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Introduction
The Environmental Kuznets Curve (EKC) hypothesis posits that there 

is an inverted U-shaped relation among various indicators of  environmental 
degradation (pollution or resource depletion) and per capita income. Among the 
interpretations suggested for this hypothesis is that economic growth gives rise 
to changes in economic structure and technology, as well as to improvements in 
regulation and an enhanced environmental awareness that offset the impact of  
growth on the environment.

This hypothesis has brought back interest in the discussion about economic 
growth’s impact on the environment. In that sense, several economists assume 
that growth itself  will lead to revert the environmental impacts made on the 
first stages of  development and to environmental improvements in developed 
countries. Thus, they have stated that growth, far from being a threat for 
environmental quality, is necessary for its improvement and conservation. 
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Despite the EKC has faced considerable criticism on both theoretical and 
empirical grounds, it has become one of  the ‘stylized facts’ of  environmental and 
resource economics. However, cointegration analysis may prove useful to test the 
validity of  such stylized facts when the data involved contain stochastic trends 
(Perman and Stern, 2003). The present study is focused on this alternative.

In order to do that, the EKC hypothesis is studied for Biochemical 
Oxygen Demand (BOD) with the aim to confirm whether that there is a long-
run relationship between this water pollution indicator and income for every 
country. The panel studied includes 46 countries from 1980 to 2000. Besides per 
capita GNP, explanatory variables include a foreign trade intensity coefficient. 
Contrasts of  unit roots and cointegration were individually applied to each 
country and to the panel data; afterwards, a number of  models were adjusted 
with the introduction of  deterministic trends and time dummy variables.

This paper is made up of  four parts. In the first one, some potential 
explanatory factors for the EKC hypothesis are indicated, the main econometric 
aspects and the criticism, and studies related to BOD as well. Then the 
econometric approach used is described. The results obtained are analysed in 
the third part. To end, some conclusions and suggestions are outlined to feed 
further research.

I. The Environmental Kuznets Curve
The Environmental Kuznets Curve hypothesis was introduced in the early 

nineties with Grossman and Krueger’s work (1991) about the potential impacts 
of  NAFTA, and with Shafik and Bandyopadhyay’s background study for the 
World Development Report in 1992. These studies showed the existence of  an 
inverted U-shaped relationship between several pollutants and per capita income; 
that is, environmental quality initially deteriorates, but once countries reach 
a given income level, environmental degradation tends to decline. Panayotou 
(1993) called this relationship EKC because of  its similarity with the relationship 
between income level and inequality in income distribution suggested by Simon 
Kuznets (1955). Since then, this term has become a reference point in the 
literature on growth and the environment.

In that sense, the EKC hypothesis has been useful to support the general 
proposition that economic growth will lead to remediate the environmental 
impacts of  the first stages of  development and to improve environmental quality 
in developed countries. Thus, some economists use it to support the statement 
that economic growth is a remedy to pollution and depletion of  natural resources 
(Beckerman, 1992). Accordingly, they suggest fostering economic growth on 
the grounds that such an approach will drive the implementation of  effective 
environmental policies (World Bank, 1992).
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However, this assertion is preliminary due to the lack of  unequivocal 
evidence regarding environmental degradation patterns throughout the 
economic development process, as well as to the lack of  consensus on the 
determining factors of  the EKC. Additionally, there are several aspects 
impeding to draw clear policy conclusions from this empirical hypothesis, 
which are mainly related to the EKC appropriateness for several kinds of  
environmental pressure and for all countries (individually and collectively) (de 
Bruyn and Heintz, 1999; Dinda, 2004).
A. Some suggested explanations 

According to Barbier (1997), the explanations of  the EKC have been 
focused on several underlying and dissimilar relations, including the effects 
of  changes in the economic structure on the use of  the environment, the 
links between the demand for environmental quality and income, and the types 
of  environmental degradation and ecological processes. Some of  the major 
explanations given to this empirical hypothesis are exposed in the following.
1.  Scale, composition and technique effects

Economic growth affects the environmental quality through three different 
mechanisms, that is, the scale, composition and technique effects (Grossman 
and Krueger, 1991). The scale effect is reflected in a positive relation between 
environmental degradation and income; hence, environmental quality is 
expected to worsen as economic activity increases. However, with the increase 
in per capita income, changes in production mix may take place, leading 
an economy to less intense polluting sectors (for example, from industry 
to services). Similarly, growth may induce the adoption of  technologies to 
enhance productive efficiency, in that they should use less polluting inputs 
per unit of  output, or reduce polluting discharges per unit of  input.1 Under 
this scenario, environmental quality may suffer from degradation with income 
unless the scale effect is offset by a combination of  the composition and the 
technique effects.
2.  The impact of regulation

