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Introduction
Over the past several decades, growing concerns surrounding the harmful effects of carbon
emissions have become widespread and are a common point of debate among society and politicians.
Specifically, the increasing awareness of climate change and the anthropogenic influences that have
accelerated the warming of the planet, along with the damage that has and will continue to be
experienced by ecosystems and humans alike due to it, is becoming increasingly indisputable among
the scientific community. Issues such as rising ocean levels placing immediate pressure on coastal cities
and ocean acidification damaging over 50% of the Great Barrier Reef are a direct testament to how
these problems are not necessarily limited to non-human ecosystems, but rather a threat to humans
now and in the very near future.1
Regardless of the consequences, the topic of environmental sustainability has been one of
contention and doubt. Some of the first conservation groups were founded in the late 19th century
along with the introduction of national parks in an effort to conserve areas of wilderness. Within the
United States of America, the first clear move from the government did not occur until 1963 with
Congress passing the Clean Air Act in an attempt to address the growing awareness of air pollution.
However, this was heavily countered by lobbyists and propaganda by large oil companies and other
corporations benefiting from the burning of fossil fuels. One specific example of such is ExxonMobil
(Exxon at the time), who actively denied climate change even when the company’s internal research
provided evidence on the link between CO2 emissions and atmospheric temperatures. As time has
1

Study found at: https://www.nature.com/articles/s41586-019-1081-y.

4

progressed and further research has been done and released to the public, the role that carbon dioxide
emissions play in climate change has become increasingly apparent, forcing even the most
anti-environmentalist entities to address these issues.

Background
Furthermore, there have been a number of anti-climate change initiatives over the past 30 years
looking to prevent carbon emissions across all levels of society, ranging from incentives for households
converting to electric vehicles to eliminating fossil fuel consumption from all public transportation.
One of the most widespread actions is carbon pricing. Specifically, carbon pricing occurs when
governments limit corporate carbon emissions through two major systems: carbon taxes and
cap-and-trade systems. Carbon taxes are, as its name suggests, taxes that governments impose on
companies based on the amount of carbon they emit. In this format, governments place a set price on
each metric tonne of carbon emitted, which companies are then mandated to pay. Cap-and-trade
systems, also known as emissions trading systems, are significantly more market driven; each company
is allotted a certain amount (a cap) of carbon that they are allowed to emit in a certain time period, and
depending on the amount of carbon they emit, they are able to sell off unused carbon allowances if
they emit less carbon than the limit. Conversely, companies looking to emit more carbon must
purchase these allowances in order to do so. In this system, carbon prices are driven by market demand,
and are not necessarily set to a fixed amount.
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Both of these government initiatives have been utilized and tested across a number of nations
and government bodies. Given the economic nature of these initiatives, there have been countless
debates over the economic viability of both options. Specifically, there has been extensive research into
which policy has been less detrimental to the target economy and has allowed corporations for a
smoother transition. However, one point which has not been studied nearly enough is which system is
more effective in limiting the net output of carbon emissions. As the end goal of these initiatives is to
lower carbon emissions over both the short and long term, perhaps one of the most important aspects
to consider is how the implementation of these policies have affected the overall carbon dioxide output
of their respective economies. Oftentimes, newslines and article headers tend to either dramatize or
undermine the effectiveness of these policies with percentages and figures that don’t account for a
variety of factors. For example, decreases in carbon emissions in a nation may not solely occur due to
the implementation of a carbon policy, but can be influenced by many other variables, including but
not limited to economic activity, political agenda, and overall population dynamics. As a result, the
intent of this thesis is to 1) understand if and how carbon emission patterns have changed after the
implementation of carbon tax and cap and trade policies with respect to the ever changing world and
the many factors that play into it, and 2) compare the effectiveness of the two policies.
We hypothesize that these policies both exhibit a negative effect on carbon emissions; namely,
countries who have implemented a carbon tax or cap and trade policy will subsequently emit lower
levels of carbon compared to countries who have not. In addition, we expect that carbon tax policies
will have stronger effects on carbon emission outcomes purely due to the government’s ability to
control prices, thus providing more opportunities for regulation than an emissions trading system. In
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addition, we predict that economic and population size will be positively correlated with carbon
emissions due to higher industrial activity, and left-leaning countries will exhibit lower levels of carbon
emissions.

