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META-ANALYSIS OF ENVIRONMENTAL
KUZNETS CURVE STUDIES: DETERMINING
THE CAUSE OF THE CURVE'S PRESENCE

I. INTRODUCTION

Worldwide public concern of the quality
of our environment has ignited large efforts to-
ward finding the determinants of environmental
degradation. The Environmental Kuznet's Curve
(EKC) hypothesis models the relationship be-
tween levels of environmental degradation and
income in a given economy and has been a top-
ic of high debate in recent years. This concept
hypothesizes the relationship between per capita
income and the level of environmental degradao-
fion in an economy is an inverted U-shape. This
focuses upon the idea that economic growth is
necessary for environmental quality to be main-
fained or improved. Following Grossman and
Krueger (1992), who first described the EKC, a
deeper understanding of the empirical relatfion-
ship between income and environmental quality
has been rapidly evolving through recent studies
of the EKC hypothesis.

The EKC is commonly found both present
and absent in many different empirical studies,
thus spurring controversy of the topic. An abun-
dance of empirical literature exists; however, the
level of doubt arises considering the majority of
EKC studies rely solely on empirical evidence. EKC
literature contains many studies that employ dif-
ferent methods, evaluate different environmental
indicators, and use different data, resulting in a
broad spectrum of findings which lead to conflict-
ing interpretations. However, there are a limited
number of attempts of systematically surveying
the EKC literature using meta-analysis to discover
what has been learned through past research
concerning the existence of the curve.

Since 1991, the EKC has become a stan-
dard feature in environmental policy, though its
application is highly questioned as an effective
tool for policy implementation (Roberts and Tho-
nos, 2003). If there existed evidence of specific
factors that lead to a frue EKC form in a given
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economy, then policy makers could heavily de-
pend upon the EKC as a core policy tool for con-
frolling environmental quality. Uncertainty lies in
the question of whether results from previous re-
search are reliable enough to be used for policy
formation. Intuitively, if economies with higher
income levels naturally pollute the environment
less, then policies that stimulate growth should be
good for the environment.

Cavlovic et al. (2000) conducted the first
meta-analysis of the EKC hypothesis, using a com-
pilation of EKC studies from the early 1990s. She
researched 25 studies using 155 observations and
considered 11 different environmental degradao-
fion measures. Cavlovic's study found that meth-
odological choices can significantly influence
results. A second meta-analysis was conducted
shortly after by Li et al. (2007). Using the data of
the 25 studies from Cavlovic et al. (2000), addi-
fional observations were added fto update her
database to 77 studies which provided 588 ob-
servations in fotal. This study looked at two broad
categories of greenhouse gases: anthropogenic
activity-related and chemically-active gases. Li
et al. (2007) ultimately found no statistically signifi-
cant evidence that supports the EKC for anthro-
pogenic activity-related gases.

The importance of this topic is derived
from the question: what variations and factors of
all empirical studies affect the absence or pres-
ence of the EKC curve? The objective of this
study is fo answer this question by further expand-
ing upon past meta-analyses conducted on em-
pirical EKC studies. As many empirical EKC studies
confinue to be completed, it is important to sys-
tematically examine this body of literature so we
can come to a better understanding of the key
determinants of environmental degradation and
its relationship with income supported by the EKC
hypothesis.
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For this study, | hypothesize that the type
of pollution and level of a country’s development
will be a key determinant of the presence of the
EKC in a specific study. All things considered, the
type of pollution is commonly the main focus of
empirical research of the EKC, thus showing that
this factor is likely to be of significance when look-
ing for an EKC relationship. Studies frequently look
at a few types of pollution within a given paper
and analyze the data for each of the pollutions
separately. In addition, since countries show sig-
nificant differences in political, social, and eco-
nomic biophysics factors, it can be expected that
different counftries exhibit different patterns for
their relationships between environmental qual-
ity and income (Figueroa & Pasten, 2009). Other
factors may be significant to the curve, but based
on economic theory, | hypothesize that the type
of pollution and level of economic development
in a country will have the largest effects.

