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Sustainable energy transitions are key to achieving climate justice for all. Carbon dioxide emissions’
(CO2) unequal distribution globally is one of the many issues preventing climate justice. Efforts to reduce
global CO2 impacts are vital for environmental justice efforts and a future free from climate change is-
sues. Researchers have long been interested in how the rise of global governance initiatives, such as
multilateral treaties, impact environmental outcomes across the world. However, little is known about
how global governance concerning energy usage and technologies impacts CO2 emissions across the
world. Using two-way fixed effects regression analysis from 1996 to 2011, we test how 24 multilateral
environmental treaties with an energy focus impact CO2 emissions per capita, CO2 emissions as a per-
centage of gross domestic product, and total CO2 emissions for 162 nations. The multilateral energy
treaties were collected from Ecolex. This analysis assesses how the legitimacy of global contracts may
impact actual decreases in CO2 emissions, resulting in climate justice outcomes. Additionally, this
analysis considers how factors of institutional state governance, including control of corruption, rule of
law, political stability, government effectiveness, and regulatory quality moderate the impact of multi-
lateral energy environmental treaties and CO2 emissions. We find that stocks of environmental treaty
ratification are associated with decreases in all three types of CO2 emissions. Renewable energy con-
sumption, GDP per capita, and urban and total population are associated with increased CO2 emissions.
We also find some support for the idea that treaties are associated with larger decreases in emissions in
nations with higher levels of state governance. Understanding how state accountability, transparency,
and legitimacy factor into the effectiveness of multilateral environmental treaties on reducing CO2

emissions is essential to combating climate change issues.
© 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

Greenhouse gas emissions, especially carbon dioxide (CO2), are
responsible for unprecedented global temperature rise. The Inter-
governmental Panel on Climate Change's (IPCC) 2018 special report
[1] describes that we are in danger of surpassing a 1.5 �C increase in
(A. Hargrove).

vier on behalf of KeAi

ing by Elsevier B.V. on behalf of Ke
d/4.0/).
global mean temperature compared to pre-industrial levels at the
earliest by 2030, and at the latest by 2050. This temperature in-
crease will lead to catastrophic outcomes for humans and the
environment, including rising sea levels, more intense and erratic
storms, desertification, extreme water stress, and more severe
weather events [1].

Awareness concerning the harmful impacts of CO2 emissions
has been steadily increasing since the 1970s following the estab-
lishment of the IPCC. Since then, various efforts have been made to
develop solutions to these problems. One of the more recent so-
lutions is global energy transitions. Energy transitions, or largescale
societal movements from one type of energy consumption to
another, have occurred throughout history when previously used
energy sources have become scarce or less feasible for economic,
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social, or political reasons [2,3]. The current energy transition,
driven by a need for decarbonization to reduce greenhouse gas
emissions, is essential to overcome climate change. This transition
involves a shift from fossil fuels including natural gas, coal, and oil
to nuclear energy, biofuel, and especially renewable energy sources
such as solar, hydroelectric, geothermal, marine, and wind power
[4].

Recently, much of the discourse surrounding energy consump-
tion has focused on climate justice. Climate justice shifts the focus
from purely economic and market concerns to an ethical and po-
litical view of the importance of equality, human rights, and envi-
ronmental health and sustainability. A global transition to
renewable energy will result in lower global levels of CO2 emissions
and a better future for the environment and humanity [5e7].

Global governance is key to encouraging and legitimizing na-
tions to make these energy transitions and decarbonize their en-
ergy systems [8,9]. In this manuscript, we analyze one aspect of
global governance, multilateral treaties. Some of the global initia-
tives to reduce greenhouse gas emissions through adopting cleaner
energy alternatives havemanifested inmultilateral treaties. Several
of these treaties have stressed the importance of decarbonization
and renewable energies to mitigating climate change; but research
concerning how global energy governance and technologies im-
pacts CO2 emissions across the world is scarce.

To fill this gap concerning the link between CO2 emissions and
global energy governance in the literature, we collect data on
multilateral treaties that include energy provisions to reduce
greenhouse gas emissions. Using the database Ecolex, we identified
24 multilateral treaties that focus on energy type and usage. The
three main contributions of this article include 1) an analysis of the
24 treaties for relevance to energy transitions and the reduction of
greenhouse gas emissions, 2) a statistical analysis to determine the
relationship between the treaties and CO2 emissions, and 3)
whether state-led governance factors into energy transitions. We
use two-way fixed effects regression analysis from 1996 to 2011 to
test how 24 multilateral environmental treaties focusing on energy
impact CO2 emissions per capita, CO2 emissions as a percentage of
gross domestic product and total CO2 emissions for 162 nations.
Following this analysis, we consider how institutional state gover-
nance, including control of corruption, rule of law, political stability,
government effectiveness, and regulatory quality moderate the
impact of multilateral environmental treaties that focus on energy
and CO2 emissions.