Grossman and Krueger (1995) interpret the EKC as a sign that environmental 
policy is carried out more effectively in a developed economy than in a 
developing one, as economic growth fosters demand for environmental quality 

1 The adoption of  technologies may also be the result of  changes in underlying variables related to 
economic development, such as more stringent environmental regulation and/or higher educational 
level of  the population. In a similar way, it may be directed by the market (partly fostered by the benefits 
of  environmental conservation).
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and provides the resources to perform environmental protection measures  
(see also Panayotou, 1997). This explanation is further developed by Dasgupta 
et al. (2002), who indicate that evidence available suggests that regulation is the 
determining factor to explain pollution reduction as countries grow beyond 
the middle income status.
3.  Foreign trade

Foreign trade causes contradictory impacts on the environment. As trade 
volume increases (especially exports), economy size increases, which damages 
environmental quality; however, trade could also lead to environmental 
improvements through the effects on the composition of  economic activity 
and technology, mainly through consequences on the distribution of  polluting 
industries.

Foreign trade benefits the decrease in production of  pollution-intensive 
goods in one country as this production increases in the other(s). This 
composition effect is ascribed to two related hypotheses, namely, the displacement 
hypothesis and the pollution haven hypothesis. The displacement hypothesis refers 
to a situation where changes in the developed countries’ productive structure 
are not accompanied by equivalent changes in the consumption structure. In 
this case, the EKC would refer to the displacement of  dirty industries towards 
developing economies (de Bruyn and Heintz, 1999).

On the other hand, the pollution haven hypothesis refers to the possibility 
that multinational firms, particularly those carrying out highly polluting 
activities, relocate their plants in countries having less stringent environmental 
regulations. According to this hypothesis, lower environmental standards 
should become a source of  comparative advantage and, therefore, of  changes 
in trade patterns (Stern et al., 1996). This hypothesis suggests primarily that 
highly regulated countries will ‘lose’ all the dirty industries that poor countries 
will get (Dinda, 2004).

However, if  the validity of  these hypotheses is proved, the estimated turning 
points of  the EKC would be unrealistic since even with an increase in their 
income level, developing countries will not have the environmental rewards 
available to developed economies because of  relocation (Stern, 1998).  
B. Econometric aspects and criticisms

Most of  the EKC analyses use panel data (Stern, 1998). For their 
estimation, a statistical reduced-form relation is employed, in which the chosen 
environmental degradation indicator is modelled as an inverted U-shaped 
function of  per capita income, and thus the logarithm of  the dependent 
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variable is associated to the square of  the income log.2 Using this methodology, 
the regression model assumes the following static form:
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where E refers to environmental degradation, GDP represents the income 
level, P is the population level, and ln indicates natural logarithms. Variables are 
expressed across a series of  countries (i = 1, …, N) and time periods (t = 1, …, 
T). The first two terms on the right hand side are the intercept parameters, which 
change among the various countries i and years t. They allow for specific effects 
across countries(αi ) and through time (γi ) with the aim to register common 
stochastic shocks. Random disturbances εit are assumed to be independent across 
countries, with variances that may differ across each of  these. 

If  the EKC hypothesis is met, then equation (1) has a common form, with 
β1> 0 and β2 < 0 for all i, and the income level at the turning point, where 
environmental quality is not affected by income, is given by

                                          
        

                     




 
2

1

2
exp


                                           (2)

Comparing the estimated per capita income level associated to the turning 
point with the income levels observed in the data set can indicate whether the 
turning point falls in or out of  the actual income range. This can shed light on 
the reliability of  the EKC estimations (Barbier, 1997).

Most of  the literature on the EKC has shown weak results from the 
econometric view. Concerning this, one of  the more relevant aspects deals with 
the use of  a reduced-form statistical relation, which eliminates the need of  data 
on other variables that could affect the relation between per capita income and 
the pollution level, on the grounds that one equation captures the influence of  
income on technology, product mix and environmental policy, as well as the 
incidence that changes in these factors have on environmental pressure. The use 
of  a reduced-form model has the advantage of  providing a direct estimation of  
the net effect of  income on environmental pressure (Correa Restrepo, 2004); 
however, it does not shed light on the nature of  the estimated relation and, in 
particular, on coefficients analysis (Grossman and Krueger, 1995). Hence it is purely 
descriptive and does not allow observing the influence of  growth on pollution 
patterns (de Bruyn et al., 1998; de Bruyn and Heintz, 1999; Panayotou, 1997).

