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A Meta-Analysis of Environmental
Kuznets Curve Studies

Therese A. Cavlovic, Kenneth H. Baker, Robert P. Berrens, and

Kishore Gawande

An understanding of the empirical relationship between income and environmental quality is
evolving through recent studies investigating the Environmental Kuznets Curve (EKC). The
EKC represents an inverted-U relationship between income and environmental degradation.
However, studies may employ different methods, evaluate different environmental indicators,
and use different data, resulting in a broad spectrum of findings and leading to sometimes
conflicting interpretations. The purpose of this paper is to synthesize the results of existing
EKC findings by conducting a statistical meta-analysis, and to predict new income turning
points (ITP). Results indicate how both methodological choices and pollutant types affect

ITPs. (JEL Q20).

Questions about the empirical relationship between
income and environmental quality have prompted
the recent emergence of a set of studies investigat-
ing whether an inverted-U relationship exists be-
tween income and environmental degradation. Fol-
lowing from the Kuznets Curve, an inverted-U re-
lationship between economic development and
income inequality (Kuznets 1955), this income-
environment relationship has been coined the En-
vironmental Kuznets Curve (EKC). However, vari-
ous EKC studies have employed different methods,
evaluated different environmental indicators, and
used different data, resulting in a broad spectrum
of findings. As suggested by van den Bergh and
Button (1997), this has provided the ideal oppor-
tunity to use meta-analysis to synthesize the EKC
literature.

The empirical EKC literature is controversial.
Some view it as a kind of general evidence of the
relationship between economic growth and the en-
vironment, and draw the broad policy conclusion
that society is able to grow its way out of most
environmental problems (e.g., Beckerman 1992).
Others argue that the EKC relationship should not
be interpreted as a substitute for environmental
policy or institutional change (Arrow et al. 1995;
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Panayotou 1997; Selden et al. 1999). When present
the EKC may only indicate that negative externali-
ties are being shifted onto low income communi-
ties or countries, and may not necessarily hold in
the future due to ecological thresholds and carrying
capacities (e.g., Arrow et al. 1995). While the EKC
appears to hold for some pollutants in some cases,
it does not hold in all cases and its presence will
likely depend on the scale of analysis and the type
of environmental problem.

Conjectures and theoretical models explaining
the EKC exist, yet the empirical models used to
estimate the EKC generally are reduced form equa-
tions describing a net relationship between income
and environmental problems. Suggested reasons
for observed EKC results include: shiftable exter-
nalities (Arrow et al. 1995), industry composition
(Grossman and Krueger 1996), technical efficiency
(Grossman and Krueger 1996), environmental
regulation (Grossman and Krueger 1996), net mi-
gration (Berrens et al. 1997; Bohara et al. 1999),
and changes or differences in trade policy regimes
(Lucas et al. 1992; Rock 1996).

The purpose of this study is to statistically sum-
marize EKC findings using a meta-analysis. A
meta-analysis is a statistical method of synthesiz-
ing results of similar empirical studies to determine
whether credible conclusions about prior study re-
sults can be made (van den Bergh and Button
1997). While there are several insightful EKC re-
views (e.g., Barbier 1997; Ekins 1997; Stern et al.
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1996), this is the first meta-analysis. A meta-
analysis of 25 EKC studies (with over 120 obser-
vations) is used to explore the effects of different
pollutants, methods, and research choices. Using
the results from the meta-analysis, new income
turning point (ITP) predictions are calculated for
eleven different pollutants, which may be more
reliable than ITP estimates obtained by any single
study.

Selected Review of the EKC Literature

A variety of different models are used to analyze
the inverted-U phenomenon, but they follow the
general form:

(1 Pi = Bo+ By + Bz)’?p + Xy + &

where p,, represents the level of some pollutant or
extent of environmental degradation for a geo-
graphical region [ at time ?, y; represents some
measure of per capita income for region i at time ¢,
and X is a vector of factors chosen by the analyst
that control for other influences on p,,. Such influ-
ences include (but are not limited to) population or
population growth, trend or period effects, trade
effects, geographic location or climate, and mea-
sures of manufacturing or industrial intensity of the
area. The error term, &;,, may be serially correlated
across time and heteroscedastic across i. The signs
and magnitude of 8, and 8, determine whether an
ITP and corresponding EKC exists. An EKC exists
if B, is positive, 8, is negative, and —3,/203, is a
small number, relative to mean per capita income
levels of the region.