2. Previous research

Cross-national quantitative analyses predicting CO2 emissions
began gaining traction in 1997 with three important articles, an
analysis of World-System position and greenhouse gas emissions
[10], a study on economic development, the Environmental Kuz-
nets Curve (EKC), and carbon intensity [11], and research on the
impacts of population and affluence on CO2 emissions [12]. Burns
et al. [10] find that energy consumption and centrality in the
World-System are strongly associated with increased levels of CO2

emissions. Extending EKC theory, Roberts and Grimes [11]
demonstrate a robust curvilinear relationship between economic
development and CO2 emissions, suggesting that CO2 emissions
increase along with economic development in developing coun-
tries, but that the relationship reverses among countries with very
high levels of economic development where CO2 emissions again
decrease. Dietz and Rosa [12] suggest that CO2 emissions will be
exacerbated by the growing economies and populations in future
decades.

Since 1997, there have been several additional cross-national
quantitative analyses exploring the relationships between various
factors and CO2 emissions. Notably, studies have identified the
relationship between level of development, foreign direct invest-
ment, and transnational organizations and emissions [13e18]. See
Jorgenson et al. [19] for a thorough overview of the social science
factors that influence global climate change. These analyses point to
the detrimental effect that dependence on foreign capital, espe-
cially in the primary sector, manufacturing, and agriculture, has on
emissions. Others have more closely considered how world society
factors impact the environmental and economic decoupling
[20,21], Another set of articles interrogates the relationships of the
EKC and CO2 [22e24]. While these articles show evidence of
possible energy transitions among high-income nations leading to
decreased CO2 emissions, they warn that fast-growing developing
nations will continue to increase their CO2 emissions until they
reach high-income levels of per capita emissions. However, recent
work has shown that while wealthy nations show a slight decrease
in domestic CO2 emissions from 1991 to 2008, there is no evidence
of a decrease in consumption-based emissions [25]. This may
suggest that sustainable energy transitions occurring in high-
income nations may not decrease CO2 emissions as effectively
unless consumption patterns are changed.

Polycentric governance, governance that involves state and non-
state actors at the local, state, national, and international levels, has
become increasingly popular as a possible solution to the chal-
lenges of the current energy transition [26e28]. The independent
and interdependent structure of the interacting organizations and
groups should together be better able to solve the multifaceted
climate crisis, especially when compared to the traditional top-
down forms of governance. However, it is unclear whether these
efforts will be enough to curb the impending impact of climate
change. While the present analysis does not test the impact or ef-
ficacy of polycentric governance directly, it is important to note that
polycentric governance, especially through the efforts of scientists
and non-governmental organizations (NGOs), have helped to create
and inform the multinational treaties that form the core of the
current analysis.

While population, affluence, and dependence on foreign direct
investment are all related to increased emissions, it is also impor-
tant to look at how state-led governance affects CO2, because the
structures of nations and their capacity to reduce their environ-
mental impacts through climate risk assessments, decision making,
and policies should factor into their environmental harms [29].
Previous research in this line of reasoning finds that democracy has
a positive effect on the commitments of nations to reduce their
greenhouse gas emissions but has an ambiguous relationship with
actual emissions [30]. Still, some find that democracies modestly
reduce CO2 emissions [31]. Prasad and Munch [32] find that state-
level policies within U.S. states have led to strong reductions in CO2
emissions, lending support to the idea that policies, when regu-
lated, can have a positive effect on reducing climate change. Others
have analyzed the impact of renewable energy consumption on
emissions [5e7]. Most notably concerning the governance of en-
ergy, Gani [22] investigates the relationships between five di-
mensions of national governance (corruption, rule of law,
regulatory quality, government effectiveness, and political stability)
and twomeasures of CO2 emissions in a cross-national analysis. The
analysis reveals that higher levels of political stability, rule of law,
and control of corruption are associated with lower levels of CO2

emissions per capita. Evidence from these articles suggests that
good governance and strong policies may aid in sustainable energy
transitions and lead to a large reduction in per capita carbon
emissions.

Theoretically, this leads to the question of scalability. Since
climate change is a global problem, can global governance through
international treaties effectively decrease the global impact on
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climate change? To date, only one article to our knowledge tests the
effectiveness of an international treaty on CO2 emissions. Kuma-
zawa and Callaghan [33] investigate the effectiveness of the Kyoto
Protocol, an international treaty calling for global response to
climate change issues, on global emissions of CO2. Their results
show preliminary support for the idea that international treaties
have the ability to affect global emissions, however they utilize one
treaty and their analysis ends in 2006, just one year after the pro-
tocol entered into force.

