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ABSTRACT

Global energy sector carbon dioxide emissions between 2007 and 2010 have been
growing much faster than projected by the Intergovernmental Panel on Climate Change
(IEA 2011). Roughly 75% of this growth can be attributed to developing countries that
are increasingly manufacturing goods destined for consumption in the developed world
(Peters et al. 2011). This study examines the energy sector carbon dioxide emissions and
emission trajectories of 64 developing countries from 1980 to 2006. Approximately 50%
of these countries have relatively flat slopes when their emissions are plotted over time or
against gross domestic product per capita. To shed some light on how this is possible,
two competing theories of globalization are tested. World-systems theory argues that
global economic integration is predicated on core-periphery exploitation, which leads to
unsustainable development. World-society theory, on the other hand, contends that
global social integration diffuses modern environmental values, which leads to structural
isomorphism and sustainable development. World-society diffusion in this study is
approximated by the network measure of degree centrality, which is calculated from
shared ratifications of international environmental treaties. To find out if these opposing
dynamics significantly impact emissions and emission trajectories independently, or in
conjunction, three different methods are used: Prais-Winsten panel regression with panelcorrected standard errors, cross-section ordinary least squares regression and fuzzy set
qualitative comparative analysis.
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Findings from the panel regressions indicate that network centrality in global
environmental treaty regimes has a significant, albeit weak, negative effect on carbon
dioxide emissions. This effect is further attenuated by high levels of world-system
exploitation, as measured by International Monetary Fund (IMF) credit. The first set of
cross-section regressions indicate that network centrality has a significant, but weak,
negative effect on emission trajectories plotted against GDP per capita when restricted to
those countries that have low levels of IMF credit. The second set of cross-section
regressions indicate that network centrality has a significant, but once again weak,
negative effect on emission trajectories plotted over time when restricted to those
countries that have low levels of foreign direct investment (FDI). The fuzzy set
qualitative comparative analyses reveal that world-society diffusion is only implicated in
two out of five sufficient configurations for membership in the outcome set of countries
with relatively flat emission trajectories plotted against GDP per capita. Furthermore,
world-society diffusion, at least as approximated in terms of network centrality in
international environmental treaty regimes, is not implicated in any of the sufficient
configurations when the outcome involves membership in the set of countries with
relatively flat emission trajectories plotted over time. In these analyses it is the absence
of economic growth that is most often implicated, followed by low levels of FDI and IMF
credit.
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CHAPTER 1: INTRODUCTION

The global surface temperature of the planet has increased by approximately .75
degrees Celsius from 1906 to 2005 (IPCC 2007). Climate change researchers
overwhelmingly agree that this increase is due to anthropogenic greenhouse gas
emissions such as carbon dioxide (IPCC 2007: Allison et al. 2009). Since 2007 global,
energy sector carbon dioxide emissions have been growing much faster than predicted by
the Intergovernmental Panel on Climate Change (IPCC) (IEA 2011). Roughly 75% of
this growth now stems from developing countries engaged in the manufacture of goods
destined for consumption in the developed world (Peters et al. 2011). This study attempts
to explain the energy sector carbon dioxide emission levels, emission trajectories plotted
against economic growth and emission trajectories plotted over time of 64 developing
countries from 1980 to 2006. Did some of these countries mitigate their carbon dioxide
emissions even though they grew economically, and if so, under what conditions?
To answer this question, two competing theories of international development are
brought to bear. World-systems theory contends that countries cannot develop
sustainably if they are being exploited within the international economic system. From
this perspective, periphery countries are being molded by foreign direct investment and
international economic institutions such as the International Monetary Fund to the benefit
of multi-national corporations and at the expense of the natural environment. Worldsociety theory, on the other hand, contends that globalization disseminates modern
environmental values leading to structural isomorphism. From this perspective, countries
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socialized within the global community conform to one another in the formation of
governmental ministries and environmental policies (Meyer et al. 1997).
Previous studies in the environmental sociology literature conclude that measures
of world-society (international non-governmental organization density, international
governmental organization density and participation in global treaty regimes) have
significant net effects on measures of sustainable development, such as reductions in
greenhouse gas emissions (Shandra et al. 2004; Fisher and Freudenberg 2004; Schofer
and Hironaka 2005; Jorgenson 2009; Jorgenson, Dick and Shandra 2011). Other
environmental sociologists, however, vehemently claim that global institutional structures
are unable to overcome the detrimental impact of systemic economic inequality (Buttel
2000). These scholars point out that world-society diffusion will not mitigate
environmental harms unless economic disparities are addressed first (Frey 2003; Roberts,
Grimes and Manale 2003; Roberts and Parks 2007). In accordance with these critiques,
this study also assumes that within a context of world-system exploitation the diffusion of
world-society will not be activated to lower a country‟s carbon dioxide emission levels,
emission trajectories plotted against economic growth or emission trajectories plotted
over time.
World-society in this study is represented by international environmental treaty
regimes such as the United Nations Framework Convention on Climate Change
(UNFCCC) and the Montreal Protocol. Twenty-four such international environmental
treaties are used to assess the degree to which countries are connected to one another
through shared ratifications. If two countries have both ratified the UNFCCC they are
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considered to have a connection. By looking at all of the connections between countries
within the sample to one another, and to all other countries in the world, it is possible to
calculate a network measure of degree centrality that approximates world-society
diffusion (Breiger 1974; Wasserman & Faust 1994). This network centrality measure
should only have an impact on reducing energy and industrial sector carbon dioxide
emissions and emission trajectories in economically developing countries with low to
moderate world-system exploitation.
To assess what constitutes economic development, however, is problematic.
Kenya, for example, saw its Gross Domestic Product (GDP) per capita in constant 2000
US dollars vary from $400 to $450 between 1980 and 2006, and emitted less carbon
dioxide per capita when GDP per capita was high. Therefore, Kenya seems to represent a
positive case in terms of following a relatively flat trajectory when its emissions are
plotted against economic development. But if this development is negligible, as a
variation of only $50 in GDP per capita would suggest, then the relationship is
meaningless. This spurious correlation is addressed by conducting another set of
analyses that examine emission trajectories plotted over time instead of against GDP per
capita. In these analyses change in GDP per capita is controlled for separately to
determine if it is really the only meaningful factor underlying the variation in emission
trajectories. Indeed, when Kenya‟s emissions are plotted over time the trajectory is
slightly positive. However the trajectory is still flat enough to be representative of
sustainability even though this may have more to do with Kenya‟s lack of economic
growth in general and less to do with world-society diffusion or world-system position.
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These differing effects of international social and economic integration on emission
levels, emission trajectories plotted against economic growth, and emission trajectories
plotted over time are parsed out via three different methodologies: Prais-Winsten panel
regression with panel corrected standard errors, cross-section ordinary least squares
regression and fuzzy set qualitative comparative analysis (fsQCA).
The application of fsQCA adds value to the study because it examines the
contextual interplay among the different causal and outcome factors. The relative
presence or absence of economic growth, world-society diffusion and world-system
position on emission trajectories may not be operating independently but in conjunction
with one another. Standard regression techniques, which are designed to capture
independent effects, can approximate such a contextual interplay through the inclusion of
interaction variables. However, fsQCA operates under a fundamentally different logic
that is not equivalent to the inclusion of interaction effects in regression modeling (Ragin
2006). Fuzzy set qualitative comparative analysis, which was invented by Charles Ragin
in 1987, is governed by a set theoretic approach that uncovers relationships of necessity
and sufficiency between causal and outcome conditions. Different levels of the causal
conditions do not mediate each other as independent variables interacting in a regression
model would, but instead are completely absent and/or present in configuration with the
presence and/or absence of the outcome condition. The presence of a causal condition, or
combination of causal conditions, may therefore be sufficient for the generation of an
outcome but not necessary. For example, when baking a cake it may turn out that the
combination of eggs, flour and water are sufficient to generate the outcome. However,
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this particular combination of ingredients is not the only recipe that generates the
outcome, therefore it is not deemed to be necessary.
Findings from the panel regressions indicate that network centrality in global
environmental treaty regimes has a significant, but weak, negative effect on carbon
dioxide emissions. The effect of network centrality is also found to be attenuated by
world-system position, as measured by International Monetary Fund (IMF) credit. The
first set of cross-section regressions indicate that network centrality has a significant, but
again weak, negative effect on emission trajectories plotted against GDP per capita when
restricted to those countries that have low levels of IMF credit. The second set of crosssection regressions indicate that network centrality has a significant, but once again weak,
negative effect on flattening emission trajectories plotted over time when restricted to
those countries that have low levels of foreign direct investment.
The fuzzy set qualitative comparative analyses offer even less support for the
ameliorative impact of world-society diffusion (at least as measured by network
centrality in international environmental treaty regimes). Network centrality is
implicated in only two out of five sufficient pathways that lead to membership in the
outcome set of countries with relatively flat emission trajectories plotted against GDP per
capita. Furthermore, network centrality is never implicated in the fuzzy set analyses of
emission trajectories plotted over time. In these analyses it is the absence of economic
growth that is most often implicated, followed by low levels of FDI and IMF credit. It is
therefore the conclusion of this study that economic development has not been
constrained by world-society to sustainably mitigate climate change.
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CHAPTER 2: LITERATURE REVIEW

This chapter addresses the historical background and current theoretical
debate relating to the effects of international social and economic integration on
environmental harms such as carbon dioxide emissions. First, a brief overview of climate
change provides some perspective on the need for sociologists to engage in more
environmentally minded scholarship that bridges academic disciplines. Next, the
sociological literature on globalization in relation to carbon dioxide emissions is
reviewed. Lastly, a series of hypotheses are formulated.
This study adds to the existing literature in two important ways. First, it
operationalizes the concept of world-society diffusion through the application of network
analytic methods to international environmental treaty ratifications. World-society
diffusion is equated with high network centrality in these global treaty regimes. Worldsociety diffusion is also measured dynamically because the network centrality scores are
re-calculated every five years between 1980 and 2006. Second, it is the first study to
apply fuzzy set qualitative comparative analysis to examine the set theoretic relationship
between globalization and carbon dioxide emission trajectories. The results clarify
whether emission levels and emission trajectories in developing countries can be
addressed through increased participation in world-society, or if economic growth and
world-system inequality need to be dealt with first and foremost.
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A Brief Overview of Climate Change Science

This section highlights some of the basic science of climate change as
documented by Working Group I in the Intergovernmental Panel on Climate Change
(IPCC) Assessment Reports. The IPCC was established in 1988 by the World
Meteorological Association and the United Nations Environment Program to review and
synthesize peer reviewed research published in scientific journals. Four assessment
reports have been released to date with a fifth one slated for 2013/2014. The fourth
report released in 2007, and the Copenhagen Diagnosis update in 2009, conclude that
climate change is unequivocal and that the observed warming trend over the past 100
years is very likely (>90% chance) due to human activities (IPCC 2007; Allison et al.
2009).
The flow of carbon in its multiple forms through the Earth‟s ecosystems is a
complex but important biogeochemical cycle (IPCC 2007). In its gaseous form, carbon
combines with oxygen to form carbon dioxide, which is essential for plant photosynthesis
as well as the regulation of a planetary greenhouse effect. Short wave light from the sun
is able to pass through carbon dioxide molecules when entering the planet‟s atmosphere,
but is absorbed when re-emitted from the planet‟s surface as long wave infrared radiation.
This is beneficial because without greenhouse gases such as carbon dioxide the Earth
would drop from an average temperature of 59 degrees Fahrenheit to one well below 32
degrees Fahrenheit. However, if ancient stores of carbon from geologically sequestered
sources (coal and oil) are burned and added to the atmosphere, then extra infrared heat
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radiation becomes trapped and the planet‟s temperature increases above the 59-degree
average.
Figure 1 below shows carbon dioxide concentrations (parts per million) and
reconstructed temperatures (as a difference from the mean temperature in degrees Celsius
from 1905 - 2006) based on Antarctic ice core data (McInness 2009; Lüthi et al. 2008).

Figure
Figure1:1:Temperature
Temperatureand
andCO
CO2 2Records
Records(McInness
(McInness2009)
2009)

Air bubbles trapped in Antarctic ice cores allow climatologists to reconstruct the
cycles of alternating glacial cold periods and inter-glacial warm periods extending back
over an 800,000 year time span. It is important to note that even though the carbon
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dioxide concentrations in figure 1 are closely correlated with the temperature record this
does not mean that the variation in carbon dioxide is causing all of the variation in
temperature. The ultimate driver of the natural climate change cycle is the variation in
incoming solar radiation, which is fundamentally determined by the eccentricity, axial tilt
and precession of the Earth‟s orbit (Hays et al. 1976). For example, every 100,000 years,
when the eccentricity of the Earth‟s orbit becomes less elliptical and more circular, it is
consistently closer to the sun. This corresponds with higher temperature and in turn more
carbon dioxide production from organic activity. However, carbon dioxide does serve to
further increase the temperature in a positive feedback loop. Climatologists have
determined that a doubling of carbon dioxide concentration from 250 parts per million to
500 parts per million would force roughly a three degree Celsius increase in temperature
(IPCC 2007).
Based on the natural climate cycle, the Earth is currently in an inter-glacial warm
period that started approximately 10,000 years ago. This means that the climate, if left to
its natural devices, is actually due for another correction towards glaciation at some point
in the future. However, recent atmospheric measurements compared to the ice core
record reveal that anthropogenic causes have pushed the concentration of carbon dioxide
in 2011 to its highest level in 800,000 years at 391 parts per million. This concentration
continues to increase at a rate 200 times faster than any previously observed period and
will delay, if not entirely offset, the natural cycle back to glaciation (Barnola 2003: IPCC
2007). And, as expected with an increase in the atmospheric carbon dioxide
concentration of approximately 100 parts per million above any previously observed
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maximum, the global surface temperature of the planet has already increased by
approximately .75 degrees Celsius (1.4 degrees Fahrenheit) from 1906 to 2005 (IPCC
2007). The year 2010 also turned out to be the hottest on the thermometer record going
back to 1880. Climate change researchers overwhelmingly agree that this recent
warming has a greater than 90% chance of being caused by human activities such as the
combustion of fossil fuels (IPCC 2007).
In order to avoid highly chaotic climate change dynamics and associated
detrimental impacts on social systems, the IPCC (2007) warns that the atmosphere should
not exceed carbon dioxide concentrations greater than 450 parts per million. This would
require that global output of carbon dioxide be cut 40% below 1990 levels by 2020,
resulting in an overall, projected temperature increase of 3 – 4 degrees Fahrenheit (IPCC
2007). Unfortunately, this target seems to be unreachable as emissions continue to ramp
up at record volume and pace instead of being scaled back (IEA 2011; Allison et al.
2009). Humanity is now embarking on a planet wide experiment that will determine
what happens to social and environmental systems when, in the climatological blink of an
eye, the average temperature increases by a total of at least 4 – 6 degrees Fahrenheit.

