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ABSTRACT 

The drivers of CO2 emissions are a widely studied subject of great importance to 

both individual countries and the global community. However, the inclusion of a 

quantitative measure of political uncertainty, national and global, has until now been 

largely overlooked. We investigate how geopolitical uncertainty (GPU) and income 

interact with CO2 emissions using a panel quantile regression approach for a set of 63 

nations over the period 1985-2014. 

Our key findings are; (i) a consistent negative (positive) relation between global 

(local) uncertainty and the different CO2 emission distribution levels, (ii) the relation 

between uncertainty and emissions is heterogeneous across different income groups, (iii) 

clear and consistent evidence for the Environmental Kuztnet Curve hypothesis with 

respect to uncertainty, (iiii) when deciding on environmental policy, it is of great 

importance to consider political uncertainty and whether to use a local or global measure. 

 

Keywords: Geopolitics, climate change, political uncertainty, EKC, quantile 

regression, panel data, democracy, institutions, oil price, financial openness, trade 
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1 INTRODUCTION 

In the current anthropogenic era, where human actions are affecting the global 

climate through various channels; melting artic- and Antarctic ice caps, more extreme 

weather events like flooding and droughts (IPCC, 2014). Rising sea levels affecting 

coastal nations while longer and more intense heat waves become more frequent. There 

is a wide consensus that Green House Gases (GHG´s) are the main culprits of global 

warming, of which CO2 constitutes 58.8% (Zhenling, 2013). Under the 2014 

Intergovernmental Panel on Climate Change (IPCC), (I.P.O.C., 2014) baseline scenario 

global mean temperatures are expected to rise by almost 5 °C with sea levels rising by 

close to one meter by the year 2100. The aim of the agreement is to contain rising global 

temperature to below 2°C while also limiting rising sea levels to half a meter. Both 

scenarios tell a tale of change that will affect global relations between nations and cause 

significant societal changes. Whether these changes to our climate will cause geopolitical 

tensions has been discussed at length during the 1990s while a more recent revisit by 

Thiesen et al., (2011) conclude that in general climate change will not cause conflicts. 

Instead, a quote by Dalby et al., (2014, p7) considers the opposite concern, while also 

setting the stage for this paper: 

“The more important question is, […], the reverse one: how does geopolitics affect climate 

change?” 

This shift in perspective is necessary in an era where our actions literally alters the 

world and thus the environment. Geopolitics have long been thought of as the 

interactions between global players, a tug of war for power and influence. Now 

geopolitics include how humanity writes the rules, and determining what our planet will 

be like for future generations. This shifting approach has helped coordinate efforts, most 

recently and notably through the Paris Agreement, as of today ratified by 132 out of the 

197 nations involved (United Nations, 2015). Considering that reaching these wide, 

international agreements is a long, complicated process, one could argue that significant 

geopolitical events could potentially disrupt such efforts. Understanding the relation 

between geopolitical uncertainty and climate change should therefore be of great interest 

to policy makers. 

Because of the close linkage between CO2 emissions and climate change, 

researchers have extensively studied the drivers of carbon emissions during recent 



 6 

decades. You et al., (2015) contribute to this body of literature by analyzing how 

democracy and financial openness affect carbon emissions during different distribution 

levels while also testing the Environmental Kuznets Curve hypothesis (EKC). 

The purpose of the paper is to examine if geopolitical uncertainty influences CO2 

emissions during different levels of emissions, adding to the existing literature. To find 

the answers we specify the research questions this paper strive to answer: 

• How does geopolitical uncertainty relate to climate change? 

• What relations appear between different CO2 emission distribution levels and 

global vs local political uncertainty? 

• How does the Environmental Kutznet Curve behave with respect to global vs 

local political uncertainty?   

To the best of our knowledge, none have considered geopolitical uncertainty as a 

potential driver in a quantitative study. With the use of a new geopolitical uncertainty 

index analyzed through a panel quantile regression, this paper aims to fill this gap. 

Annual data from 1985 to 2014 for 63 nations is analyzed to detect whether increased 

global political uncertainty contribute to higher carbon emissions. 

The primary findings of this paper are; (i) clear and consistent evidence for the 

EKC hypothesis with respect to uncertainty, (ii) a consistent negative (positive) relation 

between global (local) uncertainty and the different CO2 emission distribution levels, (iii) 

the relation between uncertainty and emissions is heterogeneous across different income 

groups, (iiii) when deciding on environmental policy, it is of great importance to consider 

political uncertainty and whether to use a local or global measure. 

The remainder of this paper is organized as follows: Section 2 briefly looks 

through theoretical framework applicable to this study while section 3 summarizes a 

range of previous studies in a literature review. Section 4 goes through the specification 

and sources of the collected data while also performing a preliminary statistical analysis. 

The applied methodology will be accounted for in a step-by-step breakdown in section 5 

while section 6 cover the papers empirical results as well as conducting a discussion of 

the findings. Section 7 offers the author’s conclusions.  
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2 THEORETICAL FRAMEWORK 

The term geopolitics covers a broad concept of politics, geographical interest 

spheres, power, influence and military conflict, all understood on a global scale. Any 

nation able to position itself politically through authority, influence or by means of arms 

in a geographical setting is a player in the games of geopolitics (Panitch & Gindin, 2012). 

The area of geopolitics also includes less easily defined topics such as perception. How 

are foreign nations perceived, and how that perception is formed by the choices 

politicians make in statements or the attributes they choose to discuss, the images used to 

represent foreign leaders (Dalby, 2013). Including policies that affect climate change 

under the term geopolitics is a more recent but increasingly necessary development. As 

humanity’s impact on our planet increase, our understanding of what effects that brings 

is becoming clearer (Dalby, 2014). This knowledge is reaching the global population and 

the understanding of how nations and individuals are affected, is growing. A coastline 

homeowner in Florida can be affected by the same forces that offsets coastal 

communities in Bangladesh, the opening of new waterways and drilling opportunities in 

the arctic, brings the attention of both the US and Russia alike. Knowing that it is the 

combined actions of mankind that lead to these effects, is placing carbon emissions as a 

key factor in global politics. Much like politicians and agents on the public scene can 

affect the perception of geopolitical players and the public, contemporary media can relay 

and shape opinion and priorities by how they approach severe storms, historical 

droughts, and heat waves (Boykoff, 2011). Among biophysical scientists there is a 92% 

consensus that humans are attributing to rising mean global temperatures (Carlton et al., 

2015) and among the different Greenhouse Gases causing this warming, CO2 account for 

58.8% (Zhenling, 2013). For this reason, we use carbon emission as a proxy for climate 

change.  

2.1 EXPLANATORY VARIABLES 

2.1.1 GEOPOLITICAL & LOCAL UNCERTAINTY 

As this paper aims to quantitatively examine the connection between geopolitics 

and climate change, we look at previous studies to get an idea of which sign can be 

expected between the two variables during a simple linear relation. There is no true 

consensus regarding whether the relation between geopolitical uncertainty and carbon 

emissions is either positive or negative. However, all the related empirical studies 



 8 

observed in our literature review indicate a negative relation. Andrews-Speed (2014) 

assumes a negative relation by exploring four future scenarios of varying geopolitical 

tension and estimates GDP-growth and energy consumption up to the year 2040. Since 

the forecast discloses almost identical relations in the global energy mix regardless of the 

scenario, similar relations between GDP and Energy consumption is discovered. The 

primary factor that the study alters between these scenarios is GDP growth. Through 

that channel there is also a change in energy demand as well as carbon emissions. Their 

assumption is that less uncertainty leads to more growth and more emissions, in other 

words a negative relation between geopolitics and carbon emissions through the channel 

of growth. However, the paper assumes technological advances to be more likely in a 

more stable global environment and thus the most stable scenario, even though it 

produces a larger emission footprint, is expected to create better incentives and a 

stronger foundation for a low-carbon society after 2040. Somewhat related, Asteriou et 

al., (2005) support the assumption of a negative relation by finding a negative relation 

between economic uncertainty and growth. The empirical result of Darby et al., 2004, 

supports the negative relation between political uncertainty and growth. Other papers 

that support the negative relation between uncertainty and growth are Asteriou et al., 

(2001; 2005), Aizenman and Marion (1993) and Todd (1996). 

Others like Bäckstrand (2006) take an institutional approach to evaluate if 

transnational partnerships, public-private “implementation networks” can produce 

different results than the previously more common form of climate related international 

agreements. Her framework suggests that these more flexible partnerships produce 

clearer linkages between existing institutions, better accountability and measurable 

timelines and targets. Bäckstrand & Lövbrand (2015) hold these conclusions as an 

underlying assumption when they explore how to best govern climate change. A wide 

range of papers use a positive correlation between CO2 emissions and geopolitical 

uncertainty as a prerequisite for further analysis (Lövbrand et al., 2015, Michaelowa & 

Michaelowa 2017, Scholten 2015), others such as Morales (2015), assume an implied 

negative correlation with causation running from climate change to geopolitical 

uncertainty. 

Considering risk at a more local level, several studies have looked at the effects of 

national political uncertainty on carbon emissions. Their empirical findings conclude a 
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negative effect through the channel of foreign direct investment (Le & Zak, 2006, Busse, 

2007) as well as a negative effect through the channel of trade (Oh & Reuveny, 2010). 

We find no papers supporting a positive relation.  

2.1.2 GDP & EKC 

Another related field of research, is how the growing wealth of a population affect 

environmental degradation. Extensive work has gone into establishing the presence of an 

Environmental Kuznets Curve hypothesis (Grossman and Krueger, 1995). The EKC 

hypothesis is the assumption that low income nations will have a high positive 

correlation between growing income and increasing carbon emissions. As the population 

of a nation grows wealthier, they eventually become more aware and engaged in the 

environment, thus reducing the amount of carbon per capita. The EKC is illustrated in 

Figure 1 as an inverted U-shape relation with income on the x-axis and emissions on the 

y-axis. 

FIGURE 1. ENVIRONMENTAL KUTZNET CURVE 

 

Because of this, it is crucial for policy makers to understand the empirical 

characteristics of EKC. Previous studies present a variety of relations between carbon 

emissions and GDP per capita, ranging from linear to the theorized inverted U-shape 

and even N-shaped (You et al., 2015). A long range of recent studies have argued that 

the connectivity between environmental quality and wealth, as explained by the EKC-

hypothesis, developed under the influence of national institutions. 

2.1.3 INSTITUTIONS 

Regarding the relation between democracy and CO2 emissions the work of You et 
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nations, greater democracy appears to reduce emissions. Romuald (2011) finds that the 

effects of increased democracy are two-fold; on one hand, it is directly positive for the 

quality of the environment, with a stronger effect observed in developed countries. On 

the other hand, it is indirectly harmful through increased investments. Ultimately, he 

argues that the failure of institutions is a major driving force of environmental 

degradation. Looking at previous studies, You et al., (2015) find that the empirical 

relation between environmental degradation and democracy is varied. They argue that the 

likely reason for this is a bias that stems from the neglect of possible distributional 

heterogeneity. Therefore, they apply quantile regression modeling, thus allowing for 

varying relations depending on the distribution of the CO2 emission data. The results of 

their study support their argument; democracy has a varying effect on emissions. For the 

highest emitters, there is a relation between greater democracy and reduced emissions.  

2.1.4 FINANCIAL OPENNESS 

You et al., (2015) also study the effect from financial openness as an institutional 

metric, however, they do not find a statistical significance in reducing a nations emission 

output. While the significance in the effects of financial openness have garnered little 

attention in previous literature, scholars argue that increasing financial openness, through 

the channel of trade, allow for more efficient technology to become available and in turn 

lead to lower emissions. Chousa et al., (2017) conclude that financial development is a 

major driving force to decrease carbon emissions. 

2.2 CONTROL VARIABLES 

2.2.1 POPULATION 

Because of a previously observed near perfect relation between population growth 

and CO2 emissions, Romuald (2011) include population in his modeling. He concludes 

that population growth has a positive, albeit small, relation with pollution. Sarwar et al., 

(2017) find a bidirectional relation between population and GDP, implying a positive 

relation to CO2. Through an extensive literature study, Liddle (2014) find a strong and 

positive relation between CO2 emissions and population, when employing cross-sectional 

analysis. This implies a positive sign between total population and CO2 emissions while 

the sign for per capita emissions is still unclear. You et al., (2015) also get a result that 

implies that larger population leads to higher CO2 emissions; this is consistent for both 

pooled OLS and during different distribution levels. 
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2.2.2 TRADE OPENNESS 

Looking at the effects between trade and CO2, the results are inconclusive. In You 

et al., (2015) the empirical impact of trade on CO2 is positive and significant for pooled 

OLS and some of the conditional distribution levels. Hossain corroborates these findings 

in his study from 2011. On the other hand, Romuald (2011) conclude that trade has a 

negative impact on CO2. Along those lines, Frankel et al., (2015) are unable to find 

evidence to support a detrimental effect from trade on CO2. A third, more 

comprehensive set of results and analyzes tell of a heterogeneous relation across the 

different levels of income (Managi, 2009) as well as how emissions affect the national 

population (Hubbart 2014). 