Literature Review
The effect of carbon tax on per capita CO2 emissions
The first piece of literature that I would like to review is aptly named “The effect of carbon tax
on per capita CO2 emissions”, by Boquang Lin and Xuehui Li. In their research, Lin and Li seek to
understand two aspects of the carbon tax: The mitigation effect of a tax on CO2 emissions, and the
potential negative impacts that it can impose. In order to model this specific effect, Lin and Li use the
difference-in-difference approach, as is displayed below:
The data that Lin and Li use in this study includes the treatment group, which consists of
information on pre and post carbon tax data in Finland, Norway, Denmark, Sweden, and the
Netherlands. On the other hand, the control group takes information from other European cities;
specifically, Austria, Belgium, Czech Republic, France, Greece, Hungary, Iceland, Ireland,
Luxembourg, Poland, Portugal, Slovakia, and Spain. Finally, the control variables that are represented
in their model are GDP per capita, industry structure, urbanization level, and energy price. Lin and Li
find that, other than Norway, the growth of CO2 emissions per capita for countries who have
implemented a carbon tax slows down relatively. However, out of these four coefficients, only Finland
passes the significance test, which is in fact consistent with previous research. These results, as found by
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Lin and Li, are largely due to the presence of tax exemptions in the majority of the industries that
consume the most energy. Furthermore, a large portion of the CO2 being emitted is not being taxed,
and thus affects the overall mitigation effects that can be attributed to the carbon taxes. Accounting for
the other control variables, the research also found that GDP per capita is positively correlated with the
growth rate of per capita CO2 emissions, while expenditure on R&D and energy prices have
significant and negative effects on per capita emissions. This research provides a strong case for a
potential model to utilize to understand the mitigation effects on carbon emissions that can be
attributed to certain policies; namely, carbon taxes and cap-and-trade systems. Furthermore, the results
also shed light on several factors that must be considered when constructing a model, which include
GDP per capita, energy prices, and where taxes and exemptions are placed.
Salience of carbon taxes in the gasoline market
In addition to the research by Li and Lin, Nicholas Rivers and Brandon Schaufele’s study
further explores the effect that British Columbia’s carbon tax imposes on emissions. Specifically, they
look to understand the relationship between carbon tax pricing and overall demand and consumption
of gasoline, which in turn affects total carbon emissions. Before examining the process that Rivers and
Schaufele underwent, there are several features of the BC carbon tax to be considered. First, the
implementation was gradual, starting at $10 per tonne in 2008 and increasing by $5 annually until
2012, at a cap of $30 per tonne. In addition, the carbon tax is meant to be revenue-neutral; essentially,
all carbon tax revenues are designed to be returned to citizens and corporations in a number of ways.
Similar to the previously mentioned work, Rivers and Schaufele utilize a difference in differences
model, which can be understood by the following linear equation:
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Here, yit represents the per capita liters of gasoline consumed in province i during period t, pit signifies
the carbon tax-exclusive inflation adjusted price of gasoline in the defined location and period, τit is the
inflation-adjusted carbon tax, δi is the province-specific fixed effect, γt is the time-fixed effect that
captures time specific unobserved factors, and εit the error term. Their findings are quite significant:
with all else constant, a five cent increase in the carbon tax causes gasoline demand to decline by 10.6%,
while an identical shift in the market price of gasoline only creates a 2.2% decrease. Furthermore, the
carbon tax has reduced over 3 million tons of CO2 emissions over the first four years of
implementation in comparison to a counterfactual scenario of no tax. Rivers and Schaufele go on to
make several observations, the most notable being that environmental taxes have a larger effect on
demand than supply shocks (which will play a role in the comparison of tax versus cap-and-trade
systems).
Over-Allocation or Abatement? A Preliminary Analysis of the EU ETS Based on the 2005-06
Emissions Data
Furthermore, the third work that I would like to reference pertains to the effectiveness of the
cap-and-trade system. The study by Denny Ellerman and Barbara K. Buchner has been one of the
most prevalent works of research when observing the initial results of one of the first large-scale
implementations of an emissions trading system. In essence, the Ellerman and Buchner seek to verify
whether over-allocation and/or abatement have occurred from the implementation of the
cap-and-trade system, and estimate the magnitude of both if this occurred. Looking specifically at the
emissions effect, Ellerman and Buchner estimate the counterfactual emissions; namely, what emissions
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would be under a hypothetical situation where the ETS is not implemented. Once they established this
estimate and defined a baseline growth in counterfactual emissions, these figures are compared with the
actual figures, leading to an estimated 7% abatement amountment for EU15 nations and 11% for the
EE8.
Furthermore, I look to build on these works by providing an updated perspective on and
comparing the effectiveness of both the carbon tax and cap and trade policy. With the inclusion of and
updated set of countries to study as well as a wider variety of decades in which we can observe them, I
seek to not only look into one specific policy but rather consider which has shown to be more
successful in reducing carbon emissions.