A review of some prominent EKC studies helps
illustrate different methodological choices. In two
important EKC studies, Grossman and Krueger
(1993, 1995) investigate the relationship between a
variety of environmental quality indicators and per
capita income. They use available data in the Glob-
al Environmental Monitoring System’s (GEMS)
tracking of ambient urban air concentrations for
various cities in developing and developed coun-
tries. Grossman and Krueger use reduced form
equations that relate pollution levels in an air or
water location to current and lagged per capita in-
come and to site specific covariates as follows:

2
Pu=Bo+ B+ Bayi +Bayi + Badi+ BYi
+ Béyil + X;t’y T &
where p,, and y,, are as defined for (1), and y;, is the

average per capita GDP over the prior three years.
X,, includes a set of site specific variables encom-
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passing geographic features, climate, population,
city structure (e.g., urban, rural, etc.), or nature of
land use (e.g., commercial, residential, etc.) of lo-
cation i. To capture possible improvements in en-
vironmental quality related to global advances in
technology or increased awareness for environ-
mental quality, they include a linear time trend as
a separate regressor (Grossman and Krueger 1995).
Grossman and Krueger find an EKC for most en-
vironmental indicators, and suggest that as in-
comes rise, societies begin to harness new tech-
nologies to conserve natural resources. However,
the ITPs vary across types of pollutants.

Selden and Song (1994) hypothesize that the
trend in pollution is likely the result of both market
forces, such as the income elasticities of environ-
mental quality and the composition of production
and consumption, and changes in government
policy, such as trade policy. They examine sus-
pended particulate matter (SPM), SO, (both also
examined by Grossman and Krueger), nitrogen ox-
ides (NOy), and CO,. Whereas Grossman and
Krueger (1993, 1995) use urban air quality data,
Selden and Song use aggregate emissions data.
They speculate that ITPs will be lower for urban
air quality. Using GEMS data across country and
time, they present pooled cross-section estimates
for the relationship between environmental quality
and per capita income from the following model:

3 pi=Bo+ Byt B2yi2r + Badi + &4

where d,, controls for population density. Selden
and Song expect population density to be nega-
tively related with emissions since densely popu-
lated countries are likely to be concerned with re-
ducing per capita emissions, or because these areas
may have lower auto emissions. Selden and Song
acknowledge that other exogenous factors, not in-
cluded in their model, may influence emissions,
and thus cause a correlation in error terms for a
country across all periods. Hence, they estimate
fixed and random effects models.

Selden and Song (1994) find that urban mea-
sures of pollution have lower ITPs. They identify
the following factors as being responsible for the
lower ITPs: (i) the immediacy of perceived health
risks, for example the elimination of fecal coliform
in drinking water, (ii) lower costs of local abate-
ment, (iii) wealthier urban residents having posi-
tive income elasticities for environmental quality,
for example in the regular disposal of garbage, and
(iv) polluting industries relocating to areas where
rents are lower (i.e., as urban areas develop, rents
increase and as a result industries will relocate in a
freely mobile world). Selden and Song speculate
that globally dispersed pollutants with relatively
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high abatement costs, such as CO,, will have
higher ITPs. This is corroborated by Holtz-Eakin
and Selden (1995), who find a positive relationship
between income and CO, (the turning point does
not occur until approximately $10 million, in 1992
U.S. dollars). Furthermore, Selden and Song find
that turning point estimates are not necessarily ro-
bust across methods of estimation; random effects
estimation tends to yield higher ITPs than fixed
effects estimation.

Since EKC results usually are estimated from a
reduced form equation, a variety of sometimes
conflicting theoretical explanations may be consis-
tent with the EKC. A case in point is the contro-
versy over the relationship between trade openness
and the environment. A central issue is whether
trade policy reforms will lead to greater than opti-
mal levels of environmental degradation or natural
resource depletion (see Arrow et al. 1995; Gross-
man and Krueger 1993).

Rock (1996) presents empirical evidence dem-
onstrating a positive relationship between trade
openness and pollution intensities; that is, the more
open a country, the higher its production of pollu-
tion per dollar of output. This result is inconsistent
with the findings of Lucas et al. (1992) who find
that closed, fast-growing economies shift produc-
tion towards more toxic manufacturing structures
while a negative relationship exists between fast-
growing, open economies and industrial pollution
intensity. Suri and Chapman (1998) find that trade
activity increases ITPs for pollutant emissions re-
lated to energy use by examining the composition
of trade imports and exports to domestic manufac-
turing production. Specifically, industrializing na-
tions will experience greater export-manufacturing
ratios and higher emissions as they strive for in-
dustrial tenacity, while industrialized nations expe-
rience reductions in emissions with increasing sub-
stitution towards importing manufactured goods.
Thus, Suri and Chapman (1998) find that a struc-
tural shift towards manufacturing imports will
lower an ITP.