The current analysis aims to extend the efforts of this important
previous research by testing the relationship between 24 interna-
tional energy related treaties and three measures of CO2 emissions.
In addition, we interrogate a possible interaction effect between
international governance (energy treaties) and national gover-
nance (control of corruption, rule of law, political stability, gov-
ernment effectiveness, and regulatory quality). Finally, we also
control for theoretically relevant factors identified by the afore-
mentioned studies on CO2 emissions. We hope that this analysis
can contribute to our understanding of the effectiveness of inter-
national governance and theworld's ability to adapt to andmitigate
climate change.
3. Multilateral energy treaties

Our sample includes 24 global energy treaties from ECOLEX, the
largest depository of environmental laws [34]. To construct our
sample, we first searched for all global treaties which included the
search term ‘energy.’ The authors then read through the 64
resulting treaties and excluded all treaties that did not explicitly
discuss carbon dioxide, energy production, energy transitions, en-
ergy sustainability, or energy safety in one form or another. Many
excluded treaties discussed nuclear weapons and the liability of
nuclear accidents. These treaties were about peacekeeping, not
energy, and were thus excluded. Additionally, many treaties were
excluded as they were irrelevant to energy transitions and carbon
dioxide and were only included with the search term ‘energy’ due
to the International Atomic Energy Agency being the depositary of
Table 1
Environmental multilateral energy treaty ratifications.

Treaty Name

Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other M
Convention on the Physical Protection of Nuclear Material
Convention on the Conservation of Migratory Species of Wild Animals
Amendments to the Annexes to the Convention on the Prevention of Marine Pollution
Vienna Convention for the Protection of the Ozone Layer
Convention on Early Notification of a Nuclear Accident
Montreal Protocol on Substances that Deplete the Ozone Layer
Joint Protocol relating to the application of the Vienna Convention and the Paris Conv
Basel Convention on the Control of Transboundary Movements of Hazardous Wastes a
European Energy Charter
United Nations Framework Convention on Climate Change
Convention on Nuclear Safety
United Nations Convention to Combat Desertification in those Countries Experiencing
Convention on Supplementary Compensation for Nuclear Damage
Kyoto Protocol to the United Nations Framework Convention on Climate Change
Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioa
Stockholm Convention on Persistent Organic Pollutants
Protocol on Strategic Environmental Assessment to the Convention on Environmental
Protocol on Pollutant Release and Transfer Registers to the Convention on Access to In

Environmental Matters
Amendment to the Convention on the Physical Protection of Nuclear Material
Amendment to Annex B of the Kyoto Protocol to the United Nations Framework Conv
Agreement on the Establishment of the Global Green Growth Institute
International Energy Charter
Paris Agreement

Source: Ecolex.org
these treaties or involved in the development and/or discussion of
the treaty. Some other reasons for exclusion included the treaty
being replaced or updated by another treaty and the treaty being
bilateral, not global. For a full list of included treaties see Table 1.

Multilateral treaties are legally binding to ratified state parties
[35]. Multilateral environmental treaties provide for a compre-
hensive framework to protect the environment and to overcome
climate change challenges. These treaties are significant in-
struments to compel states who have committed themselves to
implement high standard policies. They further create wide coop-
eration among state parties, where best practice is learned.
Depending on the delivered protection, goals, measures and
enforcement, each environmental treaty deals with specificmatters
or concerns. The overall protection that includes challenges related
to the environment is only brought by the set of environmental
instruments, not from any one treaty alone. It is important to note
that the current environmental treaties complement one another in
certain provisions vis-�a-vis environmental concerns. For example,
the use of energy sources and the reduction of CO2 emissions are
protected by several multilateral treaties, collectively reflecting
ratified states’ commitment to progress in international environ-
mental protection. However, some contradictions occur between
provisions, where the framework of environmental protection is
undermined by prioritizing investments, trade, and businesses.

In this article, the included multilateral environmental treaties
differ in their scope of protection. While the treaties cover many
issues, the focus in the current analysis is on provisions within
these treaties related to energy and CO2 emissions. This section
examines the most important and relevant treaties that draw
detailed and unambiguous guidelines for relevance to energy usage
in order to decrease CO2 emissions. It is not intended to indicate
that other treaties are less important, it is rather meant to
emphasize the necessity of international treaties to reach a com-
plete provision for environment protection and climate justice
through clear and unambiguous provisions on climate change.