The Sociology of Climate Change

Modern social scientists have been attempting to understand and quantify human
interactions with the environment for the past 40 years. One of the classic formulations
in this tradition from the early 1970s was termed the IPAT identity, which has typically
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been used to assess cross-national variation in environmental impacts (Holdren and
Ehrlich 1974). IPAT, as a multiplicative identity, simply states that the impact any
particular society will have on its environment is due equal parts to population size and
distribution (P), level of affluence (A), and state of technological development (T)
(Shandra 2004). It is sometimes criticized for being an ecological identity that only takes
into consideration demographic and economic forces, which stems from its theoretical
underpinnings in the heated debate between neo-Malthusian demographers and neoliberal economists. To overcome the limitations of this identity as a simple accounting
tool with proportional linear effects, the environmental sociologists Richard York,
Eugene Rosa and Thomas Dietz reformulated it as a stochastic model labeled STIRPAT
(stochastic impacts by regression on population, affluence, and technology), and used it
to predict carbon dioxide emissions, as well as other atmospheric pollutants, at the crossnational level in the late 1990s and early 2000s (York et al. 2003b).
This study essentially augments and extends the underlying STIRPAT approach
to an analysis of energy sector carbon dioxide emissions sampled across a set of 64
developing countries. However, instead of just controlling for population, affluence and
technology, this study also controls for the effects of other economic, political and
institutional variables. This expanded approach was originally recommended by
Penelope Canan under her POETICs rubric (Population, Organization, Environment,
Technology, Institutions and Culture), which she developed for the Global Carbon
Project's Urban and Regional Carbon Management Initiative in Tsukuba, Japan (Canan
2006). In addition to expanding the set of variables included in the conventional
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analytical portion of this study, they are also calibrated and analyzed for set theoretic
relationships of necessity and sufficiency. These variables and causal conditions address
the ecological limitations of the original framework, and take the form of International
Monetary Fund credit, foreign direct investment, government expenditure and network
centrality in international environmental treaty regimes. The inclusion of these particular
factors are informed by the sociological literature on globalization and should help
determine why it is that some developing countries have been emitting less carbon
dioxide than others. There are two broad traditions in the sociology of globalization that
focus on its economic and social/cultural aspects. The economic orientation, stemming
from Marxian theory, is slightly more pessimistic while the social/cultural orientation,
stemming from new institutionalism, is slightly more optimistic.

Theories of Globalization: The Pessimistic View

Globalization scholars are represented by a variety of perspectives including
modernization theory, dependency theory, world-systems theory, neo-liberalism and new
institutionalism. Modernization theory, and its more recent off shoot neo-liberalism,
view globalization as a rising tide that lifts all economies around the world. In order to
truly develop and become prosperous, poor countries must break away from traditional
cultural patterns, inefficient agricultural practices, outdated technologies and backwards
institutions. Instead, modern organizational principles should be adopted such as a
central banking system, transparently regulated stock market and high yield agriculture.
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With these changes an entrepreneurial spirit should take hold and propel countries
through the stages of development to a plateau of high mass consumption (Rostow 1960).
The International Monetary Fund (IMF) is a global lending institution that encourages
such a transformation through the imposition of structural adjustment programs. Poor
countries that obtain loans from the IMF are obligated to cut government spending, open
up their markets to foreign direct investment and stimulate the production of export
oriented commodities and agricultural products. This is prescribed by the IMF and neoliberal economists to be the best catalyst for economic development.
World-systems theorists in the Marxian tradition disagree and view globalization
as an exploitative economic force characterized by unequal power dynamics. This
outlook, formulated by Immanuel Wallerstein (1974), does not view countries as discrete
units that succeed or fail in the global market based on their modern or traditional
attributes. Instead, world-systems theory takes a more relational approach. Countries
succeed or fail based on their positions within, and connections to, core, semi-periphery
and periphery zones (Wallerstein 1974). Periphery countries stay poor not because of
backwards institutions, but because their development has been actively impeded by
external forces. Developing countries in the periphery are forced to provide cheap labor,
export raw materials and grow cash crops. Multi-national corporations in core countries
benefit from these labor arrangements because they are able to realize large profit
margins on the manufacture and resale of high-end commodities. The core – periphery
relationship is illustrated in figure 2 below.
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Figure 2: The World-System

Jamaica is a classic example of an economy included in this study that has been
negatively impacted by its position in the periphery of the world-system. Jamaica gained
full independence from Britain in 1962 but by the mid-1970s, after a global economic
contraction, became one of the world‟s most indebted countries. It was forced to seek out
loans at greater than 25% interest per year from the IMF and subject itself to structural
adjustment programs (Johnston and Montecino 2011; Witter 2004). These programs
emphasized openness to foreign financial flows, market liberalisation and reduction in the
size of government. Free trade zones exempt from any customs regulations or trade
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tariffs were created, which led to an explosion in apparel manufacturing exports to the
United States from $167 million in 1988 to over $533 million in 1995 (Witter 2004).
This economic growth did not benefit the local population, however, as most companies
in these zones hired low wage, non-unionized female labor. Jamaica also shifted its
agricultural production to export crops such as coffee, sugar and bananas and promoted
its alumina and bauxite mining operations. Simultaneously, cuts in government
expenditures reduced access to income subsidies, health services, education, housing
services, law enforcement, paved roads and other types of infrastructure (Robinson
1992). And even though Jamaica signed and ratified international treaties designed to
address climate change such as the United Nations Framework Convention on Climate
Change in 1995 and the Kyoto Protocol in 1999, it never actually established a
governmental climate change unit.
As a result, Jamaica‟s average carbon dioxide emissions per capita between 1980
and 2006 was 3.4 metric tons per capita: the 7th highest average emissions out of the 64
countries included in the sample for this study. By comparison the United States, the
world‟s largest per capita emitter of carbon dioxide, emits approximately 20 metric tons
per capita. Jamaica‟s industrial air pollution derives mainly from its mineral industries
(bauxite–alumina, lime, gypsum, cement and glass manufacture), petroleum refining,
sulphuric acid manufacture, shipping operations and oil-fired electricity generation.
Planned expansions of the bauxite mining industry will likely further increase emissions
through 2020 (Johnston and Montecino 2011). As can be seen from figures 3 and 4
below, Jamaica‟s trajectories of emissions plotted against GDP per capita and over time
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are steeply positive. It is a country that has seemingly experienced the negative aspects
of global economic integration with little to show for its participation in global
environmental treaty regimes.

Figure 3: Carbon Dioxide Emissions Per Capita Plotted Against GDP Per Capita,
Jamaica 1980-2006
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Environmental sociologists in the world-systems tradition would argue that the
Jamaican experience is typical. The transnational organization of production, as shaped
by foreign direct investment and global lending institutions such as the IMF, not only
hinders long-term economic development due to high levels of debt, but also increases
environmental pollution (Grimes and Kentor 2003; Roberts, Grimes and Manale 2003;
Frey 2003; Jorgenson, Dick and Shandra 2011). Although structural adjustment
programs imposed by the IMF are ostensibly designed to help countries streamline their
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Figure 4: Carbon Dioxide Emissions Per Capita Plotted Over Time, Jamaica 1980-2006
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economies, these theorists point out that the local population and environment are
exploited in the process. In order to grow their economies and pay back loans,
developing countries end up slashing education and health care budgets and rolling back
labor and environmental standards.

Theories of Globalization: The Optimistic View

New institutional theorists in the world-society tradition downplay the economic
aspects of globalization and put a more positive, cultural spin on the process. They argue
that market expansion, rapid technological development, democratization and the spread
of non-governmental organizations is transforming the world into a global community
that is becoming less marked by provincial interests and concerns over political
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boundaries. As countries become socialized into this emergent global culture they are
presumed to lose some of their political autonomy and become more attuned to the
objectives of international institutional bodies that facilitate cooperation and trust (Boli
and Thomas 1997). Global expectations and norms diffuse outward and eventually
manifest in national and urban level policies. This happens because international regimes
disseminate models concerning “citizen and human rights, the natural world and its
scientific investigation, socioeconomic development and education” (Meyer, Boli,
Thomas and Ramirez 1997).
The central tenet is that institutions, treaty regimes, governmental organizations,
and non-governmental organizations influence the behavior and policy formation process
of international actors through the formation of shared norms and attitudes (Brinton et al.
2001; Wendt 1999; Meyer et al. 1997). This world-society orientation was originally
formalized by Meyer et al. in their historical analysis of the rise of a world environmental
regime, which they define to be a “partially integrated collection of world-level
organizations, understandings and assumptions that specify the relationship of human
society to nature” (Meyer, Frank, Hironaka, Schofer and Brandon 1997). Environmental
policy formation therefore happens because states are peer pressured to align their
behavior around an increasingly science infused discourse (Frank et al. 2000). Research
in this tradition typically documents the diffusion of isomorphic structures across the
globe such as standardized education curricula, national park systems and environmental
ministries. But do these global structures percolate down below the institutional level to
actually impact the natural environment?
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More recent studies have begun to answer this question by running panel and
cross-section regression models on measures of world-society and carbon dioxide
emissions at the national level (Shandra et al. 2004; Fisher and Freudenberg 2004;
Schofer and Hironaka 2005; Jorgenson 2009; Jorgenson, Dick and Shandra 2011). For
example, Shandra et al. (2004) found that low-income countries with greater numbers of
international non-governmental organizations have lower CO2 emissions when
controlling for the standard population, affluence and technology variables (Shandra et al.
2004). Another analysis by Schofer and Hironaka (2005) uses a more sophisticated
measure of world-society penetration that indexes participation in environmental intergovernmental organizations, density of environmental international non-governmental
organizations and environmental treaty ratifications. They also conclude that countries
with high levels of world-society penetration and persistence have significantly lower
levels of CO2 emissions (Schofer and Hironaka 2005).
However, in accordance with world-systems theory, this study contends that
countries suffering from exploitation in the global economy are unlikely to experience the
ameliorating effects of world-society diffusion. Sustainable development researchers
have also observed that greenhouse gas mitigation tends to be supported only when it can
be linked with other, high priority local issues. Governments that have the power and
autonomy to shape their own policies are most able to articulate such linkages in ways
that should enhance environmental protection (Lebel et al. 2007; Fisher and Freudenberg
2004).
For these reasons this study assumes that if countries are subject to structural
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adjustment programs through the IMF, have high levels of foreign direct investment, or
have weak state capacity, then it is unreasonable to expect that industries will be held
accountable for their greenhouse gas emissions based on diffuse pressure from worldsociety. In order to assess the validity of this contention a number of testable hypotheses
are outlined in the following section.

Hypotheses

According to research in the IPAT tradition, affluence is the major driver of
environmental impacts. In the case of carbon dioxide emissions this continues to hold
true despite data that shows developed countries have significantly reduced their
industrial emissions. According to the theory of ecological modernization, this happens
because countries start off as industrial polluters during early phases of development but
at some point, usually when their economies reach $30,000 gross domestic product per
capita, they begin to clean up their acts (York et al. 2003). In actuality these emissions
are not reduced on some absolute level, but are simply outsourced to developing
countries that are trying to grow their economies in the quickest and least expensive
manner possible. This is why global emissions continue to rise and economic growth
should continue to be the main culprit.

-

Hypothesis 1: Gross Domestic Product (GDP) per capita is positively related to
carbon dioxide emissions per capita.
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According to world-systems theory, developing countries in the periphery subjected
to external manipulation by the IMF and foreign direct investment will grow their
economies without taking into consideration the environmental costs. This is sometimes
referred to as the pollution haven hypothesis. Increased environmental regulation in core
countries presumably has led to the large-scale transfer of polluting industries to
countries located in the periphery (Frey 2003; Grimes and Kentor 2003; Roberts et al.
2003).
-

Hypothesis 2: FDI and IMF credit are positively related to carbon dioxide emissions
per capita.

According to world-society theory, global social integration is causing national
governments to more closely resemble one another. The more integrated a country is in
world-society the more likely it is to have an environmental agency and pass
environmental regulations, which should lead to greenhouse gas mitigation. In this study,
world-society diffusion is approximated by network centrality in international
environmental treaty regimes.
-

Hypothesis 3: Network centrality is inversely related to carbon dioxide emissions per
capita.

It is also reasonable to assume that world-society diffusion may not act in an
independent manner, but is instead attenuated when the level of world-system
exploitation is high. In regression modeling this is referred to as an interaction effect.
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-

Hypothesis 4: The impact of network centrality on carbon dioxide emissions per
capita is attenuated by high levels of FDI and IMF credit.

The first four hypotheses in this study do not contribute anything new to the
already existing literature. Hypotheses 5-10, however, do contribute new insights
by considering how global institutional effects operate in contextual configurations to
impact emission trajectories. The central focus of this study is to determine why some
developing countries emit less carbon dioxide during periods of economic growth. It‟s
safe to assume that economic growth drives emissions, as captured by hypothesis 1, but
under what conditions is this detrimental impact lessened? To answer this question a
slope of emissions plotted against gross domestic product per capita for each country is
calculated. This assesses the degree to which some countries have moved down more
sustainable development pathways. The variation in these slopes can then presumably be
explained by the variation in the independent world-society diffusion, world-system
position and state capacity variables. State capacity is approximated by government
expenditure on purchases of goods and services, including compensation of employees.
-

Hypothesis 5: Network centrality is inversely related to per capita emission
trajectories plotted against GDP per capita only when there are low levels of FDI or
IMF credit and high levels of government expenditure, otherwise there is no
relationship.