Data Collection & Method
Compiling the Dataset
The dataset used for this analysis was constructed with data from numerous sources. The first
step consisted of identifying the target countries and unions that both have implemented one of the
aforementioned carbon pricing policies. This was accomplished through the utilization of the World
Bank’s Carbon Pricing Dashboard, which included data on the distribution of nations across the globe
who have and/or plan to implement one of these policies. After developing a list of countries and
unions who have implemented each policy, we then filtered out possibilities based on the time passed
since implementation (in order to have a somewhat sizable data set) and the proportion of the
economy under which the policy was effective. In doing so, we found four ideal participant countries
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to measure carbon tax effects: Mexico, Sweden, Finland, and Japan. For cap-and-trade participants
(which had a substantially smaller size than the former), we selected Australia, the European Union,
and Kazakhstan. To address potential concerns surrounding the European Union being a union of
countries rather than a singular country, the emissions trading system of the EU is in fact uniform for
all participating countries, and thus we chose to observe the holistic effect of the policy across all
participating entities.
After identifying the key participants for our study, we proceeded to identify additional
participant countries to serve as controls for our treatment group. Specifically, one “partner” country
was chosen for each of our participants, with an emphasis placed on carbon emission history, similar
economic size, and geographic location if possible. Furthermore, this doubled our dataset from seven
participants (four for carbon tax, three for ETS), into 14 total countries. We will further discuss the
importance of specifically assigning these “partner” control countries during the overview of our
methodology.
We then proceeded to include multiple data points encompassing a range of considerations to
include in our analysis. This included the annual carbon emissions, gross domestic product,
population, and political standing of the current government. We also included an indicator variable
for whether the participant was treated or controlled, and another for whether the policy under
questions was implemented or not. Furthermore, the range of years in which the data included
spanned from 3-5 years before the implementation of the policy to 4-5 years after in order to include
multiple points of data before and after the policy was set in place. To elaborate on the data collection
process of a government’s political stance, we included a binary variable to account for whether the
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current party in power was left-leaning or right-leaning. A left-leaning government would be
submitted as “1”, while a right-leaning government would be “0”.
With this data, we developed three datasets. One dataset for each carbon pricing policy
(including both the participant countries/unions and their respective partners), and a combined
dataset with data from every country under consideration. In the case of the latter, we also included a
dummy variable to indicate whether the country utilized a carbon tax or emissions trading scheme.
Below is an example of our compiled Carbon Tax dataset, with country pairs separated by cell color.
Country