The Vienna Convention for the Protection of the Ozone Layer
[36] adopts measures to reduce the human activities that affect the
Year

atter 1972
1979
1979

by Dumping of Wastes and Other Matter 1980
1985
1986
1987

ention 1988
nd their Disposal 1989

1991
1992
1994

Serious Drought and/or Desertification, particularly in Africa 1994
1997
1997

ctive Waste Management 1997
2001

Impact Assessment in a Transboundary Context 2003
formation, Public-Participation in Decision-Making and Access to Justice in 2003

2005
ention on Climate Change 2006

2012
2015
2015

http://Ecolex.org


A. Hargrove et al. / Global Transitions 1 (2019) 190e199 193
ozone and to eliminate emissions of substances that have or are
likely to have adverse effects on the ozone layer, particularly carbon
dioxide emissions (Annex I, paragraph 4). Likewise, the Montreal
Protocol on Substances that Deplete the Ozone Layer [37] focuses
on reducing emissions that affect the environment. It also sets out
enforcement mechanisms, non-compliance, and control measures.
The Kyoto Protocol to the United Nations Framework Convention on
Climate Change [38] is a vital piece of legislation, which emphasizes
achieving quantified emission limitation and reduction for each
state to reach. Article 2(1) (a) (iv) obligates state parties to take
proper measures to promote and increase the use of renewable
energy and CO2 sequestration technologies. The same article also
obligates states to take measures to limit and reduce emissions of
greenhouse gases, which are not covered by the Montreal Protocol
or the Vienna Convention. The Stockholm Convention on Persistent
Organic Pollutants [39] stresses the importance of the use of
recyclable and low-waste materials to protect human health and
the environment from persistent organic pollutants. Notably, it
stresses the need to use energy efficiency materials. Since the
aforementioned treaties all cover different aspects of energy and
emissions, the cumulative effect of a nation's ratification of these
treaties should lead to a strong incentive to facilitate energy tran-
sitions and reduce waste and CO2 emissions.

The United Nations Framework Convention on Climate Change
(UNFCCC) [40] necessitates the mitigation of climate change
through limiting anthropogenic emissions. Most recently, the In-
ternational Energy Charter [41] and Paris Agreement [42] pro-
mote sustainable and renewable energy sources to reduce
emissions. They are of significant importance for mitigating CO2
emissions and reaching low emission levels as a global target. The
Paris Agreement reinforces the importance of actions to reduce
carbon dioxide emissions. It outlines the necessity of energy
transitions for achieving climate change mitigation targets (Arti-
cles 4e5). Furthermore, the International Energy Charter en-
courages the clean and efficient use of fossil fuels through clean
technologies, urging member states to use CO2 reduction tech-
nologies to ensure energy transitions. The Charter also promotes
transitions to clean and sustainable energy to mitigate negative
environment impact. These three treaties together give ratified
nations clear provisions and guidelines on switching to cleaner
energy sources. The legally binding commitment of ratification
should also encourage nations to follow through on transitioning
away from fossil fuels.

The 24 multilateral environmental treaties included in this
analysis seem to equip state parties with safety principles and
guidelines in order to achieve high protection of the environment.
The aforementioned treaties have high ratification records, allow-
ing for wide-range consultations among ratifying states. When a
state becomes a signatory to a high number of environmental
treaties it, in a sense, shows its commitment to decrease emissions
and positively influence climate justice outcomes. National gov-
ernments have the main role in energy governance, however, the
environmental challenges and CO2 emissions “are beyond the
scope of any single national government to manage, making energy
policy a key component of global governance and international
relations” [43](1). Thus, when a high number of ratifications on a
treaty is reached, the concerned treaty becomes more efficient
through international cooperation. In sum, we hypothesize that
higher levels of multilateral energy treaty ratifications should be
associated with lower levels of CO2 emissions.

4. Governance and energy treaties

Due to the lack of enforceable instruments in the treaties,
ratifications may not be as effective at reducing CO2 emissions as
they should be if nations lack the willpower or capacity to
implement the treaty provisions. Although the negative conse-
quences of fossil fuels and the encouragement of new renewable
energies are often discussed, very few treaties explicitly examine
energy transitions and clean energy use. There is no single treaty
that fully offers a well-defined, structural, and comprehensive
framework on the matter. In fact, multilateral environmental
treaties fail to provide comprehensive input on the essential role
of energy transitions to minimize CO2 emissions. The existing
treaties allow state parties to decide on the reduction level of
emissions in accordance with their national contributions, under
the assumption that states would promote environmental integ-
rity. Unfortunately, the focus of most of these treaties is on the
economic and political aspects of energy, and less on the envi-
ronmental impacts. Nations may argue that the usage of clean
energy harms national and international economies. However,
they would be unjustified in doing so as it has been shown that
clean technology brings long-term economic benefits, especially
when related to CO2 emission reduction [44].