Use of Meta-Analysis in
Environmental Economics

Meta-analysis is the formal method of synthesizing
the results of similar existing empirical studies in
order to explain (in part) the systematic variation in
explanatory variables and outcomes. Hunt (1997)
describes meta-analysis as a way to: (i) combine
the numerical results of studies with disparate,
even conflicting research methods and findings;
(ii) discover the consistencies in a set of seemingly
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inconsistent findings; and (iii) arrive at conclusions
more accurate and credible than those presented in
any one of the primary studies. Conducting a meta-
analysis requires collecting all possible existing
studies on a particular topic, developing some
guidelines for structuring the problem, and then
statistically evaluating the data in some fashion.
While meta-analyses attempt to replace the subjec-
tivity of literary reviews with a more rigorous syn-
thesis, they inevitably still require some subjective
choices in preparing the data and structuring the
statistical investigation (van den Bergh and Button
1997).

Empirical models investigating a given relation-
ship, such as the relationship between income and
the environment, involve theory and the analyst’s
judgment (Smith and Kaoru 1990). This judgment
comes in the form of testing a hypothesis or esti-
mating parameters, using the best available data,
selecting model specification, defining variable
construction, and using information from the ex-
isting literature. A meta-analysis controls for these
judgments by statistically summarizing the litera-
ture, and allows researchers to obtain new esti-
mates for the underlying empirical values. Since
these predictions are based on information from
the complete existing literature, they are consid-
ered more reliable than any single estimate.

Although common in other social sciences,
meta-analyses are only just emerging in the field of
environmental economics (Loomis and White
1996; Smith and Huang 1995; Smith and Kaoru
1990; Smith and Osborne 1996; and Walsh et al.
1992). In one of the first meta-analyses in environ-
mental economics, Smith and Kaoru (1990) exam-
ined 77 studies that used the travel cost method
(TCM) to estimate demand for recreation sites.
They found a systematic relationship between sur-
plus estimates and features of the different models.
That is, choices and assumptions made by each
analyst, for example measuring the opportunity
cost of time and inclusion of substitute price terms,
significantly affected the size of the estimated sur-
plus. Walsh et al. (1992) performed a meta-
analysis on TCM and contingent valuation (CV)
studies concerned with demand for outdoor recre-
ation. In addition to finding a significant difference
between TCM and CV surplus estimates, they also
found that modeling choices significantly affected
estimated surplus measures. Smith and Huang
(1995) used a meta-analysis to investigate varia-
tions in hedonic property value models concerned
with differences in marginal willingness to pay
(MWTP) estimates for reducing particulate matter.
Using 86 observations from 37 studies, they also
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found that choices of the analysts were significant
determinants of variations in MWTP.,

The common element across these studies is the
attempt to explain the variations in the valuation
measures obtained by each study. Meta-analyses
improve understanding of economic behavior by
identifying systematic patterns, and they illustrate
how methodological choices may be affecting re-
sults; on both counts they can be an important
touchstone for future research. Furthermore, by
statistically synthesizing information from a set of
common studies, a meta-analysis allows research-
ers to obtain new estimates of underlying empirical
values (Smith and Huang 1995). For example,
Smith and Huang (1995) predict new MWTP esti-
mates for reducing particulate matter by drawing
on information from the 37 studies. A similar ap-
proach is followed in this study to make new pre-
dictions of ITPs.

The meta-analysis in this study investigates
whether a systematic relationship exists between
income and specific measures of environmental
quality. Specifically, this study controls for re-
search choices and then predicts new ITPs for vari-
ous environmental indicators. For example, do
studies that examine the income-environment rela-
tionship for developed nations only find an EKC
that is representative for developing nations? Or as
Suri and Chapman (1998) find, does the composi-
tion of a nation’s manufacturing imports and ex-
ports, which are generally proxied by income in
reduced form equations, affect emission levels?
This meta-analysis can provide a consistency
check on modeling choices, and reduces the sen-
sitivity to extreme results. The hypothesis is that
methodological choices and pollutant types play an
important role in the size of a predicted ITP.

Data and Development of
Explanatory Variables

The data for this meta-analysis consists of 121 us-
able observations gathered from a set of 25 stud-
ies.! Definitions and descriptive statistics for the
independent variables are presented in table 1. The
independent variables are grouped and classified as
either methodological variables, which capture
choices made by the analysts, or pollutant catego-

' To be included in the sample, a study needed information on esti-
mation results. Many studies presented results from multiple models
from the same data. If there was no way to differentiate between models,
only one observation was selected. The model selection criteria generally
used was R2,
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ries, which divide different environmental indica-
tors or types of pollutants into specific categories.
An important feature from the summary of the
EKC literature is the variation in study methods.
Not only does the literature encompass a number
of different pollutants, but also includes differ-
ences in pollutant measurements. Some studies
measure pollutants in concentration levels, while
others use emissions. Ambient concentrations mea-
sure the quantity of pollutants per unit area of vol-
ume without regard to the activity that emitted
them. Emissions are defined as the amount of pol-
lution generated by an economic activity without
regard to the size of the area into which the pol-
lutants are emitted, therefore emissions are not
necessarily correlated with environmental degrada-
tion (Kaufman et al. 1998). Other common differ-
ences include controls for population effects, the
countries used in the analysis, estimation differ-
ences (e.g., fixed versus random effects), trade
policy, and whether panel or cross-sectional data
were used in the analysis.