The problem with hypothesis 5 is that it may capture a spurious correlation.
If the growth in GDP per capita is minimal then there is no significance attached to the
slope of emissions plotted against it. For this reason it is also necessary to look at the
slope of emissions for each country plotted over time and separately determine the impact
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of change in GDP per capita in addition to the independent variables considered in
hypothesis 5.
-

Hypothesis 6: Change in GDP per capita is positively related to per capita emission
trajectories plotted over time.

-

Hypothesis 7: Network centrality is inversely related to per capita emission
trajectories plotted over time when there are low levels of FDI or IMF credit and high
levels of government expenditure, otherwise there is no relationship.

Hypotheses 8 through 10 below are worded differently from hypotheses 5 through
7 above because they are informed by a different methodological orientation. Instead of
looking for correlations between independent and dependent variables they reflect an
approach that looks for set-theoretic relationships of necessity and sufficiency between
causal and outcome conditions. Regression analysis can ascertain if a standardized
increase in world-society diffusion, under conditions of low world-system exploitation,
causes a corresponding standardized decrease in the slope of emission trajectories. Fuzzy
set qualitative comparative analysis, on the other hand, conceives of cases representing a
particular set theoretic combination of causal and outcome conditions. These conditions
must either be completely present or absent, in conjunction with one another, in order for
a particular outcome to be generated. From this perspective, the presence of worldsociety diffusion in conjunction with the presence and absence of other factors may
represent one pathway to a particular outcome. If this is observed to be true then the
particular combination of causal conditions is considered to be sufficient, but not
necessary, for the generation of the outcome. In this study, the contention is that
countries follow different pathways to the outcome of relatively flat to negative emission
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trajectories. One path, perhaps represented by the majority of cases, may involve
anemic economic growth whereas another path, perhaps represented by a minority of
cases, may involve world-society diffusion in conjunction with the absence of worldsystem exploitation.
This approach is analogous to following a recipe when baking a cake. A cake
doesn‟t become more or less cake-like by adding more or less flour, eggs, sugar,
and curry powder, which would represent the net-additive logic of regression analysis.
Instead, the outcome of baking a successful cake simply requires that the presence of
flour, eggs and sugar are combined in conjunction with the absence of curry powder.
Furthermore, in all successful cases of baking a cake it may turn out that flour and
sugar are always present whereas the inclusion of eggs is occasionally present. The
combination of all three ingredients would therefore be sufficient, but not necessary, for
the generation of the outcome. In this study the question is whether world-society
diffusion in conjunction with the presence and absence of other factors is sufficient for
the generation of relatively flat to negative emission trajectories, or if economic
stagnation is implicated as the overriding necessary condition.
-

Hypothesis 8: Membership in the set of countries with high network centrality and
government expenditure and low FDI or IMF credit is sufficient, but not necessary,
for membership in the set of countries with relatively flat to negative carbon dioxide
emission trajectories plotted against economic growth.

-

Hypothesis 9: Membership in the set of countries with low change in GDP per capita
is a necessary and sufficient condition for membership in the set of countries with
relatively flat to negative emission trajectories plotted over time.
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-

Hypothesis 10: Membership in the set of countries with high network centrality and
government expenditure and low FDI or IMF credit is sufficient, but not necessary,
for membership in the set of countries with relatively flat to negative carbon dioxide
emission trajectories plotted over time.

As was done in the earlier hypotheses formulated for the logic of regression
modeling, these hypotheses that are formulated for the logic of fuzzy set qualitative
comparative analysis also consider emissions plotted over time in addition to emissions
plotted against economic growth. This is done to ensure that the concept of sustainable
development is truly being captured. The following chapter reviews the methods used in
this study.
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CHAPTER 3: METHODS

Three different empirical approaches are employed to test the hypotheses: PraisWinsten panel regression with panel-corrected standard errors, cross-section ordinary
least squares regression and fuzzy set qualitative comparative analysis. Typically, studies
within environmental sociology have employed statistical regression models that specify
linear and net-additive effects. For example, if a significant effect is found for a measure
of world-society it is assumed to mitigate carbon dioxide emissions independent of other
controls. However, such an interpretation does not intuitively correspond with real world
conditions. Even with the inclusion of statistical interactions this kind of quantitative
modeling is, by definition, unable to account for contextual and set theoretic relationships
(Ragin 2006). Again, hypotheses 8 through 10 do not posit that world-society diffusion
acts independently of, or is mediated by, the level of world-system exploitation. The
hypotheses state that the diffusion of world-society through environmental treaty regimes
is only activated in the absence of world-system exploitation altogether. Fuzzy set
qualitative comparative analysis, as opposed to the standard statistical approach, can
discern how world-society diffusion might operate in such a contextual, or set theoretic,
manner (Ragin 2000).
To measure the degree to which a country is embedded in world-society, simple
network centrality scores are calculated based on the ratification of international
environmental treaties. Degree centrality in international environmental treaty regimes
may have differing impacts depending on the presence or absence of other conditions,
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such as a country's level of credit drawn from the International Monetary Fund and level
of foreign direct investment.
Sustainable development researchers have also observed that greenhouse gas
mitigation tends to be supported when it is linked with other, high priority local issues.
Governments that have the power and autonomy to shape their own policies are able to
articulate such linkages (Lebel et al. 2007; Fisher and Freudenberg 2004). Governmental
strength, low levels of IMF credit and/or low levels of FDI should therefore be key
factors that need to be present in order for the effect of world-society diffusion to be
activated. Again, traditional regression analyses that have found detrimental pollution
effects for neo-economic liberalization, external indebtedness and economic growth, and
ameliorating effects for the penetration of world-society, do not take into account this
type of contextual interplay among the causal conditions. Sixty-four countries with a
gross domestic product per capita of less than $8,000 in 1980 are included in the sample.
Countries within this range that had large gaps in data were omitted. The time frame
spans 27 years from 1980-2006. Table 1 below lists the countries included in the sample.

Dependent Variables and Outcome Conditions

CO2 Emissions
Carbon dioxide emissions in these analyses are measured in metric tons per capita
or thousands of metric tons per capita. They stem from the combustion of solid, liquid,
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Table 1: Countries Included in the Sample (N=64)
Algeria
Argentina
Bangladesh
Belize
Benin
Bolivia
Botswana
Brazil
Burkina Faso
Burundi
Cameroon
Central African Republic
Chad
Chile
Colombia
Congo, Republic
Costa Rica
Cote D’Ivoire
Dominican Republic
Ecuador
El Salvador
Ethiopia

Gabon
Ghana
Guatemala
Guinea
Guinea-Bissau
Guyana
Honduras
Indonesia
Jamaica
Kenya
Lao PDR
Liberia
Madagascar
Malawi
Mali
Mauritania
Mexico
Mongolia
Morocco
Mozambique
Nepal
Nicaragua

Niger
Panama
Papua New Guinea
Paraguay
Peru
Phillippines
Senegal
Sierra Leone
South Africa
Sri Lanka
Sudan
Thailand
Togo
Tunisia
Uganda
Uruguay
Venezuela
Vietnam
Zambia
Zimbabwe

and gaseous fuels in manufacturing, construction, power generation and transportation
(energy sector), as well as from the manufacture of cement and gas flaring (industrial
sector), but not from land-use, land-use change or deforestation (LULUCF sector).
Figure 5 below illustrates the average metric tons of per capita carbon dioxide each of
the 64 countries in the sample emitted from 1980-2006. For comparison purposes, the
United States‟ average per capita emissions over this same time period is 20 metric tons.
Although these developing countries do not emit as much as the already developed world,
they are now responsible for most of the growth in global energy sector emissions (Peters
et al. 2011). As can be seen in figure 6 below, the majority of CO2 emissions from all
countries across the globe are primarily constituted by the energy sector. This study
attempts to explain the variation in the combined energy and industrial processes
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Figure 5: Average Carbon Dioxide Emissions in Metric Tons Per Capita 1980-2006
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sectors. The other major CO2 emissions sector, which accounts for approximately one
quarter of global emissions, is constituted by LULUCF emissions, which is not included
in the analyses.
Figure 7 below shows the distribution of emissions across sectors for the subset of
non-annex I countries as designated under the Kyoto Protocol to the United Nations
Framework Convention on Climate Change (UNFCCC). The UNFCCC is an
international environmental treaty with the goal of achieving the "stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system” (UNFCCC 1992). The Kyoto
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Figure 6: Global Carbon Dioxide Emissions by Sector in 2000

Sector

MtCO2

%

Energy
Electricity & Heat
Manufacturing & Construction
Transportation
Other Fuel Combustion
Fugitive Emissions

25,097.6
11,581.5
4,748.4
5,089.0
3,488.1
190.6

74.8
34.5
14.2
15.2
10.4
0.6

Industrial Processes
Land-Use Change & Forestry
Total

828.1
7,618.6
33,544.3

2.5
22.7

Note: units are in thousand metric tons
Climate Analysis Indicators Tool (CAIT) Version 5.0. (Washington, DC: World Resources Institute, 2010)

Protocol was adopted in 1997 to mandate targeted emission reductions by 2012 and
entered into force in 2005. As of 2011, 191 countries have signed and ratified the
protocol with the United States remaining as the last holdout.
Non-annex I refers to those countries that have ratified the Kyoto Protocol but are
not obligated to make cuts in their carbon dioxide emissions to 6% below 1990 levels by
2012. These countries are typically much less affluent in comparison to annex I
countries, which are obligated to make cuts. The 64 countries included in this study fall
under the non-annex I category. For non-annex I countries CO2 emissions are almost
equally constituted by the energy and LULUCF sectors. As mentioned previously,
however, energy sector CO2 emissions have been growing rapidly. The International
Energy Agency now estimates that most of the global increases in energy sector carbon
dioxide emissions from 2007 – 2010 (approximately 75%) are actually emanating from
developing economies. Global annual emissions are therefore increasing much faster
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Figure 7: Non-Annex I Carbon Dioxide Emissions by Sector in 2000
Sector
Energy
Electricity & Heat
Manufacturing & Construction
Transportation
Other Fuel Combustion
Fugitive Emissions
Industrial Processes
Land-Use Change & Forestry
Total

MtCO2
8,614.3
3,834.6
2,143.1
1,377.3
1,107.1
152.2

%
50.5
22.5
12.6
8.1
6.5
0.9

562.8
7,887.0
17,064.0

3.3
46.2

Note: units are in thousand metric tons
Climate Analysis Indicators Tool (CAIT) Version 5.0. (Washington, DC: World Resources Institute, 2010)

than any of the models in the IPCC assessment reports ever predicted. If the planet is to
avert catastrophic temperature increase and associated climate changes both developed
and developing countries will need to find a way to quickly and drastically reduce their
carbon footprints.
For the time series cross-section (panel) regression models a logarithmic
transformation of energy and industrial sector carbon dioxide emissions in thousands of
metric tons per capita is used as the dependent variable. The logarithmic transformation
is applied to address the highly skewed distribution of data points. The panel models are
able to capture change between cases at each point in time as well as change within cases
over time. Because the independent variables are lagged by one year the models include
26 years measured across 64 countries. This increases the sample size from just 64 case
observations to a total of 1664 case by time observations.
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CO2 Emission Trajectories
In addition to the panel analyses this study also uses standard ordinary least
squares cross-section regression. For these cross-section analyses the dependent variable
is not the actual level of emissions at any given point in time, but the slope of thousands
of metric tons of carbon dioxide emissions per capita plotted against gross domestic
product per capita. This measure more closely approximates the relationship of interest
in hypotheses five and eight, namely, why do some countries pollute less as they develop
economically? Figure 8 depicts the slopes of emissions (thousands of metric tons per
capita) plotted against GDP per capita for all 64 countries included in the sample.
Kenya is one of the thirteen countries on the left hand side of figure 8 that actually
exhibits a slightly negative emissions slope as GDP per capita increases. According to
the central contention of this study, Kenya should therefore be a good candidate to
exhibit high network centrality in world-society, strong state capacity and low worldsystem exploitation. Kenya‟s scatterplot of emissions plotted against GDP per capita is
depicted in figure 9 below.
As mentioned earlier, however, Kenya‟s variation in GDP per capita of
approximately $50 does not seem to be significant. So, even though emissions drop at
higher levels of GDP per capita, the relationship is meaningless. For this reason another
set of cross-section regressions using emission slopes over time are conducted in which
change in GDP per capita is controlled for on the right side of the equation to address this
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Figure 8: Slopes of Carbon Dioxide Emissions Per Capita (Thousands of Metric Tons)
Plotted Against GDP Per Capita
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spurious correlation. Figure 10 depicts the slopes of emissions (in thousands of metric
tons per capita) plotted over time for all 64 countries included in the sample.
When the slopes are calculated over time, instead of against GDP per capita, it
turns out that Kenya‟s emission trajectory is actually slightly positive, instead of slightly
negative. However, the slope is still flat enough for Kenya to represent a positive case
that seems to be going down a path of sustainable emissions. If it turns out though,
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Figure 9: Carbon Dioxide Emissions Per Capita Plotted Against GDP Per Capita, Kenya
1980-2006
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that the only reason Kenya has a relatively flat emissions trajectory over time is due to
anemic economic growth, then it is not truly developing in a sustainable manner. Instead,
Kenya would just not have developed at all, and the effects of world-system position and
world-society diffusion would be moot. Figure 11 below depicts Kenya‟s scatterplot of
emissions over time between 1980 and 2006. Since two slopes are being calculated for
each country (emissions against GDP per capita and emissions over time) the number of
observations drops from 1664 in the panel analyses to just 64 for the cross-section
analyses.
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Figure 10: Slopes of Carbon Dioxide Emissions Per Capita (Thousands of Metric Tons)
Plotted Over Time
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Membership in the Set of Countries with Relatively Flat Emission Trajectories
For the fsQCA analyses the emission slopes plotted against GDP per capita and
the emission slopes plotted over time are calibrated into fuzzy membership sets and used
as the outcome conditions. The cross-section regression analyses, on the other hand, use
uncalibrated measures that only compare the slopes of countries relative to one another in
the overall distribution. The use of such uncalibrated measures is typical in most social
science research (Ragin 2008). Calibration is more common in the natural sciences,
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Figure 11: Carbon Dioxide Emissions Per Capita Plotted Over Time, Kenya 1980-2006
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where, for example, it may not be adequate to know whether one object has a higher
temperature than another object or a higher temperature than the mean of all objects
(Ragin 2008). It is more informative to compare the measured temperature to an
externally imposed standard that indicates whether or not the object is actually in the set
of objects that are hot or in the set of objects that are cold. In the same manner, it would
be informative to apply an externally calibrated crossover point that would separate the
countries in the sample into a set with sustainable emission trajectories versus those with
unsustainable trajectories. This is referred to as the “direct method” of calibration by
Charles Ragin, in which three qualitative anchors are used to structure a fuzzy set; “the
threshold for full membership, the threshold for full non-membership, and the cross-over
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point” (Ragin 2008). Once the qualitative anchors have been introduced the fsQCA
program is then able to calculate the log of the odds of full membership.
Unfortunately, although this represents a best practices scenario for how fsQCA
should be conducted, it is difficult to expertly assess what constitutes the crossover point
below which countries can be considered to have sustainable emission trajectories.
Arguably, it would seem logical to use zero as the cross-over point since countries below
this value would actually have negative emission slopes plotted either against GDP per
capita or over time. However, in this study the target outcome set includes those
countries that not only have negative emission trajectories, but also relatively flat
trajectories. The most important criterion in constructing these target outcome sets is to
exclude countries that have steeply positive slopes plotted either against GDP per capita
or over time.
For the target outcome set of countries with negative to relatively flat emission
trajectories plotted against GDP per capita the number of countries included is 38,
whereas the number excluded is 26. For the target outcome set of countries with negative
to relatively flat emission trajectories plotted over time the number of countries included
is 35, whereas the number excluded is 29. It should again be noted that these outcome
condition sets, as well as the causal condition sets described below, are not calibrated in
the rigorous manner recommended by the fsQCA research community. They are
calibrated based on a consideration of the distribution of scores with anchor points
inserted in discernible gaps. The calibrations also tend to be constructed in a manner that
is biased towards the inclusion of world-society diffusion in the solution space pathways.
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Even with this biased method of conducting the calibrations it turns out that worldsociety diffusion is rarely implicated in any of the sufficient configurations. This is still
an insightful finding. The values of the qualitative anchors used for the target outcome
sets and the causal condition sets are listed in Appendix A.