Most of the international environmental instruments aremerely
declarations of intention or future ambition, which aim at
enhancing international cooperation in order to reduce negative
impacts on the environment and combat climate change. Very few
treaties introduce explicit obligations on states, where legally
binding force might be established. Additionally, the implementa-
tion of the actual targets of multilateral treaties depends on the
states’ self-compliance. In other words, states draw their own
limitations, mitigation plan, and time-frame, which does not
necessarily achieve the defined goals of a treaty. Thus, a treaty that
contains coherent provisions and sets up distinct obligations is
needed to define its framework and implementation. However,
there is an increasing proof that states intend to only ratify inter-
national treaties that are moderate and underline light obligations.
Depending on the nature of the obligations, state parties put
themselves in a situation where domestic laws and regulations
must fulfil certain international standards. States, thus, are unlikely
to be committed to adequate and maximum implementation.
Multilateral environmental treaties currently do not present an
enforcement mechanism as such. For example, Article 15 of the
Paris Agreement vaguely established a mechanism, which operates
under the procedures adopted by the Conference of the Parties, to
promote implementation and compliance among state parties.
However, it does not discuss the framework and enforcement na-
ture of this mechanism, which is needed. If a mechanism is created,
it must be effective, universal, and inclusive in order to confront
climate change challenges.

In sum, multilateral energy treaty ratifications may not be as
effective at reducing CO2 emissions if nations do not translate their
commitments made in each treaty into a nation-wide plan. If na-
tions do not take measures to uphold their commitments, then
theremay not be sizable reductions in CO2 emissions. Therefore, we
also hypothesize that environmental multilateral energy treaty
ratifications reduce CO2 outputs more in nations with higher levels
rather than lower levels of state-led governance, including control
of corruption, rule of law, political stability, government effective-
ness, and regulatory quality.

5. Methods and data

5.1. Modeling technique and sample

We use two-way fixed effects regression with clustered robust
standard errors by country to analyze our data. Robustness checks
with generalized least squares random effects regression models
yield consistent results. Our sample includes 162 nations across all



Table 2
Descriptive statistics and definitions.

Variables Description (Source) Mean (Std.
Dev)

Range

Dependent Variables
Carbon dioxide emissions per capita (ln) Total CO2 emissions per capita in metric tons [48, 49] .242

(1.786)
�7.45
e4.60

Carbon dioxide emissions (% of GDP) (ln) Total CO2 emissions per USD of GDP [48, 49] �1.274
(.765)

�5.32
e1.16

Total carbon dioxide emissions (ln) Total CO2 emissions in kilotons [48, 49] 8.459
(2.735)

1.30
e16.01

Independent Variables
Multilateral Treaty Ratifications (stocks) Total number of international environmental treaties ratified per country by each country year

(cumulative) [34]
4.200
(4.434)

0e19

Multilateral Treaty Ratifications (flows) Number of international environmental treaties ratified in each country year [34] .263 (.608) 0e6
Control of corruption Ability of a nation to limit private use of public funds [22,50] -.024

(1.006)
�2.06
e2.59

Rule of Law Ability of a nation to enforce its own laws [22,50] -.041
(.997)

�2.67
e2.00

Political Stability Ability of a nation to be free of internal conflict [22,50] -.049
(1.002)

�3.32
e1.94

Government Effectiveness Quality of a nation's public and civil services [22,50] -.030
(1.003)

�2.45
e2.43

Regulatory Quality Ability of a nation to regulate the private sector [22,50] -.030
(.999)

�2.68
e2.25

GDP per capita constant 2010 USD (ln) The sum of gross value added by all resident producers in the economy plus any product taxes and
minus any subsidies not included in the value of the products [48]

8.311
(1.538)

4.89
e12.17

Renewable Energy Consumption (% of total
energy consumption) (ln)

The sum of renewables energy consumption as a share of the total final energy consumption [5,7,48]. 2.674
(1.758)

�6.34
e4.59

Urban population Total urban population (% of total pop.) [48, 49] 48.781
(22.262)

2.04e100

Total population (ln) Number of residents in a nation [48, 49] 14.801
(2.372)

8.36
e21.03

Manufacturing as % GDP Total value added by manufacturing industries standardized by GDP [48, 49] 14.097
(7.803)

0e47.34

Exports as % GDP (ln) Total value of exports standardized by GDP [48, 49] 35.708
(26.249)

.01
e230.27

FDI stocks as % of GDP Cumulative total of external private investment in a nation standardized by GDP [18,48] 40.353
(165.351)

0
e4851.72

Agricultural value added as % of GDP Total value added by agriculture sectors standardized by GDP [22,48] 19.514
(16.179)

0e94.85

Civil Liberties Index measuring freedom of press, assembly, private organization, private property, and personal
freedom [22,51]

3.737
(1.946)

1e7
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income levels with 1906 observations from 1997 to2011.1 The panel
is unbalanced with a minimum of 1, an average of 12, and a
maximum of 13 years per country. We use two-way fixed effects
analysis following previous analyses as it controls for both time and
unobserved factors and allows for comparisons within countries
over time [45,46]. Our sample is limited to 162 nations using list-
wise deletion of missing data. We check for regression assumptions
including linearity, multicollinearity, heteroscedasticity, outliers,
influential cases, specification error, and endogeneity [47]. We find
no potential violations of these regression assumptions. A summary
of all included variables and descriptive statistics can be found in
Table 2.
5.2. Dependent variables

5.2.1. Carbon dioxide emissions per capita
The carbon dioxide data and all other variables are obtained

from World Bank [48] unless otherwise noted. CO2 emissions per
capita (metric tons per person) measures the total CO2 emissions
stemming from the burning of fossil fuels and the manufacturing of
cement standardized by population. CO2 per capita represents the
1 We start the analysis in 1997 due to data availability for the governance and
democracy measures. These are important controls for our analysis and the best
data available to capture this phenomenon.
average emissions per person in a country, representing individual
consumption.