Nine variables are used to capture methodologi-
cal factors: (i) whether the study included data
from developed countries only (DEVELOP); (ii)
the sample size used in an EKC study (SAMPLE);
(iii) whether the pollutant was measured as ambi-
ent concentrations or as emissions (EMISSION);
(iv) whether the study controlled for population
effects (POP); (v) whether the study controlled for
trade policy (TRADE); (vi) whether the study used
random or fixed effects (RE); (vii) whether cross-
sectional data were used (CROSSECT); (viii)
whether the study controlled for socio-demo-
graphic characteristics (SOCIO); and (ix) whether
the study controlled for the scale or composition of
a region’s economic activity (ECONACT). The ef-
fects of these variables on ITPs are not clear g
priori.

The environmental indicators are divided into
11 categories, which could be supported by the
data (i.e., contained multiple observations).? These
categories include; toxic emissions (TOXIC),
urban air quality (URBANAIR), deforestation
(DEFOREST), heavy particulates (PARTIC), ur-
ban quality (URBANQ), water quality/pollution
(H,OPOLL), heavy metals (HMETALS), SO,,
combustion by-products (COMBUST), hazardous
waste (HW), and CO,. Some categories, such as
URBANQ, contain several environmental indica-

2 A detailed appendix defining the pollutant categories, and the pol-
lutants contained within a category, is available from the lead author
upon request.
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Table 1. Variable Descriptions, Descriptive Statistics, and Expected Signs on Peak ITPs®

Expected Sign

Mean

Name Definition on Peak ITPs (standard errors)
Methodological Variables

DEVELOP Dummy variable - | indicates the study used — 0.25 (0.43)
developed countries only, 0 otherwise.

SAMPLE The natural log of the sample size of a given — 5.59(1.73)
observation.

EMISSION Dummy variable - 1 indicates the pollutant — 0.48 (0.50)
was measured as emissions, 0 otherwise.

POP Dummy variable - 1 indicates the study — 0.30 (0.46)

controlled for population, O otherwise.

TRADE Dummy variable - 1 indicates the study — 0.19 (0.39)
controlled for trade policy, 0 otherwise.

RE Dummy variable - | indicates the study used — 0.25 (0.43)
a random effects model, 0 otherwise.

CROSSECT Dummy variable - 1 indicates the study used — 0.40 (0.49)
cross-sectional data only, 0 otherwise.

SOCIO Dummy variable - 1 indicates the study — 0.12 (0.33)
controlled for socio-demographic differences,
0 otherwise.

ECONACT Dummy variable - 1 indicates the study — 0.25 (0.44)
controlled for the economic activity of
geographic areas, 0 otherwise.

Pollutant Categories

TOXIC Dummy variable - 1 indicates the pollutant is — 0.08 (0.28)
toxic emissions, 0 otherwise,

URBANAIR Dummy variable - 1 indicates the pollutant is Positive 0.05 (0.22)
smoke or dark matter, 0 otherwise.

DEFOREST Dummy variable - 1 indicates the pollutant is No effect or positive 0.06 (0.25)
deforestation, afforestation, or park areas, 0
otherwise.

PARTIC Dummy variable - | indicates the pollutant is No effect 0.11(0.31)
suspended or heavy particulates, 0 otherwise.

URBANQ Dummy variable - 1 indicates the pollutant is Positive 0.07 (0.26)
urban sanitation, safe [drinking] water, or
fecal coliform, 0 otherwise.

H,OPOLL Dummy variable - 1 indicates the pollutant is Positive 0.05 (0.22)
BOD, COD, dissolved oxygen, or nitrates,
0 otherwise.

HMETALS Dummy variable - 1 indicates the pollutant is Positive 0.05 (0.22)
heavy metals, O otherwise.

SO, Dummy variable - | indicates the pollutant is Positive 0.17 (0.37)
sulfur dioxide, 0 otherwise.

COMBUST Dummy variable - | indicates the pollutant is Positive 0.12 (0.33)
carbon monoxide or nitrogen oxides, 0
otherwise.

HW Dummy variable - 1 indicates the pollutant is Positive 0.03 (0.18)
hazardous waste, O otherwise.

CO, Dummy variable - 1 indicates the pollutant is Positive 0.19 (0.40)

carbon dioxide, O otherwise.