Independent Variables and Causal Conditions

All independent variables in the panel analyses are lagged by one year. In the
cross-section analyses the independent variables of FDI, IMF credit, government
expenditure and network centrality are re-calculated as average scores for the years 1980
– 2006. In the fsQCA analyses these average scores are calibrated into set membership
scores ranging from 0 (completely out of the set) to 1 (completely in the set). For the
cross-section analyses of emission slopes over time, change in GDP per capita is also
included, which simply subtracts GDP per capita in 1980 from GDP per capita in 2006.
Again, this measure is included to address the possible spurious correlation in the
analyses of emissions plotted against GDP per capita. This change score is also
calibrated for inclusion as a causal condition in the fsQCA analyses.

World-System Position
FDI % GDP
Foreign direct investment is defined as the “net inflow of investment to acquire a
lasting management interest (10 percent or more of voting stock) in an enterprise
operating in an economy other than that of the investor. It is the sum of equity capital,
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reinvestment of earnings, other long-term capital, and short-term capital” (World
Development Indicators 2010). These net inflows are divided by total GDP in US
dollars. According to World-systems theorists, high net inflows of foreign direct
investment, measured as a percentage of gross domestic product, leads to the formation
of environmental laws that operate in the interest of transnational corporations. This
would presumably result in higher energy and industrial sector carbon dioxide emissions.

IMF % GDP
Use of International Monetary Fund credit includes purchases and drawings under
Stand-By, Extended, Structural Adjustment, Enhanced Structural Adjustment, and
Systemic Transformation Facility Arrangements. This measure is also standardized as a
percentage of gross domestic product and subjected to a square root transformation in the
panel analyses to normalize the distribution. Drawing on IMF credit forces governments
to liberalize their economies and cut expenses, which could potentially lower
environmental standards and lead to higher carbon dioxide emissions.

World-Society Diffusion
Network Centrality
To measure world-society diffusion, degree centrality scores are calculated for
each country. These scores are derived from an affiliation matrix of 24 international
environmental treaties and 64 developing countries. This two-mode matrix becomes
more dense as countries ratify the treaties and is depicted for the year 2005 in figure 12
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below. On the left are the 24 international environmental treaties and on the right are the
64 developing countries.
The two-mode affiliation network in figure 12 is transformed into a one-mode
network that elucidates the direct connections between the countries themselves. If two
countries in a particular year have ratified the same treaty they share an affiliation and are
considered to be connected (Breiger 1974; Anheier and Katz 2004). For every fifth year
from 1980 to 2005 the number of connections for each country in the sample to all other
countries in the world based on these dynamically increasing treaty ratifications is recalculated. In order to fill in the gaps between centrality scores in each fifth year simple
linear imputation is used.
The sum total of connections between one actor and all other actors is called
degree centrality in social network analysis. The higher the degree centrality score in
each year, the more connections a country has to other countries at that point in time
based on shared affiliations through mutually ratified treaties. For example, in 1980 the
most centrally connected actors in the sample are South Africa, Chile and Brazil (see
figure 13). By 2005 numerous other countries have taken up central positions while
Brazil has moved out of the inner core (see figure 14). By calculating network centrality
scores the concept of world-society diffusion is being captured in a novel manner.
World-society diffusion is typically measured through international non-governmental
organization density, governmental organization density, and the raw number of treaty

Figure 12: Two-Mode Network of 64 Countries by 24 International Environmental Treaties
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ratifications. The added value of using a network centrality measure, as conceived of in
this study, is that it more closely approximates the socialization metaphor contained
within world-society theory.
It is important to note that the question of interest is not to discover why particular
international environmental treaties have resulted in measurable on the ground changes.
Instead, in accordance with world-society theory, it is being hypothesized that countries
more embedded in the global network of environmental treaty regimes will feel more
peer pressure to follow relatively flat emission trajectories. There is no one to one
correspondence, just a diffuse cultural pressure. Of course, world-society theory has
been criticized in this regard. It does not typically concern itself with the specification of
causal mechanisms. One notable exception has come from the work of Evan Schofer and
Anne Hironaka (2005) who show that the structure, penetration and persistence of worldsociety diffusion matters in terms of the outcomes. Their study represents one of the few
attempts to theorize so-called attachment points that allow world-society to scale down to
local level concerns. However, for the purposes of this study the goal is not to specify
the causal mechanisms within treaty regimes to determine why some are better able to
scale down and link up with effective policy formation at the national level. The goal is
to determine whether or not global social integration in general is having a measurable
environmental impact in conjunction with other factors. This is also a shortcoming of the
study. By operationalizing world-society in this manner there is no specification of
attachment points and causal mechanisms, and there is no inclusion of other measures of
world-society such as non-governmental organization density. Figures 13 and 14 below
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depict the one-mode networks of direct connections between countries in 1980 and 2005.
The nodes represent the actors (in this study countries) and the lines represent worldsociety connections between countries (in this study mutually ratified treaties). A
country‟s position within this dynamically evolving network of treaty regimes represents
the concept of world-society diffusion.

Control Variables and Causal Conditions

GDP Per Capita
A logarithmic transformation of gross domestic product per capita in constant
2000 US dollars is used as a general measure of affluence for the panel analyses and
should be the main driver of carbon dioxide emissions. For the cross-section regressions
and fsQCA analyses that look at emission slopes plotted against GDP per capita and over
time, change in GDP per capita is used instead. This is simply calculated by subtracting
GDP per capita in 1980 from GDP per capita in 2006.

Government Expenditure % GDP
In the environmental sociology literature, state capacity is often measured by
government expenditures for purchases of goods and services (including compensation of
employees) relative to the size of the domestic economy (Jorgenson 2009). Some of
these expenditures are allocated to policy and regulatory bodies, which supposedly

Mean Centrality = 53
Standard Deviation = 25

Outer Periphery = 0-28
Inner Periphery = 28-53
Outer Core = 53-78
Inner Core = 78+

Figure 13: World-Society of Network Countries Linked by Ratified Treaties (1980)
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Mean Centrality = 366
Standard Deviation = 148

Outer Periphery = 0-218
Inner Periphery = 218-266
Outer Core = 366 – 514
Inner Core = 514 +

Figure 14: World-Society Network of Countries Linked by Ratified Treaties (2005)
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protect domestic interests such as labor and environmental rights. While this is not a
perfect measure of state capacity, it does partially address the extent to which a national
government can influence activities within its borders, such as the manufacturing
practices of transnational firms (Jorgenson 2009).
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CHAPTER 4: TIME SERIES CROSS-SECTION (PANEL) ANALYSES

The first set of empirical analyses in this study employ panel regression models.
All of the independent variables are lagged by one year to strengthen the interpretation of
causality. For example, the log of energy and industrial sector carbon dioxide emissions
in 1990 are regressed on the independent variables from 1989. A modified Wald statistic
and Wooldridge test are used to detect for the presence of heteroskedasticity and firstorder autocorrelation. The null hypothesis for both tests is rejected so Prais-Winsten
models with panel-corrected standard errors (pcse) and panel-specific AR (1)
disturbances are used. PCSE models were also specified with a lagged dependent
variable on the right side of the equation, which has become a common procedure for
addressing serial autocorrelation (Beck and Katz 1995). The significance, magnitude and
directions of the coefficients are robust across both sets of model specifications, so only
the results from the panel specific AR (1) disturbance models are reported.
Both IMF credit and FDI have 15 – 20 extreme outliers. They are therefore
restricted to specifications within the -3 to +3 standard deviation range and compared to
the full, unrestricted models. In the FDI specification the restricted model has
coefficients that change in magnitude, direction and significance when compared to the
full model. The N for the full model is 1664 and the N for the restricted model is 1645.
This means that the inclusion of 19 influential FDI outliers out of 1664 is having an
impact on the magnitude, direction and significance of FDI, network centrality and their
interaction effect. For this reason only the restricted model between -3 to +3 standard
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deviations is used for the final FDI models in this study, which better represents the trend
among the bulk of the cases.
For the restricted IMF credit model the magnitude and direction of the
coefficients do not change, but the coefficients for IMF credit, network centrality and
their interaction become slightly insignificant. Since the magnitude and direction remain
the same, however, the inclusion of the outliers does not seem to invalidate the
interpretation of the effects but instead reinforces the actual, underlying trend. For this
reason the full specifications for the IMF credit models are reported.
Table two lists the results for six separate models. Model one simply regresses
the log of energy and industrial sector carbon dioxide emissions on the log of GDP per
capita, which is the main control and should have the strongest effect. Models two and
three include the reduced FDI and full IMF credit specifications. Model four isolates the
effects of government expenditure, government expenditure squared and the network
measure of environmental regime centrality. A squared term for government expenditure
is included in the model because it is found to have a significant curvilinear effect on
carbon dioxide emissions. Models five and six are full models that separately look at the
effect of FDI and IMF credit (again reduced and full specifications) with the addition of
government expenditure and network centrality. For each of these models an interaction
variable for either centrality and FDI or centrality and IMF credit is also included.
Significant interaction terms would indicate that the effect of network centrality is
moderated by levels of FDI or IMF credit.

Table 2: National Level Estimates (1980-2006), Log of Carbon Dioxide Emissions Per Capita
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The results in table two confirm that GDP per capita is by far the strongest driver
of carbon dioxide emissions. It accounts for nearly all of the variation in carbon dioxide
emissions between the years 1980-2006. The addition of other independent variables in
models 2 – 6 barely improve their fit as evidenced by a miniscule increase in the Rsquared value from .97 to .99. International Monetary Fund credit does have a significant
impact on increasing carbon dioxide emissions, but again, it is not substantial. The FDI
effect is in the hypothesized direction, but is surprisingly insignificant. At low levels
government expenditure is found to significantly increase emissions. However, there is a
turning point above which government expenditure actually starts to be associated with
decreasing emissions, as indicated by the significant negative effect of the squared term.
The network centrality measure is also found to be a significant mitigator of emissions
although the magnitude of the effect is small.
To see if different levels of FDI or IMF credit mediate the impact of network
centrality it is necessary to inspect the interaction terms. The FDI and network centrality
interaction is barely insignificant, so it cannot be claimed that high levels of FDI
attenuate the effect of centrality. Nonetheless, figure 15 is included as a depiction of
their interaction. If the interaction effect had turned out to be significant the claim could
have been made that both low and high levels of centrality have more of an impact on
reducing carbon dioxide emissions when FDI is low.
The other measure of world-system position, IMF credit, does significantly
interact with centrality. As can be seen in figure 16 below, centrality is more effective in
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Figure 15: Interaction Between Centrality and FDI

reducing carbon dioxide emissions when IMF credit is at low levels. This significant
interaction offers some support for hypothesis four and the contention that world-society
diffusion does not effectively mitigate carbon dioxide emissions under conditions of high
world-system exploitation. However, it should again be pointed out that the magnitude
of the world-society effect (as measured by network centrality in international
environmental treaty regimes) is extremely small, both independently and in interaction
with world-system position. In the following chapter these contextual effects of global
social and economic integration on sustainable development are parsed out more directly
by analyzing the emissions of countries plotted against GDP per capita and over time.
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Figure 16: Interaction Between Centrality and IMF Credit
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CHAPTER 5: CROSS-SECTION REGRESSION ANALYSES OF EMISSION
TRAJECTORIES