Year

Carbon_Em

GDP

Population Political_Env

Indicator CarbonTax

Mexico

2010

4.064952

1.0578E+12

114092963 0

1

0

Mexico

2011

4.184838

1.18049E+12 115695473 0

1

0

Mexico

2012

4.231966

1.20109E+12 117274155 1

1

0

Mexico

2013

4.124733

1.27444E+12 118827161 1

1

0

Mexico

2014

3.99758

1.31535E+12 120355128 1

1

1

Mexico

2015

3.955215

1.17187E+12 121858258 1

1

1

Mexico

2016

3.929434

1.07849E+12 123333376 1

1

1

Mexico

2017

3.696499

1.15891E+12 124777324 1

1

1

Mexico

2018

3.574588

1.22235E+12 126190788 1

1

1

Argentina

2010

4.566049

4.23627E+11 40788453 1

0

0

Argentina

2011

4.604883

5.30163E+11 41261490 1

0

0

Argentina

2012

4.591423

5.45982E+11 41733271 1

0

0

Argentina

2013

4.506391

5.52025E+11 42202935 1

0

0

Argentina

2014

4.425569

5.2632E+11

42669500 1

0

0

Argentina

2015

4.465831

5.94749E+11 43131966 1

0

0

Argentina

2016

4.38838

5.57531E+11 43590368 1

0

0

Argentina

2017

4.265561

6.43629E+11 44044811 0

0

0

Argentina

2018

4.171004

5.17627E+11 44494502 0

0

0
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Sweden

1987

7.111037004

1.8301E+11

8397804

1

1

0

Sweden

1988

6.808940899

2.06987E+11 8436489

1

1

0

Sweden

1989

6.53871228

2.17948E+11 8492964

1

1

0

Sweden

1990

6.069368319

2.61846E+11 8558835

1

1

0

Sweden

1991

5.979200975

2.74229E+11 8617375

1

1

1

Sweden

1992

5.886699422

2.84321E+11 8668067

1

1

1

Sweden

1993

5.936305085

2.12953E+11 8718561

1

1

1

Sweden

1994

6.251746293

2.29034E+11 8780745

1

1

1

Sweden

1995

6.248524772

2.67306E+11 8826939

1

1

1

Hungary

1987

7.956129524

25000000000 10612741 1

0

0

Hungary

1988

7.38591771

27140000000 10596487 1

0

0

Hungary

1989

7.259329314

29700000000 10481719 1

0

0

Hungary

1990

6.713650623

30320000000 10373988 0

0

0

Hungary

1991

6.418858426

34370000000 10373400 0

0

0

Hungary

1992

5.824428958

34750000000 10369341 0

0

0

Hungary

1993

5.978002173

38730000000 10357523 0

0

0

Hungary

1994

5.684133533

40130000000 10343355 1

0

0

Hungary

1995

5.844711547

43170000000 10328965 1

0

0

Finland

1986

10.84333288

46430000000 4918154

1

1

0

Finland

1987

11.68994386

91594751792 4932123

1

1

0

Finland

1988

10.54993985

1.09059E+11 4946481

1

1

0

Finland

1989

10.59243558

1.19012E+11 4964371

1

1

0

Finland

1990

10.37716896

1.41438E+11 4986431

1

1

1

Finland

1991

10.71047721

1.27774E+11 5013740

1

1

1

Finland

1992

9.415521088

1.12533E+11 5041992

1

1

1

Finland

1993

9.948375064

89214114708 5066447

1

1

1

Finland

1994

11.24602792

1.033E+11

5088333

1

1

1

Austria

1986

7.144304852

99036164939 7569794

1

0

0
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Austria

1987

7.623419815

1.24168E+11 7574586

1

0

0

Austria

1988

7.032030698

1.33339E+11 7585317

1

0

0

Austria

1989

7.102448997

1.33106E+11 7619567

1

0

0

Austria

1990

7.527096778

1.66463E+11 7677850

1

0

0

Austria

1991

7.958754933

1.73794E+11 7754891

1

0

0

Austria

1992

7.240734735

1.95078E+11 7840709

1

0

0

Austria

1993

7.237860397

1.9038E+11

7905633

1

0

0

Austria

1994

7.204050771

2.03535E+11 7936118

1

0

0

Japan

2008

9.462190352

5.03791E+12 128063000 0

1

0

Japan

2009

8.632099729

5.23138E+12 128047000 1

1

0

Japan

2010

9.156018256

5.7001E+12

128070000 1

1

0

Japan

2011

9.312693499

6.15746E+12 127833000 1

1

0

Japan

2012

9.634347264

6.20321E+12 127629000 0

1

1

Japan

2013

9.76591055

5.15572E+12 127445000 0

1

1

Japan

2014

9.480766374

4.85041E+12 127276000 0

1

1

Japan

2015

9.153641422

4.38948E+12 127141000 0

1

1

Japan

2016

8.944372824

4.92254E+12 126994511 0

1

1

Russia

2008

12.01450516

1.66085E+12 142742366 0

0

0

Russia

2009

11.02385569

1.22264E+12 142785349 0

0

0

Russia

2010

11.69434657

1.52492E+12 142849468 0

0

0

Russia

2011

12.33487755

2.04593E+12 142960908 0

0

0

Russia

2012

12.62026928

2.2083E+12

143201721 0

0

0

Russia

2013

12.12085015

2.29247E+12 143506995 0