“The number of observations is 155.

tors. URBANQ attempts to capture those indica-
tors that directly affect living standards and
consumption capabilities. They are a direct link
between local environmental quality and consump-
tion. Other categories contain a single pollutant,
such as SO, and CO,.

For the dependent variable, if an ITP is not ex-
plicitly calculated in a study, it is calculated by
partially differentiating the estimated equation
with respect to income (ignoring all higher order
income terms than the quadratic); setting the equa-
tion to zero, and solving. If no ITP exists, the in-
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Table 2. Pollutant Descriptive Statistics

Improves

Mean on with Worsens with
Pollutant Actual Increases Increases in
Measure N® ITPs® in Income® Income?
TOXIC 13 1,900 2 1
URBANAIR 8 4,445 1 0
DEFOREST 10 2,865 1 0
PARTIC 17 1,650 9 2
URBANQ 11 4,535 2 2
H,OPOLL 8 7,330 1 1
HMETALS 8 10,830 0 0
SO, 26 5,015 2 8
COMBUST 19 19,341 2 2
HW 5 21,165 0 0
Co, 30 28,565° 0 5

*Does not include observations classified as no relationship, nor
observations for studies without empirical statistics.

"Per capita ITPs in 1992 U.S. doliars.

°As income increases, environmental problem improves.

4As income increases, environmental problem worsens. In-
cludes N-shaped and U-shaped relationships.

“Includes two observations with ITPs of $102 million and $9.96
million.

come-environment relationship is described as ei-
ther worsening or improving, depending on the
sign on the linear income term. The information on
ITPs, either available or calculated, for various
pollutants is summarized in table 2.’

Modeling Considerations

The basic model used to explain variations in ITPs
includes both a set of dummy variables for pollut-
ant categories, and a set of methodological vari-
ables. The general form of the model is:

where ITP; is the per capita ITP for observation
(that is, study) i, P is a vector of pollutant catego-
ries, S is a vector of variables measuring differ-
ences in study methods, v and 8 are the vectors of
corresponding parameters to be estimated, and e is
a mean-zero error term.

Since per capita ITPs are calculated from param-
eter estimates from other econometric studies
whose estimated standard errors are available, es-
timated variances can also be calculated. These
variances can be used for efficient estimation. That
is, (4) is a heteroscedastic model with “known”
variances for each e, i = 1,..., N. Hence, a possible

3 A full reference list for data sources and an appendix with detailed
information about all studies included are available from the lead author
upon request.
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approach is generalized least squares (GLS) esti-
mation. From (1), the ITP estimates are given by
ITP = —B,/2B,, where the sampling distribution of
B, and B, are assumed to be approximately nor-
mal. Using the delta method approximation
(Greene 1997), the variances of the estimates of B,
and B, are used to calculate the variances for the
ITPs, assuming zero covariances between 3, and
B,. It is possible that if this covariance information
were available, the calculated covariances on the
ITPs (and hence the weights in the GLS estima-
tion) would be different. Since there were large
differences in the ITPs and their computed vari-
ances, the natural log specification is used in (4),
and the inverse of the natural log of the ITP vari-
ance is used to weight the observations for estima-
tion.

In selecting an estimation approach, an impor-
tant issue was whether to include all observations
(i.e., those that demonstrate an EKC, and those that
show monotonically increasing and decreasing re-
lationships). Based on the general form of the
model given in (4), a series of linear models by
GLS were estimated as well as weighted tobit
models. For the GLS, the usable sample consisted
of 101 observations, which included observations
with an estimated ITP or with monotonically de-
creasing income-environment relationships. In or-
der to capture observations with a positive income-
environment relationship, observations with ex-
tremely high estimated ITPs were not truncated
from the data. For example, two of the 101 obser-
vations had estimated ITPs of $9.6 million and
$102 million. ITPs for observations where pollut-
ants monotonically decreased with income were
set at $500 or In /TP = 6.21. (Results were quali-
tatively similar when the ITP for monotonically
decreasing relationships was set at either $1000 or
$3700.) This income level was chosen based on a
review of the lowest national per capita income
levels for industrializing, OPEC, and other devel-
oping and developed nations.