Il. LITERATURE REVIEW

The Environmental Kuznets Curve is a
concept that first emerged in the early 1990s hy-
pothesizing the relationship between per capita
income and level of environmental degradation
has an inverted U-shape. As mentioned earlier,
this concept focuses upon the idea that econom-
ic growth is necessary in order for environmen-
tal quality to be maintained or improved (Stern,
2004).

The EKC hypothesis was made popular by
the World Bank’s World Development Report 1992,
which argued that greater economic activity in-
evitably hurts the environment based on stafus as-
sumptions of technology, tastes, and environmen-
tal investments (WRI, 1991). As income increases,
the demand for improvements in environmental
quality increases, as well as resources for available
investment fo improve the environment. Others
have claimed that economic growth leads to en-
vironmental degradation in the earlier stages of
growth, meaning the only way to attain a healthy
environment is to become rich. Researchers be-
lieved at higher levels of development, structural
change within the economy towards information-
infensive industries, services, increased awareness
of the environment, enforcement of regulations,
and improved technology result in the decline of
degradation. Therefore, theory suggests a num-
ber of causes of the EKC, including environmen-
tally friendly economies of scale in production,

changes in product mix, changes in technology,
changes in input mix, and underlying social con-
sideratfions such as regulatfions, awareness, and
education.

Scale implies that expanding production
increases emissions or given scale economies/
diseconomies of pollution, there could be propor-
fional increase in pollution. In earlier phases of
development, oufput mix changes, and there is
a shift away from agriculture that moves towards
heavy industrial production leading fo increased
emission. However, in later stages, the economy
shifts to less resource infensive work of services
and lighter manufacturing, thus decreasing emis-
sions and explaining the fall of environmental
degradation. Input mix is the idea that substitu-
fion of less environmentally damaging inputs is
replaced for more environmentally damaging
inputs and vice versa. Changes in fechnology
increase levels of productivity. Being more pro-
ductive will result in less pollutants being emitted
per unit of output. Emissions process changes can
result in less pollutants being emitted due to inno-
vations directly related to lowering emissions. Poli-
cies developed after pollution becomes an issue
can lead to the fall in environmental degradao-
fion. Also, educating the population on harming
the environment as it becomes a prominent issue,
could lead to the eventual decline in pollution.
Thus, all of these concepts support the inverse-u
shape of the curve as an economy develops.

Many empirical EKC studies are con-
cerned with answering the question: is there an
inverted U-shape relationship between environ-
mental degradation and income? (Galeofti ef.
al, 2008). Past literature narrows the focus of EKC
studies by looking specifically at different vari-
ables. Many empirical studies in recent years
have tested the EKC hypothesis through different
environmental indicators, countries, regions, and
econometric techniques (Ekins, 1997). EKC studies
of different focuses have grown to become con-
froversial since the first outbreak of EKC research
in the 1990s. Given the broadness and large po-
tential for research of the EKC, many concluding
results from numerous EKC studies are very con-
flicting with one another. Findings from such an
abundantly researched topic have developed
in recent years to determine if economies actu-
ally pollute their way to growth, or, conversely, if
economies reduce pollution as they grow. These
studies focus on what specific features support
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the EKC hypothesis.

Several studies focusing on the same pol-
lution type have revealed confradicting results
of the presence of the EKC relationship between
pollution and income. For example, Aslandis and
Iranzo (2009) studied CO2 emissions of multiple
countries from 1971 to 1997. No evidence was
found of an EKC present from CO2 emissions us-
ing econometric techniques for transition regres-
sions with panel data. On the contrary, in a study
utilizing a semi-parametric panel model for CO2
emissions in 15 Latin American countries (Poudel,
2009), results show an N-shaped curve, which is
sensitive to the removal of some groups of coun-
fries. An N-shaped curve is the same as the stan-
dard EKC shape except after environmental deg-
radation falls, pollufion begins to increase again
and the curve moves back up. An example of
the N-shaped curve is shown in Figure 1. Nof only

A
Environmental

Degradation

»
>

Per Capita
Income

Fig. 1. N-Shaped Environmental Kuznets Curve

are both studies producing contradicting results,
but the latter found sensitivity among certain
countries included in the study. Considering that
the level of development is what usually differen-
fiates these counftries from one another, it is evi-
dent that the level of development of countries
within a study will affect the presence or absence
of an EKC in addifion to the pollution type.