In the second set of empirical analyses the goal is to uncover the contextual
effects of world-system position on world-society diffusion in a different manner from
the panel interaction variables. Again, the hypotheses state that low levels of IMF credit
and FDI, in conjunction with a strong state capacity as measured by government
expenditure, should be key factors that need to be present in order for the effect of worldsociety diffusion to be activated. Countries that meet these criteria should be moving
down relatively flat carbon dioxide emission trajectories plotted against GDP per capita.
To test whether or not this is happening a slope is calculated for each country from its
scatterplot of emissions per capita on GDP per capita with years as the data points. Some
countries have relatively flat or negative slopes (positive cases) while others have steeply
positive slopes (negative cases). Figures 17, 18 and 19 depict three countries out of the
sample of 64 in which the emission slopes plotted against GDP per capita are considered
to be steeply positive (Vietnam), relatively flat (South Africa) and slightly negative
(Kenya).
To understand the variation in emission slopes plotted against GDP per capita the
64 countries in the sample are divided into separate groups; ones in which either FDI or
IMF credit are at relatively low levels and government expenditure is at a relatively high
level, versus ones in which the opposite is true. The emissions per capita by GDP per
capita slopes are then regressed on the world-society diffusion measure (average network
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Figure 17: Carbon Dioxide Emissions Per Capita Plotted Against GDP Per Capita,
Vietnam 1980-2006
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Figure 18: Carbon Dioxide Emissions Per Capita Plotted Against GDP Per Capita, South
Africa 1980-2006
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Figure 19: Carbon Dioxide Emissions Per Capita Plotted Against GDP Per Capita,
Kenya 1980-2006
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centrality from 1980 – 2006) in these restricted groups. If hypothesis 5 is correct there
should be an inverse relationship between average centrality and the emission slopes.
For the first slopes analysis the sample is restricted to those countries that have
less than 2.5% FDI and more than 11% government expenditure, which reduces the
number of cases from 64 to 28. Table three shows the results from regressing the
emission slopes on average centrality under these restrictions. A squared term for
centrality is also included as it is found to have a curvilinear effect. Both the centrality
term and the squared centrality term are barely insignificant at the .15 level. The
magnitude and direction of the coefficients, however, does lend some minimal support
for hypothesis 5. Centrality at low levels is correlated with increasing emission slopes
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Table 3: National Level Estimates (Low FDI Restriction), Carbon Dioxide by GDP Per
Capital Emission slopes 1980-2006
Variable
Average Centrality

9.37e-09 [.43]
(1.10e-08)

Average Centrality Squared

-2.63e-11 [-.44]
(3.00e-11)

Constant

-3.61e-09 [.04]
(9.94e-07)
.03

R2 =
N = 28
* p<.10 ** p<.05 *** p<.01
Notes: Standard errors are in parentheses and beta weights are in brackets. Cases are
restricted to those with FDI < 2.5, Government Expenditure > 11 and Emission Slopes <
5.00e-06.

plotted against GDP per capita but at higher levels is correlated with decreasing slopes.
Figure 20 depicts the scatterplot of emissions vs. GDP per capita slopes plotted against
average centrality for the 28 countries that fall under the low FDI and high government
expenditure condition. Again, according to the p-values this relationship is not
statistically significant and therefore does not support hypothesis 5.
For the second cross-section analysis the cases in the sample are restricted to
those that have less than .035% IMF credit and more than 11% government expenditure,
which reduces the sample from 64 to 26 cases. Table four shows the results from
regressing emission slopes on average centrality under these restrictions. Both the
centrality term and the squared centrality term are significant at the .05 level. This result
offers some support for hypothesis 5. Under conditions of low IMF credit it seems that
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Figure 20: CO2 by GDP Per Capita Emission Slopes Plotted Agaisnt Average Centrality
(Low Average FDI and High Average Government Expenditure)

the ameliorative effect of world-society diffusion becomes activated to lower emission
trajectories plotted against GDP per capita. This only happens at high levels of network
centrality, however, as indicated by the significant negative co-efficient of the squared
term in table 4 below.
Figure 21 depicts the scatterplot of emissions vs. GDP per capita slopes plotted
against average centrality for the 26 countries that fall under the low IMF credit and high
government expenditure condition. Overall, between these first two cross-section
regressions, not much evidence is found in support of hypothesis 5. Only in countries
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Table 4: National Level Estimates (Low IMF Credit Restriction) Carbon Dioxide by GDP
Per Capita Emission Slopes 1980-2006
Variable
Average Centrality

Average Centrality Squared

Constant

5.05e-08 * [2.30]
(2.47e-08)
-1.10e-10 * [-1.84]
(5.50e-11)
-4.71e-06 * [-.09]
(2.66e-06)
.16

R2 =
N = 26
* p<.10 ** p<.05 *** p<.01
Notes: Standard errors are in parentheses and beta weights are in brackets. Cases are
restricted to those with IMF Credit < .035, Government Expenditure > 11 and Emission
Slopes < 5.00e-06.

Figure 21: CO2 by GDP Per Capita Emission Slopes Plotted Against Average Centrality
(Low Average IMF Credit and High Average Government Expenditure)

70

with low IMF credit do extremely high levels of network centrality have a significant
effect on reducing emission trajectories plotted against GDP per capita. However, the
network centrality effect may not actually be weakly curvilinear at all, it may turn out to
be spurious all together. If the sample of cases in these first two regressions includes
countries that did not experience significant economic growth (in terms of change in
GDP per capita from 1980 to 2006) then the significant effect of centrality is not in
actuality linked with sustainable development. The following two regressions therefore
restrict the sample of cases even further to just those countries that also experienced more
than a $100 change in GDP per capita. As it turns out, in both tables 5 and 6 below that
separately include the low FDI and IMF credit restriction, the effect of centrality
completely disappears. World-society diffusion only serves to flatten the emission
trajectories plotted against GDP per capita when there is anemic economic growth.

Table 5: National Level Estimates (Low FDI and High Change in GDP Restriction)
Carbon Dioxide by GDP Per Capita Emission Slopes 1980-2006
Variable
Average Centrality

5.13e-09 [.29]
(-1.81e-11)

Average Centrality Squared

-1.81e-11 [-.48]
(1.61e-10)

Constant

6.14e-07 [-.07]
(8.60e-06)
.04

R2 =
N = 14
* p<.10 ** p<.05 *** p<.01
Notes: Standard errors are in parentheses and beta weights are in brackets. Cases are
restricted to those with FDI < 2.5, Government Expenditure > 11, Change in GDP > 100
and Emission Slopes < 5.00e-06.
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Table 6: National Level Estimates (Low IMF Credit and High Change in GDP Restriction)
Carbon Dioxide by GDP Per Capita Emission Slopes 1980-2006
Variable
Average Centrality

Average Centrality Squared

Constant

1.76e-08 [1.49]
(2.44e-08)
-4.29e-11 [-1.69]
(5.21e-11)
-8.16e-07 [-.09]
(2.76e-06)
.08

R2 =
N = 17
* p<.10 ** p<.05 *** p<.01
Notes: Standard errors are in parentheses and beta weights are in brackets. Cases are
restricted to those with IMF Credit < .035, Government Expenditure > 11, Change in GDP
> 100 and Emission Slopes < 5.00e-06.

For the fifth and sixth cross-section regressions the slopes of emissions over time
are used as the dependent variable instead of the slopes of emissions plotted against GDP
per capita. This is done to address the previously discovered spurious correlation via
another method. As was already pointed out, some of the countries in which average
centrality is correlated with flat emission trajectories are not actually experiencing
significant economic growth, such as Kenya. This means that the correlations in tables 3
and 4 are meaningless because economic stagnation is really causing the flat emission
trajectories and not world-society diffusion under conditions of strong state capacity and
low world-system exploitation. In the following models, change in GDP per capita is
included as a control in the actual regression equations. If the driving force behind flat
emission trajectories over time turns out to be economic stagnation then the effect of
network centrality should once again disappear.
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Figures 22 through 24 again depict emission trajectories for the countries of
Vietnam, South Africa and Kenya. However, this time the trajectories are not plotted
against GDP per capita but are instead plotted over time. Vietnam still has a steeply
positive slope, which is to be expected based on its explosive economic development in
the late 1990s. South Africa‟s slope, which was slightly positive when plotted against
GDP per capita, turns out to be slightly negative when plotted over time. This trend
indicates that South Africa may be an ideal-typical case that embodies the contentions
being made in both hypotheses 5 and 7. South Africa experienced significant economic
growth of approximately $100 in GDP per capita so both of these emission trajectories
(one relatively flat and the other negative) cannot be the result of economic stagnation.

Figure 22: Carbon Dioxide Emissions Per Capita Plotted Over Time, Vietnam 1980-2006
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Figure 23: Carbon Dioxide Emissions Per Capita Plotted Over Time, South Africa 19802006

CO2 Emissions Per Capita
(Thousands of Metric Tons)

0.012

0.01

0.008
y = -6E-05x + 0.1276

0.006

0.004

0.002

0
1980

1985

1990

1995

2000

2005

Year

South Africa does have a high level of government expenditure and a high network
centrality score, which indicates that there is strong state capacity and world-society
diffusion. Also, it has low levels of FDI and IMF credit. These factors, taken in
combination, may explain why this developing country has followed a sustainable carbon
emission pathway, as depicted in figure 23. Of course, it should be pointed out, that the
absolute levels of emissions per capita for South Africa are the highest of all developing
countries in the sample at approximately 9 metric tons.
Kenya, which has a slightly negative slope when its emissions are plotted against
GDP per capita, turns out to have a slightly positive slope when its emissions are plotted
over time, as can be seen in figure 24 below. Even though the slope is slightly positive,
for the purposes of this study, it is still considered to be flat enough to represent
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Figure 24: Carbon Dioxide Emissions Per Capita Plotted Over Time, Kenya 1980-2006
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sustainable development. As mentioned previously, however, this apparent sustainability
may be an illusion because it could be due to Kenya‟s lack of economic growth and not
due to levels of social or economic globalization.
The first model, presented in table 7, again imposes the low FDI condition and the
second model, presented in table 8, imposes the low IMF credit condition. Change in
GDP per capita between 1980 and 2006 is also included as an independent variable.
Average centrality is not found to have a curvilinear effect in these models so a squared
term is not included. The results in table 7 demonstrate that network centrality, under the
low FDI condition, does significantly reduce emission trajectories, even when controlling
for change in GDP per capita. However, the effect of network centrality is relatively
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Table 7: National Level Estimates (Low FDI Restriction) Carbon Dioxide by Year
Emission Slopes 1980-2006
Variable
GDP Per Capita Change

Average Centrality

Constant

5.10e-08 *** [.68]
(1.15e-08)
-.1.71e-07 * [-.20]
(9.69e-08)
2.69e-05 [.11]
(1.69e-05)
.44

R2 =
N = 28
* p<.10 ** p<.05 *** p<.01
Notes: Standard errors are in parentheses and beta weights are in brackets. Cases are
restricted to those with FDI < 2.5, Government Expenditure > 11 and Emission Slopes <
5.00e-06.

small as most of the variation in emission trajectories is explained by change in GDP per
capita. The relationship between emission slopes over time plotted against average
centrality under the low FDI restriction is depicted in figure 25.
Table 8 displays the results from cross-section regression of the slope of
emissions over time on change in GDP per capita and average centrality under the low
IMF credit restriction. The direction of the effects are as predicted but in this model
network centrality is not significant. This result suggests that change in GDP per capita
overrides the effect of world-society diffusion. Figure 26 depicts the scatterplot of
emission slopes over time plotted against average centrality under the low IMF credit
restriction.

76

Figure 25: CO2 Emission Slopes Over Time Plotted Against Average Centrality (Low
Average FDI and High Average Government Expenditure)

Table 8: National Level Estimates (Low IMF Credit Restriction) Carbon Dioxide by Year
Emission Slopes 1980-2006
Variable
GDP Per Capita Change

Average Centrality

Constant

3.51e-08 *** [.47]
(7.26e-09)
-.1.80e-07 [-.21]
(9.69e-08)
3.45e-05 [.01]
(2.69e-05)
.52

R2 =
N = 26
* p<.10 ** p<.05 *** p<.01
Notes: Standard errors are in parentheses and beta weights are in brackets. Cases are
restricted to those with IMF Credit < .035, Government Expenditure > 11 and Emission
Slopes < 5.00e-06.
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Figure 26: CO2 Emission Slopes Over Time Plotted Against Average Centrality (Low
Average IMF Credit and High Average Government Expenditure)

Taken together, all of the cross-section regressions offer almost no support for
hypotheses 5 and 7. However, hypothesis 6, which points to the overriding influence
of economic growth and stagnation, does garner considerable support. The fuzzy set
qualitative comparative analyses in the following chapter shed some more light on how
these conditions configure with one another in a more explicit manner. The case of
Kenya turns out to be typical. At first blush countries like Kenya seem to be
experiencing sustainable development due to world-society diffusion under conditions of
high state capacity and low world-system exploitation. But once again, upon closer
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inspection, it turns out that economic growth, as measured by change in GDP per capita,
has not actually been decoupled from its environmental impacts.
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CHAPTER 6: FUZZY SET QUALITATIVE COMPARATIVE ANALYSES OF
EMISSION TRAJECTORIES