2 Note that this functional specification does not allow for incorporation of  null or negative values of  the 
environmental degradation indicators.
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Another controversial aspect has to do with the validity that estimated 
EKC relations on samples of  countries may have for individual nations (de 
Bruyn et al., 1998). In that sense, some economists argue that the importance 
given to this hypothesis is based on the scarce attention that studies have paid to 
the statistical properties of  the data, like serial correlation or stochastic trends 
in time series, and to the carrying out of  model adjustment tests, such as the 
possibility of  biases due to the omission of  variables. Not long ago research 
reports having diagnosis statistics on series integration or cointegration among 
variables were quite reduced, and thus these are not clear as to what can be 
inferred on issues such as the significance of  additional variables included in 
a reduced-form regression (e.g., economic openness indicators, among others) 
(Stern, 2004; Perman and Stern, 2003).

Perman and Stern (2003) find, using diagnosis tests for cointegration 
and unit roots in panel data relating sulphur emissions and income, that data 
are integrated in the time series dimension, that there are more than one 
cointegrating regression, and that these are not commonly of  the EKC type for 
every country. These authors examine each individual country on the sample 
and find out that only some cointegrating relations estimated are consistent 
with the EKC hypothesis (typically, relations are U-shaped or monotonically 
rising in income). Based on these results, they suggest applying such diagnosis 
tests in studies related to other environmental indicators. 
C. Empirical evidence and Biochemical Oxygen Demand

A number of  models including explanatory variables other than income 
have been built with the aim to study the effect of  underlying or approximate 
factors such as ‘political freedom’ (Torras and Boyce, 1998), economic 
structure (Panayotou, 1997; Suri and Chapman, 1998) or trade (Shafik and 
Bandyopadhyay, 1992; Suri and Chapman, 1998). Also, population density has 
been considered (Selden and Song, 1994) as well as lagged income (Grossman 
and Krueger, 1995), among others. The inclusion of  these variables is intended 
to improve the adjustment of  estimations and to provide additional insights 
on pollutants behaviour as economies develop3 (de Bruyn and Heintz, 1999). 

The literature on the EKC for water pollution, and particularly for pollution 
related to the oxygen regime (dissolved oxygen, Chemical Oxygen Demand, 
Biochemical Oxygen Demand), is scant and shows conflicting patterns. As 
for BOD, Grossman and Krueger (1995) and Correa Restrepo (2004) report 

3 Compared to the values estimated without their inclusion, such variables capture some part of  the 
polluting effects associated to income and, as a consequence, can alter the turning points.
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an EKC, but Shafik and Bandyopadhyay (1992) and Torras and Boyce (1998) 
find monotonically decreasing and N-shaped patterns, respectively. Despite 
the results are contradictory, all these studies are carried out following similar 
methodologies (regressions with panel data using ordinary or generalized least 
squares, per capita income measured in terms of  purchasing power parity) and 
neglect the econometric diagnosis statistics.

The present study takes into account the criticisms mentioned in section I.A. 
and Perman and Stern’s (2003) suggestion concerning the estimation of  a regression 
relating water pollution by BOD with income, including additionally a variable of  
foreign trade intensity. With this, we intend to contribute to a rigorous analysis 
of  the validity of  the EKC for various environmental degradation indicators.

II. Methodology and results
Static estimations were made for each country; panel data estimations with 

fixed and random effects; a dynamic error correction model for each country, 
which was additionally adjusted presuming the existence of  a single EKC for 
all countries. Deterministic trends or time dummy variables were added to the 
earlier models. Prior to model estimation, unit root contrasts were made for 
each series employing individual and panel data tests, as well as individual and 
panel cointegration contrasts. Finally, the proposed models were validated. The 
software used is EViews 5.1.
A. The data

The sample used was defined under data availability criteria. Annual data for 
46 countries in the period 1980-2000 were considered (see descriptive statistics in 
Appendix 1). Still, the panel is unbalanced as some data are missing (not more than 
two per time series), an unbalance corrected using smoothing methodologies.4 
The countries considered are classified as high, middle and low income, as we 
wanted to comprise a heterogeneous group,5 which is in accordance with the 
estimation method used. The main aspects of  the variables used in the model 
are explained as follows.
1. The dependent variable

Biochemical Oxygen Demand (BOD) is the water pollution indicator most 
used by regulatory agencies.6 It measures the oxygen dissolved that micro-

4 The BOD series were corrected with the non-seasonal Holt-Winter smoothing method, while the series 
for economic openness and per capita GDP were corrected through autoregressive processes.