2.3 ROBUSTNESS TEST VARIABLES 

2.3.1 PRESIDENTIAL APPROVAL 

The US presidential net-approval rating is the net of positive and negative 

approval, i.e. how the US public approves of the president’s work. The body of literature 

regarding the correlation between US presidential approval and variables acting as a 

channel to CO2 emissions, are scarce. Somewhat related, Fauvelle-Aymar & Stegmaier 

(2013) find an asymmetric relation between the stock market and presidential approval 

while Berlamann et al., (2015) find a positive relation between public spending and 

presidential approval. 

2.3.2 OIL 

The price of oil has a proven positive, bidirectional relation to growth, according 

to a comprehensive paper by Sarwar et al., (2017), covering 210 nations over 54 years. 

This relation is supported by findings in less comprehensive papers like Abeysinghe 

(2001) and Jiménez-Rodríguez (2005). Guo & Kliesen (2005) find that the relation 

between oil price and GDP is asymmetric. Different sized price changes will thus have 

varying effects on emissions. They also argue that this effect can differ at the disaggregate 

level as time consuming and costly reallocations between the sectors need to take place. 

Kelly et al., (2016) study the relation between political uncertainty and the option market 

for oil. They find that expected political uncertainty is priced in the future oil price 

according to theory. The effect is greater for weaker economies amid higher political 

uncertainty, they also find uncertainty spill-over effects across countries. Elder & Serletis 

(2010) find similar results.  
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TABLE 1. EXPECTED SIGN IN RELATION TO CO2 

Variable Sign References Outcome 

GDP + 
You et al., (2015), Mamun et al,. (2014), Apergis & Ozturk (2015), 

Shafiei & Salim (2016) 

Conclusive 

POP + You et al., (2015), Romuald, (2011), Liddle, (2014) Conclusive 

TRD +/- 
You et al., (2015), Romuald (2011), Frankel et al., (2015), (Managi, 

2009), (Hubbart 2014), Jebli et al., (2016) 

Inconclusive 

GPU +/- 

Andrews-Speed (2014), Asteriou et al., (2005), Narayan et al., 

(2015), Asteriou et al., (2001; 2005), Aizenman and Marion (1993), 

Todd (1996) 

Inconclusive 

Polity2 +/- You et al., (2015), Romuald (2011),  Inconclusive 

Kaopen +/- 
Chousa et al., (2017), You et al., (2015), Leitão & Shahbaz (2013), 

Kasman & Duman (2014), Sebri & Ben-Salha (2014) 

Inconclusive 

Notes: POP = population, TRD = Trade, GPU = Geopolitical Uncertainty, Polity2 = institutions, Kaopen 
= financial openness. A more detailed description of the variables is available in chapter 4, table 2. 
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3 LITERATURE REVIEW 

In the past decade, there has been a plethora of articles written about climate 

change and its impact on geopolitics, regional security, and international relations. Most 

of the articles highlighting geopolitics, are written from a qualitative perspective. Haldén 

(2007) addresses several climate change related issues and conclude that unchanged 

climate policy can have serious long-term consequences for international security. Others 

have studied linkages between climate change and variables such as; renewable energy, 

trade openness and GDP.  

Several studies use Global Carbon Dioxide as a proxy for climate change while 

applying one of three general methodologies to study co-movements and market 

integration; Granger Causality, Generalized Method of Moments or cointegration 

(Irandoust, 2016; Jebli et al., 2016; Shafiei & Salim, 2016; Apergis & Ozturk, 2015).   

Looking at the literature related to Geopolitics, to the best of our knowledge, no 

quantitative attempts has been given to understand what informs geopolitics. Most of the 

articles in this area, discus the rethinking of geopolitical policy with respect to climate 

change. As mentioned before, Haldén (2007) discusses the long run consequences if we 

do not act based on our current climate change forecasts. Climate change is expected to 

weaken communities and states, possibly even affecting the ability to maintain law and 

order. The weakening of a society’s infrastructure and institutions, may also affect other 

structures in the country, that may lead to disintegrative tendencies of civil society. Dalby 

(2013) discuss how climate change requires a rethinking of politics. He argues that the 

geopolitical discourse needs a fundamental overhaul to deal with this new reality and see 

the climate changes as a production problem we need to deal with now, not to be pushed 

into the future. 

Barnett (2007) discusses why climate change is a problem related to geopolitics. 

One of his points is that the wealthiest people in the more powerful nations, are the best 

positioned to better tackle climate change through changing in the political and economic 

systems. Climate change today, comes down to local and social issues as much as it is a 

global environmental problem. Therefore, Barnett argues for communities to pay 

attention to geopolitics to realize the pressing consequences of climate change. This line 

of reasoning is in the same area as that of Lee et al., (2001). They argue the importance to 

get people in local communities to understand the issues of climate change. In the case 
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of the United States, it is not the president alone who approach these issues; action is 

also in the hands of the congressmen elected from their respective districts. This makes 

local interests more valuable even at the national and global level. Dalby (2014) discusses 

the definition of geopolitics, a term that for a long time has been thought of as a game of 

influence between global players, but has now come to include how humanity writes the 

rules for what our planet will be like for future generations. Dalby (2014) also lifts an 

interesting question about climate change and geopolitics; “The more important question 

is, […] how does geopolitics affect climate change?”. 

Looking at the related literature surrounding climate change, Jebi et al., (2016) for 

example, used a Granger causality test to investigate the causality between CO2, 

renewable in non-renewable energy consumption and trade. It was found that an increase 

in nonrenewable energy increases CO2 emissions while increases in trade and renewable 

energy reduce CO2 emissions. According to these results, more trade and increased use 

of renewable energy are two efficient strategies to combat global warming. Shafiei & 

Salim (2016) arrived at similar conclusions about CO2 emissions. Renewable energy 

consumption decreases CO2 emissions but the results also support the existence of an 

Environmental Kuznets curve between urbanization and CO2 emissions, which means 

that a higher level of urbanization ultimately reduces the environmental impact. Apergis 

& Ozturk (2015) also found evidence that is consistent with the theory of an 

Environmental Kuznets Curve. 

You et al., (2015) also uses CO2 as a proxy for climate changes with the motivation 

that CO2 emissions are considered as the primary greenhouse gas responsible for global 

warning. Using panel quantile regressions, they conclude that the effect of democracy is 

heterogeneous across all quantiles and that increased democracy reduces CO2, while an 

increase in financial openness does not. We can also find articles written with GDP as a 

dependent variable, which mostly investigate the relation between GDP and renewable 

energy. One example is Bhattacharya et al., (2016) which establish that renewable energy 

has a significant positive impact on GDP for 57 percent of the nations studied. 
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4 DATA DESCRIPTION 

This study is based on annual data from 1985 to 2014 for 63 countries. These 

countries are divided in to four income groups as defined by the World Bank; Low-

income countries, Lower middle-income countries, Upper-middle income countries and 

High-income countries (World Bank, 2017b). The reason for choosing income 

breakdown over emission breakdown is that quantile regressions capture the different 

levels of emissions within the divided groups and because of that we get more 

information from income breakdown than for example emissions breakdown.  The 

selection of countries in this study is based on the availability of data for the selected 

variables over the time period. Longer time series and/or more countries would have 

been preferable, but due to missing data for many countries, a longer time series would 

result in a reduced sample and more countries would result in a shorter time series. An 

overview of the surveyed countries can be found in the appendix 2. Table 2 presents an 

overview of the seven main variables in our model.  

TABLE 2: VARIABLE DEFINITIONS  

Variable Definition Source 

CO2 Carbon dioxide emissions (metric tons per capita) World Development Indicators (2017) 

GDP GDP per capita (constant 2005 US$) World Development Indicators (2017) 

POP Population size World Development Indicators (2017) 

TRD Ratio of imports plus exports to GDP World Development Indicators (2017) 

GPU 
Occurrence of words related to geopolitical 

tensions in leading international newspapers 
Iacoviello (2016) 

Kaopen 
Financial openness measuring the extent of 

openness in capital account transactions 
Chinn and Ito (2016) 

Polity2 
The difference between the sub-indexes for 

democracy and autocracy.  
Marshall and Jaggers (2016) 

Notes: All the data are annually over 1985–2014. 

4.1 DEPENDENT VARIABLE 

For the dependent variable, this paper considers CO2 in tons per capita as a proxy 

for how each nation contributes to climate change. This choice of proxy is common in 

economic research as CO2 emissions are considered the primary greenhouse gas 

responsible for global warming (You et al., 2015; Romuald 2011). The data for CO2 

emissions are collected from the World Bank (2017a) and is considered at a national 

level. Included in the data is emissions from the burning of fossile fules as well as cement 

manufacture, it excludes emissions from land use. The exclusion of land use, limits our 
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ability to analyze the relation between the disaggregate agricultural sector and carbon 

emissons. 

4.2. EXPLANATORY VARIABLES 

Our main variable of interest is geopolitical uncertainty. To measure this 

uncertainty, we use the index constructed by Caldara and Iacoviello (2016). Their index 

count the occurrence of words related to geopolitical tensions in leading international 

newspapers. The index captures geopolitical events and threats from eight American, two 

British, and one Canadian newspaper1. It also captures regional tensions between the 

United States and other regions of the world. Furthermore, because of the wide 

geographical coverage of the chosen newspapers, along with the global sales and the 

global impact of US-centric events, the index is designed to be a good proxy for global 

political risk according to Caldara and Iacoviello (2016). 

FIGURE 2. GEOPOLITICAL UNCERTAINTY 

 
Notes: The solid line display the logarithmic series of annually Geopolitical risk during the period 1985-2014, values 
indicated in the left y-axis. The dotted red line indicates the VIX financial volatility index from 1990-2014 (FRED, 
2017), financial volatility index, with its values displayed on the right y-axis.  

 

From figure 2 we observe several distinct events were US and Russian war efforts 

stand out as main driving forces of the biggest risk developments. Most notably the two 

wars in Iraq, 1991 and -03, as well as the more recent Russian involvement in Ukraine. 

Besides these three key events, terrorist attacks in the Anglo-Saxon world have in the 

                                                 
1 The Boston Globe, Chicago Tribune, The Daily Telegraph, Financial Times, The Globe and Mail, The Guardian, Los 
Angeles Times, The New York Times, The Times, The Wall Street Journal, and The Washington Post  
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2000’s been a recurring disruption beginning with the September 11 attacks and later 

followed by bombings in Madrid, London and planned transatlantic airline bombings in 

2006. The collapse of the Soviet Union in -91, Russian invasion of Georgia in -08 and 

the Arab spring of 2011 are other notable events that had a clear, observable effect on 

the risk index. All of these events are back dropped by the VIX-index, a more commonly 

used measure of uncertainty that measures changes in futures for the S&P500 (FRED, 

2017). It is clear from this comparison that Geopolitical Uncertainty and VIX captures 

events differently. The construction of the Geopolitical index, along with the fact that it 

captures different events than other indices, is what allows this paper to take a unique 

approach to analyzing the relation between geopolitical uncertainty and climate change. 

To avoid omitted variable bias, further explanatory variables are included in the 

primary model, one of these will be financial openness. For measuring financial 

openness, we use the country-wise index called Kaopen index, created by Chinn and Ito 

(2016). Their index is based on data from IMF Annual Report on exchange 

Arrangements and Exchange Restrictions, where the value -2.66 stands for full capital 

control and 2.66 complete liberalization. 

Considering that previous literature often argues for the importance of institutions 

when estimating the drivers of CO2, this paper includes level of democracy as a proxy for 

the strength of a nations institutions. To measure the level of democracy the indicator 

Polity2 will be included, directly taken from the Polity IV database created by the George 

Mason University and the University of Maryland. The variable captures the regime 

authority on a scale from -10 (non-democratic) to +10 (fully democratic) (Marshall and 

Jaggers, 2016). The polity IV index has been used in a wide range of studies that examine 

the effects of democracy on the environment, because of this we feel confident in using 

it as a measure of democracy.  

Beyond, GDP and GDP squared will be included in the primary model to give 

insight into the effects of accelerating GDP growth. The sign of the squared GDP will 

also inform of the presence of any evidence in favor of the EKC hypothesis. 

Testing for the effects of local political uncertainty, an index for political risk (The 

Political Risk Service, 2017) will be included in the model to replace both Polity2 and 

Geopolitical uncertainty. In earlier studies, political risk has been included as a variable to 

measure democracy, level of corruption and political violence among other topics. Lower 
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political risk is often seen in nations with stronger institutions which is why we chose to 

also exclude Polity2. Political risk variable will be of interest to include in our model as it 

allows for an analysis of how political risk for individual nations affects climate change as 

compared to the global measure of uncertainty (Busse & Hefeker, 2007). 

4.3 ROBUSTNESS TEST VARIABLES 

As a test for robustness, we will use different estimation techniques detailed in the 

method section. One robustness test will study the relation between carbon emissions 

and disaggregate, country wise level GDP. Data has been collected for the three sectors 

of GDP as provided by the World Bank database; the share of the industry, agriculture- 

and service sector to GDP (World Bank, 2017a), thus allowing a more in depth view into 

how different types of economic compositions can affect climate change.  

