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ABSTRACT 

 
 In this exploratory research, the author employed a fixed effects model on data from 27 

OECD member states, to measure the impact of variables on the level of emission of carbon 

dioxide, with particular interest in variables representing policies in force.  Seeing no other 

specific research that measures the impact of various policies across countries, the author 

endeavored to determine whether there would be any useful information to pursue more complex 

studies on understanding what kinds of policies are most effective to reduce emissions.   

 Employing data from the UN, World Bank, and International Energy Agency, this 

research found that certain policy variables would reduce per capita CO2 emissions, while the 

method of measuring policies for the purpose of categorizing them under variables severely 

reduced the explanatory power of these policy variables.   

Although this is a step towards providing some more detail on the kinds of policies that 

may be relatively effective in CO2 reduction efforts, other factors, such as whether there were 

cumulative effects of multiple but similar policies, could not be measured.  Thus, while the 

estimators should not be biased, the actual explanatory power of the statistical output is severely 

undercut by the nature of quantifying policies that are rich in many qualities. 
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INTRODUCTION 

 Global climate change has come and gone from the headlines, but much of the general 

scientific community agrees that human activities are contributing towards a climate change that 

gravely threatens the ecosphere and our lives.  There is also agreement that demography, 

economic and political institutions and activities, technology, and cultural attitudes affect 

emission levels.  The relative importance of these is not yet clear, and is of critical interest in 

addressing climate change.i   

We may be aware that many kinds of laws were enacted to alter or improve our use of 

resources with the belief that these will ultimately prevent the worst of what may be in store for 

us if we are complacent, by reducing greenhouse gas emissions.   

However, damages will be incurred in the future, and such damage is not easy to quantify, 

not only due to the issue of the appropriate discount rate, but the imprecise nature of predicting 

the severity of the harms that prevents societies from expending appropriate funds for purposes 

akin to insurance,ii even if it is the proper course of action.   

 While there are several key international organizations that monitor the policy outputs of 

countries, such as the International Energy Agency, the United Nations Framework Convention 

on Climate Change secretariat, and the European Environment Agency, there are no specific 

studies about the relative impact of these outputs.  Instead, there is a wealth of econometric 

analyses of particular policies.   

The present study focuses upon these policies, wherever implemented by the members of 

the Organization for Economic Cooperation and Development (OECD), during the period of 

1990 to 2006, with the goal of determining whether these policies meaningfully impact carbon 

dioxide (CO2) emissions.  This research paper hopes to contribute towards a comparative 
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analysis of policies, so as to present policymakers with a quick reference on knowing which 

policies would be worth expending political capital upon to reduce CO2 emissions.   

The nature of this thesis is that of exploration; it is an effort towards providing a clearer 

assessment of the relative impacts of diverse policies enacted across OECD countries.  Policy 

variables were created by this author, where similar laws enacted between 1990 and 2006 were 

categorized, then regressed against other standard variables, such as CO2 emissions and GDP.   

Categorization entailed the loss of much qualitative data on the laws, such as the level of funding 

and the amount of promotion there were in making citizens aware of enacted policies.  There will 

certainly be doubts as to the validity and efficacy of the policy variables, such as definitions of 

variables and how to interpret the results, or whether there is any meaningful interpretation 

whatsoever.   

The essence of the thesis is in pondering and dissecting the policy variables.  It is hoped 

that there will be another opportunity to calibrate the variables so that policymakers would have 

better information before arriving to decisions on emissions reductions.   
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LITERATURE REVIEW 

There have also been many studies conducted on the impact of particular policies on 

some kind of macroeconomic indicator, such as the GDP and GNP, or on CO2 emissions.  

Examples include theoretical models of the impact of introducing carbon dioxide trading permits 

on the GNP of several countriesiii  and the effect of energy prices and taxes on emissions.iv 

Countless studies are available on such econometric analysis on costs of policies and their 

benefits, though primarily they are theoretical and do not compare policies to one another across 

countries. 