0

0

Russia

2014

12.07751769

2.05924E+12 143819666 0

0

0

Russia

2015

11.78522038

1.36348E+12 144096870 0

0

0

Russia

2016

11.99943207

1.27679E+12 144342396 0

0

0
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Method of Analysis
In order to understand the effect of a policy, we utilized a difference-in-differences model to
estimate the overall change of our target economies’ net carbon outputs before and after the
implementation of the carbon tax or cap-and-trade policy. This was accomplished in the computer
language R, utilizing the following packages: tidyverse, readxl, plm, and stargazer. A
difference-in-differences model is widely used in the field of econometrics and is effective in estimating
the effect of a treatment by comparing data before and after said treatment. The following Figure
provides a visual representation of this model:

2

One of the primary assumptions of this model is the Parallel Trends Assumption; namely, that
prior to treatment, the difference in outcome has remained constant. In other words, the parties under
Figure obtained from:
https://www.publichealth.columbia.edu/research/population-health-methods/difference-difference-estimation#:~:text=It%
20requires%20that%20in%20the,observations%20over%20many%20time%20points.
2
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question must have been trending in the same direction at a similar rate prior to treatment. In order to
address this, I elected to develop these “pairs” in the dataset so that each treated participant and its
partner had generally exhibited parallel trends prior to the implementation of a carbon tax or emissions
trading system. Below are several examples of these country pairs’ carbon emissions before and after the
treatment.
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As we see above, the primary guideline of country selection was to uphold a certain degree of
parallel trends. Furthermore, our method of analysis consisted of multiple regressions. First, we utilized
a naive regression (one that solely includes the variable under question without considering additional
variables to control for) to find the estimated effect of treatment for each individual pair that we had
initially identified. Afterwards, we inserted each of the independent control variables into our
regression, both individually and cumulatively, and noted how the results differed and whether the
treatment effect was significant. For our regression, we utilized the natural log values of GDP and
population in order to better linearize our model. This approach of pair by pair regressions addressed
our initial assumption of parallel trends most, as utilizing larger datasets with significantly more
participants will increase variability of pre-treatment differences in a way that is out of the observer’s
control. Afterwards, we inserted each of the independent control variables into our regression, both
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individually and cumulatively, and noted how the results differed and whether the treatment effect was
significant.
We then proceeded to undergo the same process but across each treatment type. Specifically,
regressions were performed on the dataset consisting of every participant treated with a carbon tax and
their partner countries, both native and including the control variables. This was then done for the
emissions trading system dataset. This provided us with a better understanding of how each policy
performed across the board, and whether their effects were statistically significant or not.
Finally, we utilized the combined dataset of all 14 countries/unions and underwent a similar
process. Doing so provided an overall perspective on the net carbon effect of implementing either
carbon pricing policy. On this specific dataset, we also elected to include the indicator variable for
whether the policy was a carbon tax or emissions trading system as an additional variable in order to
determine if there was a significant difference in effectiveness between the two policies.