As an alternative measure of uncertainty, net US presidential approval will be 

included in the model, replacing political risk. It is a measure of how well the US public 

approves of the President’s work (The American Presidency Project, 2017). The measure 

is calculated through subtracting the percentage of unfavorable ratings from the 

percentage of favorable, thus giving a net approval rating. Lastly, Polity2 and geopolitics 

are replaced with crude oil prices.  

4.4 CONTROL VARIABLES 

This paper employ two control variables to avoid omission of important 

information. Trade openness and population size for each nation will be used as these 

are common in previous literature related to effects on the environment and more 

specifically; studies that examine the Environmental Kuznets Curve hypothesis (Apergis 

& Ozturk 2015; Mamun et al., 2014). These variables are collected from the World Bank 

database (World Bank, 2017a).  

4.5 DESCRIPTIVE STATISTIC 

Testing for normal distribution in the residuals using a Jarque-Bera (JB) test, we 

can see in table 3 that all the variables in our model, geopolitics included, are non-

normally distributed. 
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TABLE 3. SUMMARY STATISTICS  

 Mean Median Min Max SD JB ADFa 

CO2 0.811 1.182 -3.331 3.006 1.545 207.725*** -5.852*** 

GDP2 16.511 16.387 9.600 23.083 3.272 102.631*** -6.482*** 

POP 16.808 16.680 12.825 21.034 1.558 17.392*** -5.594*** 

TRD 4.052 4.050 2.406 5.636 0.519 19.143*** -7.627*** 

GPU 4.343 4.336 3.667 5.139 0.401 44.920*** -17.727*** 

Polity2 5.394 8.000 -10.000 10.000 6.007 519.914*** -9.102*** 

Kaopen 0.443 0.029 -1.895 2.389 1.600 202.051*** -8.425*** 

Notes: Variable 1-5 are presented in its natural log form, the remaining variables 6-7 are presented in level. All 
variables contain 1890 observations. a All ADF-tests are conducted with 2 lags and constant trend. 

Table 4 presents the pairwise correlations among the main variables. No pairwise 

correlations exhibit high correlation with the exception for GDP and CO2 where the 

correlation reach 0.836. A high correlation between GDP and CO2 is expected (Apergis 

& Ozturk, 2015; Shafiei & Salim (2016)). Including GDP as well as GDP2 is of interest as 

the latter informs how that relation evolves when the income of a nation rises. Table 5 

gives information of the mean, median and standard deviation for the disaggregate GDP 

variable divided by income classification. Finally, figure 3 visualize the distribution of the 

different sectors of GDP in the population sample. As we can see, most nations in this 

study have a relatively small agricultural sector, the majority have an agriculture sector 

average of 0 to 10 percent of GDP. Considering the industry sector, the majority have an 

industry sector average of 20 and 40 percent, while the service sector has a big spread, 

where the majority have a service sector average of 30 to 80 percent of GDP.   

TABLE 4. CORRELATION MATRIX 

 CO2 GDP2 POP TRD GPU Polity2 Kaopen 

CO2 1.000       

GDP2 0.836 1.000      

POP 0.047 -0.038 1.000     

TRD 0.182 0.148 -0.541 1.000    

GPU 0.010 0.056 0.018 0.064 1.000   

Polity2 0.418 0.552 -0.086 0.092 0.000 1.000  

Kaopen 0.481 0.676 -0.109 0.228 0.030 0.382 1.000 

Notes: Variable 1-5 are presented in its natural log form, the remaining variables 6-7 are presented in level. All 
variables contain 1890 observations. 
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TABLE 5. SUMMARY STATISTICS DISAGGREGATE LEVEL 

 IND SERV AGRI  

 Mean Median SD Mean Median SD Mean Median SD Obs. 

LIC 2.912 2.949 0.336 3.770 3.829 0.318 3.504 3.559 0.358 180 

LMIC 3.306 3.355 0.332 3.868 3.906 0.157 3.069 3.089 0.373 390 

UMIC 3.514 3.499 0.252 3.983 4.029 0.225 2.151 2.201 0.614 600 

HIC 3.351 3.354 0.230 4.185 4.228 0.173 0.994 1.016 0.664 720 

Notes: LIC: Lower-Income Countries, LMIC: Lower Middle-Income Countries, UMIC: Upper Middle-Income 
Countries, HIC: High-Income Countries, IND: the log of the industry’s share of GDP, SERV: the log of the service 
sector share of GDP, AGRI: the log of the agricultural share of GDP 

 

  

FIGURE 3. HISTOGRAM AT DISAGGREGATE LEVEL 

   

   

Note: The top row present the share of the respective sector to GDP in level while the bottom row is in log form. 
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5 METHOD 

In this paper, we apply panel quantile regression model with fixed effect to 

investigate the impact of geopolitical uncertainty, financial openness, and democracy on 

climate change. Panel data is common in related previous studies and it is useful when 

analyzing the effects of individual countries. It is also useful when the dependent variable 

is affected by unobserved factors that correlate with the explanatory variables. As this 

study measures the same nations over time, it is possible that there is such a correlation 

(Wooldridge, 2002). Analysis constructed on panel data allows for consistent estimations 

of the explanatory variables if the unobservable variables are constant over time 

(Verbeek, 2012).  

The main hypothesis of this paper is that we expect a negative relation both in 

mean and the respective quantiles, between geopolitical uncertainty and CO2 emissions.  

5.1 STATISTICAL METHODS 

Augmented Dickey Fuller (ADF) tests are run in accordance with equation 1, to 

ensure the variables are stationary before proceeding to mean estimations (Croissant & 

Millo, 2008). The null hypothesis is: all series have a unit root and can be tested against 

the alternative hypothesis: all series are stationary.  The ADF test conclude stationarity in 

level for Kaopen and Polity2 while every other variable is stationary in its log form.  

𝑦𝑖𝑡 =  𝛿𝑦𝑖𝑡−1 + ∑ 𝜃𝑖
𝑝𝑖
𝐿=1 ∆𝑦𝑖𝑡−1

+ 𝛼𝑚𝑖𝑑𝑚𝑡 + 𝜖𝑖𝑡  (1) 

Following this, a Variance Inflation Factor-test (VIF) (Croissant & Millo, 2008) is 

performed on the variables in the baseline model specification to test for 

multicollinearity, where we use 5 as a critical value. Our results find no indications of 

multicollinearity. Finally, a Jarque-Berra normality distribution-test is performed, where 

the null hypothesis is that the residuals are normally distributed against the alternative 

hypothesis that they are not normally distributed (Komsta & Novomestky, 2015). The 

results show clearly that none of the variables are normally distributed. 

5.2 PANEL QUANTILE REGRESSION 

Quantile regressions, unlike regular regressions, can describe the entire distribution 

of the dependent variable, in our case CO2. This contrasts with pooled OLS which 

focuses on mean effects, which can fail to detect important relations and may also under- 
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or overestimate the relevant coefficients (Koenker and Hallock, 2011). By using quantile 

regressions, we can consider differences throughout the distribution and focus on which 

variable best explain different emission levels (You et al., 2015). Adding to this, the paper 

identifies and divides the countries in four different groups, based on income level 

(Appendix 2). This allows us to analyze how the level of income correlates with changes 

in the relation between our explanatory variables and CO2 emissions. Therefore, the 

quantile estimation in combination with the subdivision of countries gives us a more 

complete picture of the factors that are affecting the carbon emissions (You et al., 2015). 

Koenker and Hallock (2001) also discuss panel quantile regression as a robust 

model of estimation, less sensitive to outliers as well as distributions with heavy tails. The 

panel quantile estimation is also robust to heteroscedasticity, a problem common with 

panel data and an issue poorly handled through pooled OLS estimations. Because of 

these reasons a Panel Quantile Regression method is applied to our model specification. 

While panel quantile regression does not take heterogeneity into account, we will use a 

regression method with fixed effect. The main problem with that, is that the estimator 

will be inconsistent when the number of observations stays fixed while the cross-

sectional units goes to infinity (You et al., 2015). Employing weighted quantiles will help 

mitigate this issue and thus improve the coefficient estimates. 

We calculate asymptotic standard errors to ensure the critical values are optimized 

for our results. To achieve this a weighted xy bootstrapping method is iterated 200 times, 

allowing our p-values to become more reliable (Bose & Chatterjee, 2003). 

To identify a baseline set of results we first run our models through a pooled OLS 

estimation as seen in equation 2.  

𝑌𝑖𝑡 = 𝛼𝑖𝑡 +  𝛽𝛾𝑋𝑖𝑡 +  ε𝑖𝑡     (2) 

These estimations give us an overview of the expected sign and significance of 

different variables (Koenker and Hallock, 2001). From here we continue with the general 

model for conditional quantile regression, based on the work of You et al. (2015), given 

by equation (3): 

Q
yit

(τ|α
i
, ζt, X

it
, )  =  αt(τ) + ζt +  γ(τ)X

it  
+  ε𝑖𝑡    (3) 
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where y
it, is the dependent variable CO2 emissions for all countries studied where i, 

represent the country index and t represent time. We specify the quantile function for 

quantile τ, such as 10th, 20th,…, 90th, 95th percentile. The parameter α(τ) accounts for the 

unconditional quantile and γ(τ)X
it 
presents the explanatory and control variables for the 

different countries i. 

Equation (4) presents the specified version of the model called panel A, where 

each explanatory- and control variables are written together with their respective beta 

coefficient.  

Q
yit

(τ|α
i
, ζt, X

it
, )  =  αt(τ) + ζt +  β1𝜏GDP𝑖𝑡 + β2𝜏GDP𝑖𝑡

2 +   (4) 

β3𝜏POP𝑖𝑡 + β4𝜏TRD𝑖𝑡 +  β5𝜏GPU𝑡 +  β6𝜏Polity2𝑖𝑡 +  β7𝜏Kaopen𝑖𝑡 +  ε𝑖𝑡 

GDP in its aggregate form is measured by GDP per capita, POP indicate 

population size, TRD represents trade openness, GPU denotes global geopolitical 

uncertainty, Polity2 is a measure on regime authority, while Kaopen represents financial 

openness. GDP, GDP2, POP, TRD and GPU are all stationary in log form, while Polity2 

and Kaopen is stationary in level. 

Panel B excludes GDP2 while also breaking down GDP to a disaggregate form. 

This provides the tools to analyze the different sectors of the economy, specifically 

agriculture-, industry- and service sector. All the three sectors are stationary in log form 

and are therefore included in log. Panel B is presented in equation 5. 

Q
yit

(τ|α
i
, ζt, X

it
, )  =  αt(τ) + ζt +  β1𝜏IND𝑖𝑡 +  β2𝜏AGRI𝑖𝑡 + β3𝜏SERV𝑖𝑡   (5) 

β4POP𝑖𝑡 +  β5𝜏TRD𝑖𝑡 + β6𝜏GPU𝑖𝑡 +  β7𝜏Polity2𝑖𝑡 + β8𝜏Kaopen𝑖𝑡 +  ε𝑖𝑡 

 

Panel C replace Polity2 and GPU in equation 5 with country wise Political risk, 

POL, also included in its logged form. This model allows us to see if the national 

measure of political risk POL, inform the relations to CO2 differently than the global 

measure of GPU. 

5.3 ROBUSTNESS TEST/SENSITIVITY ANALYSIS 

Testing for the robustness of the given results, we construct two different models. 

Panel D, replace Polity2 and GPU with US net presidential approval ratings, Appr. The 
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last-mentioned variable is stationary at level why it is included at level. This panel is 

presented in equation 6. 

Q
yit

(τ|α
i
, ζt, X

it
, )  =  αt(τ) + ζt +  β1𝜏IND𝑖𝑡 +  β2𝜏AGRI𝑖𝑡 +   (6) 

β3𝜏SERV𝑖𝑡 + β4POP𝑖𝑡 + β5𝜏TRD𝑖𝑡 + β6𝜏Appr𝑖𝑡 +  β7𝜏Kaopen𝑖𝑡 +   ε𝑖𝑡 

 

The last model, Panel E, replace Polity2 and GPU with crude oil price in stationary 

log form.  

One of the objectives of You et al., (2015) was to test for evidence supporting the 

EKC hypothesis, this paper also provides the necessary tools to test for the Kutznet 

Curve. After running pooled OLS and Quantile Regressions for Panel A, the coefficients 

of GDP and GDP2 are used to calculate the assumed peak of the Kutznet curve. A 

positive coefficient for GDP and a negative coefficient for GDP2 support the presence 

of an EKC as this informs of a peak in an inverse U-shaped relation. This peak in GDP 

is calculated by equation 7. To further strengthen the reliability of the EKC estimations, 

disaggregate sectors of the economy in panel C and D are returned to the aggregate 

form. This way we can test the robustness of the EKC using both national political risk 

as well as net presidential approval as alternatives to global GPU. 

𝜃1𝜏 = 𝑒
(−

𝛽1𝜏
2𝛽2𝜏

)
     (7) 

Finally, several different quantile regressions are run using different values for λ. 

This is done to check the robustness of our results. λ in our primary model regression is 

set to 1 as in You et al., (2014), in this robustness test λ assumes differing values ranging 

from 0.1 to 1.5. Giving the λ parameter a zero value would re-specify the quantile 

regression model to a set of normal fixed effect estimations while on the other hand a λ 

approaching infinity gives estimates in line with the estimations from a simple pooled 

OLS. 