5 For each country’s descriptive statistics, see Appendix 2.  We thank a referee for suggesting us this point.
6 As a matter of  fact, developing countries have traditionally started industrial pollution control programs 

by regulating emissions of  this pollutant.
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organisms require for the decomposition process of  organic matter in water 
bodies.7 We use the BOD series featured on the World Development Indicators 
(World Bank, 2005), which refers to polluting emissions (in kg/day).
2. The explanatory variables

–Gross Domestic Product per capita
As indicated before, income is the (more) relevant explanatory variable in 

the EKC hypothesis. This variable is represented by per capita Gross Domestic 
Product in terms of  purchasing power parity (PPP). The series were taken from 
the World Development Indicators published in 2005 (World Bank 2005).

–Foreign trade intensity
Trade intensity, defined as the ratio of  exports plus imports and GDP, 

is a coefficient used to measure openness to foreign trade. Like the previous 
variables, the data were taken from the World Development Indicators published 
in 2005 (World Bank, 2005). It is worth noting that even though this indicator 
has been quite used in the literature on the EKC that considers foreign trade 
(Grossman and Krueger, 1991; Shafik and Bandyopadhyay, 1992), it has been 
strongly criticized as it gives an account of  trade policy orientation rather than 
of  observed trade (Stern, 1998; Suri and Chapman, 1998).  

As the values of  the variables to be used are all positive and given the 
general functional specification of  the EKC (equation (1)), we take the 
logarithm of  the various variables. For the sake of  simplicity, the natural logs 
of  BOD, GDP per capita and foreign trade intensity are denoted as Y, X and 
W, respectively. The square of  X is called Z. 
B. Econometric Procedures and Analysis of Results
1.  Unit root tests

The implementation of  unit root tests for both each series and the panel 
data is mainly due to the proven fact that individual tests have low power when 
they are applied to short series, while panel tests increase the power of  contrasts 
(Perman and Stern, 1999). However, individual tests are useful to support the 
results obtained with panel tests.  

–Individual unit root tests
Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatowski et al. (KPSS) 

tests were applied. For that, the optimal lag length was chosen attending to the 
Schwarz’s information criterion, as well as a consistent estimator of  the variance 

7 There are other indicators of  water pollution by organic compounds. One of  them is Chemical Oxygen 
Demand (COD), which measures the dissolved oxygen required by a chemical oxidant to decompose 
the organic material contained both in natural and waste waters.  
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using the Newey-West method. Table 1 shows the number of  countries for 
which the three contrasts used allow to conclude that the series are stationary at 
five and ten percent levels of  significance.  

When a trend is not included in the contrast, ADF and PP tests show 
similar results: most series have a unit root. On average, the null hypothesis 
has been rejected only for two countries under all variables. Following the same 
specification, the null hypothesis of  stationarity is more often not rejected on 
the KPSS test (for the natural log of  BOD, the stationarity hypothesis can not be 
rejected in 17 countries). When the tests include an individual trend, ADF and PP 
results show more rejections of  the unit root null hypothesis (four on average) 
compared to the results of  the same tests with no trend. The KPSS test shows a 
higher number of  non rejections for the null hypothesis of  stationarity.

Table 1. Number of  countries having stationary variables

Source:  authors’ estimations.

In sum, the unit root individual tests allow us to state that most series 
corresponding to the various countries in the sample are integrated of  order one 
−i.e. I(1). Note that, when analyzing the series in first differences, these proved 
to be stationary. 

–Panel unit root tests
Two approaches are employed: common (Levin and Lin; Hadri) and individual 

(Im, Pesaran and Shin). The individual approach considers heterogeneity among 
the panel individuals, while the common approach does not. Following Perman 
and Stern (2003), we call Levin and Lin’s statistic panel statistic, and Im, Pesaran 
and Shin`s statistic group statistic. Hadri’s test statistic is considered separately. 
Table 2 shows a clear trend on all contrasts to not rejecting the hypothesis of  
existence of  stochastic trends in all series, except for X and Z, for which the 
non-trended panel statistic allows rejecting the null hypothesis.  