5.2.2. Carbon dioxide emissions as a percentage of gross domestic
product

CO2 emissions as a percentage of gross domestic product (GDP)
represents the impact on climate change of a nation standardized
by the size of its economy. Theoretically, larger economies emit
more CO2 due to their high levels of consumption. CO2 as a per-
centage of GDP allows us to compare the emissions of similarly
sized economies. This variable measures CO2 emissions in kilo-
grams per dollar of GDP at purchasing power parity.

5.2.3. Total carbon dioxide emissions
Total carbon dioxide, in kilotons, represents total emissions

stemming from the burning of fossil fuels and the manufacture of
cement within a nation. Total CO2 is not standardized and repre-
sents the total impact of each country on global climate change via
their CO2 emissions.

5.3. Main independent variables

5.3.1. Environmental multilateral energy treaty ratifications
Multilateral energy treaty ratifications are measured in two

ways, flows and stocks. The flows measure of environmental
multilateral energy treaty ratifications counts the number of
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treaties ratified by a nation in any given year from 1973 to 2018.
Flows is lagged by 1 year, and robustness checks with 5-year lag,10-
year lag, and no lag result in substantively similar findings. This
measure allows us to test if there is a signing effect of treaty rati-
fication, whereby CO2 emissions decrease with the signing of a
ratification, only to reset to previous levels in subsequent years. The
second measure of environmental global energy treaty ratifications
is a stock measure. This measure is a cumulative measure and
counts the total number of global energy treaties the nation has
ratified as of that country year (maximum of 24). This measure
allows us to test if there is a cumulative effect of treaty ratifications,
whereby the more energy treaties a nation is party to the lower
their CO2 emissions are.

5.3.2. Governance
Governance is defined as the state's ability to “(1) formulate a

well-rounded budget, (2) control their corruption, (3) enforce the
intention of state spending, (4) create coherent strategies that are
executed effectively, and (5) regulate the private sector” [52] (2).
We measure each of these five dimensions of state-led governance
using the World Bank's World Governance Indicators (WGI)
developed by Kaufmann, Kraay, andMastruzzi [50]. Each variable is
an index based on weighted assessments and survey data from
various groups such as corporate officials, country-experts, and
public sector workers. These measures range from �2.5 to 2.5,
whereby �2.5 represents low levels of governance and 2.5 repre-
sents high levels of governance. These are the same governance
indicators used in Gani [22].

5.3.3. Renewable energy consumption
Renewable energy consumption is the total energy consumption

by renewable energy sources in a nation as a percent of total energy
consumption. The use of renewable energy should decrease reli-
ance on carbon producing energy sources and thus decrease CO2
output in a nation [5e7]. Renewable energy ranges from 0 to 98%
and is logged to account for the skewed distribution.

5.4. Other independent variables and controls

Following previous studies, we control for GDP per capita, total
population, urban population, manufacturing as % GDP, exports as %
GDP [45,49], Foreign direct investment stocks as % of GDP [18],
agricultural value added as % of GDP, and civil liberties [22]. We
considered including percent population aged 15 to 64 [45,49],
trade % GDP [18], and political rights [22] but removed them from
the analysis for theoretical (i.e. theywere not found to be important
factors determining CO2) and model specification purposes (i.e. the
inclusion of some of the variables led to issues with over-
specification and multicollinearity).

6. Findings

Table 3 contains the two-way fixed effects regression estimates
of multilateral environmental treaty ratifications that include en-
ergy provisions on CO2 emissions per capita in equations (3.1) and
(3.4), CO2 emissions as a percentage of GDP in equations (3.2) and
(3.5), and total CO2 emissions in equations (3.3) and (3.6). In the
first three equations we include environmental treaty ratification
stocks and in the second three equations we include environmental
treaty ratification flows. The first number presented is the un-
standardized coefficient and the second in parentheses is the
robust standard error. We report one-tailed tests due to the direc-
tional nature of the hypotheses. In every equation, we include
renewable energy consumption, civil liberties, control of corrup-
tion, GDP per capita, manufacturing as % GDP, urban population,
exports as % GDP, urban population, Foreign direct investment
stocks as % of GDP, and agricultural value added as % of GDP. Total
population is controlled for in all models excluding 3.1 and 3.4.