5.4 CRITIQUE & ETHICAL ISSUES  

To get a balanced data set, some backwards and forwards extrapolation was 

necessary. These were done through a calculated average of the following or previous 

five years of observations, allowing us to fill in the gaps. This follows the methodology of 
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Cohen & Soto (2007). 308 of 26400 units have been extra interpolated, since this only 

constitute 1.17 percent of the total number of observations, we do not consider this to 

be an issue for the analysis. Another issue with the dataset is that the subgroup lower 

income countries only consists of six nations and a total of 180 observations. This is 

taken into consideration during our analysis, giving less weight to unexpected results. 

Other options for climate change proxy variables, such as sulfur dioxide or 

national temperature, could be included as alternatives to CO2. However, there are 

comparative advantages to using CO2 in respect to the wide body of previous literature. 

Also, CO2 has been identified as the leading cause of climate change by researchers, 

policy makers (Zhenling, 2013) and the public alike (Whitmarsh et al., 2011). This 

common acceptance and understanding of CO2 emissions as the main driver of climate 

change makes it the focus of globally coordinated efforts such as the Paris Agreement 

(United Nations, 2015), thus making it attractive to study in relation to the purpose of 

this paper. 

We chose not to test the N-shape of the EKC as the finer nuances of that 

hypothesis is outside the purpose of this paper. Going in to too much details would 

make for a less focused story line. 

Finally, considering the low number of nations included in the lower-income 

group, combining the lower-income and lower middle-income groups into one income 

bracket would give a larger set of observations and more reliable estimations.  

Another thing to have in mind is ethical recommendations. This paper follow the 

moral and ethical rules and principles that is praxis for quantitative research according to 

the Swedish Research Council. For our main variable of interest, geopolitical uncertainty, 

we use a newly constructed index that has yet to be incorporated in any studies that we 

are aware of. However, the GPU index is constructed in accordance with the 

methodology of Baker et al., (2016), a method that has become common practice for this 

type of index. In addition to this, we use secondary data from World Bank indicator, 

Polity IV database and the Kaopen index, all of them well-known and often used in 

scientific research. 

  



 26 

6 RESULTS & DISCUSSION 

This section presents and discusses the empirical results of the estimations of our 

different model specifications. A comprehensive, visualized summary of both mean and 

quantile estimations can be observed in table 6. A more detailed breakdown by income 

groups is presented in table 7.  

6.1 EXPLANATORY VARIABLES 

6.1.1 GEOPOLITICAL UNCERTAINTY AT AGGREGATE & DISAGGREGATE LEVEL 

The empirical findings presented in table 6 lend strong support for the main 

hypothesis that geopolitical uncertainty has a negative relation with CO2 emissions. In all 

relevant model specifications, a negative correlation is presented in the mean estimations. 

However, through panel quantile estimation a more complex, heterogeneous relation 

appears. On one hand, both the low and normal emitting nations show the same negative 

relation as the OLS estimation. On the other hand, the highest emitters show no 

significant relation to geopolitical uncertainty in neither the aggregate (panel A) nor the 

disaggregate model (panel B). This implies that the highest per capita emitters are 

unaffected by global geopolitical uncertainty while the rest behave according to theory 

(Asteriou et al., (2001; 2005), Aizenman and Marion (1993), Todd (1996).  

At the aggregate level, we find further complexities in the relation when 

subsampling according to different income groups. When running the quantile 

estimations on the wealthiest income group, the lack of a significant relation among the 

highest emitters crystalizes more clearly as something exclusive for those in the absolute 

top of the distribution emission. In fact, in the 95th quantile for the wealthiest group of 

nations, the relation even turn positive. The smallest subsample in this study, the low-

income countries, show no significant relation to geopolitics in neither the mean nor the 

quantiles. Both lower middle- and upper middle-income countries tell of a negative 

relation in the mean estimation while those in the upper middle-income group also 

display that same relation among the low and normal emitters.  

The observed negative relations of the upper middle-income and the high-income 

groups are not observed in the disaggregate model specification. All taken together, this 

study finds that in general, as the global uncertainty increase, carbon emission decrease 

and vice versa. This relation is most likely transmitted through changes in trade and 

GDP. In line with Asteriou et al., (2005) increased uncertainty in geopolitics might 
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dampen the willingness of companies to invest both domestically and abroad, thus 

hurting growth At the same time, the relation is heterogeneous, strengthening the case 

for more intimate analysis through subdivision of nations as well as quantile regressions 

to allow for varying estimations across the emission distribution. Considering the 

possibility of a pent-up investment demand from corporations, it would be of interest to 

study how the long-term relation develops between emissions and uncertainty. Including 

lags and cointegration analysis could inform if there are long term relations which we 

cannot observe here.  

6.1.2 PANEL C – NATIONAL POLITICAL RISK 

In panel C geopolitics and levels of democracy is replaced with national political 

uncertainty. This new model informs us of a positive relation between political 

uncertainty and emissions, both in the mean estimation as well as for the normal and 

high emitters. The relation appears across most quantiles when diving the data into 

income groups. This clear and consistent relation paint a picture where high political 

uncertainty is related to high emitters and vice versa. This is generally in contrast with 

findings in previous studies on the subject (Andrews-Speed, 2014, Narayan et al., 2015). 

It is possible that increased national political risk leave the decision makers with less 

political capital to take though decision on climate related issues. The reason decision 

makers might be weary to enact policies that would be good for the environment is the 

possible negative effect those policies would have on the economy. This line of 

reasoning is corroborated by the results of this study as well as previous findings 

(Andrews-Speed, 2014) informing of a strong positive linkage between emissions and 

growth. 

If the political positions are less stable, one could argue there is less room to make 

decisions that would possibly dampen economic growth. The idea that increased 

geopolitical risk would hinder international cooperation on carbon emission reduction is 

not supported by the findings of this paper. This is however expected as the common 

timeframes for international agreements on climate is considerably longer than one year 

and thus any relation between the two would not turn up here. 

Considering the superficial similarities between geopolitical- and political 

uncertainty, seeing that they display the completely opposite relation to carbon emissions 

inspires a closer look as to the reasons for this discrepancy. One possibility would be that 
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geopolitical risk has a negative relation to emissions through the channel of trade. Higher 

geopolitical risk could lead to lower trade and through that channel affect growth and in 

the end emissions. Looking at panel C in table 6, when including political risk the OLS 

estimation for trade no longer turn up statistically significant. This insignificance in trade 

only appears when considering political risk in the model specification. When 

considering the subdivided dataset another interesting result appear: the relation between 

trade and carbon emissions is reversed. Unlike the insignificance just mentioned this in-

depth look indicates that the importance of trade is reversed. When considering the 

switched sign between GPU and POL this lends support to the importance of including 

trade and either geopolitical risk or national political risk as control variables when 

estimating the drivers of emissions. Knowing when to include which variable is therefore 

of great importance to obtain robust estimations that will be the basis on which policy is 

constructed. 

6.1.3 PANEL D & E – PRESIDENTIAL APPROVAL & OIL 

To test the robustness of these results we replace GPU and Polity2 with US net 

presidential approval in panel D and the price of oil in panel E. Doing so gave us results 

that are in line with panel B in most estimations. Presidential approval display a 

consistently positive and significant relation with carbon emissions. This result is likely 

explained by previous studies that indicate a strong stock market correlates with high 

approval ratings. The stock market correlates with the real economy and thus by proxy 

its rise would correlate with increasing emissions (Levine & Zervos, 1996). Oil also 

display the expected sign where increasing oil prices correlate with lower emitters and 

vice versa. What stood out was how the inclusion of presidential approval shifted the 

sign of the service sector for the upper middle-income countries. Finally, we find that our 

results are robust to the adjustment of the lambda factor value. 

6.1.4 GDP & EKC 

The EKC hypothesis of an inverted U-shape is given clear, consistent, and highly 

significant support across all model specifications and emission distribution. However, 

there is a considerable discrepancy when considering the aggregate level, panel A, 

subdivided by income groups. Neither of the middle-income groups presents clear nor 

significant evidence in favor of the EKC hypothesis across the emission distribution. In 

fact, the mean estimation of the lower middle-income group presents results that indicate 
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the opposite of the EKC hypothesis. This would suggest a U-shaped Kutznet curve 

where growing GDP correlates with lower emissions at a decreasing rate for countries in 

the lower middle-income group. The inverse relation could be explained by an increase in 

energy efficiency that outpace the increased emissions of the correlated growth. 

However, the empirical results of the countries in this group is consistently off in relation 

to other income groups, therefore a closer analysis of why is of interest. We find that, for 

the same income group at the disaggregate level, panel B, the mean estimation for 

agriculture and service sector show the inverse of the expected relation to carbon 

emissions. The relation is also inversed in relation to our other estimation stemming 

from model specifications that exclude geopolitics. That means, for the lower middle-

income group a large agricultural sector correlates with higher emitters while the 

opposite is true for the service sector. Considering that several of the nations included in 

the income group has some of the higher shares of agriculture, this can help us better 

understand the unexpected EKC for the lower middle-income group. If this group, is 

common for nations growing their economy, moves from an agricultural economy to 

one focused more on services, then an inversed EKC curve could be feasible. This would 

contribute to explain why the EKC suddenly behaves differently. The unexpected 

relation between emissions and the agriculture- and service sectors only presents itself 

when geopolitics is included. Including geopolitics as a control variable in studies related 

to EKC and environmental policy could therefore be assumed to strengthen those 

studies. A further breakdown of this income group and the respective environmental 

regulations could bring more insight into how these have managed to achieve growth 

while at the same time lower their emissions. Moving up to the upper middle-income 

countries this relation is reverted to the expected sign (You et al., 2015). Lastly, the 

omission of a cubed GDP leave us uninformed regarding a possible N-shaped Kuznets 

curve. 

These heterogeneous results across the emission distribution for the different 

income groups is a clear indication that studies into the EKC hypothesis should need to 

subdivide and not rely on a heterogeneous sample, especially not in combination with 

linear mean estimations such as pooled OLS. Doing so generates spurious relations 

which should not be relied upon when setting policy. 
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6.1.5 FINANCIAL OPENNESS 

Financial Openness is inconclusively expected to contribute to lessen 

environmental degradation (You et al., 2015) through the channel of increased trade and 

the exchange of more efficient technology. This is not conclusively found in this study. 

Considering the mean emission estimation, the expected sign appears with the exception 

for the poorest nations. When considering the conditional emission distribution for panel 

D, including Presidential Approval, the relation disappears for all but one level of 

income. This lack of significant relations come as GPU as well as Polity2 is replaced with 

national political risk, panel C. Here it is found that among the upper middle-income 

countries, a negative relation between finical openness and CO2 is found for the all 

distribution levels. These heterogeneous relations make it clear that it is important for 

policy makers to consider both income groups as well as the inclusion of financial 

openness when estimating the different drivers of carbon emissions. 

6.1.6 INSTITUTIONS 

At the aggregate level, panel A, a negative and significant relation between 

democracy and CO2 emissions appears in the non-divided groups, both for normal and 

high emitters as well as the mean estimation. At disaggregate level, this relation becomes 

insignificant, meaning that democracy does not inform differing levels of carbon 

emission. When considering differing income groups, the negative relation between 

democracy and CO2 emissions is apparent at aggregate level but only for the OLS 

estimations and high emitters among the richest countries. This implies that stronger 

institutions appear to pave the way for stronger environmental policy among high 

emitters. Considering how the CO2 emission variable is constructed, this could also 

indicate that these countries have moved more dirty production abroad. 

At disaggregate level, panel B, there is still no significant relations except for the 

lower middle-income countries where the relation suddenly becomes positive, both for 

the mean estimation and the lower and normal emitters. A common factor among these 

countries is a weak institutional structure. This could possibly imply that among these 

economically lagging nations, stronger institutions and with that a higher credibility, 

might attract more foreign and domestic investments in less clean sectors, thus driving 

up GDP and emissions. These heterogeneous relations are in line with the findings of 

You et al., (2015). 



 31 

6.2 CONTROL VARIABLES 

6.2.1 POPULATION 

Results for the control variables included in the model are informative. The effect 

of population size is inconsistent in our models and differs from previous literature. In 

the mean distribution, there is only one significant result and that is a positive relation 

during normal distribution at the aggregate level. The same result appears in the quantile 

regression. First when considering the wealth subdivisions, is it possible to find positive 

and significant relations that are in line with previous literature. However, this is only the 

case for the lower middle-income countries. For the highest-income countries, there is 

still a positive sign but only significant for the mean distribution at the aggregate level. 

The interesting part here is the results for the lowest and upper middle-income countries, 

where the sign has switched to negative. This means that the lower middle-income 

countries and the wealthiest countries follow the known relation, while the poorest 

countries and the upper middle-income countries inform of an inverse relation, unlike 

previous literature, between population and CO2 emissions. In the latter case, therefore, 

an increased population is related to a reduction in carbon emissions. 