Y X Z WVariable
Contrast

5% 10% 5% 10% 5% 10% 5% 10%
ADF intercept 2 2 1 1 1 1 0 3
ADF intercept and trend 1 5 4 7 5 7 4 10
PP intercept 1 2 1 1 1 1 1 3
PP intercept and trend 3 5 0 1 0 1 5 10
KPSS intercept 17 12 12 10 12 10 7 3
KPSS intercept and trend 31 25 35 23 36 23 19 15
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Table 2. Panel unit root test

Source:  authors’ estimations.
In Hadri’s stationarity test, the null hypothesis is rejected for all series, which 

shows that the series analyzed have a unit root. Thus, there is strong evidence 
that all the series included in the panel are integrated of  order one. Individual 
series analysis, besides, helps to validate the insight on the existence of  a unit 
root in the panel.  
2. Cointegration tests

The previous results make further tests required in order to find a long-run 
relation connecting the series, that is, to ensure that we are not in the presence 
of  a spurious relation. 

–Individual cointegration tests
The Engle and Granger procedure is followed. The analysis is applied on 

two groups of  models. In the first group, we take the variables in deviations 
from their transversal means or time dummies, while these are not contained in 
the second group. Perman and Stern (1999) indicate that these dummies can be 
used as proxies of  common effects on time. Their inclusion is meant to eliminate 
dependence between country-related errors. 

Table 3 shows the results obtained for each of  the estimated models. 
Individually, there is no strong evidence supporting the existence of  cointegration, 
as statistically speaking the higher number of  significant long-run relations is 
ten. Only two countries (Bolivia and Sri Lanka) show evidence of  cointegration 
in all the four models at ten percent level of  significance.  

Test statistic Y W Conclusion
Panel: Non-trended regression -1,24419 9,07357 Null hypothesis is not rejected
Panel: Trended regression -1,15442 -1,45807 Null hypothesis is not rejected
Group: non-trended 2,99601 12,4402 Null hypothesis is not rejected
Group: trended 0,39648 -0,5772 Null hypothesis is not rejected
Hadri Z-stat 17,5953 18,4388 Null hypothesis is rejected
Hadri Z-stat (intercept and trend) 11,5083 11,6185 Null hypothesis is rejected
Test statistic X Z Conclusion
Panel: Non-trended regression -3,14789 -2,02594 Null hypothesis is rejected
Panel: Trended regression 0,16871 0,11612 Null hypothesis is not rejected
Group: non-trended 5,71509 6,28117 Null hypothesis is not rejected
Group: trended -0,51765 -0,74196 Null hypothesis is not rejected
Hadri Z-stat 19,9084 20,0428 Null hypothesis is rejected
Hadri Z-stat (intercept and trend) 10,6786 10,4283 Null hypothesis is rejected
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Table 3. Individual cointegration tests

       Source:  authors’ estimations.
In the following section, the results from some panel cointegration tests 

are analyzed.
–Panel cointegration tests 
Several approaches to prove the existence of  a potential cointegration 

relation have emerged recently. These approaches are based on the traditional 
ones to individual cointegration. In this paper, we follow Pedroni’s (1999) 
approach, as he takes up again the residuals-based conceptualisation posited 
by Engle and Granger, and formulates seven test statistics that allow assuming 
heterogeneity in the panel. This author proposes two approaches to contrast 
cointegration: panel and group statistics. The panel statistics are made on the 
within dimension, that is, fixed effects are presupposed. The group statistics are 
made on the between dimension, that is to say, the mean for each individual in 
the panel is obtained before adding on the N dimension.

The results from Pedroni’s cointegration tests are shown in table 4. It 
can be seen that the various tests allow rejecting the no-cointegration null 
hypothesis. This result is important as, unlike the individual cointegration tests, 
it shows a long-run relation among the variables. Note that the no-cointegration 
hypothesis is not rejected only in the test with the time non-trended dummies 
rho panel statistic. This is evidence supporting the heterogeneity present among 
the panel individuals.

These results beg some questions regarding the existence of  a long-run 
relation of  the EKC type common to all countries, which will be discussed in 
the following section.