Results & Analysis
Individual Pairings
Carbon Tax

18
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The regression results from each pairing of countries that have implemented a carbon tax
policy and their respective untreated control reveals a wide range of results. The regression between
Mexico (treated) and Argentina (control) reveals a slightly negative coefficient between carbon tax
implementation and subsequent per-capita carbon emissions. There are no significant shifts when
control variables are included outside of a slight increase in magnitude in the carbon tax coefficient.
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There are also no statistically significant values other than the negative coefficient of our initial
regression not accounting for control variables, which is significant at the level of 10%.
Findings from the same analysis between Japan (treated) and Russia (control) show relatively
similar figures, with a slightly negative coefficient between carbon tax implementation and carbon
emissions per capita in the initial regression. With the inclusion of GDP, population, and political
environment, this value turns slightly positive, with no coefficient revealing any statistically significant
effect on carbon emission values.
The initial regression between Finland (treated) and Austria (control) show a negative effect of
a carbon tax implementation on total per-capita carbon emissions that is statistically significant to the
level of 10%. The F statistic in this particular regression is also significant to the same level, and loses
significance at all other levels. This negative coefficient remains significant when including just the
GDP control. When population is included, however, the negative value increases in magnitude but
loses its significance. Note that since the dummy variable for political environment remained constant
for both countries across all years measured, the control was removed and not utilized in this case.
The final pair-based regression under the carbon tax policy is between Sweden (treated) and
Hungary (control), which displays a statistically significant positive effect from carbon tax
implementation on carbon emissions in the basic model. This remains the case when including GDP
and the political environment, but loses its significance when all of our controls are included. In this
scenario, GDP and the political dummy have a negative effect on carbon emission values while
population has a highly positive coefficient, with no significance across the board. The F statistic is also
statistically significant to at least the level of 5% across all regressions performed.
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Cap & Trade

22

For countries/unions who have implemented an emissions trading system, we begin with the
European Union (treated) and Canada (control) comparison. We observe a negative effect from the
presence of a cap and trade system across all regressions, with the highest magnitude occurring in the
regression including all controls. The controls are also shown to have negative effects in the combined
regression and varying effects when included individually.
The analysis of Australia (treated) and Indonesia (control) provides strange results. Specifically,
the initial regression without controls suggests a negative effect from the cap and trade policy to carbon
emissions to the 5% level of significance. This value also comes with a F statistic that is significant to the
5% level. Once the controls are included, the coefficient becomes positive and significant to the 5%
significance level. In addition, the GDP and population controls are statistically significant to the 10%
and 5% levels respectively, with GDP having a positive effect on carbon emissions and population with
a lower influence. The political environment indicator variable is also not diverse enough to include in
this regression and thus was omitted.
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In Table 7, we see an interesting relationship between the presence of the cap and trade policy
and carbon emission outcomes when regressing data from Kazakhstan (treated) and Turkey (control),
as the initial baseline regression provides a negative and statistically insignificant coefficient between the
treatment and carbon emissions per capita. However, when including both the population and GDP,
this value turns positive (along with population), and becomes significant to the level of 10%. In
addition, the F statistic becomes significant once population is included as well. Similar to the case of
the Australia-Indonesia and Hungary-Austria regressions, the political environment dummy variable
lacked the diversity to be included in this regression.