6.2.2 TRADE OPENNESS 

When considering trade there are different opinions in the previous literature 

about the relation between trade openness and CO2 emissions. In our results, the mean 

distribution generates a positive and significant relation between trade openness and CO2 

emissions for all but the disaggregate model specifications. The quantiles tell of no 

significant relations, except for aggregate level, where the relation is positive and only 

during normal distribution levels. This implies that trade openness in general are 

disconnected from global carbon emissions. The interesting part is the classification 

divided models, where the lower middle-income countries generates a positive relation 

between trade openness and CO2 emissions during almost all distribution levels and 

models. Even in the other income groups there exist a relation between trade openness 

and CO2 emissions, even though it is only in the mean distribution and not for all the 

different models. 

To sum up the control-variables, we find that the division of our data by income 

subgroups, provide significantly different results than what the same models tells when 

estimating the entire sample group. This heterogeneous result is expected and informs us 
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of the usefulness of more detailed examinations of the drivers behind carbon emissions. 

Where no relation is apparent during simple OLS regressions for a large sample of 

countries, there might be plenty of information hiding in plain sight if one knows how to 

categorize the sample. The same is true for the use of panel quantile regressions instead 

of the mean OLS estimations. 
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TABLE 6: SUMMARY OF SIGNIFICANT COEFFICIENTS AND THEIR SIGN 

 Panel A  Panel B  Panel C  Panel D  Panel E 

 OLS L M H  OLS L M H  OLS L M H  OLS L M H  OLS L M H 

C - - - -  - - - -  - - - -  - - - -  - - - / 

GDP + + + +       (+) (+) (+) (+)  (+) (+) (+) (+)  (+) (+) (+) (+) 

GDP2 - - - -       (-) (-) (-) (-)  (-) (-) (-) (-)  (-) (-) (-) (-) 

IND      + + + +  + + + +  + + + +  + + + + 

AGRI      - - - -  - - - -  - - - -  - - - - 

SERV      + + + +  + + + +  + + + +  + + + + 

POP + / + /  / / / /  / / / /  / / / /  / / / / 

TRD + / + /  + / / /  / / / /  + / / /  + / / / 

GPU - - - /  - - - /                

POL           + / + +           

APPR                + + + +      

OIL                     - - - - 

Polity - / - -  / / / /                

Kaopen - / / /  - / / /  - / / /  - / / /  - / / / 

Notes: L, M and H represent low, median, and high emission distribution quantiles respectively. L captures the 10th, 20th and 30th quantiles, M captures the 40th, 50th and 60th quantiles and H 
captures the 70th, 80th, 90th and 95th quantiles. To obtain a common sign a minimum of two quantiles in each category need to show the same significant sign, significant to a minimum 95%. “+” 
indicate a positive and significant relation, “-“ a negative and significant relation while “/” indicate a lack of significant coefficients. If no symbol is present the corresponding model specification 
does not include that specific variable. The signs in parenthesis signify the GDP and GDP2 signs from the EKC robustness tests that return models C, D, and E to the aggregate level.  
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TABLE 7. SUMMARY OF SIGNIFICANT COEFFICIENTS AND THEIR SIGN DIVIDED BY CLASSIFICATION 

  Panel A Panel B Panel C Panel D Panel E 

 C O L M H O L M H O L M H O L M H O L M H 
C

 
1 - - - - - - - - - - - - - - - - - / / / 

2 - - - - - - / / - - - - - / / / - / / / 

3 - / - / - / / / - / / / - / / / - / / / 

4 - - - - - / / / - - / / - - / / - - / / 

G
D

P
 1 + + + +                 

2 - / / /                 

3 + + + +                 

4 + + + +                 

G
D

P
2
 1 - - - -                 

2 + / / /                 

3 - / / /                 

4 - - - -                 

IN
D

 

1     + + + + + + + + + + + + + + + + 

2     + / / / - / / / - / / / - / / / 

3     + / + + + + + + + / + + + / + + 

4     + + + + + + + + + + + + + + + + 

A
G

R
I 

1     - / / / - / / / - / / / - / / / 

2     + - - - - - - - - - - - - - - - 

3     - - - - - - - - - - - - - - - - 

4     - - - - - - - - - - - - - - - - 

S
E

R
V

 1     + + + + + + + + + + + + + + + + 

2     - / / / / / / / / / / / / / / / 

3     + / / + + / / + - - - - + / + + 

4     + / / / + / / / + + / / + + / / 

P
O

P
 

1 - - - - / - - - - - - - - - - - - - - - 

2 + + + + + + + + + + + + + + + + + + + + 

3 + / / / - / - - - / - - - / / - - / / / 

4 + / / / / / / / / / / / / / / / / / / / 

T
R

D
 1 - / / / - / / / - / / / - / / / - / / / 

2 + + + + + + + + + / + + + + / / + + + + 

3 + / / / / / / / - / / / / / / / / / / / 

4 + / / / / / / / - / / / / / / / / / / / 

G
P

U
 1 / / / / + / / +             

2 - / / / - - / /             

3 - - - / / / / /             

4 - - / / / / / /             

P
O

L
 

1         + / / /         

2         + + + +         

3         + + + /         

4         + + + +         

A
P

P
R

 1             / / / /     

2             + / / /     

3             + / / /     

4             + / / /     

O
IL

 

1                 + / / + 

2                 - - - - 

3                 - / / / 

4                 - - / / 

P
o

lit
y2

 1 - / / / / / / /             

2 + / / / + + + /             

3 - / / / + / / /             

4 - / / - / / / /             

K
ao

p
en

 1 / / / / / / / / / / / / / / / / / / / / 

2 - / / / - / / / - / / / / / / / / / / / 

3 + / / / / / / - / / - - - / / / + / / / 

4 - / / - - / / / - / / / - / / / / / / / 

Notes: C notes the income groups denoted 1 through 4, representing Lower-, Lower Middle-, Upper Middle-, and 
High-Income Countries respectively. L, M, and H represent low, median, and high emission distribution quantiles 
respectively. L captures the 10th, 20th and 30th quantiles, M captures the 40th, 50th and 60th quantiles and H captures the 
70th, 80th, 90th and 95th quantiles. To obtain a common sign a minimum of two quantiles in each category need to show 
the same sign, significant to a minimum of 95%. A plus sign indicate a positive and significant relation, minus a 
negative and significant relation while “/” indicate a lack of significant coefficients. The signs in parenthesis signify the 
GDP and GDP2 sign’s from the EKC robustness tests that return models C, D, and E to the aggregate level. 
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8 CONCLUSIONS 

In general, we find a consistent negative relation between global uncertainty and 

the different CO2 emission distribution levels, while the relationship between national 

political uncertainty and emissions is consistently positive. These relations turn 

heterogeneous when the model specification take different income groups into account. 

All taken together, this study finds that, as the global uncertainty increases, carbon 

emission decrease and vice versa. When considering local risk, high political risk is 

associated with high carbon emissions, as well as low political risk is associated with low 

carbon emissions, which is in contrast with the findings and conclusions of previous 

studies. 

The completely opposite sign observed in geopolitical uncertainty (negative) vs 

political risk (positive) could be explained by the different channels of influence. Higher 

geopolitical uncertainty could lead to lower investments as corporations become weary to 

assume any large, long term investments abroad and domestically. Adding to this, this 

effect could possibly be seen through the channel of trade. National political risk and its 

positive relation to carbon emissions, is likely due to a lack of political capital to drive 

through environmental policy, weakened institutions and more generally that those 

nations with high political risk has less environmental protection in place. The opposite 

sign between geopolitical uncertainty and political risk support the importance of 

including trade and either geopolitical uncertainty or political risk as control variables 

when estimating the drivers of emissions. 

The robustness test of these study, using US net presidential approval and oil 

prices instead of the geopolitical uncertainty and Polity2, generates in general the same 

result as the original model specification. Presidential approval displays a consistent 

positive relationship with carbon emissions, while Oil also display the expected sign 

where increasing oil prices correlates with lower emissions and vice versa. 

We find heterogeneous effects of trade openness on pollution, which is in line with 

the result in You et al., (2015). Including trade in a model indended to describe drivers of 

carbon emissions, is of interest when considering data divided by income groups. The 

same conclusions drawn for trade openness can be applied to financial openness. 
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Considering the relation between carbon emissions and the control variable population, 

there is in high heterogeneity and a lot of insignificant results. 

The impact of institutional strength on pollution is heterogeneous. In general, at 

aggregate level there is a negative relation between institutional strength and carbon 

emissions, a relation that turns insignificant at the disaggregate level. When considering 

classifications, the relation is only apparent during the mean estimation and for the high 

emitters in the richest countries. This implies that stronger institutions appear to 

represent an incentive for stronger environmental policy among high emitters, it could 

also be a result of having more production abroad. 

Considering how income correlate with pollution, the quadratic specifications give 

a clear and consistent evidence in favor of the EKC hypothesis. The relation between 

emissions and income has the expected inverted-U shape. There is an exception among 

the middle-income countries. The mean estimation for the lower middle-income 

countries present a result that indicate the opposite of the EKC hypothesis, i.e. a U-

shaped Kuznets curve, which means that growing GDP correlates with lower emissions 

at a decreasing rate. This could be explained by an increase in energy efficiency that 

outpace the increased emissions of the correlated growth. However, this is only the 

scenario for the lower middle-income countries. This tells of the importance to policy 

makers to consider dividing the sample data by income groups when estimating the 

optimal climate policy for specific nations. 

The findings of this paper provide a greater understanding to policy makers who 

design policies intended to tackle climate change. First off, one policy fits all is not an 

applicable approach when dealing with the issues of carbon emissions. For example, 

emissions from lower middle-income nations relate to sectoral composition, trade and 

institutional strength in the opposite way than other income groups. Even within a given 

income group there are differences in how emissions relate to different emission 

distribution levels. Thus, policy makers need to be attentive to what type of emission 

control policy is suitable for their specific circumstance. Lastly, we see that all nations 

should consider both national and global political risk when evaluating different emission 

reduction approaches.  
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APPENDIX 1. LITERATURE REVIEW  

Study Dependent  Explanatory Data Method Key findings 

Ahmed & Azam 
(2016) 

GDP, EC None Varying timespan 
(A), PD, 119 
countries 

Granger Causality Regarding the causal nexus between EC and GDP 18 
countries exhibits signs of feedback, 25 show signs of 
growth, 40 show signs of conservation and 36 point 
to evidence of neutrality hypothesis 

Alper & Oguz 
(2016) 

GDP GFCF 1990-2009(A), PD, 
EU-member 
countries 

Asymmetric causality, ARDL REC has positive impact on GDP in all countries 

Azam, (2016) GDPg-cap CO2, NFDI, EC, GS, 
HC 

1990-2011(A), PD, 
11 Asian countries 

Fixed/Random effect Environmental degradation has significant negative 
impact on growth.  

Bhattacharya et 
al., (2016) 

GDP GFCF, LF, REC, 
NREC 

1991-2012(A), PD, 
38 top REC 
countries 

Panel Cointegration test, 
OLS, DOLS, FMOLS 

Findings indicate that REC has significant positive 
impact on GDP for 57% of the nations studied 

Inglesi-Lotz, R. 
(2016) 

GDP, GDPcap REC, Share REC to 
TEC, GFCF, 
Employees, R&D 

1990-2010(A), PD, 
34 OECD countries 

Pedroni Cointegration The influence of REC to GDPg is positive 

Irandoust, M. 
(2016) 

GDPcap, CO2cap GDPcap, CO2cap, 
R&Denergy, REC 

1975-2012(A), PD, 
Nordic countries 

Granger Causality Finds a unidirectional causality from REC to CO2 for 
DEN and FIN, the causality for SWE and NOR is 
bidirectional 

Jebli et al., (2016) CO2cap GDP, REC, NREC, 
TRD 

1980-2010(A), PD, 
25 OECD countries 

Short-run Granger Causality Evidence of bidirectional causality between REC and 
IMP, REC and NREC, NREC and TRD. Increasing 
NREC increases CO2. Increasing TRD or REC 
reduces CO2. 

Rafindadi, (2016) 

 

GDPg EC, FD, TRDopen, 
CO2 

1971-2011(A), TS, 
Nigeria 

Cointegration (ARDL, Bayer-
Hanck), structural break test, 
causality through VECM 

FD stimulates EC, but lowers CO2, GDPg lowers EC 
but increases CO2. TRDopen increases EC but 
decreases CO2 
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Shafiei & Salim 
(2016) 

CO2 REC, NREC, 
GDPcap, Ubanisation, 
POP, 
Industrialisation, 
Service%, POPdens 

1980-2011(A), PD, 
OECD countries 

STIRPAT, GMM NREC increases CO2 while REC decreases CO2. A 
Kuznets curve exists between urbanization and CO2  

Apergis & Ozturk 
(2015) 

CO2 GDPcap, POPdens, 
LANDarea, 
Industry%, 
institutional measures 

1990-2011(A), PD, 
14 Asian countries 

GMM Evidence is congruent with theory and yields support 
to the presence of an environmental Kuznets Curve 

Barlemann et al., 
(2015) 

Presidential 
Approval 

UNemp, INF, G% 
GDP, time-in office, 
Vietnam causalities, 
Afghanistan causalities 
and Iraq causalities.  

1953-2006 (M), TS Penalized spline smoothing 
which possible nonlinear 
effects for the economic 
determinants. 