Individual cointegration 5% 10%
With dummies and intercept 5 9
With dummies, intercept and trend 1 6
Without dummies and intercept 4 7
Without dummies, intercept and trend 5 10
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Table 4. Data panel cointegration test*

       * Probability values in parentheses  Note:  P:  parametric; NP:  non-parametric
      Source:  authors’ estimations.
3. Estimation of models

The econometric work is primarily based on the estimation of  a dynamic 
model. However, various static models were adjusted. The static model for each 
country has the form

                          itiitiitiitiit WZXY                           (3)
Where i =1, 2,…, 46 and t = 1980, 1981, …, 2000. Each transversal unit/

variable is related to its respective parameter. This model was adjusted with a 
deterministic trend or with time dummies. The assumptions on the disturbance 
term are the classical ones. The methodology used was ordinary least squares. 
Fixed and random effects models are given by

          ititititit WZXY                               (4)
Where the disturbance term has the form εit=φi+ηit.  It is assumed that  itη  is 

not correlated with the explanatory variables. φi is called the country’s individual 
effect i, constant in time. In the fixed effects model φi is considered a parameter, 
while it is treated as a random variable in the random effects model. Under the classical 
assumptions, the model with fixed effects is estimated by ordinary least squares, whereas 
generalized least squares is used for estimating the model with random effects.      

Given that the variables are integrated of  order one, previous static relations 
being spurious is at risk. Similarly, the model residuals are very likely to be 
correlated even though estimations are consistent but biased. The estimations 
can be improved using error-correction dynamic models wherein, assuming that 
the variables are cointegrated, classical inference is valid. Moreover, since lags 
are introduced in the regressors, problems such as correlation of  residuals may 
possibly be amended. The error-correction model is as follows:

        

Time and trended dummies Time non
dummies

v Panel 40 ,4849  (0 ,0000)
-1 ,6593  (0,0970)
-9 ,8690 (0 ,0000)

-181,693  (0 ,0000)
4 ,6275 (0 ,0000)

-2 ,5715 (0 ,0101)
-4 ,8394 (0 ,0000)

-trended

14 ,7094 (0 ,0000)
0 ,2045 ( 0 ,8378)
-4 ,8123 (0 ,0000)

-151,8015 (0,0000)
3 ,566580 (0,0004)
-2 ,4419 ( 0 ,0146)
-3 ,9835 (0 ,0000)

rho Panel
t Panel NP
T Panel P
rho Group
t group NP
t group P

Trended, non -time dummies

-4 ,7569 (0,0000)
-2 ,186 (0 ,0287)

5 ,0845 (0 ,0000)
-439,565 (0,0000)
2 ,7324 ( 0 ,0062)
4 ,7891 (0,0000)

-8 ,0670 (0,0000)

ittiitiitiitiitiitiitiitiitiit WZXWZXYY    11111312111 )( (5)
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A single lag is used for all variables, as otherwise the number of  parameters 
would be too large; also, the model is adequate in this situation. This is a very 
general model, as all the parameters associated to the distinct variables are 
different for each transversal section. αi is the error-correction coefficient related 
to country i, and reports on the speed of  adjustment towards equilibrium. To 
have a long-run relation, it has to be the case that 01 <<− iα .  

μi is the fixed effects parameter, which varies among the different countries. ηt 
is the intercept related to year t.  With ηt , which implies introducing time dummy 
variables in the model, we seek to control the common effect associated to time; 
thus, by taking into account the presence of  μi and the lags in the model, we can 
assume that the disturbance terms εit are independently distributed through time 
and across countries, with zero mean and constant variance per country. We can 
add a deterministic trend associated to each country to the previous model.

Among the existing possibilities, two models were selected. The first 
model includes a deterministic trend within the long-run relation, but no time 
dummies; in the second one, the roles of  those variables are interchanged. The 
second model was estimated after extracting from each datum the transversal 
mean of  the corresponding year. The estimation of  these models, called non-
restricted models, allows studying in a clearer statistical way whether the EKC 
actually exists for every country. Also, it is possible to estimate the average of  
each long-run parameter from the average of  the corresponding estimates, and 
to calculate a common estimate of  the turning point for all countries based on 
that information.8

One way to study the EKC hypothesis is to subject the previous model, 
in both versions, to the restriction β1i = β1, β2i = β2,  β3i = β3, i = 1, 2, …, n, 
called a restricted model, and to analyze whether data do not allow to reject 
such a restriction. Non rejection of  the null hypothesis implies that there exists 
a single long-run relation and, therefore, it would validate the EKC hypothesis. 
The estimation methodology used was weighted least squares, as it enables one 
to take into account the likely heteroscedasticity of  the disturbance term in each 
country. The basis on which to contrast the EKC hypothesis is the likelihood 
ratio, asymptotically chi-square distributed with q degrees of  freedom, where q 
is equal to the number of  restrictions. 