As an alternative to the GLS, a weighted tobit
approach can be used to include all usable obser-
vations (and thus increases the sample size to 121).
Specifically, a tobit model with upper censoring is
used (Greene 1997). The upper censored model
allows observations outside the date range (i.e.,
those demonstrating positive income-environment
relationships) to be included in estimation. Let
In ITP; = y, then:

(5) yi=Py+SP+e
©) y=T

where T is the censoring limit, i = 1, 2,.., N, and

ifPy+SPB+e <T,
ifPy+SB+e =T,
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N is the number of observations. The dependent
variable is censored at In /7P = 13.12 (ie., T =
$500,000) for those observations where the envi-
ronmental problem monotonically increases with
income, otherwise y; = In ITP,, using In ITP =
6.21 for monotonically decreasing relationships.*
The log-likelihood for the censored regression
model is:

(7N
1 PN _SBY
InL = 2 —E[ln(an)Hn 02+w_i|
»i<T o
Py+ S,
+ > 1n[1_q><u)]
yi=T o

The tobit technique estimates a regression line us-
ing all possible observations, both those censored
at a limit and those within the limit. It is a mixture
of a continuous distribution for the nonlimit obser-
vations and a discrete distribution for the limit val-
ues. Since the model uses all observations, it is
preferred to techniques that only use observations
not censored by a limiting value (McDonald and
Moffitt 1980).°

Empirical Results

Estimation results of the tobit and GLS models are
presented in table 3. Models I and II are specifi-
cations of the tobit; Models III and IV are speci-
fications of the GLS. For comparison, Models 1
and II include all methodological variables and
pollutant categories, while Models II and IV in-
clude only those explanatory variables represent-
ing the pollutant categories. Overall, the regres-
sions have adequate measures-of-fit. For the tobit
models, Maddala’s R? for Model I is 0.55 and 0.44
for Model II. In the GLS, the R? for Model III is
0.69 and 0.50 for Model IV. Thus, methodological
variables explain much of the variation in ITPs.
In both the tobit and the GLS, methodologi-
cal variables significantly affect the magnitude
of ITPs. Of note, the estimated coefficient on
DEVELOP in both estimations (I and III) is nega-

4 Since it is unclear at what income level censoring begins for obser-
vations outside the data range, a sensitivity analysis was performed on
the upper threshold by testing thresholds below and above $500,000. The
predicted ITP on CO, increases by approximately $100,000 when a
threshold of $900,000 is used, otherwise model results were qualitatively
similar, The full set of results is available upon request.

* A discrete choice multinomial logit model was also attempted to
explain the probability of the existence of an ITP. The three choice
categories were: (i) an ITP exists; (i1} no ITP and monotonically increas-
ing relationship; and (iii} no I'TP and monotonically decreasing relation-
ship. The model did not converge due to insufficient variation.

Agricultural and Resource Economics Review

tive and significant at the 1% level. If a study uses
developed nations only, then these studies tend to
find lower ITPs. This suggests that ITP results are
not necessarily representative across different na-
tions, but sensitive to the nations included in a
study.

The estimated coefficient on EMISSION is posi-
tive and significant at the 5% level in the tobit
(Model 1), and the 1% level in the GLS (Model
III). As hypothesized by Kaufman et al. (1998) and
Seldon and Song (1994), pollutants measured as
emissions rather than ambient concentrations will
have higher ITPs. Unlike emissions, since ambient
concentrations are defined by a geographical area,
they may be more visible, and thus receive atten-
tion at lower income levels.

In addition, the estimated coefficient on TRADE
is positive and significant at the 1% level in the
tobit (Model I) and the 5% level in the GLS
(Model! III). Suri and Chapman (1998) find much
higher ITPs when they include trade effects, which
are generally only proxied by the quadratic income
term used in reduced form equations. The meta-
analysis results confirm that including trade effects
as an explanatory variable will yield higher ITPs.

Two hypothesis tests were performed to deter-
mine the joint significance of methodological dif-
ferences (S) on ITPs. For both the tobit and GLS
specifications, a joint significance test was con-
ducted on all coefficients in the vector § (I vs. II
and IIT vs. IV). The x? value for a likelihood ratio
test (restricted versus unrestricted) in the tobit case
was 31.30, and thus the null that B = 0 was re-
jected. Similarly, the F-statistic testing nine linear
restrictions in the GLS was 7.12, and again the null
was rejected. Thus, Models I and III are the focus
of the following discussion.

The estimated coefficients on the pollutant dum-
mies gauge the effects of different pollutants on
ITPs. For both Models I and III, the estimated co-
efficient on CO, is positive and significant at the
1% level. In addition, the estimated coefficient on
COMBUST is positive and significant at the 5%
level in Model I and at the 1% level in Model III.
For the other pollutant categories there is greater
variability across models and specifications. From
the full GLS specification (Model III), not only are
the coefficients on COMBUST and CO, positive
and significant, but so are the estimated coeffi-
cients on DEFOREST, URBANAIR, SO,, and
HW. It is predicted that these environmental indi-
cators will have relatively higher ITPs than toxic
emissions (TOXIC), particulate matter (PARTIC),
urban quality (URBANQ), and water pollution
(H,OPOLL).