By controlling for the well-known politically 
motivated covariables, we find strong evidence for 
nonlinear and negative effects of unemployment, 
inflation, and government consumption on 
presidential approval. Additionally, we present new 
results in favor of nonparametric trivariate interaction 
effects between the macroeconomic covariable. 

Omri et al., (2015) GDPg Nuclear EC, REC 1990-2011(A), PD, 
17 countries 

Dynamic PD, Simultaneous 
equation models, GMM 

Mixed results across the board 

Woo et al., (2015) Labour, Capital, 
RES, REG, GDP, 
CO2 

None 2004-2011(A), PD, 
31 OECD countries 

Data envelopment Evidence of geographical differences in 
environmental efficiency across the OECD 

You et al., (2015) 

 

CO2 GDP, POP, TRD, 
INDUS%, Polity2, 
FREEDOM, Kaopen 

1985-2005(A), TS, 
87-97 countries 

QR Effect of democracy on CO2 is heterogeneous across 
quantiles. Among high-CO2 nations, greater 
democracy reduces CO2, but greater financial 
openness does not. 

Mamun et al., 
(2014) 

CO2cap GDPg, GDPg^2, 
disaggregate ratios, 
TRDopen, POP 

1980-2009(A), PD, 
136 countries 

Cointegration using 
Westerlund 

Confirms Kutznet curve in all country groups except 
high income OECD. Finds that global emissions 
could shrink by encouraging nations to focus on their 
relative CO2-efficient sectors. 
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Salim et al., (2014) GDP, Industrial 
output 

GFCF, LF, REC, 
NREC 

1980-2011(A), PD, 
29 OECD countries 

Cointegration, Structural 
Breaks 

Evidence of a long-term equilibrium among NREC, 
REC, GDPg and industrial output. 

Fauvelle-Aymar 
& Stegmaier 
(2013) 

Presidential 
Approval 

GDP, IMF price 
index, POPratet-1, the 
honeymoon, 
dummies: Watergate, 
Gulf War, Iraq War, 
Iran Gate, Vietnam 
War 9/11 

1960–2011 (Q), TS OLS A rapid fall in the stock market index reduces 
president approval, while a sharp acceleration in the 
index growth boosts U.S. presidential approval. 

Jayanthakumaran 
et alj., (2012) 

CO2cap GDPcap, GDPcap^2, 
TRDopen, ECcap 

 

1971-2007(A), TS, 
India & China 

Bounds-testing Cointegration 
and ARDL 

 

CO2 in China appears influenced by GDPcap, EC and 
structural changes. The same cannot be said for India. 

Chang et al., 
(2009) 

REC GDP, CPIenergy 1997-2006(A), PD, 
30 OECD countries 

Panel Threshold regression Evidence is found for an optimal threshold in the 
regression relation, the optimal value for that 
threshold was found to be 4,13% 

Notes:   
EC = Energy consumption GS = Gross Savings Population Density = POPdens 
ECcap = Energy Consumption per capita GFCF = Gross Fixed Capital Formation REG = Renewable Energy Generation 
FD = Financial Development NFDI = Net Foreign Direct Investment TEC = Total Energy Consumption 
HC = Human Capital (N)REC = (Non) Renewable Energy Consumption TRDopen = Ratio of import & exports to GDP 
GMM = Generalized Method of Moments    
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APPENDIX 2. COUNTRY CLASSIFICATION 

LIC LMIC UMIC HIC 

Madagascar Bangladesh Algeria Australia 

Malawi Bolivia Argentina Austria 

Mali Cameroon Botswana Belgium 

Senegal Ghana Brazil Canada 

Sierra Leone Honduras Bulgaria Chile 

Uganda India China Cyprus 

 Indonesia Colombia Denmark 

 Kenya Costa Rica Finland 

 Morocco Dominican Republic France 

 Pakistan Ecuador Germany 

 Philippines Guyana Greece 

 Sri Lanka Jordan Italy 

 Sudan Malaysia Japan 

 Zambia Mexico Netherlands 

  Panama New Zealand 

  South Africa Norway 

  Suriname Poland 

  Thailand Portugal 

  Turkey Saudi Arabia 

   Spain 

   Sweden 

   United Kingdom 

   United States 

   Uruguay 

Notes: LIC: Lower-Income Countries, LMIC: Lower Middle-Income Countries, UMIC: Upper Middle-Income 
Countries, HIC: Higher-Income Countries. These classifications are constructed based on the 2017 Gross National 
Income (GNI) with the following break points: $1,025 or lower = LIC, between $1,026 and $4,035 = LMIC, between 
$4,036 and $12,475 = UMIC, and $12,476 or more = HIC. 

 
 
 
APPENDIX 3. VARIANCE INFLATION FACTOR 

 GDP2 POP TRD GPU Polity2 Kaopen 

VIF 0.055 0.152 0.504 -0.200 -0.013 -0.167 
Notes: All values are below 5, thus indicating no issues with multicollinearity. 
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APPENDIX 4. QUANTILE REGRESSION RESULTS – PANEL A 
 Quantiles 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (A) GDP and GDP2 measure 

C -17.662*** -17.188*** -16.750*** -16.685*** -17.695*** -18.208*** -18.548*** -18.427*** -17.458*** -16.023*** -15.110*** 

GDP 3.089*** 2.912*** 2.830*** 2.813*** 3.014*** 3.171*** 3.396*** 3.440*** 3.420*** 3.346*** 3.308*** 

GDP2 -0.132*** -0.119*** -0.117*** -0.117*** -0.128*** -0.139*** -0.154*** -0.159*** -0.160*** -0.159*** -0.157*** 

POP 0.130*** 0.096 0.091 0.108* 0.121* 0.133** 0.124* 0.117* 0.105 0.070 0.052 

TRD 0.293 0.392 0.364* 0.332** 0.331** 0.322** 0.307** 0.277** 0.195 0.090 0.019 

GPU -0.197 -0.317*** -0.182*** -0.158*** -0.129*** -0.146*** -0.160*** -0.115*** -0.103*** -0.035 -0.030 

Polity2 -0.022*** -0.013 -0.023 -0.020 -0.025* -0.027** -0.025** -0.022* -0.017 -0.020 -0.032** 

Kaopen -0.089*** -0.066 -0.069 -0.072* -0.075* -0.079* -0.070 -0.076 -0.086* -0.074* -0.111** 

Obs. 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through the 95th levels as 
well as the mean estimations as denoted OLS. Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 

APPENDIX 5. QUANTILE REGRESSION RESULTS, PANEL B - ROBUSTNESS ANALYSIS: ALTERNATIVE ESTIMATION TECHNIQUE 
 Quantiles 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (B) GDP divided to Industry, Service, and Agriculture 

C -7.404*** -12.186*** -12.352*** -10.998*** -11.063*** -9.629** -8.890** -8.339** -6.912** -6.355* -7.250* 

IND 1.538*** 1.823*** 1.944*** 1.793*** 1.730*** 1.644*** 1.682*** 1.748*** 1.635*** 1.571*** 1.511*** 

AGRI -0.920*** -0.973*** -0.908*** -0.916*** -0.910*** -0.854*** -0.792*** -0.751*** -0.734*** -0.715*** -0.682*** 

SERV 1.242*** 1.580** 1.675*** 1.664*** 1.717*** 1.634** 1.601*** 1.411*** 1.198** 1.124** 1.347*** 

POP 0.002 0.059 0.096 0.070 0.061 0.013 -0.029 -0.042 -0.053 -0.058 -0.054 

TRD 0.093** 0.382 0.096 0.021 0.069 0.07 0.101 0.155 0.189 0.175 0.221 

GPU -0.111** -0.207*** -0.167** -0.132** -0.091 -0.083 -0.105** -0.091** -0.100** -0.026 -0.017 

Polity2 0.005 0.011 0.000 -0.004 -0.002 0.003 0.007 0.007 0.005 -0.007 -0.015 

Kaopen -0.057*** -0.149** -0.084 -0.057 -0.054 -0.043 -0.028 0.005 0.016 0.017 -0.001 

Obs. 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through the 95th levels as 
well as the mean estimations as denoted OLS. Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 6. QUANTILE REGRESSION RESULTS PANEL C - ROBUSTNESS ANALYSIS: ALTERNATIVE ESTIMATION TECHNIQUE 
 Quantiles 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (C) GDP divided to Industry, Service, and Agriculture with political and economic risk instead of polity2 and GPU 

C -10.127*** -14.855*** -13.392*** -13.887*** -13.43*** -13.377*** -13.875*** -12.528*** -12.601*** -11.147** -9.472** 

IND 1.507*** 1.850*** 1.942*** 1.959*** 1.711*** 1.655*** 1.696*** 1.68*** 1.663*** 1.618*** 1.614*** 

AGRI -0.858*** -0.962*** -0.910*** -0.822*** -0.804*** -0.729*** -0.623*** -0.614*** -0.584*** -0.581*** -0.604*** 

SERV 1.199*** 1.500** 1.481*** 1.639*** 1.552** 1.492** 1.506*** 1.343*** 1.332*** 1.105** 0.983** 

POP -0.002 0.055 0.071 0.050 0.049 0.005 -0.026 -0.057 -0.052 -0.043 -0.047 

TRD 0.040 0.264 0.038 -0.019 0.059 0.068 0.087 0.093 0.147 0.158 0.174 

POL 0.653*** 0.628 0.423 0.519 0.658 0.927** 1.102*** 1.094*** 1.081*** 0.976*** 0.732** 

Kaopen -0.072*** -0.182** -0.114 -0.058 -0.061 -0.053 -0.020 -0.015 -0.028 -0.019 -0.014 

Obs. 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through the 95th levels as 
well as the mean estimations as denoted OLS. Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 

APPENDIX 7. QUANTILE REGRESSION RESULTS PANEL D - ROBUSTNESS ANALYSIS: ALTERNATIVE ESTIMATION TECHNIQUE 
 Quantiles 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (D) GDP divided to Industry. Service and Agriculture with Presidential Approval instead of polity2 and GPU 

C -8.222*** -12.921*** -12.054*** -12.505*** -11.244*** -10.818*** -9.750** -9.357** -8.537** -6.243 -6.678 

IND 1.526*** 1.665*** 1.768*** 1.798*** 1.632*** 1.609*** 1.674*** 1.763*** 1.690*** 1.556*** 1.531*** 

AGRI -0.926*** -1.003*** -0.958*** -0.892*** -0.906*** -0.859*** -0.81*** -0.745*** -0.706*** -0.740*** -0.689*** 

SERV 1.290*** 1.568** 1.497** 1.745*** 1.618*** 1.729*** 1.625** 1.546** 1.394*** 0.996** 1.006** 

POP 0.007 0.075 0.108 0.085 0.077 0.033 -0.014 -0.041 -0.044 -0.045 -0.022 

TRD 0.116** 0.437 0.125 0.072 0.110 0.117 0.123 0.152 0.190 0.198 0.224 

Appr 0.003*** 0.003*** 0.004*** 0.003*** 0.003** 0.003** 0.002** 0.001** 0.002*** 0.002*** 0.002** 

Kaopen -0.051*** -0.148** -0.088 -0.039 -0.043 -0.040 -0.011 0.008 0.026 0.012 -0.001 

Obs. 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through the 95th levels as 
well as the mean estimations as denoted OLS. Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 8. QUANTILE REGRESSION RESULTS PANEL E - ROBUSTNESS ANALYSIS: ALTERNATIVE ESTIMATION TECHNIQUE 
 Quantiles 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (E) GDP divided to Industry. Service and Agriculture with Oil price instead of polity2 and GPU 

C -7.938*** -12.066*** -12.968*** -11.489*** -11.015*** -10.629*** -10.065*** -8.332** -7.416** -6.017 -5.458 

IND 1.467*** 1.467*** 1.628*** 1.518*** 1.496*** 1.452*** 1.577*** 1.547*** 1.552*** 1.441*** 1.453*** 

AGRI -0.935*** -1.047*** -0.948*** -0.977*** -0.963*** -0.926*** -0.834*** -0.795*** -0.754*** -0.758*** -0.753*** 

SERV 1.299*** 1.488*** 1.691*** 1.597*** 1.623*** 1.647*** 1.614*** 1.326*** 1.219*** 0.962** 0.857* 

POP 0.023* 0.132* 0.155** 0.143* 0.112 0.086 0.033 -0.003 -0.022 -0.018 -0.020 

TRD 0.180*** 0.484* 0.333 0.237 0.277 0.299 0.264 0.297 0.250 0.254 0.233 

OIL -0.174*** -0.246*** -0.297*** -0.264*** -0.269*** -0.237*** -0.190** -0.160** -0.140** -0.106** -0.087 

Kaopen -0.050*** -0.155** -0.090 -0.061 -0.048 -0.048 -0.007 0.011 0.019 0.005 -0.013 

Obs. 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through the 95th levels as 
well as the mean estimations as denoted OLS. Results are available upon request. ‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 9. QUANTILES SPLIT ACCORDING TO CLASSIFICATION 
Quantiles - Panel A 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (A) - classification 1. Lower-Income Countries 