A largely reoccurring criticism of EKC stud-
ies is the omission of relevant explanatory vari-
ables (Galeotti etf. al, 2009). Many studies are
conducted using panel data sets of individual re-

gions and countries throughout the entire world.
Some studies group fogether certain countries
while others test each counftry individually. Dif-
ferent results from these methods plays intfo the
regional effects that have been found among
certain results, which bring up the question of
whether or not the countries studied ultimately af-
fects the presence of the EKC.

Many studies have shown that the coun-
fry being studied fruly affects the results of the
relationship between income and environmental
degradation. In Lee et al (2010), water pollution
was looked at upon 97 different countries within
the years 1980-2001. Empirical results showed
evidence of an inverted U-shape relatfionship in
American and Europe countries, but no relation-
ship shown in Asian and Oceania counfries, thus
strongly supporting the regional effect of EKC
studies (Lee et al, 2010). Reasoning for this ef-
fect was due to the majority of the Asia Oceania
group being low income countries, thus affecting
the presence of the EKC hypothesis.

In Fodha and Zaghdoud (2010), both
CO2 and SO2 were considered for a small and
open developing country. Although tests were
performed on the same counfry within the same
fime frame, results of the two different pollutants
were not the same. Aninverted U-shape relation-
ship between SO2 emissions and GDP had been
found whereas a monotonically increasing relo-
fionship with GDP was found for CO2 emissions.
EKC presence among SO2 emissions can be ex-
plained by the fact that SO2 mainly affects the re-
gional population as opposed to the global pop-
ulation. Also, in the specific country of this study,
there are limited numbers of emission sources
and investment can easily reduce emission lev-
els (Fodha and Zaghdoud, 2010). This study pro-
vides another example of how country variance
can truly affect the presence or absence of an
EKC relationship. In addition to Fodha and Zagh-
doud, another study of sulfur emissions in different
counftries found evidence of the EKC hypothesis
(Leitdo, 2010).

As different econometric techniques have
been ufilized in past research, a large number
of results from specific fechniques tend to differ
based upon methods used. In a study based on
environmental degradation and its relationship
fo income in China, all three pollutants of waste
gas, waste water, and solid wastes have shown
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results of an inverse U-shape in support of the EKC
hypothesis using a panel cointegration meth-
od (Song et. al, 2007). Panel data is very com-
monly used among most EKC studies. A similar
sfudy done using intfegration and cointegration
tests predominantly produced results supporting
the EKC hypothesis as well (Galeotti etf. al, 2009).
Whereas, a different study was performed using
smooth fransition regressions with panel data and
found no evidence of the EKC hypothesis (Aslani-
dis and Iranzo, 2009). Methodology used within
these studies ultimately affects the resulting re-
lafionship between income and environmental
degradation.

Clearly the focus of the majority of pub-
lished EKC literature revolves around specific
variables chosen for the study. The differences
among economies and how to approach looking
for the relationship between environmental deg-
radation and income produce diversified resulfs.
Despite all of the past EKC

Table 1: Model Variables

lll. META-REGRESSION ANALYSIS AND DATA

A meta-analysis is a statistical approach
used to integrafe the findings of a large collec-
fion of results among different empirical studies,
all with a common factor of a specific topic. The
purpose of a meta-analysis is to reach meaningful
conclusions relative to past literature on a specific
fopic and further explain the reasoning for specif-
ic results. A meta-analysis is commonly structured
in regression form. Observations from every study
are individually collected and franscribed based
upon the results of the studies. Every explanatory
variable is a characteristic of an individual obser-
vation (i.e. method type, GDP, developed coun-
tfry, etc.) which is then aggregated intfo a single
database. The process of performing a meto-
analysis is both time consuming and complex.
The following sections take a deeper look into the
process of collecting data for a meta-analysis:
determine variables, identify the literature to be
analyzed, identify individual observations in each