In this chapter the contextual interplay between world-society diffusion and
world-system position is unraveled more explicitly. To do so, fuzzy set qualitative
comparative analysis (fsQCA) is introduced. This methodology, developed by Charles
Ragin in 1987, is being increasingly applied in the areas of international comparative
economics and politics (Schneider and Wagemann 2010). For example, Anheier, Katz
and Lam recommend it as an approach that can “remedy some of the methodological
problems that plague the study of transnational aspects and processes (of global civil
society): the complexity of the phenomena involved, the limited number of cases
available for analysis, the paucity of data in terms of coverage and quality, and the
tendency of conventional statistical methods to emphasize the outcome rather than the
process of causality” (Anheier, Katz and Lam 2006). Instead of looking for net-additive
and independent effects of variables, as in a conventional statistical regression analysis,
fsQCA is designed to uncover set theoretic relationships between causal and outcome
conditions (Ragin 2000: Ragin 2006: Rihoux and Ragin 2009). In fuzzy set qualitative
comparative analysis, as opposed to the crisp set version, each case is first assigned a
score ranging between 0 and 1 to indicate its degree of membership in a set (such as the
set of countries that have experienced sustainable development in relation to energy
sector carbon dioxide emissions). These calibrated sets are then tested for relationships
of necessity to determine which ones have to be present for the outcome to occur.
Necessary conditions are then further compared with other conditions to determine which
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ones are sufficient for the outcome. Finally, all of the possible combinations of necessary
and sufficient conditions are reduced using Boolean algebra to create a parsimonious set
of pathways that lead to the outcome (Anheier, Katz and Lam 2006; Rihoux and Ragin
2009). Such an approach fundamentally differs from standard regression techniques that
are unable to conceive of variables as configurations, even with the inclusion of
interaction terms. As Rihoux and Lobe state, “it would make no sense in (fs)QCA to
isolate „the net, independent effect of [a] condition‟ since cases are conceived as
configurations of conditions; it is not an individual condition that matters but the
configuration of conditions that does” (Rihoux and Lobe 2009). Ultimately, the goal of
fsQCA is to bring the cases back into the analysis instead of letting them disappear into
the abstract coefficients of a regression equation (Ragin 2006).
In this study the configuration of causal conditions that are hypothesized to be
sufficient for the generation of the outcome include the presence of world-society
diffusion and strong state capacity in conjunction with the absence of world-system
exploitation. Countries with set membership in this configuration should exhibit
relatively flat to negative emission trajectories plotted against GDP per capita and
emission trajectories plotted over time. Figure 27 below depicts the characteristic
triangular plot indicating this hypothesized relationship of the cause being a subset of the
outcome (Ragin 2008b). In set-theoretic terms, the cause of high network centrality in
international environmental treaty regimes and high levels of government expenditure in
conjunction with low levels of FDI or IMF credit should be a subset of all the countries
with relatively flat or negative slopes of emissions plotted against GDP per capita or
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plotted over time. Again, this can be interpreted to mean that the combination of causal
conditions is sufficient, but not necessary, for membership in the set of countries with
relatively flat emission trajectories. There could be other pathways that lead to the same
outcome, which is referred to as multiple conjunctural causation (Ragin 2000). For this
reason, cases in the upper-left region are not errors, as in a conventional quantitative
analysis. Instead, these are cases with high membership in the outcome due to the
operation of other factors (Ragin 2008b). Therefore, cases that have relatively flat
emission slopes without the presence of high network centrality, high government
expenditure and low world-system inequality (i.e., high membership in the outcome
coupled with low membership in the cause) are to be expected. On the other hand, cases
in the lower-right region would represent serious errors because they would have high
membership in the hypothesized causal configuration coupled with low membership in
the outcome (Ragin 2008b).
As described previously in the methods chapter, the first step in a fuzzy set
qualitative comparative analysis is to calibrate the causal and outcome conditions. In this
study the direct method is used, in which three qualitative anchors determine “the
threshold for full membership, the threshold for full non-membership, and the cross-over
point” (Ragin 2008). The calibration of cases in this manner stands in stark contrast to
the logic of a conventional quantitative analysis that only considers the value of a case
relative to the distribution of all values in the sample. There is no imposed threshold that
makes a qualitative distinction between the values. For example, when comparing a tray
of ice cubes to a glass of water it would be useful to use 32 degrees Fahrenheit as the
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Figure 27: Fuzzy Subset Relation Consistent with Sufficiency (Ragin 2008b)

threshold temperature that qualitatively separates these cases. One body of water does
not just have a lower temperature than the other body, but actually belongs in the set of
cases that are extremely cold or frozen. Ideally, in fsQCA, the researcher would be able
to impose such thresholds and anchors based on substantive expertise. Unfortunately, in
this study, it is difficult to determine subjectively, from an expert perspective, what
constitutes a sustainable emissions trajectory or a high degree of world-society diffusion
based on network centrality scores calculated from international environmental treaty
ratifications. Instead, in this study, the distribution of scores in each condition is used as
a guideline for setting the anchor points. The anchors are inserted where there are large
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gaps between values in a manner that seems reasonable based on the overall distribution
(Rihoux and Ragin 2009). Once the qualitative anchors have been entered the fsQCA
program is able to calculate the log of the odds of full membership for each case. The
next step is to construct a truth table of the observed conditions from which a
parsimonious set of formulas can be distilled. Each one of these formulas represents a
sufficient pathway to the outcome in which the presence and absence of calibrated
conditions work together. Again, this contrasts with a conventional regression
formulation that focuses on the net additive effects of independent variables (Ragin
2006).

Pathways to Sustainable Emission Trajectories Plotted Against Economic Growth

Truth table 1 presents the causal configurations involving relatively low FDI,
relatively high government expenditure and relatively high network centrality in
international environmental treaty regimes, with those in the top three rows linked to the
outcome condition of relatively flat emission slopes plotted against GDP per capita.
Because there are three causal conditions, a total of 23 (8) possible configurations exist in
the solution space. All eight of the combinations are empirically observed and entered
into the table as eight rows. The number of cases column indicates how many actual
countries exhibit the particular combination of conditions in any particular row. 1s
indicate membership in the specified condition or outcome while 0s indicate nonmembership. As a general rule, it is recommended to assign cases with membership in a
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particular causal pathway to also have membership in the outcome condition if the
consistency score is close to 1. At the very least the consistency score must be greater
than or equal to .75 (Rihoux and Ragin 2009). In this study, across all of the truth tables,
.75 is consistently used as the cutoff score below which the causal pathways are assigned
a non-membership score of 0. The letters in parentheses are shorthand representations of
the causal conditions and the outcome condition.

Truth Table 1: Membership in the Set of Countries with Moderate to Flat CO2 vs. GDP
Per Capita Emission Slopes and Three Causal Conditions (FDI)
Conditions

Low FDI
(F)
1
0
1
1
0
0
1
0

High
Government
Expenditure
(G)
1
0
0
1
1
1
0
0

High
Centrality
(C)
1
1
0
0
0
1
1
0

Outcome
Flat to Negative
CO2 vs. GDP Per
Capita Emission
Slopes
(E)
1
1
1
0
0
0
0
0

Number of
Cases
4
8
10
8
10
8
8
7

Consistency
.78
.77
.76
.73
.73
.72
.69
.65

Table 9 presents the intermediate solution space derived from logical
minimization of truth table one. Unlike regression modeling techniques, fsQCA uses
Boolean algebra based on set theory to minimize the configurations in the truth table
(Ragin 2000). The solution space in table seven includes three separate and sufficient
pathways that lead to the same outcome of relatively flat emission slopes plotted against
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GDP per capita. Again, this outcome is used as a measure of sustainable development in
relation to greenhouse gas emissions that impact climate change. The three operators
presented are logical OR (+), logical AND (*) and logical NOT (denoted by a lower case
letter).

Table 9: Consistency and Coverage Solution for Low CO2 vs. GDP Per Capita Emission
Slopes (FDI Pathways)
Configuration
C*g*f +
c*g*F +
C*G*F
Solution coverage:
Solution consistency:

Raw Coverage
.27
.28
.23
.52
.75

Unique Coverage
.14
.13
.09

Consistency
.77
.76
.78

The solution space offers mixed support for hypothesis 8, which states that
membership in the set of countries with strong world-society diffusion and high state
capacity in conjunction with an absence of world-system exploitation is sufficient, but
not necessary, for membership in the set of countries with relatively flat carbon dioxide
emission trajectories plotted against economic growth. The overall solution space has a
consistency score of .75, indicating that the three pathways loosely correspond with the
observed outcome. The coverage score of .52 indicates that the pathways (configurations
of conditions) apply to only 52% percent of the cases in the outcome set. This means that
there are other ways to unlock the outcome of flat emission trajectories, but for the sake
of this analysis it seems that some minimal support is found for hypothesis 8.
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Hypothesis 8 is perfectly captured by the third pathway to the outcome, which is
interpreted to take place in those countries that have a high level of network centrality (C)
AND the presence of high government expenditure (G) AND low FDI (F). Unfortunately
the raw coverage for this pathway is low as it only applies to four cases, which can be
seen in figure 28 below. Morocco contradicts the sufficiency relationship for this
pathway because it is a country in which all three conditions are present but the outcome
is absent.

Figure 28: Scatterplot of Membership in the Set of Countries with Low FDI, High
Government Expenditure and High Centrality vs. Membership in the Set of Countries
with Relatively Flat or Negative CO2 by GDP Per Capita Emission Slopes
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Kenya. South Africa, Senegal and Niger turn out to be the four cases that
successfully follow this pathway to an outcome of sustainable development. However, as
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illustrated earlier, Kenya is in fact a poor representative of sustainable development
because it did not experience significant economic growth from 1980 – 2006. Even
though Kenya‟s trajectory of emissions plotted against GDP per capita is flat enough for
it to qualify as a member in the set of countries with sustainable emission trajectories, a
change in GDP per capita of only $50 means that this set membership is meaningless.
The same holds true for Senegal and Niger, which also experienced insignificant growth
in GDP per capita and therefore are not good representatives of sustainable development
either. South Africa did experience significant economic growth and followed a flat
emissions trajectory plotted against this growth. The problem with South Africa is that
its overall level of emissions is extremely high at approximately 9 metric tons per capita.
So, South Africa may be developing in an efficient manner during periods of economic
growth, but its overall level of emissions are still considered unsustainable. Incidentally,
the same criticism can be made about the United States of America, which has also gone
down a relatively flat emissions trajectory plotted against GDP per capita over the past 30
years even though its overall level of emissions per capita are the highest in the world.
This examination of the cases conducted after the solution pathways have been
derived is not typical in standard regression analyses. In the earlier empirical chapters
that employed Prais-Winsten panel regression with panel-corrected standard errors and
cross-section ordinary least squares regression, world-society diffusion (as measured by
network centrality) was found to have a significant negative effect; both independently
and in interaction with world-system position. In this first fuzzy set qualitative
comparative analysis though, once the cases are brought back into the picture, the effect
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of world-society diffusion, at least as approximated by international environmental treaty
regime centrality, begins to evaporate.
The first pathway in table 9 (C*g*f) contradicts hypothesis 8 because it indicates
that high centrality in conjunction with high FDI and low government expenditure is
sufficient for inclusion in the outcome set. For these countries, world-society diffusion is
activated even when level of world-system exploitation is high. This finding lends
support to world-society theorists who claim that international environmental treaty
regimes are having ameliorative impacts regardless of economic factors. The cases that
follow this pathway are shown in the top right hand corner of figure 29.
Out of these cases Chile, Venezuela and Argentina turn out to have significant
positive slopes when their emissions are plotted over time. So, even though they seem to
be developing in an efficient and sustainable manner, their absolute emission levels
actually continue to rise. Mexico also has very high absolute levels of emissions, and is
therefore not considered to be an environmentally sustainable economic model. Sudan,
Peru, and Uganda are left over as possible candidates that represent true sustainable
development under the auspices of world-society diffusion.
Pathway two in table 9 (c*g*F) does not contradict the hypothesis, but indicates
that low levels of FDI in conjunction with low centrality and low government
expenditure is also sufficient for membership in the set of countries with relatively flat to
negative emission slopes plotted against GDP per capita. These are countries in which
the absence of world-system exploitation seems to be the most important emissions
mitigation factor. Figure 30 depicts this pathway below. It is important to note that
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Figure 29: Scatterplot of Membership in the Set of Countries with High FDI, Low
Government Expenditure and High Centrality vs. Membership in the Set of Countries
with Relatively Flat or Negative CO2 by GDP Per Capita Emission Slopes
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multiple countries have membership in this particular set of causal conditions (lower right
hand corner) yet do not attain membership in the outcome condition set.
Truth table 2 presents the configurations of empirically observed conditions of
low IMF credit (instead of low FDI), high government expenditure and high network
centrality, with those in the top four rows linked to the outcome of relatively flat emission
slopes plotted against GDP per capita. Table 10 presents the solution formulas that are
derived from logical minimization of truth table 2. In these formulas, which replace the
low FDI condition with the low IMF credit condition, membership in the set of countries

90

Figure 30: Scatterplot of Membership in the Set of Countries with Low FDI, Low
Government Expenditure and Low Centrality vs. Membership in the Set of Countries with
Relatively Flat or Negative CO2 by GDP Per Capita Emission Slopes
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with high network centrality is not implicated in either pathway to sustainable emission
trajectories. The key pathway here, with a raw coverage of 46% of the cases in the
overall solution space, is the absence of high IMF credit in conjunction with the presence
of high government expenditure.
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Truth Table 2: Membership in the Set of Countries with Moderate to Flat CO2 vs. GDP
Per Capita Emission Slopes and Three Causal Conditions (IMF Credit)
Conditions

Low IMF
Credit
(I)
0
1
0
1
0
0
1
1

High
Government
Expenditure
(G)
0
1
0
1
1
1
0
0

High
Centrality
(C)
0
0
1
1
1
0
1
0

Outcome
Flat to Negative
CO2 vs. GDP Per
Capita Emission
Slopes
(E)
1
1
1
1
0
0
0
0

Number of
Cases
5
8
6
8
4
10
10
12

Consistency
.82
.78
.78
.75
.69
.69
.68
.64

Table 10: Consistency and Coverage Solution for Low CO2 vs. GDP Per Capita
Emission Slopes (IMF Credit Pathways)
Configuration
g*i +
G*I
Solution coverage:
Solution consistency:

Raw Coverage
.29
.46
.61
.75

Unique Coverage
.15
.32

Consistency
.81
.72

Figure 31 depicts the scatterplot of membership in G*I from table 10 versus
membership in the set of countries with relatively flat emission slopes plotted against
GDP per capita. Once again, there are a number of countries in the lower right-hand side
of the plot that represent membership in the configuration of causal conditions without
having membership in the outcome condition.
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Figure 31: Scatterplot of Membership in the Set of Countries with Low IMF Credit and
High Government Expenditure vs. Membership in the Set of Countries with Relatively
Flat or Negative CO2 by GDP Per Capita Emission Slopes
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Between the FDI and IMF credit fuzzy set analyses of emissions plotted against
GDP per capita, only one out of the five pathways (C*G*F) offers direct support for the
hypothesis that world-society diffusion is activated in the context of low world-system
exploitation. One pathway directly contradicts the hypothesis (C*g*f) and two others
(c*g*F and G*I) imply that low levels of FDI and IMF credit operate without the
presence of world-society diffusion to achieve sustainable emission trajectories. Based
on the three pathways of C*G*F, c*g*F, and G*I it seems reasonable to conclude that
addressing world-system inequality alone may be the surest path to mitigating emissions.
But even this conclusion is tentative at best since the solution space coverages are .52 and

93

.61 respectively. This means that only 52% and 61% of the countries that belong to the
set of countries with flat emission trajectories plotted against GDP per capita are actually
covered by the different pathways derived from the minimization of the truth tables.
Since these first two fuzzy set qualitative comparative analyses do not offer strong results
in support of hypothesis 8 the following section concludes with the final two analyses
that address hypotheses 9 and 10. As with the cross-section regressions in the previous
chapter, the fundamental determinant of sustainable emission trajectories does in fact turn
out to be a lack of economic growth.