C -10.189*** -4.059** -4.595*** -4.531*** -4.373** -4.426** -4.119** -3.982** -4.033** -2.619 -0.586 

GDP 3.233*** 3.112*** 3.150*** 3.125*** 3.086*** 3.101*** 3.080*** 3.057*** 3.101*** 2.961*** 2.917*** 

GDP2 -0.148*** -0.156*** -0.159*** -0.157*** -0.155*** -0.156*** -0.155*** -0.154*** -0.157*** -0.149*** -0.146*** 

POP -0.250*** -0.573*** -0.553*** -0.553*** -0.552*** -0.548*** -0.557*** -0.559*** -0.566*** -0.607*** -0.696*** 

TRD -0.196*** 0.022 0.044 0.053 0.052 0.048 0.047 0.047 0.057 0.036 -0.024 

GPU 0.019 0.014 0.014 0.015 0.015 0.012 0.006 0.010 0.007 0.008 -0.008 

Polity2 -0.022*** 0.000 0.002 0.002 0.005 0.005 0.004 0.002 0.000 -0.001 0.005 

Kaopen 0.032 0.004 0.002 0.000 -0.012 -0.006 -0.007 -0.009 -0.016 -0.029 -0.084* 

Obs. 180 180 180 180 180 180 180 180 180 180 180 

adjR2 0.938           

Panel (A) - classification 2. Lower Middle-Income Countries 
C -11.223*** -11.793*** -11.994*** -10.345*** -9.476*** -9.039*** -8.633*** -8.377** -7.930** -8.991** -9.103** 

GDP -0.709** 0.308 0.185 0.348 0.324 0.314 0.232 0.227 0.315 0.520 0.443 

GDP2 0.068*** 0.003 0.008 0.002 0.003 0.004 0.008 0.008 0.003 -0.008 -0.004 

POP 0.447*** 0.368*** 0.400*** 0.302*** 0.273*** 0.262*** 0.261*** 0.255*** 0.226*** 0.228*** 0.238*** 

TRD 1.533*** 0.795*** 0.923*** 0.750*** 0.697*** 0.677*** 0.676*** 0.658*** 0.598*** 0.640*** 0.713*** 

GPU -0.178** -0.086 -0.062 -0.038 -0.041 -0.060 -0.052 -0.043 -0.030 -0.008 -0.002 

Polity2 0.062*** 0.095 0.071 0.042 0.035 0.032 0.032 0.027 0.019 0.013 0.016 

Kaopen -0.073*** -0.056 -0.046 -0.039 -0.034 -0.028 -0.024 -0.014 0.002 0.019 0.007 

Obs. 390 390 390 390 390 390 390 390 390 390 390 

adjR2 0.747           

Panel (A) - classification 3. Upper Middle-Income Countries 
C -16.87*** -12.354* -10.254* -9.901* -9.879** -9.877** -9.652** -9.1* -8.767* -8.495* -8.888* 

GDP 3.288*** 2.796** 2.447** 2.451** 2.394** 2.326** 2.286** 2.153** 2.034** 2.057** 2.305*** 

GDP2 -0.150*** -0.121* -0.104* -0.105* -0.103* -0.098* -0.096* -0.088 -0.082 -0.086 -0.103** 

POP 0.076*** -0.069 -0.096 -0.094 -0.086 -0.080 -0.086 -0.093 -0.090 -0.101 -0.114 

TRD 0.208*** 0.284 0.148 0.058 0.075 0.099 0.096 0.098 0.112 0.111 0.075 

GPU -0.206*** -0.340*** -0.172** -0.135** -0.111** -0.084** -0.064** -0.028 0.004 0.016 0.023 

Polity2 -0.020*** -0.024 -0.013 -0.006 -0.003 -0.002 -0.003 -0.003 -0.001 0.003 0.007 

Kaopen 0.046** -0.006 0.010 0.006 -0.005 -0.023 -0.025 -0.031 -0.038 -0.018 -0.007 

Obs. 600 600 600 600 600 600 600 600 600 600 600 

adjR2 0.870           

Panel (A) - classification 4. High-Income Countries 
C -19.189*** -16.197*** -17.786*** -17.127*** -16.576*** -16.314*** -16.118*** -16.351*** -16.014*** -15.858*** -15.703*** 

GDP 3.545*** 2.814*** 2.982*** 2.911*** 2.913*** 2.926*** 2.990*** 3.070*** 3.009*** 3.076*** 3.330*** 

GDP2 -0.152*** -0.120** -0.133** -0.129** -0.131** -0.132*** -0.136*** -0.140*** -0.136*** -0.139*** -0.154*** 

POP 0.129*** 0.181 0.217 0.201 0.176 0.164 0.148 0.143 0.133 0.109 0.057 

TRD 0.112* 0.051 0.127 0.055 0.000 -0.019 -0.053 -0.058 -0.054 -0.089 -0.213 

GPU -0.180*** -0.322** -0.213** -0.137*** -0.065* -0.043 -0.023 0.005 0.035 0.083* 0.153*** 

Polity2 -0.032*** -0.022 -0.019 -0.020 -0.016 -0.017 -0.023 -0.032* -0.033** -0.034** -0.036** 

Kaopen -0.228*** 0.039 0.001 -0.030 -0.023 -0.038 -0.067 -0.095* -0.112** -0.143*** -0.167*** 

Obs. 720 720 720 720 720 720 720 720 720 720 720 

adjR2 0.854           

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through 
the 95th levels as well as the mean estimations as denoted OLS. The results are divided by income groups. Results are available upon request. 
‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 10. QUANTILES SPLIT ACCORDING TO CLASSIFICATION 
Quantiles - Panel B 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (B) – Lower-Income Countries 

C -20.443*** -14.330*** -15.054*** -14.527*** -14.931*** -15.344*** -14.278*** -14.41*** -14.909*** -14.836*** -14.79*** 

IND 3.794*** 3.185*** 3.231*** 3.216*** 3.237*** 3.288*** 3.219*** 3.251*** 3.298*** 3.319*** 3.387*** 

AGRI -0.783*** -0.123 -0.138 -0.147 -0.134 -0.134 -0.139 -0.147* -0.137* -0.105 -0.022 

SERV 3.550*** 3.623*** 3.754*** 3.606*** 3.664*** 3.726*** 3.557*** 3.602*** 3.670*** 3.724*** 3.781*** 

POP -0.166 -0.607*** -0.593*** -0.589*** -0.581*** -0.577*** -0.583*** -0.590*** -0.588*** -0.613*** -0.659*** 

TRD -0.596*** 0.061 0.022 0.017 0.018 0.019 0.000 -0.012 -0.017 -0.007 0.016 

GPU 0.176** 0.027 0.032 0.053* 0.052* 0.042 0.054* 0.062** 0.074*** 0.070** 0.099*** 

Polity2 -0.007 0.010 0.006 0.010 0.005 0.001 0.003 0.004 0.002 0.002 -0.002 

Kaopen 0.073 -0.001 0.000 0.004 0.009 0.009 0.014 0.001 0.006 0.010 0.047 

Obs. 0.902 180 180 180 180 180 180 180 180 180 180 

Panel (B) - Lower Middle-Income Countries 
C -5.741*** -8.895** -8.899** -7.220* -5.322 -3.811 -3.617 -2.559 -2.022 -2.427 -2.609 

IND -0.722*** 0.357 0.333 0.253 0.032 -0.115 -0.099 -0.089 -0.067 -0.082 -0.065 

AGRI -0.768*** -0.690*** -0.714*** -0.712*** -0.740*** -0.717*** -0.734*** -0.742*** -0.745*** -0.705*** -0.684*** 

SERV -0.613** -0.120 -0.225 -0.301 -0.480 -0.623 -0.607 -0.608 -0.609 -0.629 -0.672 

POP 0.457*** 0.433*** 0.443*** 0.400*** 0.385*** 0.373*** 0.362*** 0.321*** 0.300*** 0.307*** 0.316*** 

TRD 1.522*** 0.725*** 0.847*** 0.765*** 0.721*** 0.697*** 0.689*** 0.609*** 0.564*** 0.609*** 0.620*** 

GPU -0.215*** -0.203*** -0.123** -0.098* -0.065 -0.086* -0.090* -0.070 -0.065 -0.020 -0.002 

Polity2 0.057*** 0.112*** 0.073*** 0.060** 0.056** 0.051** 0.049** 0.035 0.028 0.032* 0.035* 

Kaopen -0.07*** -0.025 -0.052 -0.033 -0.032 -0.016 -0.023 -0.018 0.002 0.012 0.028 

Obs. 0.734 390 390 390 390 390 390 390 390 390 390 

Panel (B) - Upper Middle-Income Countries 
C -13.638*** -4.754 -3.214 -3.523 -4.463 -4.263 -4.069 -4.606 -3.683 -3.518 -3.835 

IND 2.841*** 1.244 1.210 1.361* 1.475** 1.437** 1.427** 1.449** 1.408** 1.435*** 1.451*** 

AGRI -0.527*** -0.787*** -0.785*** -0.741*** -0.707*** -0.710*** -0.702*** -0.678*** -0.687*** -0.674*** -0.634*** 

SERV 2.349*** 1.553 1.347 1.481 1.636 1.636 1.676* 1.784** 1.646** 1.652** 1.718** 

POP -0.164*** -0.160 -0.203 -0.236* -0.240* -0.243* -0.252** -0.251** -0.266** -0.272** -0.270** 

TRD -0.084 -0.104 -0.078 -0.107 -0.103 -0.092 -0.111 -0.115 -0.115 -0.132 -0.123 

GPU -0.099 -0.083 -0.032 -0.042 -0.046 -0.047 -0.056 -0.048 -0.024 -0.037 -0.066** 

Polity2 0.023*** 0.012 0.016 0.019 0.018 0.018 0.016 0.014 0.016 0.014 0.015 

Kaopen 0.040 -0.030 -0.055 -0.064 -0.069 -0.080* -0.087* -0.089** -0.100** -0.109*** -0.094** 

Obs. 0.840 600 600 600 600 600 600 600 600 600 600 

Panel (B) – High-Income Countries 
C -5.305*** -8.962* -9.311* -10.62** -6.252 -5.491 -4.817 -4.748 -3.379 -2.277 0.657 

IND 1.230*** 1.335*** 1.400*** 1.477*** 1.159** 1.080** 1.031** 0.994** 1.005** 1.000** 0.894** 

AGRI -1.117*** -0.767*** -0.752*** -0.757*** -0.832*** -0.843*** -0.873*** -0.875*** -0.890*** -0.899*** -0.946*** 

SERV 1.353*** 1.363* 1.386* 1.755** 0.999 0.923 0.888 0.942 0.725 0.576 0.074 

POP -0.004 0.166 0.147 0.127 0.113 0.100 0.086 0.078 0.055 0.032 0.010 

TRD -0.094 -0.328 -0.255 -0.212 -0.178 -0.147 -0.136 -0.135 -0.163 -0.175 -0.238 

GPU -0.120* -0.162 -0.113 -0.116 -0.082 -0.072 -0.061 -0.048 -0.023 -0.009 0.047 

Polity2 -0.010* 0.030 0.028 0.010 0.007 0.001 -0.010 -0.015 -0.015 -0.015 -0.010 

Kaopen -0.192*** 0.037 0.031 0.014 0.029 0.037 0.024 0.015 0.007 0.000 0.004 

Obs. 0.796 720 720 720 720 720 720 720 720 720 720 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through 
the 95th levels as well as the mean estimations as denoted OLS. The results are divided by income groups. Results are available upon request. 
‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 11. QUANTILES SPLIT ACCORDING TO CLASSIFICATION 
Quantiles - Panel C 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (C) – Lower-Income Countries 

C -17.485*** -14.624** -15.286*** -14.962*** -14.038** -14.091** -13.383** -13.400** -12.961** -12.832** -14.929*** 

IND 3.328*** 3.198*** 3.240*** 3.239*** 3.125*** 3.179*** 3.147*** 3.134*** 3.110*** 3.093*** 3.414*** 

AGRI -0.804*** -0.038 -0.087 -0.093 -0.092 -0.071 -0.094 -0.084 -0.090 -0.105 -0.030 

SERV 2.711*** 4.021*** 3.962*** 3.866*** 3.684*** 3.752*** 3.637*** 3.616*** 3.546*** 3.508*** 3.931*** 

POP -0.172* -0.679*** -0.643*** -0.631*** -0.631*** -0.646*** -0.646*** -0.653*** -0.654*** -0.654*** -0.660*** 

TRD -0.581*** 0.080 0.047 0.045 0.048 0.042 0.014 0.016 0.010 -0.009 0.048 

POL 0.679** -0.044 0.046 0.026 0.074 0.042 0.046 0.111 0.107 0.158 -0.060 

Kaopen 0.007 0.006 -0.010 0.000 -0.001 0.005 0.005 -0.001 -0.004 -0.009 0.026 

Obs. 0.912 180 180 180 180 180 180 180 180 180 180 

Panel (C) – Lower-Middle Income Countries 
C -12.143*** -19.759** -13.053** -10.955** -10.255** -8.504** -8.352** -8.399*** -7.871** -5.825* -4.759 