The results from the full weighted censored tobit
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Table 3. Modeling Results

Weighted Censored Tobit?

GLS Estimates®

Variable Model I Model 11 Model IIT Model IV
Constant 5.72%%%¢ 8. 1Q%** 3.16** 7.62% %%
(3.62)¢ (10.13) 2.17) 9.41)
DEVELOP =2.Q7H%* —3.58 %
(-3.02) (-5.29)
SAMPLE 0.23%* 0.54 %%
(1.74) (4.36)
EMISSION 1.39%* 2,13%%%
(2.20) 3.79)
POP -0.36 -0.28
(-0.82) (-0.68)
TRADE 1.36%** 0.94%*
(2.83) (2.06)
RE -0.09 0.27
(-0.19) (0.61)
CROSSECT 0.63 0.97
(1.00) (1.56)
SOCIO 0.19 0.03
0.22) (0.03)
ECONACT 0.74 ~1.10%*
(1.32) (-2.04)
URBANAIR 0.48 0.23 2.82%* 0.70
(0.34) (0.18) .17 (0.57)
DEFOREST 0.50 -~0.21 2.50%* 0.27
(0.39) (-0.20) 2.13) (0.25)
PARTIC 0.71 0.38 1.19 0.41
(0.66) 0.41) (1.19) (0.45)
URBANQ 0.72 -0.28 1.23 -0.02
(0.56) (-0.27) (1.03) (-0.19)
H,OPOLL 0.78 0.27 0.73 0.33
(0.57) (0.22) (0.58) (0.27)
HMETALS 1.71 1.03 2.26 1.50
(1.04) (0.67) (1.53) (1.00)
SO, 1.85% 1.33 2.15%* 1.03
(1.70) (1.51) (2.09) (1.15)
COMBUST 2.35%* 3.§7Hk* 2.55% k% 3.99%**
(2.32) (4.14) (2.64) 4.59)
HW 2.72%% 1.79 3.19%# 2.26*
(2.02) (1.33) (2.64) (1.70)
CO, 4,23%%% 4,09% % 4, 14%xx* 4 44Kk
4.07) (4.40) 4.13) (4.60)
o 1.59%:%* 1.80***
(13.96) (13.95)
N 121 121 101 101
R? — — 0.69 0.50
Maddala R? 0.55 0.44 — —

*Dependent variable is In /TP censored with an upper threshold of $500,000.

*Dependent variable is In ITP.

Ckk ok *denotes significance at the 1%, 5%, and 10% levels, respectively.

“T-statistics given in parentheses.

specification (Model I) are of primary interest
since all usable observations are included in esti-
mation. In addition to the positive and significant
coefficients on COMBUST and CO,, the estimated
coefficients on SO, and HW are positive and
significant at the 10% and 5% levels, respectively.
The ITPs for these four environmental indica-
tors will be greater than the ITPs for toxic emis-
sions (TOXIC), urban air quality (URBANAIR),

deforestation (DEFOREST), particulate matter
(PARTIC), urban quality (URBANQ), water pol-
lution (H,OPOLL), and heavy metals (HMETALS).
On a general level, these results resemble the
means for pollutants calculated from the summary
of prior ITP results. In table 2, HW, COMBUST,
and CO, have the highest mean ITPs while eight of
26 SO, observations have positive income-envi-
ronment relationships.
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Table 4. Predicted Per Capita ITPs by Type
of Pollutant®

Model I - Model HI -
Variable Censored Tobit" GLS
TOXIC $3,020 $1,645
URBANAIR $4,860 $27,605
DEFOREST $4,940 $20,130
PARTIC $6,075 $5,435
URBANQ $6,180 $5,622
H,0POLL $6,515 $3,405
HMETALS $16,390 $15,755
SO, $18,925 $14,110
COMBUST $30,840 $20,980
HW $44,610 $40,160
CO, $199,345 $103,840

“Figures rounded to the nearest $5.
PUsing McDonald and Moffitt’s (1980) Decomposition of
Efylx], the scale factor for marginal effects is 0.9901.

The meta-analysis ITP estimates presented in
table 4 are obtained by pooling different ITP esti-
mates from various studies, controlling for meth-
odological factors, and then predicting the new un-
derlying ITPs from the coefficients on pollutant
dummies. Since Model I from the tobit specifica-
tion uses all possible observations, it is the pre-
ferred model and the basis of the following discus-
sion. The predicted per capita ITPs are calculated
by scaling the coefficients by a factor for marginal
effects and evaluating methodological variables at
their means. The predicted ITPs range from $3020
for TOXIC to $199,345 for CO,. By including
monotonically increasing relationships in the tobit
model, the resulting ITP predictions for all pollut-
ants, with exception to URBANAIR AND DE-
FOREST, are higher than the ITP predictions ob-
tained from the GLS model.