Combined Regressions

24

Our final three tables contain results from two regression groups including all countries in each
carbon treatment policy, and then a combined regression of both treatment types. For the carbon tax
group, we found that the baseline regression shows a low effect on carbon emissions per capita which
remains consistent with the inclusion of individual independent controls, and becomes slightly
negative in the inclusive regression. Population seems to have the highest and most significant
coefficient, with a positive effect at a significance level of 1%. GDP, political environment, and the
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carbon tax treatment are all not statistically significant. The F statistic in this final regression is
significant at a 1% level.
For our initial regression cap and trade set, we found that there is a negative relationship
between an emissions trading system policy and carbon emissions per capita which is statistically
significant at the 5% level. However, this significance is lost when including the GDP control, which
suggests a statistically significant positive effect on emission levels at 5% significance. The emissions
trading system coefficient remains negative throughout all regressions and significant when including
the individual controls of population and political environment, but becomes insignificant when GDP
is included. Population and left-leaning political environment also show a positive effect on our carbon
outcomes.
Finally, our combined regression of all countries also provides an interesting perspective on not
only the effectiveness of implementing a carbon pricing policy at all, but also which policy
implementation has seen higher decreases in carbon pricing. While the inclusion of the independent
controls, we see a negative effect of implementing any carbon policy on carbon emissions per capita at
5% significance level. Additionally, we see that population growth has a positive relationship with
carbon emissions at the same significance level. The dummy variable set to differentiate between the
carbon tax and cap and trade policy gives us a positive coefficient, suggesting that countries who have
implemented a carbon tax policy have seen lower decreases in carbon emissions per capita than their
cap and trade counterparts.
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Discussion
The results of our analysis tell us a very intriguing story about how effective the two premier
carbon pricing policies have been over the past several decades and how they compare to each other.
Our country pair based regressions seem to confirm our initial hypothesis that carbon taxes and cap
and trade systems will generally have a negative impact on carbon emission levels; however, there are
multiple instances where this is not shown to be the case. Perhaps the most interesting example of this
is in the regression of Sweden in Hungary, where there is a significant positive coefficient between
carbon tax treatment and carbon emissions (when excluding the population control). Our
understanding of the underlying reasons as to why this is the case is limited; furthermore, an analysis
on any notable events in Sweden and Hungary from 1991 to 1995 may provide more insight into this
anomaly. The Australia and Indonesia pair shows us a significant negative coefficient between
treatment and outcome in the baseline regression, which then becomes a significant and positive
coefficient when the controls are included. A similar trend occurs in the Kazakhstan and Turkey pair.
Based on our paired regression results, one particular theme becomes evident: the controls
seem to be much more influential on carbon emission levels than the policy treatments themselves.
While there were several instances in which the baseline regression with no controls provided a slightly
significant negative coefficient for our treatment, the vast majority of cases lost significance once
additional controls were included. This was specifically true of population, as our natural log values of
population seemed to have the greatest impact on carbon emissions outcomes, both in magnitude and
statistical significance. While we had initially expected that growing population dynamics would have a

27

positive effect on carbon outcomes, this actually varied heavily across the different samples. On the
other hand, GDP actually displayed negative coefficients across most pairs, but the only somewhat
significant coefficient for GDP in these pairs was positive (Table 6). Finally, across our pairs, our
political dummy’s effects were insignificant in every regression. As the nature of our selection of this
variable was extremely limited and open-ended compared to the other control variables we utilized, this
is not an entirely unexpected outcome.
Our policy-specific and combined regression results provide an intriguing perspective on how
these policies fare holistically, and how they compare to each other. Once again, these results confirm
our initial hypothesis that both the carbon tax and cap and trade policies will have a negative
relationship with the carbon emissions per capita, as all three regressions provide us with a negative
coefficient. However, it is important to note that only the combined regression provides us with a value
of significance. Our hypotheses on GDP and population effects are somewhat confirmed, as
population has a positive and significant effect on carbon emissions in our carbon tax-specific
regression, while GDP is positive and significant in our ETS-specific analysis. Finally, our initial
hypothesis that the carbon tax policy would lead to a greater degree of carbon emission decline was in
fact disproven, as there seems to be a significant positive effect on carbon emissions when the policy in
place is a carbon tax as opposed to a cap and trade policy.