The static models for each country were adjusted so that one would be 
trended and the other would have time but not trended dummy variables. 
These models show strong correlation problems in residuals (high R-square 
and Durbin-Watson statistic close to zero). In the trended model, 26 countries 

8 Pesaran and Smith (1995) show that the estimator obtained using this procedure (mean group estimator, 
MG) consistently estimates the parameter average.
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meet the EKC hypothesis, while in the other case the models corroborating this 
hypothesis amount to 33. Both fixed and random effects models meet the EKC 
assumptions, but as the static models, they are not statistically valid.

In tables 5 and 6, the main results for the dynamic models are presented. At 
the individual level, it can be noticed that there are 30 countries that verify the 
EKC hypothesis, which is similar to the results obtained for the static models. 
However, these results are invalid, because only 4 countries in the non-dummies 
trended model meet all of  the necessary hypotheses (speed of  adjustment 
between -1 and 0 and statistically significant, statistically significant parameters 
with appropriate signs). Also, we may conclude that for 11 countries, the long-
run relation is valid. In the model with dummies, 3 countries corroborate all 
hypotheses, and 4 show cointegration. 

Table 5.  Non-dummies trended modelsa

a T Values in parentheses   b Mean group estimate (MG)      Source:  authors’ estimations.

Non-restricted model Restricted model Fixed effects Random effects

X 20 ,1423 b 7,1340 (7 ,8126) 6,2893 (14 ,8265) 6,0335 (14 ,5764)
Z -0,78384 b -0,387 ( -7,6116) -0,3361 ( -14 ,2073) -0,3211 ( -13 ,8397)
W -0,01234 b 0,4162 ( 5,8442) -0,0934 ( -1,9664) -0,1394 ( -1,9664)
� i -0,7733 b -0,2004
Turning point 380233 ,4b 10073 ,84 11573 ,27 12034 ,24
Ln L 0,9996 1,6844
LR 598 ,4638 Invalid model
Static EKC 26
Dynamic EKC 30
EKC Exists Exists Exists Exists
Valfa 33
Cointegration 11
Kuznets 4

Non-restricted
model

Restricted
model Fixed effects Random effects

X
4,048 b 17 ,5453 (7,7030) 6,2893 (14,8265) 6,0335 (14,5764)Z

-0,1564 b -0,9399 (-7,311) 0,3361 ( -14 ,2073) -0,3211 ( -13 ,8397)
W -0,9065 b 2,3728 (6,2347) 0,0934 (-1,96640) -0,1394 ( -1,9664)
� i -0,6298 b -0,0147
Turning point 416467,2b 11311,40 11573,27 12034,24
ln L 1,0876 1,7018
LR 536 ,8340 Invalid model
Static EKC 33
Dynamic EKC 30
EKC Exists Exists Exists Exists
Valfa 34
Cointegration 4
Kuznets 3

Table 6.  Non-trended with dummies modelsa

    aT Values in parentheses    b Mean group estimate (MG)      Source:  authors’ estimations.
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The null hypothesis of  existence of  a unique EKC for all 46 countries in 
both types of  models is rejected with a probability value of  zero. This allows us 
to assert that, for these data, parameters are not homogeneous in the long run 
and, therefore, the EKC does not exist for this set of  countries. Also, it can be 
inferred that the static results, which have traditionally shown fixed or random 
effects, are spurious; that is, the results of  the two last columns in tables 5 and 6 
do not have any statistical validity.

The results obtained for the income level associated to the turning point 
in the restricted models and in the estimations with random and fixed effects 
are convincing because of  their relative similarity and because they are located 
within the set of  values of  per capita income for all of  the countries. However, 
individually, income associated to the turning points in the four models 
mentioned falls in the range of  income for six nations only. As we have said, 
these conclusions are void of  statistical validity.               