Income-environment relationships vary depend-
ing on the characteristics of pollutants. Many pol-
lutants or environmental problems have different
dispersion effects. For example, CO, is a stock
pollutant, which easily crosses international or re-
gional boundaries, while other air pollutants, such
as particulate matter, may remain within a regional
air shed. Even though the ITP for CO, of $199,345
is well outside the range of national per capita
incomes today, the result is not unexpected since
CO, is a public bad whose abatement and reduc-
tion in the atmosphere require coordinated ac-
tions.® That is, attempts by a single jurisdiction to
control CO, would not generate any local benefits

¢ As suggested by an anonymous reviewer, a different explanation for
the high ITP for CO, is because the damages from CO, will occur in the
future when incomes are much higher, and thus the impetus for current
action is diminished.

Agricultural and Resource Economics Review

as the pollutant is saturated into the atmosphere by
neighboring regions. As a greenhouse gas and a
source of potential global climate change (see re-
view in Goodstein 1999), regulation of CO, may
require international cooperation. In addition, en-
vironmental problems that pose severe health or
environmental risks, or highly visible environmen-
tal problems (e.g., urban sanitation) would be ex-
pected to have lower ITPs compared to colorless or
odorless air or water pollutant problems. For ex-
ample, the predicted ITPs for TOXIC, H,OPOLL,
(both pose health risks) and URBANQ, PARTIC,
and URBANAIR (all visible problems) are lower
than the predicted ITPs for colorless and odorless
pollution problems, such as SO, and COMBUST.

The predicted ITPs on COMBUST and HW are
higher than their sample means. Closer examina-
tion reveals that Carson et al. (1997), which ana-
lyzed the income-environment relationship for the
United States only, is the sole study to find a nega-
tive income-environment relationship for CO and
NOyx. After controlling for methodological
choices, for example by using a dummy variable
for developed countries, the predicted ITP for
COMBUST is actually much higher.

Similarly, both studies that evaluate HW use
data from the United States. The predicted ITP on
HW is actually much higher after controlling for
methodological variables. Furthermore, the high
ITP for HW is expected. HW sites are different
from most air or water pollutants in that they are
not easily shiftable to other areas. For example,
upon examining the relationship between per
capita income and HW, Berrens et al. (1997) find
a relatively high ITP. Subsequent work by
Gawande et al. (forthcoming) finds that the EKC is
partially explained by wealthier households mov-
ing away from a build-up of sites rather than any
abatement process. This (dis)amenity driven net-
out migration occurs at relatively high per capita
incomes.

Conclusions

Emerging evidence on the EKC relationship will
likely continue to be the focus of considerable at-
tention, and thus underscores the task of summa-
rizing current evidence. This empirical analysis
makes two contributions. First, the meta-analysis is
used to statistically summarize the existing empiri-
cal values from the EKC literature by controlling
for methodological factors. Second, the meta-
analysis results are used to predict new ITPs for
eleven different pollutants. These predictions are in
some sense more reliable than those obtained from
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a single study since they draw on information from
all the available EKC studies.

The meta-analysis results indicate that those
EKC studies that estimated the empirical income-
environment relationship for developed countries
tend to find lower ITPs. This suggests that ITP
results are not necessarily representative across na-
tions. Furthermore, the meta-analysis results con-
firm an accepted conjecture that emission esti-
mates clearly exceed their ambient concentration
counterparts, and therefore one should not con-
clude that emission and ambient concentrations of
a particular pollutant will result in comparable
ITPs. Finally, those studies that include trade ef-
fects as an explanatory variable, rather than income
alone capturing these effects, tend to find higher
ITPs; this confirms the recent arguments of Suri
and Chapman (1998).

In summary, the meta-analysis demonstrates that
methodological choices can significantly influence
results (i.e., the magnitude of an ITP). As a general
cautionary note to the applied researcher, this re-
sult is repeatedly found in other meta-analyses in
environmental economics. More specifically, this
finding will help to inform the interpretation of
current results and development of future EKC
studies. Empirical EKC evidence has accumulated
very rapidly and apparently innocuous choices
may be influencing estimation, and resulting infer-
ences. Thus, interpreting available EKC evidence
should always be done with caution (i.e., estimated
ITPs may not have the precision needed for de-
tailed policy inferences).

While the EKC relationship has now been
widely identified in many cases, where it does exist
the identified ITP may be quite large relative to
mean per capita incomes for most of the world’s
population. Our meta-analysis results help identify
the pollution categories where predicted ITPs are
extremely high; these categories include combus-
tion by-products, hazardous waste, and CO,. The
implication, in the near term at least, is that many
pollutants, especially CO,, will continue to in-
crease in total levels.
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