 The closest research and highly relevant research on cross-country accounting of carbon 

dioxide emissions was one which assessed the impact of the geographic conditions of countries 

by Dr. Eric Neumayer of the London School of Economics.  Neumayer is exactly right when he 

argued that economic analysis of emissions did not pay attention to geographical attributes, 

which he found to have significant explanatory power in his work.  The variable conditions 

included the climate (proxied by minimum and maximum temperatures), ratio of energy sourced 

from renewable (hydropower, photovoltaics, biomass, etc), and road transportation in countries 

(proxied by ratio of landmass to urbanization, or total length of roads in countries).  163 

countries’ data for the period of 1960 to 1999 was studied.v   

He reiterated the long held conclusion of economists that national income accounts for 

variations in CO2 emissions between countries, and verified the phenomena referred to as the 

Environmental Kuznets Curve (EKC).vi  It predicts that emissions will rise with national income, 

but at a diminishing rate, until emission levels off, and finally declines.  Neumayer’s research 

confirmed this phenomenon, although the estimated point of decline from rising income per 

capita was $55,000, at minimum and $90,000 at maximum, which he relates as what other 

studies had also found.  Clearly, this point is beyond any extant levels of income.vii  The logical 
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policy recommendation from such observation is to increase national per capita income as 

rapidly as possible to reach the point of decline, yet this would lead to an increase in total 

emissions. 

 Several other studies have also contributed to understanding what affects carbon dioxide 

emissions.  Drs. Dietz and Ross confirmed the EKC as well, in a study primarily concerned with 

impact from population.  While they found that a large population exerts greater demand from 

the environment, such impact seemed to experience diseconomies of scale as population 

increased, and concluded that this indicated an optimal population value to reach for or maintain.  

They also concluded that states may have relatively low emissions compared to the level of 

technology and GDP per capita, suggesting that there are effective policy solutions to address 

emissions.viii   No specifics on what this technology would be were available, however. 

Another recent study emissions elasticity found that a 1% increase in GDP per capita did 

have a statistically significant effect upon emissions by increasing it by 0.8% for 123 countries 

for years 1975 to 2004.  The same study found that signatories to the Kyoto Protocol had a 

statistically significant reduction in emissions, but these states’ obligations came into effect upon 

their ratifications on 2002, which was towards the end of the surveyed period, and thus the 

substantive explanatory power was weak.ix   

While there are researches examining the impact of GDP per capita, total population, the 

Kyoto Protocol obligation for certain states, whether a state is an EIT, income category of the 

states, and an index of technology to account for efficiency in production.  However, the level of 

aggregation and generalizing is so high that concrete policy recommendations were wanting.  

Such studies only provide an advice towards a blanket approach. 
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RESEARCH DESIGN 

This thesis employed panel data on CO2 emissions from 27 OECD member states, during 

the period of 1990 to 2006, where the US, Korea, and Mexico were excluded.   While CO2 

emissions data was available from the UN Framework Convention on Climate Change database 

for all countries, information on enacted policies to combat climate change was not available for 

the latter two countries.  This data was pulled from the International Energy Agency’s Climate 

Change Database.  Policy variables were created from what was available in this database.   

The US was excluded due to the considerable leverage exerted over estimates.  Emissions, 

population, economy, and three policy variables, which will be shown below, were far beyond 

observations for most other countries.   

Macroeconomic data (GDP per capita, agricultural and industrial sector shares), 

population, per capita electricity usage, and per capita energy consumption in kilogram 

equivalents of oil, were sourced from the World Bank’s World Development Indicators database.   

Datasets were combined to form the following model and several variants of it: 

 

The last variable, Policies, represent 11 policy variables that were measured in this study.  All 

policies were enacted and in force when they were counted.  For example, if a tax was levied on 

electricity sourced from a coal power plant, in year 2000, then the country will have an entry of 1 

for that year if the law was in force before July, under the variable EnergyTax, and will have a 

value of 1 until the law expires.  An entry of zero is given before year 2000.  If another law was 

subsequently enacted, then a value increases to two.   