Limitations
Before concluding our thesis, we want to note several key areas in which the results of our
study are limited. To begin with, perhaps the most prominent limitation of any study surrounding the
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effectiveness of environmental policies is the lack of sizable data. Specifically, our study used data from
seven treatment countries over the course of 8-9 years. While the range of time and countries to observe
has clearly increased significantly over the course of even the past decade, the sample size is still
significantly lower than optimal to draw conclusions from. This is particularly true for our regression
of paired countries, where our dataset had less than 20 inputs for each regression.
Another limitation in our study stems from the additional control variables that were used.
Specifically, the selection process of the political indicator variable provided only measures of the
political ideology of the majority in office; however, policies and beliefs with respect to environmental
issues are much more arbitrary between different countries and cultures. As a result, a more in-depth
analysis into what constitutes “left” versus “right” may be beneficial to consider in future studies. In
addition, when studying the dynamics within multiple nations there are many factors that we could
not account for. Issues such as social turmoil, activism, and international/external corporate influence
or some of the many variables that were not accounted for in this study.
We would also like to note that the target industries of these carbon pricing policies varied
between countries. While some policies were effective in all industries, others targeted a select few. As
there was not a clear method of quantifying this information into our regression analysis, this should
be a consideration to account for in all future studies involving carbon tax or cap and trade
effectiveness.
Finally, our difference-in-differences model for each policy treatment and the aggregate of both
does not necessarily satisfy our initial parallel trends assumption. As countries encounter a variety of
different situations, issues, and changes, our final regression tables did not satisfy this assumption to
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the same degree in which our paired regressions have. Furthermore, perhaps as more countries begin to
adopt these policies there may be more countries to use and this study can be expanded.

Final Thoughts
Environmental issues, specifically climate change, has been a key point of contention over the
past several decades and has already and will continue to have long-term negative implications for the
environment and humans alike. Regardless of the political and economic discourse surrounding this
topic, it is necessary to understand the importance of the various initiatives being taken in order to
mitigate and prevent a future of environmental disaster. The purpose of this study has been to
understand the overall effectiveness of carbon tax and cap and trade policies with regards to carbon
emissions. We sought to understand how the implementation of each policy affected its host
economy’s per capita carbon emissions and how their effectiveness compared with each other. We also
observed how our two policies fared in effectiveness compared to gross domestic production,
population, and current political environment.
In our difference-in-differences study, we confirmed our hypothesis that there has been a
negative trend in carbon emissions per capita from countries and unions that implemented either the
carbon tax or a cap and trade system in their economy. However, there was rarely any significance in
our results and variance levels were high throughout our entire study. We found that GDP and
population growth generally exhibited a positive effect on per capita emissions, as we expected. In
particular, population seemed to have the largest effect on carbon emission outcomes by magnitude.
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Contrary to our expectations, the political environment had very little to no effect on carbon
emissions, which may stem from the limitations that came with identifying and selecting the indicator
for each participant in our study. Finally, we also found that when across all seven treatment countries,
there was a higher level of effectiveness from the cap and trade policy compared to a carbon tax. This
finding is particularly intriguing and may warrant a deeper analysis into the underlying factors
contributing to our result.
Furthermore, this thesis has shed light on how both the carbon tax and cap and trade policies
have shown beneficial traits in our global quest to limit carbon emissions and mitigate climate change.
Future research on this topic can take form in multiple ways. As our sample size was limited in both
years and number of countries, future studies may have a much larger breadth of potential participant
countries for their models. In addition, taking a deeper look into the internal affairs of each country
may provide a more holistic understanding of what a study should control for and additional variables
to consider. Finally, studies which can include more than two countries who can satisfy our parallel
trends can allow for a more effective difference-in-differences model in the future.
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