294     5.96   0.000     2.278064    4.516821 

         y02 |   3.496897   .5868405     5.96   0.000     2.345041    4.648753 

         y03 |   3.696633   .6089096     6.07   0.000      2.50146    4.891807 

         y04 |   4.055329   .6369107     6.37   0.000     2.805195    5.305463 

         y05 |    4.09518   .6766379     6.05   0.000     2.767069    5.423292 

         y06 |   3.645168   .7331663     4.97   0.000     2.206102    5.084233 

         y07 |   4.079211   .7849644     5.20   0.000     2.538476    5.619946 

       _cons |   22.13655   1.901911    11.64   0.000     18.40346    25.86964 

-------------+---------------------------------------------------------------- 

     sigma_u |  17.641182 

     sigma_e |  1.2739792 

         rho |  .99481188   (fraction of variance due to u_i) 

------------------------------------------------------------------------------ 

F test that all u_i=0:     F(50, 835) =  1225.93             Prob > F = 0.0000 

There are several changes between this secondary regression on the first.  While the 

sectoral coefficients and those associated with annual variation and population are largely 

similar, the largest changes come in terms of the coefficients of fossil fuels on CO2 per 

capita production.  By disaggregating the effects of fossil fuels, it is possible to see the 

different effects that each fuel will have on CO2 production.  These comparisons are from 

a change from electricity produced entirely from renewable energy sources (including 

nuclear power and hydroelectric) to an energy economy based solely on a specific type of 

fossil fuel.  All of the new fuel based indicators are highly statistically significant.  Going 

from no coal to all coal would result in a 7.1 metric ton per capita increase in CO2 

production, holding all other factors constant. Likewise, a change from zero to 100% 

natural gas would result in a 3.7 metric ton increase in per capita CO2 emission. This 

relationship closely mirrors the relationship between the carbon intensity of the two fuels, 

where carbon has approximately twice as much carbon per unit energy as natural gas. 

Likewise, a shift from no gasoline based electricity production to a 100% gasoline 
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electricity economy would cause a state to increase its per capita CO2 production by 6.67 

metric tons annually.  Switching to an electricity market based entirely on other gases, 

like propane or land-fill gas capture, would indicate a rather large negative change in 

CO2 production of 37.8 metric tons per capita per annum.   This is most likely due to the 

limited application of these other forms of electricity production, since the highest 

amount of other gases actually used in electricity production only approaches 25% of the 

electricity produced, in Delaware.   

 Communications, which were significant at an alpha=.10 level in the previous 

regression, are no longer significant at an alpha=.10.  
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Discussion 

 While recently congress has been focusing on issues other than the environment, 

there is growing support in both the House and the Senate for legislation that would 

effectively put a price on carbon production.  There are two strategies that are currently 

being considered.  Senator Sanders, D-VT, has put forward legislation in the past that 

would put a tax on Carbon production.  This plan is commendable for a few reasons.  

Firstly, it will reduce the amount of Carbon produced in and by the United States by 

making effluent CO2 more costly, to more closely represent its costs to the environment.  

This plan is much simpler than creating and administrating a carbon market, but it most 

likely won't be enacted, as a new tax is often politically untenable.  Rather, a proposal 

similar to the Waxman Markey bill proposed last session is more likely to come to 

fruition.  The Waxman Markey bill would create a market for carbon permits.  This 

market, like all markets, would require enforcement, policing, and would be at risk for 

speculation and gaming by certain interests.  This scheme will make CO2 more costly, 

and has the added benefit of having guaranteed amount reductions.  While a tax would 

reduce the amount of CO2 emitted, exactly how much is up to market forces.  The carbon 

permitting system, despite its weaknesses is more likely to be enacted.   

 If the carbon permitting system is the one to be enacted, then the exact price of 

CO2 production will be impossible to determine precisely until the market has been put 

in to effect.  Therefore, we can't determine exactly how costly the program will be, but 

we can determine who will be paying the price. 

 There are 5 states that are consistent outliers in annual comparisons of CO2 per 

capita production versus a myriad of factors.  These 5 states, Louisiana, West Virginia, 

North Dakota, Alaska, and Wyoming (which has the highest per capita CO2 of any state 
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in the Union) were all consistently above the trend lines for various factors that 

contribute to CO2 production.  One would almost be forced to asked what makes these 

states special.  All of these states have economies of which a significant portion is 

devoted to natural resources.  Coal in West Virginia, oil in Texas and Alaska, natural gas 

in Wyoming, and gas refineries in Louisiana.   Perhaps it is the emissions due to refining 

processes, or perhaps due to transportation costs associated with moving millions of tons 

of coal and oil.  These states that produce fossil fuel resources will then be doubly 

harmed by national legislation, since their products will become more expensive, and 

their economies produce more CO2 than other states. 

 If we look at the effects of population on CO2 per capita production, another trend 

becomes apparent.  Since states with higher populations have lower CO2 per capita 

production, low population states will effectively be subsidizing high population states.   

That is, poor rural states, with higher per capita CO2 production, would be charged 

higher amounts than rich, urban states. This effect is likely due to economies of scale.  

Low population states cannot achieve the efficiencies in service delivery that are possible 

in large population centers.  People drive more, electricity is often produced at a smaller 

scale, services are more spread out, houses are larger and therefore more expensive to 

heat, etc.  Really, most of these differences seem to be describing not just population, but 

urban vs. rural settings and economies.   