 While other means of counting or weighing laws were attempted, lack of resources, 

particularly time, prevented this endeavor from leading to any fruitful results.  This should be 
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attempted again in a further study.  Any shortcoming of this study would stem from an 

inadequate measurement, for this exploratory study.   

Laws and policies that aimed to set an agenda, as labeled as ‘policy framework,’ often 

lacked any substantive mandated acts by government or private parties, and thus were excluded; 

those policies that rationally would have had an impact were counted.  In other words, policies 

that were implemented and have a rational basis to having an impact upon society were counted. 

The policy variables and their definitions are the following: 

EnGenSubs:  Policies subsidizing clean energy generation. 

TrnspSubs:  Policies subsidizing greener modes of transportation and fuels. 

EfficiencySubs: Policies subsidizing energy efficiency schemes. 

EducLabels:  Policies that were designed to raise awareness about greener lifestyles,  

outreach programs, and guidebooks that labeled vehicles and housing and 

its improvements for their efficiency. 

EnSource:  Policies that required labeling of the sources of electricity or fuel, such as  

wind and biomass. 

VolAgInv:  Voluntary promises by private firms and organizations to reduce  

emissions, or invest in green technologies and energy sources. 

AppEffi:  Labels provided to appliances and electronics for their efficiency ratings. 

RnDProj:  Policies that invests in green research and projects, as well as showcasing  

prototypes of green technologies. 

GovEffi: Selective purchases of goods and renovations of buildings by government 

for improving its efficiency. 

EnergyTax: Tax levied specifically towards reduction of emissions.   
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MandInvest: Policies that necessitated mandatory investment by members of a country 

to comply with regulations that promotes emission reductions. 

Some of the variables, such as labeling laws, may be predicted to overlap.  However, a 

correlation matrix was employed, and the result presented on page 9.   

In sum, most policy variables did not correlate too strongly with each other, while others 

did not veer from what was expected, such as electricity use and energy use per capita being 

strongly correlated, at 0.78, since a large portion of electricity is generated by fuels that were 

counted under the broader variable of energy consumption.  Another was the correlation of 

appliance labeling policies and subsidies for improving energy efficiency, at 0.66, since the 

objective of appliance labeling is for consumers to purchase efficient goods.   

 Some policies were much more popular than others, as the following table suggests: 

Variable w/ US Obs Mean Std. Dev. Min Max 

EnGenSubs 476 0.69 1.12 0 8 

TrnspSubs 476 0.11 0.34 0 3 

EfficiencySubs 476 0.58 1.13 0 8 

EducLabels 476 0.60 1.34 0 12 

EnSource 476 0.06 0.23 0 1 

VolAgInv 476 0.35 1.02 0 8 

AppEffi 476 0.15 0.42 0 3 

RnDProj 476 0.27 0.61 0 4 

GovEffi 476 0.10 0.34 0 2 

EnergyTax 476 0.17 0.57 0 3 

MandInvest 476 0.06 0.24 0 2 
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During the observed period of 1990 to 2006, EnGenSubs, EfficiencySubs, and 

EducLabels, and VolAgInv were most popular for certain countries, which stood as outliers:  

The United States enacted and implemented the most EnGenSubs, EducLabels and 

VolAgInv while Japan had the programs promoting energy efficiency.  While the US was not an 

outlier before 2000, under the Bush administration, great many policies for educational outreach 

and voluntary agreements were promoted, and enacted.  Thus, the US was dropped. 