literature, there is still much
left to be found regarding

Variable Descriptions

systemic patterns within o DePendent Variables

study to determine whether
an EKC would be observed
or not. In order to look
through the large magni-
fude of EKC studies, Li et al.
(2007) used a meta-analysis
to investigate empirical EKC
stfudies from 1992 to 2005. Li's
meta-analysis, investigating
EKC studies from nearly 13
years total, was the first at-
tempt to fill that gap of rea-
soning behind the presence
or absence of an EKC. | will
further the exploration of
determining the factors in-
fluencing the presence and
absence of an EKC through
my own meta-analysis by in-
vestigating EKC studies from
the years 2006 through 2011.
My study is done with the in-
tent to find significant fac-
tors that affect the curve by
using more recent findings
as opposed fto past studies
that are already completed
and analyzed.

Data-Related

Variable Controls

Statistical Methods

Environmental Quality
Degradation Cat-
egories

LNOBS
LNTIME

PANEL

GLOBE

EMISSION

GDP

FITNESS

TEST

ANTHPGR

CHACTGR

BIOREL

Indicator variable of the environment-income rela-
tionship. If an inverted U-shape or a monotonically

RELATION declining frend is found then =1; if an insignificant

inverted U-shape exists then =2; any other results fall
under the category “else” =3.

Logarithm of the number of observations.
Logarithm of the data coverage period.

Indicator variable of the data in the study; if panel
datais used then PANEL=1, else=0.

Indicator variable of using multi-country data; if yes
GLOBE=1; else=0.

Indicator variable of using emission as the pollution
measurement, true=1, else=0.

Indicator variable of using GDP as the income
measurement in a study, frue=1, else=0

Indicator variable of whether data comes from de-
veloped countries or not. If yes, DEVLPED=1; else=0.

DEVLPED

Fitness of the regression in a study (percentage).

Indicator variable of applying robustness test for
regression results; if applied, TEST=1, else=0.

Indicator variable of anthropogenic activity-related
greenhouse gases; if yes, ANTHPGR=1, else=0.

Indicator variable of chemically-active greenhouse
gases; if yes, CHACTGR=1, else=0.

Indicator variable of biologically-related pollutants;
if yes BIOREL=1, else=0.
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Table 2: Sample of Dataset

AUTHOR RELATION LNOBS LNTIME PANEL GLOBE  EMISSION GDP DEVLPED
Song 1 1.099 2.996 1 0 1 1 1
Song 1 1.099 2.996 1 0 0 1 1
Song 1 1.099 2.996 1 0 0 1 1
Biagliani 3 1.792 0 1 1 1 1 0
Biagliani 3 1.792 0 1 1 1 1 0
Biagliani 3 1.792 0 1 1 1 1 0

study, franscribe the data, and conduct a statisti-
cal approach.

A. Step 1: Determine Variables

The first step to conducting a meta-anal-
ysis is fo decide what specific variables will be
collected and used from past studies in order to
formulate a complete database. The list of vari-
ables must be relative to the theory within the
meta-analysis and also be present in the studies
being analyzed. Because my study furthers the
exploration of determining the factors influencing
the presence or absence of an EKC, | chose to
replicate the variables used in Li et. al, 2007 (see
Table 1). My study is completed with the intfent fo
find significant factors that affect the EKC by us-
ing more recent findings. To maintain a fair level
of comparison from this meta-analysis to Li’s, | re-
main consistent by using the same variables as in
Li's meta-analysis.

B. Step 2: Identify the Literature to be Analyzed

The next step is to identify what literature
will be used in relation to the topic of the meta-
analysis. Because | am looking at more recent
findings about the EKC, | created a set of crite-
ria fo filter through the abundance of literature
published on EKCs. | decided to only use peer
reviewed empirical studies that were published
after the year 2005. Only empirical studies could
be used because theoretical studies do not pro-
duce the variables needed for my meta-analysis.
For example, an obvious variable needed is the
resulting shape of the curve found from using an
empirical model in a given study. Theorefically
supported studies would not provide any empiri-
cal evidence or resulfing pattern of data that is
needed for my analysis. Also studies used must
be after the year 2005 in order to prevent overlap-
ping data with Li's past meta-analysis. | am using
a total of 20 studies published between the years
2006 and 2011.