In all equations in Table 3, we find that the coefficients that
represent multilateral environmental treaty ratifications stocks that
include energy provisions reach levels of statistical significance.
This suggests that higher levels of multilateral environmental
treaty ratification stocks are associated with lower levels of CO2
emissions. Put differently, the cumulative ratification of multilat-
eral agreements seems to be reducing CO2 emissions. However, the
coefficients that represent multilateral environmental treaty rati-
fication flows fail to reach levels of statistical significance. There-
fore, it is multilateral environmental treaty ratifications stocks and
not flows that predict significant variation in CO2 emissions. These
findings suggest that it is the compounding effect of treaties over
time that makes a difference.

Additionally, we find several other factors are associated with
CO2 emissions. First, as expected renewable energy consumption
has negative and statistically significant coefficients across all
models indicating that higher levels of renewable energy con-
sumption is associated with lower levels of all three measures of
CO2 emissions. We find that the coefficients that represent GDP per
capita are positive and significant in every equation but two (which
is most likely because the dependent variable in the two equations
measures GDP already). This suggests that higher levels of GDP per
capita correspond with more CO2 emissions, which is likely due to
higher levels of consumption in more wealthy nations. Third, we
find that the coefficients that represent urban population and total
population are associated with increased CO2 emissions across all
models. This suggests that increased need and use of resourcesmay
contribute to CO2 emissions. These findings are consistent with
previous research (see Refs. [45,49] for similar findings).

There are also non-significant findings. We find that the co-
efficients that represent civil liberties, manufacturing as % GDP,
exports as % GDP, Foreign direct investment stocks as % of GDP, and
agricultural value added as % of GDP fail to reach levels of statistical
significance. It is surprising that exports as % GDP, Foreign direct
investment stocks as % of GDP, and agricultural value added as % of
GDP fail to reach levels of statistical significance as this was the case
in previous research (see Refs. [45,49] for exports, Shandra et al.
[18] for foreign direct investment, and Gani [22] for agricultural
value added). It is also surprising that control of corruption (as well
as rule of law, political stability, government effectiveness, and
regulatory quality which are not reported here for the sake of
space) fail to reach levels of statistical significance although Gani
[22] finds otherwise. However, as we mention previously, gover-
nance may be a moderating factor in the relationship between
environmental treaty ratifications and CO2 emissions.

In Table 4, we include the unstandardized coefficients that
represent the interaction between environmental treaty ratifica-
tion stocks and each of the five state-led governance measures:
control of corruption, rule of law, political stability, government
effectiveness, and regulatory quality. All models in Table 4 include
all relevant controls included in Table 3 though they are not pre-
sented for the sake of space. The interaction terms are calculated by
multiplying environmental treaty ratification stocks by each of the
five governance measures. Fig. 1 presents the graphed marginal
effects of environmental treaty ratification on the threemeasures of
CO2 by each governance measure.

The coefficients that represent the interaction terms are nega-
tive and statistically significant in several of the interactions. The
interaction terms reveal that environmental multilateral energy
treaty ratification stocks reduce CO2 outputs more in nations with
higher levels rather than lower levels of state-led governance,
especially control of corruption and government effectiveness.



Table 3
Two-way fixed effects estimates of international environmental. Treaties and governance on three measures of CO2.

3.1 3.2 3.3 3.4 3.5 3.6

CO2 per capita CO2 (% GDP) Total CO2 CO2 per capita CO2 (% GDP) Total CO2

Environmental Treaty Ratification -.017* -.020* -.016*
(Stocks) (.008) (.009) (.008)

Environmental Treaty Ratification .002 -.001 .001
(Flows) (.006) (.007) (.006)

Renewable Energy Consumption -.140* -.136* -.137* -.143* -.138* -.139*
(% of total) (natural log) (.066) (.064) (.064) (.067) (.065) (.065)

Control of Corruption -.049 -.054 -.054 -.050 -.055 -.055
(.034) (.035) (.034) (.034) (.036) (.035)

Gross Domestic Product per capita .598*** -.259* .633*** .580*** -.275* .621***
(natural log) (.112) (.128) (.129) (.110) (.125) (.127)

Manufacturing (% of GDP) .003 .005 .004 .004 .005 .005
(.004) (.004) (.004) (.004) (.004) (.004)

Exports (% of GDP) -.001 -.001 -.001 -.001 -.001 -.001
(.001) (.001) (.001) (.001) (.001) (.001)

Foreign Direct Investment (% of GDP) .001 .001 .001 .001 .001 .001
(.001) (.001) (.001) (.001) (.001) (.001)

Agriculture (% of GDP) .002 .003 .003 .003 .004 .003
(.003) (.003) (.003) (.003) (.003) (.003)

Civil Liberties .008 .015 .007 .012 .020 .010
(.019) (.018) (.018) (.019) (.019) (.019)

Urban Population (% of total) .017** .014* .016** .018** .014* .017**
(.006) (.007) (.007) (.006) (.007) (.007)

Total Population .431* 1.23*** .468* 1.257***
(natural log) (.210) (.216) (.218) (.222)

Constant �4.951*** �6.096 �15.688*** �4.961*** �6.717* �16.209***
Overall R-Square .812 .017 .904 .813 .017 .902
Within R-Square .324 .575 .517 .318 .571 .513
Number of Observations 1906 1881 1906 1906 1881 1906
Number of Countries 162 159 162 162 159 162

Notes: a) * indicates p < .05, ** indicates p < .01, and *** indicates p < .001 for a one-tailed test.
b) The first number is the unstandardized coefficient and the second is the robust standard error is in parentheses.