Pathways to Sustainable Emission Trajectories Plotted Over Time

As was done in the cross section regressions in the previous chapter, change in
GDP per capita between 1980 and 2006 is included as a causal factor in the analysis of
emissions plotted over time. Exactly 27 countries were found to have less than a $100
change in GDP per capita in constant US dollars and are therefore included in the set of
countries with low economic growth. These are countries that essentially experienced
economic stagnation, which may be the primary factor that is causing their flat emission
trajectories over time. If world-society diffusion truly has an effect on mitigating
emissions then it should still be implicated in pathways that are derived from the
following truth tables that include change in GDP per capita. If it is not included in these
pathways, then world-system position and change in GDP per capita would seem to be
the main drivers of emission trajectories. Truth table 3 presents the configurations of
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empirically observed conditions of low change in GDP per capita, low FDI, high
government expenditure and high network centrality, with those in the top seven rows
linked to the outcome of relatively flat to negative emission slopes over time.

Truth Table 3: Membership in the Set of Countries with Moderate to Flat CO2 by Year
Emission Slopes and Four Causal Conditions (FDI)
Conditions
Low
Change in
GDP per
Capita
(A)
1
1
1
1
1
0
1
1
0
0
0
0
0
0
0

Low FDI
(F)
1
1
1
0
0
1
1
0
1
1
0
0
0
1
0

High
Government
Expenditure
(G)
1
0
1
1
1
0
0
0
1
1
1
0
0
0
1

High
Centrality
(C)
0
0
1
0
1
0
1
1
0
1
0
1
0
1
1

Outcome
Flat to
Negative
CO2 by Year
Emission
Slopes
(E)
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0

Number of
Cases
6
7
2
6
1
3
3
1
2
2
4
7
7
5
7

Consistency
.90
.89
.86
.83
.78
.73
.73
.69
.68
.61
.58
.56
.54
.52
.45

After Boolean minimization of truth table 3, three pathways are uncovered in
table 11, none of which implicate the presence of high network centrality. All three
pathways to low emission slopes plotted over time require either low change in GDP per
capita (A) or low levels of FDI (F). The coverage score is higher than in the previous
solutions at .71, as is the consistency score at .79. This means that more of the cases in
the outcome set of relatively flat emission slopes over time are being explained by these
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formulas. These three pathways offer solid support for hypothesis 9 but absolutely no
support for hypothesis 10. It seems that world-society diffusion does not mitigate
emission slopes plotted over time. Instead, as proposed in hypothesis 9, economic
stagnation is a key factor.

Table11: Consistency and Coverage Solution for Low CO2 by Year Emission Slopes
(FDI Pathways)
Configuration
A*G +
A*F +
F*g*c
Solution coverage:
Solution consistency:

Raw Coverage
.50
.53
.29
.71
.79

Unique Coverage
.17
.07
.01

Consistency
.85
.85
.79

Figure 32 below depicts set membership in A*F plotted against membership in
the set of countries with sustainable emission slopes over time. This pathway alone
covers 53% of the cases. It is important to note that Kenya, Senegal and Niger all follow
this pathway to sustainable emissions plotted over time. In the earlier analysis they were
shown to be three out of the four countries that supposedly followed the C*G*F pathway
to sustainable emissions plotted against GDP per capita. Now it is apparent that their
sustainable development has nothing to do with world-society diffusion in conjunction
with strong state capacity and low world-system exploitation, and everything to do with
economic stagnation. Economic growth has not been decoupled from environmental
harms in these cases and the support for the central contention of this study has been
severely weakened.
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Figure 32: Scatterplot of Membership in the Set of Countries with Low Change in GDP
Per Capita and Low Foreign Direct Investment vs. Membership in the Set of Countries
with Relatively Flat or Negative CO2 Over Time Emission Slopes
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The final truth table presents the configurations of empirically observed
conditions of low change in GDP per capita, low IMF credit, high government
expenditure and high network centrality, with those in the top six rows linked to the
outcome of relatively flat emission slopes plotted over time. Once again, as can be seen
in table 12, network centrality is not implicated in the pathways to the outcome condition
and neither is world-system position in the form of IMF credit. In this solution space all
that seems to matter, with a total coverage of .66 and consistency of .86, is the absence of
significant economic growth.
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Truth Table 4: Membership in the Set of Countries with Moderate to Flat CO2 by Year
Emission Slopes and Four Causal Conditions (IMF Credit)
Conditions
Low
Change in
GDP per
Capita
(A)
1
1
1
1
1
1
0
1
0
0
0
0
0
0
0

Low IMF
Credit
(I)
0
0
0
1
0
1
0
1
0
0
0
1
1
1
1

High
Government
Expenditure
(G)
1
0
1
1
0
0
0
0
1
1
0
1
0
0
1

High
Centrality
(C)
0
0
1
0
1
0
0
1
0
1
1
0
0
1
1

Outcome
Flat to
Negative CO2
by Year
Emission
Slopes
(E)
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0

Number of
Cases
9
4
3
3
1
3
1
3
1
1
5
5
9
7
8

Consistency
.91
.89
.84
.81
.81
.80
.71
.65
.63
.59
.58
.57
.53
.49
.43

Table12: Consistency and Coverage Solution for Low CO2 by Year Emission Slopes
(IMF Credit Pathways)
Configuration
A*c +
A*i
Solution coverage:
Solution consistency:

Raw Coverage
.46
.60
.66
.86

Unique Coverage
.06
.20

Consistency
.90
.87

These final two fuzzy set qualitative comparative analyses strongly contradict the
central contention of this study. World-society diffusion, at least as approximated by
network centrality in international environmental treaty regimes, does not seem to steer
countries down sustainable emissions pathways. Only two pathways (C*G*F and C*g*f)
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out of the ten derived from the four truth tables seem to offer some evidence for the
potential of world-society diffusion to mitigate carbon emission trajectories. However,
upon closer inspection of the cases themselves this potential does not manifest itself.
Kenya, Niger and Senegal turn out to have almost no economic growth, and therefore
cannot be representatives of sustainable development. They are countries that are just not
developing at all. Chile, Argentina and Venezuela may be more promising cases since
they have flat trajectories of emissions plotted against GDP per capita and high network
centrality, but it turns out that their overall levels of emissions plotted over time are
steeply positive. This leaves South Africa, Mexico, Peru, Sudan and Uganda as the
remaining 5 cases that have network centrality implicated as one of the causal conditions
in their pathways to sustainable emission trajectories. The emissions of these countries in
metric tons per capita are plotted over time in figure 33 below. The United States, with
the world‟s highest per capita carbon dioxide emissions, is also included as a reference.
South Africa is the remaining country that follows the C*G*F pathway to a
sustainable emissions trajectory plotted against GDP per capita. As can be seen in figure
33, South Africa also has a relatively flat emissions trajectory plotted over time. The
problem with using South Africa as an ideal typical case in support of the central
contention in this study is that its overall emission levels are extremely high. With
average carbon dioxide emissions of 9 metric tons per capita it would be difficult to make
the claim that South Africa is truly an environmentally sustainable economy. The same
criticism holds true for Mexico, which follows the C*g*f pathway to supposedly
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Figure 33: CO2 Emissions Per Capita (Metric Tons) Plotted Over Time for Mexico, South
Africa, Sudan, Peru and Uganda 1980-2006

sustainable emissions plotted against GDP per capita. Peru, Sudan and Uganda are left
over as the three legitimate cases that may truly be feeling the ameliorating effects of
world-society diffusion. They all have high levels of network centrality and experience
significant economic growth. Overall, however, it seems that the vast majority of cases
that follow flat emission trajectories plotted over time do so because of economic
stagnation or low levels of FDI and IMF credit and not because of progressive
institutional arrangements.
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CHAPTER 7: CONCLUSIONS

Does diffuse pressure from world-society only flatten the carbon dioxide emission
trajectories of developing countries that are not suffering from world-system
exploitation? The evidence is somewhat mixed, but the answer seems to be no. Worldsociety diffusion, at least as measured in this study through the network measure of
degree centrality in international environmental treaty regimes, does not steer developing
countries down sustainable emission pathways in the time period from 1980 to 2006,
either on its own or in conjunction with other factors.
In the Prais-Winsten panel regression models the direct effect of world-society
diffusion, as approximated by network centrality in international environmental treaty
regimes, is in the predicted direction, but the magnitude is weak. Indirectly, network
centrality is not mediated by level of FDI but does seem to be more effective when IMF
credit is low. IMF credit is also found to have a significant independent effect on
increasing carbon dioxide emissions per capita although, again, the magnitude is small
with a beta weight of just .07. Strong state capacity in terms of government expenditure
is a mitigator of emissions at high levels, as indicated by the significance of the squared
term. The overwhelming driver of carbon dioxide emissions across all panel model
specifications is the size of a country‟s economy, as measured by GDP per capita.
In the first set of cross section regressions the slopes of carbon dioxide emissions
plotted against GDP per capita are regressed on regime centrality across a sub-sample of
countries with low FDI or low IMF credit and high government expenditure. In these
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models it is network centrality that has a curvilinear effect, which is initially positive but
becomes negative at higher values. Network centrality is not found to be a significant
mitigator of emissions in countries with low levels of FDI, but is found to be significant
in countries with low levels of IMF credit. Once again, as in the panel models, this offers
some weak evidence that world-society diffusion is successfully activated to flatten
carbon dioxide emission trajectories in economically developing countries only when
they are not being structurally adjusted by the International Monetary Fund. However,
when these analyses are further restricted to just those countries that have experienced
significant positive change in GDP per capita, the network centrality effect disappears in
both the low FDI and low IMF credit models.
In the second set of cross section regressions the slopes of carbon dioxide
emissions plotted over time are regressed on regime centrality while change in GDP per
capita is controlled for separately on the right side of the equation. In these models
network centrality is found to be effective when the sample is restricted to cases with low
levels of FDI but not when it is restricted to cases with low levels of IMF credit. So,
across all of the panel and cross section regression models, there is some minimal support
for an ameliorative impact of world-society diffusion under low levels of world-system
exploitation. The fsQCA pathways, however, offer even less support for this claim.
Kenya, South Africa, Senegal and Niger are the only 4 countries out of the set of
38 considered to have relatively flat carbon dioxide emission slopes plotted against GDP
per capita to follow a pathway of world-society diffusion in conjunction with low worldsystem exploitation and strong state capacity. However, Kenya, Senegal and Niger do
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not experience significant economic growth, which means their membership in this
pathway is moot. They are countries that are just not economically developing at all and
this is why they seem to have sustainable trajectories when their emissions are plotted
against GDP per capita. Most of the other pathways that lead to low emission trajectories
plotted against GDP per capita include low levels of FDI and IMF credit, which supports
the world-systems theory contention that climate change mitigation in the developing
world is best achieved by addressing global economic inequalities.
The final set of fuzzy set qualitative comparative analyses that include
membership in the set of countries with relatively flat emission slopes plotted over time
as the outcome condition, and in which membership in the set of countries with low
change in GDP per capita is included as an additional causal condition, show that neither
world-society diffusion nor world-system position are implicated in the configurations.
Four out of these five pathways include low change in GDP per capita as a required
condition to achieve relatively flat carbon dioxide emission trajectories over time. So, in
the first set of fsQCA configurations low world-system exploitation is most often
implicated and in the second set of fsQCA configurations low change in GDP per capita
is most often implicated.
Future directions for this line of research would benefit from more in depth
analysis of the few existing positive cases. The goal should be to specify the causal
mechanisms whereby world-society actually does succeed in mitigating carbon dioxide
emissions. Who are the central policy network actors at the national level in these cases?
How do global level treaty, non-governmental organization and governmental
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organization networks intersect with these national level policy networks? How are
climate change issues framed within these countries? The answers to these questions
would, in essence, help reveal how a science dominated, global level discourse is able to
scale down and successfully link up with regional, national and local level concerns.
Two cases that also need to be understood in more detail, which are conspicuously absent
from this study even though they are considered to be developing nations, are China and
India. They are both major players in the international environmental regime negotiation
process and were therefore not included because they are so distinct from the other cases.
However, power generation and transportation in these two countries alone accounts for
roughly 19% of the growth in global carbon dioxide emissions between 2009 and 2010
(Olivier et al. 2011). This is because their emissions are being driven by a high demand
for products in countries such as the United States. China and India therefore impact
climate change more than any other developing country, and need to be included within
the scope of future studies.
Within the scope of this study, however, the findings suggest that world-society
diffusion, at least as measured by network centrality in international environmental treaty
regimes, has little to no impact on mitigating emissions, either independently or in
conjunction with world-system position and state capacity. World-system exploitation
and change in GDP per capita are the strongest drivers of emissions and emission
trajectories, and their detrimental impact greatly outweighs the diffuse benefits of worldsociety. It is the conclusion of this study that these economic factors need to be
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addressed in a more direct and radical fashion in order to reverse the trend of accelerating
climate change.
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APPENDIX A: DATA SOURCES