C. Step 3: Identify Individual Observations in Each
Study

Now that the list of variables to look for
and the collection of literature is complete, if is
fime to identify individual observations in each of
the studies. The unit of observation is "*a study.”
Each of the studies produces values for the vari-
ables defined in step 1. One single study is not
limited to any number of observations. That is,
one study can easily produce 15 different obser-
vations. For an example of what multiple obser-
vations look like, refer to Table 2.

Table 2 shows part of the dataset after
completfion. Notice the author Song fills up three
rows of data. The three rows of values corre-
sponding to the author, Song, show three different
observations pulled from Song’s published study.
In Song et. al, 2007, three different types of pol-
lution were tested: waste gas, waste water and
solid wastes. These different pollutions qualify for
separate observations within one study because
they affect the value of the EMISSION variable.
Only one pollutant can be considered at a time,
so the study must be broken down by pollution

types.

D. Step 4: Transcribing the Data

After identifying each individual observa-
fion, the data collected from every study must
be assigned a value and coded into the data-
set. As shown in Table 1, most of the variables
are dummy variables aside from a few that hold
actual values, i.e. LNTIME and LNOBS. The actual
values are simply recorded with their correspond-
ing study. Referring back to Song eft. al, 2008 from
Table 2, the first line shows a “1" under the EMIS-
SION’s column. Based off the descriptfion of the
EMISSION variable in Table 1, a *“1" for EMISSION
represents a variable in which emissions is the pol-
lutant being observed. This type of franscribing is
done for every single variable being considered
in the meta-analysis for every study used in the
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database. Using a data base of 20 studies from
the year 2006 through 2011, 78 observations were
collected in total for this study.

E. Step 5: Taking a Statistical Approach

The last step of the meta-analysis process
is taking the formulated dataset and applying a
stafistical model to it. No meta-analyses are re-
stricted to any one given model just as any other
research fopic is not limited to taking a specific
statistical approach. For this study | will be using
the STATA program to run a multinomial logit mod-
el as explained in the next section.

Overall, a meta-study allows a much wid-
er and diverse net to be cast than a fraditional
literature review. Because it uses econometric
techniques, meta-analysis is excellent for high-
lighting correlations and links between studies
that may not be readily evident as well as ensur-
ing that the researcher does not subconsciously
infer correlations that may not exist. Rather than
relying on descripfive literature or individual results
of asingle study, a meta-analysis has the capabil-
ity of “analyzing the analysis,” thus controlling for
a large variety of factors and potentially resulting
in an improved statistical interpretation of the re-
sults of multiple pieces of literature.

Limitations of meta-analyses arise from
potential selection biases, publication biases,
and skewed data. Also, certain studies may not
have variable results that perfectly fit into all the
categories. The researcher compiling the data
must make sure that all research is quantitative,
rather than qualitative, and that the data can be
compared across various researches to allow for
a genuine statistical analysis.

The most recent EKC meta-analysis (Li et
al., 2007), contained 77 studies and 588 observa-
fions. These studies included published papers
(83%), book chapters (4%), and working manu-
scripts (13%) (Li et al, 2007). For the purpose of my
study, the data will only consist of peer reviewed
papers. My study builds on Li's by including EKC
studies that were conducted after the publica-
fion of Li's meta analysis.

The dependent variable used for my study
is a tfrichotomous categorical response variable
tittled RELATION as represented in Table 1. First, the
types of curves found in all observations can be
categorized into seven different variables. These
seven types of curves are then grouped into 3

main categories used for the dependent variable.
The seven environmental-income relationship
variables are: (1) monotonic increasing, (2) mono-
fonic decreasing, (3) inverted U-shape (EKC), (4)
U-shape, (5) N-Shaped, (6) insignificance (INSIG),
and (7) none. Insignificance means that the es-
fimated coefficients have consistent signs for an
EKC relationship to be existent, but the results are
not statistically significant in the observation used
from empirical results of the individual studies in
the database. None refers to when no relation-
ship exists.