IND -0.409** 0.925 0.499 0.336 0.230 0.095 0.076 0.092 0.113 0.098 0.039 

AGRI -0.711*** -0.573** -0.574*** -0.584*** -0.584*** -0.611*** -0.594*** -0.595*** -0.605*** -0.593*** -0.573*** 

SERV 0.049 1.430 0.631 0.372 0.282 0.087 0.117 0.118 0.118 -0.025 -0.102 

POP 0.313*** 0.256*** 0.229*** 0.218*** 0.225*** 0.222*** 0.223*** 0.223*** 0.223*** 0.202*** 0.205*** 

TRD 1.167*** 0.403* 0.331* 0.342* 0.372** 0.371** 0.398** 0.417** 0.435** 0.400** 0.418** 

POL 1.376*** 1.591*** 1.322*** 1.257*** 1.217*** 1.131*** 1.056*** 1.042*** 0.896*** 0.691** 0.536* 

Kaopen -0.088*** -0.074 -0.033 -0.036 -0.043* -0.039 -0.035 -0.033 -0.021 0.008 0.033 

Obs. 0.749 390 390 390 390 390 390 390 390 390 390 

Panel (C) – Upper-Middle Income Countries 
C -17.991*** -19.899* -11.373 -9.757 -8.864 -8.616 -8.093 -7.91 -7.055 -5.355 -5.737 

IND 2.833*** 1.764** 1.343* 1.298* 1.352** 1.415** 1.474** 1.479** 1.489*** 1.532*** 1.630*** 

AGRI -0.450*** -0.472** -0.633*** -0.648*** -0.652*** -0.643*** -0.643*** -0.646*** -0.656*** -0.684*** -0.641*** 

SERV 2.423*** 2.599* 1.596 1.618 1.602 1.723* 1.824** 1.875** 1.817** 1.726** 1.770*** 

POP -0.156*** -0.175 -0.203* -0.218** -0.230** -0.242** -0.254** -0.255*** -0.261*** -0.281*** -0.279*** 

TRD -0.142** -0.032 -0.078 -0.097 -0.106 -0.116 -0.122 -0.099 -0.104 -0.126 -0.146 

POL 0.886*** 1.967*** 1.507*** 1.247*** 1.079*** 0.925** 0.728** 0.626** 0.517* 0.302 0.273 

Kaopen 0.047* -0.060 -0.061 -0.069* -0.064 -0.077* -0.092** -0.096** -0.105*** -0.108*** -0.086** 

Obs. 0.841 600 600 600 600 600 600 600 600 600 600 

Panel (C) – High-Income Countries 
C -6.875*** -15.869** -14.263*** -10.488** -9.546* -8.574* -7.586 -6.045 -4.836 -2.095 -0.630 

IND 1.241*** 1.393*** 1.315*** 1.063*** 0.971** 0.956** 0.942** 0.96** 1.011*** 0.924*** 0.851*** 

AGRI -1.045*** -0.681*** -0.672*** -0.714*** -0.712*** -0.731*** -0.747*** -0.782*** -0.808*** -0.866*** -0.904*** 

SERV 1.140*** 1.103 1.317 0.849 0.832 0.797 0.767 0.676 0.603 0.345 0.205 

POP -0.002 0.180 0.133 0.108 0.110 0.109 0.088 0.074 0.042 0.005 -0.001 

TRD -0.173** -0.407 -0.322 -0.298 -0.247 -0.213 -0.225 -0.236 -0.268 -0.283* -0.313* 

POL 0.474*** 1.692*** 1.325*** 1.210*** 1.036*** 0.847*** 0.771*** 0.578** 0.508** 0.398* 0.333 

Kaopen -0.205*** 0.001 -0.026 -0.032 -0.004 0.009 0.007 0.003 -0.011 -0.042 -0.046 

Obs. 0.801 720 720 720 720 720 720 720 720 720 720 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through 
the 95th levels as well as the mean estimations as denoted OLS. The results are divided by income groups. Results are available upon request. 
‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 12. QUANTILES SPLIT ACCORDING TO CLASSIFICATION 
Quantiles - Panel D 

 OLS 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 

Panel (D) – Lower-Income Countries 

C -18.700*** -15.497*** -14.892*** -14.548*** -14.673*** -14.104*** -13.849*** -13.88*** -14.026*** -14.300*** -12.732** 

IND 3.720*** 3.263*** 3.251*** 3.229*** 3.215*** 3.190*** 3.198*** 3.223*** 3.238*** 3.305*** 3.256*** 

AGRI -0.788*** -0.081 -0.104 -0.116 -0.109 -0.107 -0.099 -0.098 -0.112 -0.128 0.001 

SERV 3.450*** 4.031*** 3.868*** 3.808*** 3.792*** 3.710*** 3.716*** 3.696*** 3.677*** 3.743*** 3.763*** 

POP -0.192* -0.646*** -0.629*** -0.629*** -0.615*** -0.622*** -0.634*** -0.632*** -0.618*** -0.620*** -0.730*** 

TRD -0.575*** 0.06 0.031 0.032 0.037 0.032 0.008 0.010 0.000 -0.034 0.028 

Appr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Kaopen 0.038 0.002 0.005 0.000 0.005 0.006 0.009 0.009 0.014 0.007 0.025 

Obs. 0.902 180 180 180 180 180 180 180 180 180 180 

Panel (D) – Lower-Middle Income Countries 
C -7.628*** -16.171** -10.703* -5.394 -3.671 -2.766 -2.598 -2.685 -2.230 -2.800 -1.959 

IND -0.497** 1.158 0.694 0.209 0.096 -0.019 -0.015 -0.004 -0.061 0.089 0.085 

AGRI -0.865*** -0.907*** -0.745*** -0.819*** -0.827*** -0.802*** -0.777*** -0.768*** -0.765*** -0.713*** -0.714*** 

SERV 0.039 1.742 1.036 0.242 0.018 -0.067 -0.057 -0.044 -0.079 -0.021 -0.165 

POP 0.372*** 0.306*** 0.269*** 0.262*** 0.249*** 0.240*** 0.229*** 0.231*** 0.229*** 0.214*** 0.204*** 

TRD 1.377*** 0.586** 0.458** 0.434** 0.393* 0.392* 0.383* 0.380* 0.370* 0.376* 0.368 

Appr 0.006*** 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 

Kaopen -0.037 -0.115* -0.036 -0.035 -0.031 -0.023 -0.020 -0.020 -0.017 0.009 0.016 

Obs. 0.720 390 390 390 390 390 390 390 390 390 390 

Panel (D) – Upper-Middle Income Countries 
C -14.552*** -10.213 -5.359 -5.022 -5.929 -6.86 -6.872 -7.211 -6.48 -5.894 -6.364 

IND 2.793*** 1.403 1.267 1.394* 1.516** 1.586** 1.586** 1.597*** 1.602*** 1.608*** 1.689*** 

AGRI -0.546*** -0.706*** -0.795*** -0.739*** -0.692*** -0.656*** -0.645*** -0.618*** -0.638*** -0.636*** -0.591*** 

SERV 2.440*** 2.295 1.481 1.601 1.784 1.926* 1.975** 1.999** 1.902** 1.838** 1.890*** 

POP -0.144*** -0.098 -0.142 -0.196 -0.207* -0.204* -0.210* -0.201* -0.218* -0.230** -0.237** 

TRD -0.072 -0.012 0.002 -0.067 -0.088 -0.071 -0.085 -0.072 -0.065 -0.085 -0.068 

Appr 0.002** 0.002 0.000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 

Kaopen 0.063** -0.010 -0.06 -0.058 -0.058 -0.063 -0.071 -0.068 -0.086* -0.093* -0.070 

Obs. 0.835 600 600 600 600 600 600 600 600 600 600 

Panel (D) – High-Income Countries 
C -5.393*** -11.503** -11.256** -10.373** -7.088 -4.991 -4.468 -3.500 -1.805 -0.584 1.388 

IND 1.234*** 1.51*** 1.549*** 1.523*** 1.211** 1.012* 0.985* 0.927** 0.914** 0.979** 0.869*** 

AGRI -1.109*** -0.832*** -0.811*** -0.817*** -0.834*** -0.883*** -0.882*** -0.896*** -0.916*** -0.939*** -0.973*** 

SERV 1.201*** 1.874** 1.801** 1.572** 1.049 0.743 0.698 0.604 0.329 0.224 -0.045 

POP 0.000 0.121 0.124 0.124 0.117 0.104 0.093 0.076 0.056 0.020 0.008 

TRD -0.093 -0.323 -0.291 -0.213 -0.169 -0.120 -0.113 -0.122 -0.136 -0.195 -0.242 

Appr 0.002** 0.004*** 0.002** 0.001 0.001 0.000 0.000 0.001 0.000 0.001 0.001 

Kaopen -0.187*** 0.064 0.023 0.030 0.043 0.048 0.033 0.025 0.021 0.000 0.003 

Obs. 0.797 720 720 720 720 720 720 720 720 720 720 

Notes: This table summarizes the coefficients between the dependent and explanatory variables in the quantile regressions at the 10th through 
the 95th levels as well as the mean estimations as denoted OLS. The results are divided by income groups. Results are available upon request. 
‘*’/’**’/’***’ denotes 10%/5%/1% level of significance respectively. 
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APPENDIX 13. – ROBUSTNESS ANALYSIS: ALTERNATIVE VALUES OF LAMBDA. PANEL B 

Differing Lambda – Panel B 

Quantile 
 

λ = 0.1 λ = 0.3 λ = 0.5 λ = 0.7 λ = 0.9 λ = 1.1 λ = 1.3 λ = 1.5 

10th GPU -0.196** -0.197** -0.198** -0.198*** -0.203*** -0.208** -0.202*** -0.21*** 

Polity2 0.013 0.013 0.012 0.012 0.011 0.011 0.012 0.012 

Kaopen -0.156** -0.156** -0.156** -0.155** -0.151* -0.15** -0.15** -0.146* 

20th GPU -0.162** -0.164** -0.167** -0.166** -0.164** -0.166** -0.162** -0.174** 

Polity2 -0.003 -0.003 -0.001 -0.001 0.000 0.000 0.000 -0.001 

Kaopen -0.083 -0.083 -0.084 -0.084 -0.084 -0.083 -0.084 -0.085 

30th GPU -0.127** -0.128** -0.133** -0.137** -0.133** -0.134** -0.137** -0.134** 

Polity2 -0.004 -0.004 -0.004 -0.004 -0.003 -0.004 -0.003 -0.003 

Kaopen -0.056 -0.057 -0.057 -0.057 -0.057 -0.056 -0.056 -0.056 

40th GPU -0.094* -0.095* -0.095 -0.087 -0.09 -0.091 -0.092 -0.088 

Polity2 -0.002 -0.003 -0.003 -0.003 -0.002 -0.003 -0.003 -0.003 

Kaopen -0.050 -0.051 -0.052 -0.052 -0.053 -0.054 -0.055 -0.055 

50th GPU -0.086* -0.085 -0.083 -0.085 -0.086* -0.083 -0.081 -0.084 

Polity2 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 

Kaopen -0.039 -0.040 -0.041 -0.043 -0.042 -0.043 -0.043 -0.044 

60th GPU -0.102** -0.103** -0.105** -0.107** -0.106** -0.103** -0.101** -0.095* 

Polity2 0.008 0.007 0.007 0.007 0.007 0.006 0.007 0.007 

Kaopen -0.028 -0.029 -0.030 -0.031 -0.029 -0.026 -0.027 -0.029 

70th GPU -0.094** -0.092** -0.096** -0.093** -0.091** -0.097** -0.095** -0.095** 

Polity2 0.006 0.006 0.007 0.007 0.007 0.007 0.007 0.008 

Kaopen 0.007 0.007 0.007 0.007 0.006 0.004 0.005 0.004 

80th GPU -0.096** -0.097*** -0.099*** -0.100** -0.100*** -0.100*** -0.101*** -0.102** 

Polity2 0.004 0.004 0.004 0.004 0.005 0.004 0.004 0.005 

Kaopen 0.013 0.014 0.015 0.016 0.017 0.016 0.016 0.019 

90th GPU -0.024 -0.022 -0.019 -0.022 -0.023 -0.027 -0.026 -0.027 

Polity2 -0.008 -0.007 -0.007 -0.008 -0.007 -0.007 -0.006 -0.006 

Kaopen 0.019 0.018 0.018 0.016 0.017 0.017 0.015 0.015 

95th GPU -0.012 -0.012 -0.014 -0.017 -0.016 -0.02 -0.016 -0.019 

Polity2 -0.017 -0.017 -0.017 -0.016 -0.015 -0.015 -0.015 -0.013 

Kaopen -0.002 -0.002 -0.002 -0.002 -0.001 -0.001 -0.002 -0.001 

Notes: * Statistical significance at 10%. ** Significance at 5%. *** Significance at 1% 
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APPENDIX 14. PEAK EKC 

Panel OLS 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 

A 120516 205669 178574 166062 129601 89795 61379 49835 43756 37083 37569 

C 95998 538441 245425 208246 117872 106193 94574 79835 51794 39322 39318 

D 124605 279956 121044 118803 98194 70129 52913 39428 30018 32450 30458 

Notes: GDP and GDP2 replace the disaggregate variables in Panels C and D to allow for the calculation of the EKC in 
our models designed as robustness tests. The calculation of peak EKC is conducted through equation 7. All the results 
are significant at 99 percent level.  