Variable w/o US Obs Mean Std. Dev. Min Max 

EnGenSubs 459 0.61 0.97 0 6 

EfficiencySubs 459 0.56 1.13 0 8 

EducLabels 459 0.46 0.89861 0 7 

EnSource 459 0.05 0.20917 0 1 

VolAgInv 459 0.24 0.67893 0 4 

AppEffi 459 0.12 0.38295 0 3 

TrnspSubs 459 0.11 0.35381 0 3 

RnDProj 459 0.25 0.57453 0 4 

GovEffi 459 0.10 0.34143 0 2 

EnergyTax 459 0.18 0.57607 0 3 

MandInvest 459 0.05 0.23244 0 2 
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Correlation table of selected variables with linear interaction greater than or equal to |0.4| 

 

 

 GDP 
Per 

Capita 

 

EnergyTax 0.40  
Electricity 
use per 
capita in 
Watts 

0.58  

Energy use 
per capita 
in grams 
oil 
equivalent 

0.57  

 

 EnGenSubs 
GovEffi 0.55 
EnergyTax 0.40 
MandInvest 0.48 

 EducLabels 
AppEffi 0.44 
TrnspSubs 0.51 

 EnSource 
VolAgInv 0.40 
TrnspSubs 0.40 

 VolAgInv 
AppEffi 0.42 
TrnspSubs 0.50 

 EnSource 
GovEffi 0.55 

 AppEffi 
TrnspSubs 0.50 

 Efficiency Subs 
EducLabels 0.46 
AppEffi 0.66 
TrnspSubs 0.51 
GovEffi 0.42 

 GovEffi 
MandInvest 0.54 

 Energy Tax 
Electricity use per 
capita in Watts 

 
0.58 

 Electricity use 
per capita in 

Watts 
Energy use per 
capita in grams of 
oil equivalent 

 
0.78 
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Generally speaking, policy variables with a high mean value suggests that such policies 

were implemented relatively often across countries.  As mentioned above, policies with no 

substance or rational basis for impacting emissions were excluded.  However, as discussed below, 

the popularity or the unit increase in a policy variable was difficult to interpret meaningfully. 

Observing variations across these variables, as well as in emissions, GDP and population, 

a fixed effects model was employed, fixing any time- and country-constant characteristics.   
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RESULTS 

 This first model examined the impact of the standard variables that were readily available from 

the UN and World Bank, worked in steps.   

Table 1 OLS FE OLS FE OLS FE 

GDP per capita 119.4365* 6.4718   -4.1703 -56.21* 

Electricity use per 

capita in Watts 

  -0.0005* -0.0006* -0.0005* -0.0004* 

Energy use per 

capita in grams of oil 

equivalent 

  0.0032* 0.0035* 0.0032* 0.0038* 

  

Table 1 cont. OLS FE OLS FE 

GDP per capita 80.8365* 8.5699 29.3245** -54.30* 

Electricity use per 

capita in Watts 

  -0.0005* -0.0005* 

Energy use per 

capita in grams of oil 

equivalent 

  0.0031* 0.0038* 

Agriculture GDP 

Share 

-0.0003* -0.00004 0.0001 -0.0001** 

Industry GDP Share 0.0001 0.0002* 0.0001* 0.0001* 

Note: Dependant variable is CO2 per capita. * denotes statistical significance at 99% level. ** denotes statistical 

significance at 95% level.  A unit of GDP is one billion US dollars. 
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 The numerical values on all coefficients except for GDP per capita were quite small.  All values 

represent the predicted value of CO2 per capita, where the CO2 is measured in thousands of metric tons.  

Thus, for example, a value of 0.0001 represents a hundred kilograms of CO2.  Since every value 

represents emission per capita, the actual magnitude in countries could be quite large since populations 

number in the millions at least. 

 The coefficients on GDP per capita on all OLS models were statistically significant, and 

with the expected positive sign, except when electricity use per capita and energy use per capita 

were accounted for.   

 While electricity use and energy use were highly correlated, it did not appear to have 

affected its standard errors, being significant at the 99% level of confidence.  

 In every model, the coefficient of energy use per capita was always positive and 

statistically significant.  The GDP percentage share of industry was also statistically significant, 

except under the OLS model with agricultural sector share of GDP and GDP per capita, whereas 

the coefficients were positive as expected.   