The seven types of curves are then cat-
egorized info three categories for the purpose of
the multinomial analysis. Ulfimately, the three cat-
egories representing the type of curve are used
as the dependent variable. The first category is
when environmental quality improves (IMPROVE),
the second category is when results show evi-
dence of an EKC curve but are insignificant (IN-
SIG), and the third category (NONE), is every oth-
er relationship including no relationship at all. To
define each of the three relationships, IMPROVE
means that as an economy grows, the level of
pollution improves meaning the environmental
quality is increasing. Studies resulfing in insignifi-
cant EKCs are a part of the INSIG category, and
observations with no relationship or any other pat-
tern not in the previous two categories fall in the
ELSE category. These groups are summarized into
the three RELATION groups representing the de-
pendent variable in the multinomial logit model.

All of the following explanatory variables
are derived from the studies examined and tran-
scribed into the database used for this meta-anal-
ysis. The unit of observation is “a study.” Each of
the studies that have been examined has a value
for the variable being defined. The explanatory
variables are grouped into four different catego-
ries: data-related, variable controls, stafistical
methods, and pollutant categories. The data-re-
lated variables are dataset characteristics of the
examined studies. Variable conftrols are the set
of explanatory variables that are used in an EKC
study as well as the statistical controls. The statisti-
cal method variable represents whether or not a
specific econometric test was run.

The four variables in the data-related
group are: (1) the fime span of the data covered
in the study (LNTIME), (2) data size of number of
observations in log ferms (LNOBS), (3) whether

28
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the study uses panel data or not, (4)

Table 3: Results

the geographic aspect of the study

; S Variables Column 1 Column 2 Marginal Effects
whether or not the information is pulled
from one or more countries (GLOBE). IMPROVE INSIG IMPROVE
The variable controls subgroup includes LNOBS -0.073 0.202 -0.041
2\;Qriobleg‘f’]£o Cc;ptrurdg Th(—:(‘”cii\s/\’;irr;mc;rliqon (0.123) (0.241)
etween different studies: ether
the pollution is measured through emis- LNTIME 0.081* -0.053 0.028
sion (EMISSION), (2) whether the study (0.043) (0.05¢)
uses GDP as a measurement of income PANEL -17.418 -17.954 -0.341
(GDP), (3) whether a study uses data (2616.829) (2616.831)
from a developed country or an unde- ) ’
veloped country (DEVLPED). The sto- GLOBE 1.47 0.425 0.128
fistical subgroup specifies what type of -1.104 (1.526)
mOde“,?,g,'S dor}e n gf?'eTr fo C"?Tf],f UP EMISSION -20.812 -20.887 -0.086
any criticisms of model type within a
study: (1) goodness-of fit measure as in (4358.394) (4358.394)
R? or adjusted R? (FITNESS) and (2) evi- GDP -16.626 -18.841 -0.451
den;g of robustness test for'he’reros‘ce- (2519.238) (2519.238)
2’?:'(?%%) fixed effects, cointegration, DEVLPED 0 447+ 2381 0.290
(1.259) (3.274)
Although there are many other  CONSTANT 51.533 54.420
potential categories for the environ- 5673.619 5673.619
mental indicator variables, the studies ( 619) ( 619)
will be isolating the (1) anthropogenic ~_Number of 78 78 78
activity-related greenhouse gases (AN- _9Observations
THPGH), (2) chemically-active green- Notes:

house gases (CHACTGR), and (3) bio-
logically-related indicators (BIOREL). In
addition, the same variables used in the

1. Standard errors are included in parenthesis
2. * denotes significance at the .10 level
3. ** denotes significance at the .05 level

meta-analysis by Li et al (2007) will be

used in my meta-analysis. However, multiple vari-
ables have been omitted due to the smaller size
of the database and the incomplete information
resulting from specific studies not all producing
the same variables.

IV. EMPIRICAL MODEL

The response variable (or dependent vari-
able) used is trichotomous, meaning there are
three potential categorical responses. Because
this model has a qualitative dependent variable,
the objective is to find the probability of observing
an inverted U-shaped EKC, an insignificant EKC
relationship, or no relationship at all. Thus, qualita-
five response regression models, known as prob-
ability models, are employed.