Table 4
Effects of international environmental treaty ratification and governance interactions on three CO2 outcomes.

CO2 per capita CO2 (% of GDP) Total CO2

Environmental Treaty Ratification x Control of Corruption -.008* -.014** -.008*
Environmental Treaty Ratification x Government Effectiveness -.008* -.015** -.007
Environmental Treaty Ratification x Rule of Law -.005 -.012** -.004
Environmental Treaty Ratification x Regulatory Quality -.008 -.017** -.007
Environmental Treaty Ratification x Political Stability -.004 -.007 -.003

Notes.
a). * indicates p < .055, ** indicates p < .01, and *** indicates p < .001 for a one-tailed test.
b). The number listed is the unstandardized coefficient.
c). All models include all relevant controls included in Table 3 though they are not presented for sake of space. All findings are substantively similar. The full Table 4 is available
upon request.
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These findings provide substantial support for the idea that state
governance enhances the effectiveness of multilateral environ-
mental treaties on reducing carbon dioxide emissions. It is impor-
tant to also note that we calculated the interactions between
environmental treaty ratification flows and each governance
measure, but they failed to reach levels of statistical significance
and therefore were not included. All other findings not reported in
Table 4 are substantively similar to those reported in Table 3.

7. Discussion and conclusion

Sustainable energy transitions are key to mitigating and
adapting to climate change and achieving climate justice for all.
Through global governance initiatives, several multilateral



Fig. 1. Graphed marginal effects of treaty ratification stocks on three measures of CO2 emissions by 5 measures of state-led governance.
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environmental treaties have focused on decarbonization of our
energy systems to reduce the impacts of climate change. We began
our research by noting that little is known about how global
governance concerning energy usage and technologies impacts CO2
emissions across the world. In the present analysis, we fill this gap
by analyzing how 24 multilateral environmental treaties concern-
ing energy impact CO2 emissions.

We find that higher levels of environmental multilateral energy
treaty ratification stocks are associatedwith lower levels of all three
CO2 independent variables. However, environmental multilateral
energy treaty ratification flows are not associated with any of the
CO2 measures. These findings suggest that it is the compounding
effect of treaties over time that makes a difference in CO2 re-
ductions. Therefore, it is important for nations to ratify a variety of
environmental energy treaties to strengthen their commitment to
decarbonization of their energy systems.

We also find that environmental multilateral energy treaty
ratification stocks often reduce CO2 outputs more in nations with
higher levels rather than lower levels of state-led governance,
especially control of corruption and government effectiveness. This
finding suggests that state-led governance may help improve the
effectiveness of environmental multilateral energy treaty ratifica-
tions at reducing CO2 outputs. Nations with stronger state-led
governance should have the capacity and oversight to implement
multilateral treaties and follow through on their promises, which as
this analysis shows can reduce CO2 outputs. As a result, nationsmay
aim to strengthen their governance systems to improve the effec-
tiveness of global governance initiatives.

Taken together, our findings provide evidence that the legiti-
macy of global contracts impact actual decreases in carbon dioxide
emissions, resulting in climate justice outcomes. Additionally, our
findings suggest that state accountability, transparency, and legit-
imacy factor into the effectiveness of multilateral environmental
treaties on reducing carbon dioxide emissions, which is essential to
combat climate change issues.

Although our analysis includes the full extent of data available,
care should be taken when making claims beyond the time-period
and sample in our analysis. Future work may use updated data to
strengthen or expand upon our analysis. For instance, our study
only concerns energy treaties, while future studies may see if
treaties concerning forest conservation, a major carbon sink, is also
related to less CO2 emissions. Additionally, multilateral treaties that
focus on energy transitions may be related to other environmental
outcomes, including reductions in endangered species.

Despite these shortcomings, the present research defines the
importance of global governance initiatives in reducing CO2 emis-
sions. This research concerns the salience of investigating how
existing multilateral agreements that include provisions on energy
may impact CO2 emissions, and what can be done to improve their
effectiveness. Going forward, we as researchers and practitioners
should continue to consider how state accountability, transparency,
and legitimacy factor into the effectiveness of multilateral envi-
ronmental treaties.
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