 Unexpected was the negative sign throughout all of the models for the coefficient of 

electricity use per capita.  Every Watt increase is predicted to reduce CO2 emissions per capita 

by about 500 to 600 kilograms, and consistently statistically significant.   

 More unexpected results are the negative coefficients for GDP per capita under the fixed 

effects models, constantly statistically significant at the 99% level of confidence, except when 

measured alone.   

 Interestingly, aside from the value of the coefficient for GDP per capita, other 

coefficients remained relatively constant, although this is partly due to rounding.  As mentioned 

earlier, because these affect per capita emissions, the absolute value of emissions impacted 
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would be large, and the values beyond ten thousandth decimal place would begin to matter.  

However, numbers were rounded to conserve space, while the general message would remain. 

 In table 2, fixed effect regressions were run on policy variables, while also accounting for 

GDP per capita.  Policy variables were grouped together according to their conceptual similarity. 

Table 2 I II III 

GDP per capita 18.0130*** 7.9513 21.2271** 

EnGenSubs 0.0001   

TrnspSubs 0.0003   

EfficiencySubs -0.0003*   

GovEffi -0.0004***   

EnSource  0.0011*  

AppEffi  -0.0001  

EducLabels  -0.0002***  

EnergyTax    -0.0003 

MandInvest   -0.0010* 

Note: Dependant variable is CO2 per capita. * denotes statistical significance at 99% level of confidence.  

** denotes statistical significance at 95% level. *** denotes statistical significance at 90% level.  A unit of 

GDP is one billion US dollars. 

 Here, the signs of coefficients for GDP per capita are in line with expectation, with high 

level of confidence except under model II.  All of the statistically significant policy variables had 

negative signs for coefficients, except for energy source labeling.   

 With all of the policy variables regressed under fixed effects, the result was the following, 

in Table 3, with apologies in advance for a long list.  While the models in Table 2 had positive  
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Table 3 I II 

GDP per capita  -41.8652* 

Electricity use per capita in Watts -0.0005* -0.0005* 

Energy use per capita in grams of 

oil 

0.0037* 0.0040* 

Agriculture GDP Share  -0.00003 

Industry GDP Share  0.0001* 

EnGenSubs -0.0002* 0.00003 

TrnspSubs 0.0002 0.0002 

EfficiencySubs -0.0001** 0.0001 

GovEffi -0.0002 -0.0002 

EnSource -0.000003 -0.0002 

AppEffi -0.0002*** -0.0006* 

EducLabels 0.0001 0.0001 

EnergyTax  -0.0003* -0.0002*** 

MandInvest -0.0008* -0.0006* 

VolAgInv 0.0001 -0.0001 

RnDProj 0.0001 0.0001 

Note: Dependant variable is CO2 per capita. * denotes statistical significance at 99% level of confidence.  

** denotes statistical significance at 95% level. *** denotes statistical significance at 90% level.  A unit of 

GDP is one billion US dollars. 
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values for GDP per capita, the sign reverses under the full model, Table 3, number II.  Electricity 

use, energy use, and industry’s GDP share still had the same signs and similar coefficients as the 

models in Table 1. 

While the policy variable for subsidizing clean energy generation was statistically 

significant with a negative coefficient in model of Table 3, number I, it loses it when GDP per 

capita and GDP sector shares were added as explanatory variables.  A similar effect was 

observed with the policy variable for subsidies promoting efficiency. 



16 

 

DISCUSSION OF THE RESULTS 

 The primary objective of this study was to assess whether any meaningful information 

may be gathered about the impact of policies that were enacted across countries through the 

creation of variables that served as categories that bundled similar policies.  The following 

discussion will submit that, while the results were largely in agreement with the hopes that 

policies would reduce emissions, the ‘yet too high’ degree of generalization that was required to 

condense the multitudes of policies into variables applicable across OECD countries glossed 

over the qualities that would inform policy makers on what they ought to expend political capital 

upon. 