Conclusions
The EKC hypothesis posits the existence of  a U-shaped relation between 

environmental degradation and per capita income. This hypothesis has been 
criticized because several authors have assumed that it entails economic 
growth as a precondition to implement environmental effective policies, and 
thus to revert the impacts caused to the environment during the first stages of  
development (Beckerman, 1992; World Bank, 1992). Besides, the importance 
given to the EKC hypothesis is supported by the limited or void attention given 
to the econometric diagnosis statistics that studies on the topic usually exhibit 
(Stern, 2004). In particular, it is believed that what has been traditionally done 
(estimations with panel data on static models with random or fixed effects) 
poses specification problems due to the presence of  first-order integrated series; 
also, because homogeneity is assumed in the parameters for different countries, 
which can be incorrect. 

The results obtained in this study show evidence that all the series 
exhibit stochastic trends both on the individual and on the panel level. As for 
cointegration, it does not appear among the series for most of  the countries 
taken individually, though it does appear for the panel data. Nonetheless, the 
different estimates show that, even if  there is a long-run relation among BOD, 
per capita GDP (linear and squared) and foreign trade intensity, this is not an 
EKC for the set of  nations considered.  

Even more, models under restrictions and estimates with random and fixed 
effects are not statistically valid. This is remarkable given the relative consistency 
that these estimates show in favour of  the EKC hypothesis and because of  the 
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income levels associated to the turning points obtained. However, individual 
results support conceptual criticism on the EKC hypothesis since most of  the 
countries have not yet achieved the per capita income levels that allow them 
improvements in water quality, which contributes to worsen global environmental 
degradation (Stern et al., 1996; Arrow et al., 1995).

Following the explanations to the EKC posited on the literature, and since 
such hypothesis reports a relation between the income level and environmental 
pressure exclusively, an additional variable has been tried in order to consider 
the incidence of  foreign trade. But such a variable, a foreign trade intensity 
coefficient, has turned out to be not very significant from the statistic perspective 
and with little relevance for the analysis. This rather confirms the criticism that 
the inclusion of  this variable has received in some studies on the EKC (Stern, 
1998; Suri and Chapman, 1998), and raises the need to include other trade 
indicators capable of  giving an account of  relocation of  polluting activities. 
This consideration can be generalized as these indicators allow considering other 
underlying or proximate factors, thereby providing sound explanations about 
changes in water quality as economic development unfolds.

The results obtained match up Perman and Stern’s (2003) on sulphur 
dioxide (an indicator of  atmospheric pollution). Then it can be said that, to 
make appropriate analyses of  the EKC hypothesis, unit root and cointegration 
contrasts should be applied at the individual and panel levels. In this sense, 
we suggest to continue the use of  such procedure when addressing relations 
between economic growth and environmental quality.  

Yet it should be noted that the lack of  data, mainly for the time interval 
considered, plays down power to the unit root and cointegration tests presented 
here. Similarly, hypothesis tests on unit roots and panel cointegration continue 
to be incipient. Another limitation has to do with the lack of  randomness in the 
selection of  countries comprising the panel, so inferences can not be made on 
the basis of  actual estimations to countries not included in the sample. 

In brief, theoretical and econometric criticisms on the EKC, partly supported 
by the results achieved throughout this study, suggest the need to reformulate the 
relation between economic growth and water degradation and, in general, between 
growth and environmental quality. It is obvious that the EKC may be configured 
from innumerable possible results derived from economic growth. Therefore, 
instead of  ascribing the EKC to a single factor, appropriate attention should 
be paid to the other elements that make up the system economy-environment. 
In this sense, further research needs to give priority to the identification of  the 
more relevant aspects when explaining such a relation, since this would be the 
only way to formulate policies able to influence it.  
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Appendix 1.  Panel descriptive statistics

Source:  authors’estimations based on World Bank (2005).

Variable Mean St d . Dev. Min. Max . No. of o bs.

Y overall 11 ,32047 1 ,496965 7 ,175161 ,14 82456 N =     966
between 1 ,495484 8 ,036924 ,14 743 n =        46
within 0 ,225351 10,4587 12,11529 T =        21

X overall 8 ,962864 1 ,071977 6 ,193291 10 ,93787 N =     966
between 1 ,070177 6 ,312048 10 ,33318 n =        46
w ithin 0 ,166105 8 ,304044 9 ,629311 T =        21

W overall -0 ,58912 0 ,620335 -2 ,12193 1 ,055724 N =     966
between 0 ,591678 -1 ,854 0 ,733963 n =        46
within 0 ,204909 -1 ,20176 0 ,235386 T =        21
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