The categorical dependent variable for
the environment-income relationships is RELA-
TION. As described before, the RELATION vari-
able is grouped into three categories: category

1 (IMPROVE); category 2 (INSIG); and category
3 (ELSE) as defined in the previous sections. IM-
PROVE means that there is an EKC present in the
study. INSIG means an EKC was recognized, but
was also statistically insignificant. ELSE represents
the category containing any other shaped pat-
terns (i.e. U-shaped, N-shaped, efc.) and no re-
lationship/EKC found. A weighted multinomial
logit model (MNL) of the probability of RELATION
is given by:

exp(B;x;).,
Yec €Xp (Bixi ]

PY;=j|C)=

Where as P(Y, = | C) is the probability that the re-
lationship category falls in alternative j within set
C, and C = {IMPROVE, INSIG, and ELSE} for study i.
B.and B, are vectors of the explanatory variables’
coefficients, and x is a vector of study-specific
modeling choices. In order to find the effects of
each specific aftribute of choice k on the prob-
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ability P, we calculate the elasticities of the prob-
abilities (Greene, 2003). The third category, ELSE,
is set as the base category. Thus the explanatory
coefficients of one category produced explain
the probability of the variables in that category
showing an effect against the base RELATION,
ELSE. That is, for one given explanatory variable
coefficient from IMPROVE, the value of the co-
efficient explains the probability of that variable
producing an IMPROVE relationship over and ELSE
relationship.

V. EMPIRICAL RESULTS

The estimated results of the multinomial
logit model (MNL) for investigating different EKCs
relationships are presented in Table 3. When run-
ning the logit model, multicollinearity was the
main issue when afttempting to incorporate all
variables as shown in Table 1.  Note that not alll
variables listed in Table 1 are included in Table 3
due to missing data from specific observations, as
well as the main issue of multicollinearity among
the data.

Multiple problem variables were removed
and the remaining variables, as shown in Table
3, represent the ultimate variables used for the
final model. The variables not included in Table
3 are GDP, FITNESS, TEST, ANTHPGR, BIOREL, and
CHACTGR. The multinomial logit was originally run
with all variables listed in Table 1, but many of the
variables were removed. All of the data-related
variables produced significant outputs when in-
cluded in the different combinations of variables
tested. Ultimately the remaining variables used
within the model were LNOBS, LNTIME, PANEL,
GLOBE, EMISSION, GDP, and DEVLPED. Refer to
Table 1 for descriptions of the variables.

The coefficients of the MNL are somewhat
difficult to directly interpret. Table 3 shows three
columns, IMPROVE, INSIG, and marginal effects of
IMPROVE only. The three categories of the de-
pendent variable are IMPROVE, INSIG, and ELSE.
Within the database, a 1 represents IMPROVE, a
2 represents INSIG, and a 3 represents ELSE. The
third category, ELSE, is used as the reference cat-
egory within the model in order to compare in-
stances when an EKC was present against when
there was no EKC pafttern present. Since the de-
pendent variable is trichotomous, the effects of
the explanatory variables are shown through the

calculations of the elasticities of probability. Elas-
ficities are calculated for continuous variables to
represent a smallincrease in original mean values.
The elasticities produced in Table 3indicate how a
one unit change in the independent variable (or
equaling one in the case of a dummy variable)
affects the probability of the occurrence of the
“category.” For example, LNTIME is compared
to the number of years increased by one. For the
dummy variables, elasticities are calculated from
0-1.

Given the limited number of observations
used within the database for the purpose of this
study, it is not surprising to find only two out of the
nine variables included in the final model to be
significant among the IMPROVE category and no
statistically significant variables in the INSIG cat-
egory. The only data-related variable found fo
be significant at the 0.10 level was LNTIME (which
is the natural log of the number of years data was
collected in a given study). This can be interpret-
ed as meaning when the number of years in a
study increases by one, the probability of finding
an IMPROVE relationship increases by 0.028, ce-
teris paribus.