In the ultimate model of interest, presented in Table 3, number II, there were three policy 

variables that were statistically significant, with negative coefficients.  Thus, ceteris paribus, a 

unit increase in a certain policy under that category is estimated to reduce CO2 per capita by the 

value of the coefficients.  Countries with the statistically significant policies enacted experienced 

a decline in CO2 emissions, where two out of the three required members residing in the 

countries to pay more: These were the energy tax and mandatory investment required to comply 

with regulation.  The other was the labeling policies for household appliances and electronics.  

Yet there are a few complications to interpreting the policy variables’ effect. 

 The first is illustrated by considering the meaning of the difference between having one 

policy and two policies that require mandatory investment by members inside a country in order 

to comply with government regulation.  A straight-forward recommendation under the referred 

model would be to have more policies that fit under this category, in accordance to the policy 

variable’s definition.   
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 However, this category does not account any attributes of the original policies except for 

the relevant facts which lead to these policies being categorized the way they were:  The laws 

required action and expenditure to comply with regulation.  Hence, the magnitude of 

expenditures required, for example, is not measured.  It could be a building code requiring all 

structures constructed before a certain date to upgrade certain aspects of the structures within a 

certain period of time, or the code may apply only to some defined structures instead.  Both 

would count towards the policy variable, but the actual impact of the former would probably be 

greater than the weaker one.   

Logically, then, having many more of weak policies in place may not have any 

significant impact on a country’s emissions.  One conceivable solution to this measurement issue 

may require in-depth analyses of policies, and to weigh or scale them in accordance to their 

strength, breadth, funding, etc.  An attempt was made in this vein, though unsuccessfully, mainly 

due to time constraints. 

A related issue is that of cumulative effects of similar policies.  A great number of 

narrowly tailored, targeted policies may have just as much of an impact as a singular, sweeping 

one.  Conversely, more may lead members of the country to avoid compliance.  Because the 

precise nature of the policies counted were necessarily discarded, such effects could also not be 

estimated in the models. 

A further problem with policies in force is not only the uncertainty of compliance with 

these policies by those affected, but also their enforcement.  Certain policies may be difficult to 

effectively implement, such as the substandard insulation of homes due to the builders 

negligently or intentionally  
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Finally, there is the question of omissions in the database.  For example, the mandatory 

investment variable’s value ranged from zero to two, suggesting that it was either unpopular, or 

that the Climate Change database did not record myriad other policies that were enacted in the 

period under study; a fundamental concern of this research was the completeness of the database 

employed.  Thus, the independent variables may be inaccurate or incomplete, though 

categorization of policies were consistently performed in accordance to definitions.   

 The estimators should not be biased, but the various gaps in information that would 

improve the precision of policy variables necessarily weaken the actual explanatory power of 

these statistical outputs.   
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CONCLUDING REMARKS AND OBSERVATION 

Regardless, for the purpose of being a quick reference, the coefficient on the mandatory 

investment policy variable was consistently negative and significant, from Table 2, model III, to 

Table 3, model II.  While correlation is not the same as causation, policymakers might benefit 

from considering policies under this category as a reliable tool, relative to others considered in 

this study.  While a much more accurate measure of policies would greatly enhance our 

understand of the efficacy of various policies, construction of such measure would be arduous, 

though it feels feasible.   

Our common sense or experience would predict that increases in economic activity would 

lead to a greater volume of pollution.  Historically, this has been the case, and the OLS estimates 

from Table 1 certainly confirm this for increases in GDP per capita.  The fixed effect models in 

Table 2 support this as well.  However, this observation is reversed when electricity use per 

capita and energy use per capita are also included in the models.   

 At least for the period of 1990 to 2006, CO2 emissions is predicted to go down as the 

economy grows, whereas inhabitants of states emit more as they use more energy.  While this is 

a fascinating observation, this is a subject best explored in another, more focused study.   
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