Energy Sector (Industrial) CO2 Emissions
G. Marland, TA. Boden. and R..J Andres. Carbon Dioxide Information Analysis Center,
Environmental Sciences Division, Oak Ridge National Laboratory, U.S. Department of
Energy, Oak Ridge, Tennessee 37831-6335, U.S.A.
Climate Analysis Indicators Tool (CAIT) Version 7.0. (Washington, DC: World
Resources Institute, 2010).
Gross Domestic Product Per Capita, Foreign Direct Investment, Use of IMF Credit and
General Government Final Consumption Expenditure
World Development Indicators (WDI) and Global Development Finance (GDF): 2010.
WDI is the primary World Bank database for development data from officially
recognized international sources. GDF provides external debt and financial flows
statistics for countries that report public and publicly-guaranteed debt under the World
Bank's Debtor Reporting System.
Network Centrality in International Environmental Treaty Regimes
Socioeconomic Data and Applications Center (SEDAC) Treaty Status Dataset.
Environmental Treaties and Resources Index compiled from the World Conservation
Union (IUCN) and Center for International Earth Science Information Network
(CIESIN). http://sedac.ciesin.org/entri/
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APPENDIX B: FUZZY SET CALIBRATIONS

CO2 by GDP
Capita Slopes
-0.0000089
-0.000000811
-0.00000056
-0.000000335
-0.000000235
-0.000000167
-0.000000147
-0.00000007
-0.000000048
-0.00000004
-0.000000021
-0.000000015
-0.000000008
0
0.000000049
0.000000102
0.000000122
0.000000179
0.000000232
0.000000232
0.000000266
0.00000031
0.000000348
0.000000439
0.000000468
0.000000494
0.000000521
0.000000521
0.000000531
0.000000574
0.000000578
0.000000601
0.000000644
0.000000656
0.000000674
0.000000698
0.000000724
0.000000724
0.000000752
0.0000008
0.000000831
0.000000833
0.000000834
0.000000884
0.000000888
0.000000921

Country
Mauritania
Papua New Guinea
Guinea
Venezuela
Colombia
Mexico
Burkina Faso
Ethiopia
Madagascar
Mozambique
Kenya
Central African Republic
Mali
Chad
Nicaragua
Togo
Sierra Leone
Argentina
Uruguay
Uganda
Niger
Burundi
Mongolia
Cong Rep.
Costa Rica
Panama
Peru
Sudan
Botswana
Chile
South Africa
Senegal
Cameroon
Malawi
Tunisia
Liberia
Sri Lanka
El Salvador
Cote D'Ivoire
Brazil
Philippines
Belize
Algeria
Dominican Republic

CO2 by Year
Slopes
-0.0003902
-0.0000594
-0.000052
-0.0000202
-0.0000182
-0.0000158
-0.0000157
-0.0000141
-0.0000118
-0.0000117
-5.99E-06
-4.70E-06
-3.49E-06
-3.10E-06
-2.44E-06
-2.29E-06
-1.55E-06
-5.84E-07
-5.82E-07
-4.72E-07
-2.77E-07
-1.21E-07
0
1.29E-08
2.57E-07
5.65E-07
1.04E-06
1.28E-06
1.31E-06
1.44E-06
1.57E-06
2.81E-06
3.25E-06
3.54E-06
4.32E-06
5.61E-06
6.00E-06
7.26E-06
8.37E-06
8.39E-06
8.73E-06
9.65E-06
0.0000122
0.0000144
0.0000144
0.0000162

Country
Gabon
South Africa
Mongolia
Mexico
Liberia
Zimbabwe
Zambia
Cameroon
Cote D'Ivoire
Colombia
Mauritania
Cong Rep.
Mozambique
Senegal
Niger
Guinea
Peru
Burkina Faso
Burundi
Chad
Malawi
Mali
Central African Republic
Sierra Leone
Guinea Bissau
Togo
Ethiopia
Uganda
Kenya
Madagascar
Sudan
Ecuador
Papua New Guinea
Nepal
Ghana
Bangladesh
Guyana
Benin
Lao PDR
Nicaragua
Uruguay
Paraguay
Philippines
Sri Lanka
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0.000000947
0.00000099
0.00000108
0.00000109
0.00000118
0.00000119
0.00000121
0.00000122
0.00000129
0.00000141
0.00000142
0.00000144
0.0000015
0.00000153
0.00000219
0.00000233
0.00000238
0.0000024
0.00000247
0.00000272
0.00000515
GDP Capita
Change
(1980 - 2006)
-1269.358
-590.2938
-395.233
-384.7127
-150.62
-131.3498
-111.5006
-108.4253
-97.0336
-96.1729
-85.6492
-39.3146
-26.2604
-25.4329
-20.3284
-17.974
-14.0522
0
3.4775
3.702
19.7106
26.3493
44.7023
45.6124
62.9653

Paraguay
Bangladesh
Lao PDR
Nepal
Morocco
Guinea Bissau
Ecuador
Guatemala
Guyana
Bolivia
Ghana
Jamaica
Indonesia
Thailand
Honduras
Zambia
Zimbabwe
Vietnam
Benin
Gabon

Country
Gabon
Liberia
Venezuela
Cote D'Ivoire
Zimbabwe
Nicaragua
Zambia
Madagascar
Central African
Republic
Togo
Niger
Sierra Leone
Burundi
Papua New Guinea
Malawi
Paraguay
Cameroon
Kenya
Guinea Bissau
Ethiopia
Mauritania
Benin
Senegal
Ghana

0.0000182
0.0000184
0.00002
0.0000201
0.0000207
0.0000244
0.0000261
0.0000263
0.0000285
0.0000315
0.0000328
0.0000328
0.0000351
0.0000362
0.0000449
0.0000561
0.0000668
0.0000723
0.0000731
0.0000827
0.0001506

Average
FDI % GDP
0.0845913
0.1651083
0.1877176
0.2166104
0.2223696
0.2939051
0.3108164
0.467726
0.4854821
0.5225677
0.5697168
0.6283504
0.7166115
0.727294
0.7394985
0.8199844
0.8218766
0.8607309
0.9124011
1
1.027577
1.040828
1.051772
1.119758
1.204698

Bolivia
Argentina
Venezuela
Guatemala
Honduras
Brazil
Morocco
Panama
Tunisia
El Salvador
Vietnam
Indonesia
Costa Rica
Algeria
Dominican Republic
Jamaica
Botswana
Belize
Chile
Thailand

Country
Nepal
Sierra Leone
Burundi
Gabon
Bangladesh
Burkina Faso
Kenya
Central African Republic
Algeria
Niger
Indonesia
South Africa
Guinea
Zimbabwe
Madagascar
Malawi
Senegal
Ethiopia
Morocco
Cameroon
Sri Lanka
Paraguay
El Salvador
Cote D'Ivoire
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69.6543
72.4079
75.161
90
99.6031
100.4962
106.62
123.6036
127.178
128.9697
148.5646
154.3126
194.622
196.7671
211.7597
212.1208
219.1141
234.7761
239.144
246.082
251.462
266.87
377.3548
548.059
586.8825
605.557
638.0678
648.712
869.853
1000
1105.652
1164.422
1167.476
1289.8
1487.375
1562.665
1639.521
1699.572
1713.271
1772.274
3167.955
3369.951

Average IMF
Credit % GDP

Guinea
Mali
Bolivia
Burkina Faso
Nepal
South Africa
Mozambique
Guatemala
Uganda
Chad
Philippines
Bangladesh
Sudan
Guyana
Mongolia
Lao PDR
Cong Rep.
Honduras
Peru
Algeria
Ecuador
Vietnam
Brazil
Indonesia
Morocco
Sri Lanka
El Salvador
Colombia
Jamaica
Argentina
Tunisia
Mexico
Dominican Republic
Panama
Costa Rica
Thailand
Uruguay
Belize
Botswana
Chile

Country

1.234463
1.240665
1.28766
1.291069
1.354748
1.380746
1.389687
1.5
1.548969
1.580011
1.582923
1.769586
1.792414
1.811228
1.885903
1.992824
2.045358
2.124504
2.13544
2.148512
2.193362
2.194799
2.286739
2.325256
2.478156
2.5
2.667029
2.704303
2.71593
2.921676
3.076394
3.203211
3.306091
3.530746
3.569577
3.650238
3.932245
4.023218
4.783179
6.20605
6.473541
16.62023

Average
Government
Expenditure
% GDP

Guatemala
Uruguay
Philippines
Ghana
Guinea Bissau
Benin
Mali
Brazil
Uganda
Venezuela
Lao PDR
Argentina
Togo
Peru
Sudan
Mexico
Ecuador
Colombia
Honduras
Dominican Republic
Mozambique
Thailand
Mongolia
Tunisia
Nicaragua
Botswana
Costa Rica
Jamaica
Belize
Papua New Guinea
Bolivia
Vietnam
Panama
Zambia
Cong Rep.
Chile
Mauritania
Chad
Guyana
Liberia

Country
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0
0
0
0.0010391
0.0046148
0.0072214
0.0081351
0.0083017
0.0085076
0.0088736
0.0090125
0.01
0.010181
0.0104067
0.0104927
0.011449
0.0117978
0.0140769
0.0143435
0.0144692
0.0146291
0.0147185
0.0149124
0.0151775
0.0173222
0.0175218
0.0177307
0.0178293
0.0184412
0.0185715
0.0204026
0.0211397
0.0212496
0.0223253
0.0225133
0.024284
0.0248502
0.0254067
0.0254107
0.03
0.0307968
0.0319255
0.0326512
0.0335113
0.0341762
0.0351058
0.0362775
0.0382664

Botswana
Colombia
Paraguay
South Africa
Guatemala
El Salvador
Belize
Cong Rep.
Vietnam
Nepal
Tunisia
Ethiopia
Brazil
Cameroon
Thailand
Costa Rica
Papua New
Guinea
Mexico
Gabon
Ecuador
Venezuela
Algeria
Dominican
Republic
Bangladesh
Burkina Faso
Nicaragua
Chile
Indonesia
Lao PDR
Benin
Peru
Mongolia
Guinea
Philippines
Honduras
Morocco
Panama
Chad
Argentina
Zimbabwe
Bolivia
Central African
Republic
Niger
Mozambique
Burundi
Kenya

24.3504
22.89591
21.91341
20.34826
20.15598
19.98885
19.89548
19.14297
18.5208
18.21043
17.59932
17.25184
17.10258
17.06177
17
16.21779
16.19016
16.06534
16.02692
16.01616
15.95156
15.87143
15.69654
14.52182
14.1837
14.0954
14.00825
13.87005
13.70742
13.65949
13.28139
13
12.9813
12.80488
12.70423
12.57722
12.52055
11.99464
11.75643
11.75265
11.66599
11.42776
11.3442
11.2873
11.17082
10.8767
10.86114
10.65218

Botswana
Mauritania
Guyana
Papua New Guinea
Mongolia
Nicaragua
Burkina Faso
Zimbabwe
South Africa
Zambia
Liberia
Morocco
Cong Rep.
Kenya
Panama
Brazil
Tunisia
Algeria
Belize
Malawi
Senegal
Burundi
Jamaica
Gabon
Central African Republic
Colombia
Guinea Bissau
Costa Rica
Togo
Bolivia
Niger
Ecuador
Honduras
Cote D'Ivoire
Uruguay
Benin
Chile
Uganda
Mali
El Salvador
Ethiopia
Mozambique
Thailand
Venezuela
Ghana
Sierra Leone
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0.039598
0.0397027
0.040979
0.0452623
0.0454879
0.0456684
0.0522003
0.0560542
0.0618443
0.0640558
0.0708944
0.0714425
0.0844799
0.0892171
0.1
0.1514662
0.2247968
0.2651263
0.7987555

Average
Centrality
326.1111
316.1852
310.8148
301.2592
300
296.1111
284.5926
282.1111
281.4815
280.2222
278.4445
277.2592
263.7778
255.7037
255.1852
254.1111
251.4815
245.9259
243.2963
243.1111
242.2222
240.2593
235.3704
234.4074
233.037

Madagascar
Uruguay
Guinea Bissau
Cote D'Ivoire
Mali
Sri Lanka
Togo
Senegal
Sudan
Malawi
Mauritania
Uganda
Ghana
Jamaica
Sierra Leone
Guyana
Zambia
Liberia

Country
Chile
Argentina
Philippines
Brazil
Costa Rica
Guatemala
Kenya
South Africa
Indonesia
Uruguay
Paraguay
Panama
Tunisia
Mexico
Morocco
Sudan
Sri Lanka
Cameroon
Bolivia
Ecuador
Peru
Colombia
Uganda
Ghana

10.25749
10.23027
10.2128
10.12216
9.819148
9.431924
9.347399
8.804477
8.795278
8.669272
8.661617
8.543743
8.432663
8.158834
8
7.526047
7.280775
6.607267
4.688637

Sri Lanka
Cameroon
Philippines
Mexico
Peru
Sudan
Guinea
Nepal
Paraguay
Indonesia
Argentina
Madagascar
Chad
Lao PDR
Vietnam
Guatemala
Dominican Republic
Bangladesh

111

232
231.2963
223.1111
220.9583
220.6667
220
208
208
208
203.5556
203.5556
195.4074
195.4074
195.4074
195.4074
195.3704
191.0741
187.3704
182.5556
181.8889
181.8889
181.8889
181.8889
176.2222
173.3704
160.037
158.7037
156.5556
147.8519
143.8889
143.8889
143.8889
143.8889
128.3333
124.5556
108.8519
100
49.33333
49
49
38
17.33333

Senegal
Niger
Venezuela
Belize
Jamaica
Guinea
Mali
Zambia
Botswana
Guinea Bissau
Guyana
Honduras
Vietnam
Zimbabwe
Thailand
Burkina Faso
Bangladesh
El Salvador
Algeria
Benin
Mongolia
Mozambique
Chad
Gabon
Mauritania
Madagascar
Nicaragua
Togo
Central African
Republic
Ethiopia
Malawi
Papua New
Guinea
Cong
Rep.
Sierra Leone
Nepal
Dominican
Republic
Burundi
Cote D'Ivoire
Lao PDR
Liberia
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