 Manufacturing was used as a bench mark in this regression.  The constant term in 

the regression refers to an economy that is based entirely on manufacturing, but also gets 

all of its electricity from renewable energy sources, with a population of zero, and finds 

itself in the year 1990.  While this is of course, unrealistic in the extreme, the constant 

value of 22.13 metric tons indicates the rather large effect of manufacturing on an 

economy.   All values that follow are comparisons to this number; so for example, a 10% 
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increase in the utility sector would lead to a 2.2 metric ton per capita increase over the 

levels of a manufacturing economy. 

 An economy entirely focused on agriculture will reduce per capita CO2 

production by 21 metric tons, or a 2.1 metric ton per capita reduction for a 10% increase 

in agriculture.  This should mitigate the effects of a CO2 pricing policy on most rural 

states, but in the mountain, especially Wyoming, which aren't very active agriculturally, 

there is no such balm. 

 In both the aggregated and non aggregated regressions communications had an 

insignificant effect on CO2 production at the alpha=.05 level.  This may be counter 

intuitive considering that communications are not traditionally considered to be heavy 

producers of CO2, rather they may be considered to be “green” business that doesn't have 

an adverse effect on CO2 production.  However, communications does not vary much in 

terms of percentage of an economy across the states.  Once the requisite wiring and 

various infrastructure have been laid and developed, the communications industry mostly 

maintains and services existing infrastructure.   

 Construction however, has a large impact on CO2 production – 34.6 metric ton 

increase per capita annually, or a 3.46 metric ton increase with a 10% increase.  This 

could be due to the fact that construction is an energy intensive business. Materials are 

heavy and difficult to transport and usually abundant.  Also, construction is an industry 

that is indicative of economic growth.  When a states economy is growing, they invest in 

building and infrastructure, so some of the effects on CO2 production can be explained 

by economic growth being reflected in increased construction. 

 The financial sector had a large negative effect on CO2 production.  This effect is 

most likely driven by the fact that finance has no high production production processes, 

or any production processes for that matter.  Finance is considered to be “green” 
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business, and this finding would back up that claim.  One wouldn't expect finance to 

increase CO2 production.  A 100% increase in finance would lead to a 26.19 metric ton 

per capita decrease in CO2 production annually.   A 10% increase would result in a 2.63 

metric ton per capita decrease in production. 

 Government has a surprising effect on CO2 production.  Originally, I postulated 

that government would be a fairly “green” sector of the economy, probably due to the 

assumption that government was mostly involved in administration and clerical work.  

But government is often involved it lots of industries, and often in construction activities 

through departments of public works.  So, governments 1.56 per capita increase in CO2 

production annually per 10% increase may be reflecting that.  

 A 10% increase in the service industry in a given state would increase per capita 

CO2 by .782 metric tons of CO2 per year.  It was assumed that the service industry would 

be carbon neutral or perhaps even have a negative effect on CO2 production.  This 

finding obviously does not support that conclusion.   

 As expected, the utilities sector has a large impact on CO2 production.  A 10% 

increase in the utility sector would lead to a 2.36 metric ton per capita increase in CO2 

production. This is unsurprising considering that electricity production is one of the most 

carbon intensive economic activities in existence.  However, the utility sector only 

accounts for about 10% of a states economy at the highest reported levels in this study.  

 When analyzing my data, it seemed that in effect, poor rural states would be 

subsidizing rich, urban ones, through carbon taxation or permitting.    To test this urban 

vs. rural hypothesis, I included population density numbers and income data in my 

regressions.  Interestingly, neither of these variables proved to be statistically significant.  

Which would indicate that population, not population density is a driver of reduced CO2 

production.  Implying then, that it's not how spread out a population is, but rather just the 



 32

size.  Savings from population, therefore, come from economies of scale, and not much is 

lost to the inefficiency of transmission.  My results on income data were dissimilar to 

Aldys in 2007, which found a statistical relationship between CO2 production and 

income.  However, his results did not focus on the variety of factors that my analysis did.    

The insignificance of income in this analysis may indicate that at such high levels of 

income, with relatively minor disparities in income, when compared with international 

income disparities, say, income really doesn't explain much of the CO2 production in the 

United States.  Individual behaviors may have a greater affect than individual wealth. 
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Conclusion 

 Future carbon markets or taxes will make carbon more expensive.  There are 

several possible allocation schemes available for these taxes.  Whatever the allocation, 

costs will be linked to per capita CO2 production in a given state.  States that are most 

likely to experience the worst financial effects of these programs are states with low 

population, small agricultural and financial sectors, and large government and 

construction segments of the economy.  These states are traditionally low income. Also, 

states that rely heavily on natural resources in their economy, like Alaska, Louisiana, 

Wyoming, West Virginia, and North Dakota, will also be doubly hit by these additional 

costs.  In order for policies to reduce CO2 while at the same time maintaining equity and 

not be regressive, they should reduce the burden on lower income, more rural, less 

populated areas. Because of these burdens, it is likely that Senators and members of the 

House of Representatives from these low income, rural states will strongly oppose any 

legislation that prices carbon without offering some compensation to these rural states.  

Ideally using the proceeds from any permit sales or taxation to improve their energy 

efficiency or reduce the carbon intensity of their electricity production.  Further research 

could be devoted to determining the relationship between these sectors and consumption 

based CO2 emissions data. 
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