DEVLPED is the only variable confrol that
significantly affects the probability of finding an
IMPROVE relationship. DEVLPED is a dummy vari-
able that represents if a country is either devel-
oped or undeveloped/developing. Relative to
the base category (WORSEN), the variable of
whether a country is developed affects the prob-
ability of finding an EKC. Using a developed over
an undeveloped/developing country increases
the probability of finding an EKC curve by 0.290.
None of the variables had significant probabilities
of finding an INSIG relationship over the ELSE relo-
fionship.

Both LNTIME and DEVLPED coefficients
held positive elasticities values as predicted.
Aside from LNOBS, LNTIME, and DEVLPED, all oth-
er variables had the same signs and nearly the
same coefficients when comparing the IMPROVE
coefficients fo the INSIG coefficients. The estima-
fion results of the dummy variables for IMPROVE
and INSIG are majorly consistent. Not only were
the coefficients close in value, but the signs were
the same as well. Regardless, all of the remaining
variables that were consistent between the two
categories were noft statistically significant.
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VI. CONCLUSION

Taking a look at the meta-analysis results, it
is fair to say that literature results showing inverse—
U shape curves statistically insignificant are no dif-
ferent than seeing no significant findings for the
categorical relation INSIG. This makes sense logi-
cally because when comparing category INSIG
to the reference category ELSE, the insignificant
coefficients of INSIG's variables explain the prob-
ability of a specific explanatory variable leading
to an insignificant U-shape curve instead of no
relationship. These two things are the same be-
cause either way, the resulting relationship is not
going to be the EKC, which is the ultimate goal of
this project. Intfuitively, it makes sense that there
would be no significance in any of the explana-
tory variables when looking among category
INSIG, considering that category would explain
what determines the output of an insignificant U-
shaped curve.

The evidence presented in this paper
shows that there are two significant explanatory
variables that lead to the presence of the EKC,
fime and developed countries. These two ex-
planatory variables make sense infuitively to be
significant. The fime factor holds importance by
basically suggesting we need to allow for a pas-
sage of fime in order to observe a “turning point”
of a country’s level of pollution. The major idea
that can be concluded from these two factors
is the concept that countries pollute their way
to growth. Considering that there is a positive
and significant coefficient for the time and de-
veloped variables within category IMPROVE, this
shows that there is a significant probability exis-
tent showing the odds of a study fo result in the
EKC curve increases if the country being viewed
is developed and looked at over a long period
of fime. Development that occurs over a period
of time eventually causes EKCs to invert. Thus,
economies eventually grow themselves toward a
cleaner environment. In respect to my hypoth-
esis, predicting the development of a country o
significantly reflect the presence of the EKC curve
was fairly accurate given that DEVLPED was one
out of the two only significant variables resulting in
this study.

This idea of developed countries exhibit-
ing this pattern over time is relevant in deciding if
people should invest in countries from abroad to
stop pollution from occurring. Polluting the way
to growth provides negative externalities upon

the increase in pollution levels. Policies should
be implemented that provide incentive for coun-
fries fo become environmentally conscious with-
out majorly polluting their way to a certain point
of wealth that make caring for the environment
affordable. In addition, policies that stimulate
growth are an option to be implemented if ulfi-
mately an economy is going fo grow enough to
sustain a cleaner environment.

In addition to the DEVELPED variable, the
idea that length of a study increases the probabil-
ity of finding an EKC present can lead to the idea
that investment and policy should not be spent
on economies that are near being completely
developed. Also, knowing that it takes time fo
see the EKC paftern in a given economy, policy
makers are going to be able to better predict a
fime frame to see policies actually take an effect
on the environmental quality. Ultimately, findings
from this study show that policies to better the en-
vironment will take a long period of time and do
not provide and instant betterment of an econo-
my’s environment.

Given the limited amount of data used
within this set of studies from the year 2006 through
2011, further research can expand upon this study
by adding both past and even more recent pub-
lished studies of the EKC. A larger and more vari-
able dataset will provide the variation needed
to avoid issues of multicollinearity and also make
the results stfronger knowing they would incorpo-
rate findings from the majority of works published
about the EKC and what defines its existence.
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