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Abstract

In this paper, we apply time series techniques for panel data to the environmental Kuznets curve
(EKC) modd. Within the literature that estimates emissions-income relations in the EKC context,
little attention has been paid to the time series properties of the data and in particular to whether the
variables could be integrated time series. We estimate the EKC for sulphur emissons using a pand
data set for 74 countries over 30 years. Using individuad unit root tests, we find that both sulphur
emissons and GDP per capita are integrated variablesin the mgority of countries. Thisresult is
confirmed by panel unit root tests that find that the panel series are integrated. Individud
cointegration tests show that EKC relations in most countries do not cointegrate. Results of a
number of panel cointegration Satistics are mixed. Even if thereis cointegration in the pand many of
the individua EKC functions are U shaped or monotonic in income. Thereis no sSngle cointegrating
vector common to al countries. The results show that the EKC may be a problematic concept, as
ample globa EKC models are misspecified.
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1. INTRODUCTION

The environmenta Kuznets curve (EKC) hypothess proposes that thereis an inverted U-shape
relation between various indicators of environmenta degradation and income per capita. Severa
sudies have atempted to test the Environmental Kuznets Curve (EKC) hypothess empiricdly. The
mgority of these studies use pand dataiin conjunction with a static fixed and/or random effects
pand estimator. Little or no attention has been given in the literature to the time-series nature of the
pand data, nor to its dynamics. A key maintained (but untested) assumption in much of this body of
research is that the variables used in the regresson analys's are covariance sationary in the time-

series dimension of the pand.

The Satistical properties of estimators are very different in the case where variables are stationary
than where they are not stationary (see, for example, Hamilton, 1994). Many of these differences
carry over to pand estimation. It is, therefore, important to test whether the variables used in EKC
dudies are Sationary; and if they are nat, it isimportant to take this non-stationarity into account in
subsequent estimation and Satigtical inference. Given this, what isthe Satistical vaidity of the
existing body of work, and what does good econometric practice require that we do in further
studies of thistype? It is these questions that we are addressing in this paper.

The paper is structured as follows. Section 2 surveys the concept of the EKC hypothesis and
establishes the sense in which that term is used in this paper, with particular reference to the EKC
for sulphur emissions. Section 3 describes the data used in the analysis. Section 4 demongtrates that
we are unable to regject the null hypothesis that the variables used in our study (logarithms of
emissons and income per capita) are integrated time series. This finding implies that much of the
existing knowledge about EKCsis based on a atisticaly unsound foundation.

We then test for cointegrating relationships between the variables of interest in Section 5. We dlow
for grester heterogeneity among individua members of the pand than is commonly permitted,
dlowing, not only for intercepts to differ among countries and over time, but dso variaion in the
long-run parameters of the emissions/income relationship among countries. In Section 6 we test

whether theindividua estimates converge to a common cointegrating vector over the whole sample



(or some sub-samples of interest), in the context of dynamic pands specified using an error
correction representation of an autoregressive distributed lag panel modd. Section 7 concludes.



2. THE NATURE OF THE EKC

The EKC isareduced form relationship that may arise from one or more different structura
relationships. Actud changesin emissons must be due to changesin: scae of the economy, input
mix, output mix, and technologica change. But these "proximate factors' may be driven by avariety
of underlying factors such as environmenta regulation and preferences for environmenta quadity thet
in turn may evolve with the leve of income. I1dedlly, modelling of the income-pallution reaionship
would make direct use of these sructurd relationships. However, difficultiesin obtaining the
necessary data and in specifying those relationships have led researchers to work with the income-
emissions reduced form. Severd different “ structures’ could generate a quadratic inverted U
shaped emissions-income relationship and severa of these are discussed in the literature (Lopez,
1994; Selden and Song, 1995; John and Pecchenino, 1994; and John et al., 1995; McConnell,
1997).

In Lopez's (1994) modd, if producers pay the socid margina cost of pollution then the relation
between emissions and income depends on the properties of technology and preferences. If
preferences are non-homothetic, the response of pollution to growth depends on the eagticity of
subdtitution in production between pollution and the conventiond inputs, and the degree of rdative
risk aversoni.e. therate at which margind utility declines with risng consumption of produced
goods. The faster margind utility declines with risng income and the more subgtitution is possiblein
production the less pallution will tend to increase with production. For empirically reasonable vaues
of these two parameters, pollution may increase at low levels of income and fdl at high levels - the
inverted U. Selden and Song (1995) derive an inverted U curve from amodel that is somewhat
smilar to Lopez's. While Lopez (1994) and Selden and Song (1995) both develop models based
on infinitdy lived agents, John and Pecchenino (1994) and John et al. (1995) develop models
based on overlgpping generations (McConnell, 1997). Therefore, the pollution externdity is only
partidly interndised in these models. In addition, pollution is generated in these latter models by
consumption rather than production activities. All these models can generate inverted U shape
curves under gppropriate conditions. McConnell (1997) and Ansuategi et al. (1996) aso develop
models of consumption pollution. McConnell (1997) uses his modd to argue that thereisno
defining role for the income eadticity for environmenta qudity in the EKC modd. While ahigher



eadticity will lead, ceteris paribus, to afaster reduction in pollution, pollution can decline even if the

eladticity is non-positive.

Ingtitutiona factors, such as power and income inequalities (Torras and Boyce, 1998), or structural
changes such as urban and industrid decentrdisation (Stern et al., 1996), might mediate between
the underlying structures described above and proximate factors such as output structure or the
date of technology. Other mechanisms may generate EK C-like relationships that imply that the
EKCisadatidica artefact rather than afunctionally defined path that al countries proceed aong.
For example, per capitaemissions of carbon rose strongly in many developed countries up till the ail
price shocks of the 1970s but subsequently declined in many countries (Moomaw and Unruh,
1997). The relation between trade and development provides an dternative explanation. As
development proceeds the trade specidisation of countries changes. The first countries to develop
increasingly specidise towards human and manufactured capitd intengve products and "outsource”
production of labour and resource intensive production to developing countries. But because the
tota number of countriesislimited, countries that develop later will find it harder to reduce
environmental impacts as there will be less scope to specidise away from resource intensve

production (Stern et al., 1996).

These explanations for the empirically observed EKC relation propose that the observed EKC is
gpurious, asit is not due to behaviour consstent with the EKC theory. Throughout the rest of this
paper, we shdl be deding with the EKC hypothesisthat dl countries follow asmilar, if not identicd,
development path over time. The basic EKC modd is given by:

\
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where M is some measure of pollutant emissions or concentration (or some other index of
environmenta pressure), Y is constant price nationd income, P denotes a country's population Size,
and t isadeterminigtic time trend. The variables are observed over apand of countries (i = 1,...,N)
and time periods (t=1,...,T). The random disturbances are assumed to be independent across
countries. Non zero a, terms alow for country-specific "effects’; the ¢, terms are time-gpecific

dummy varigbles, usualy interpreted as disturbances affecting al countriesin the pand a some point



intime in acommon way; and d;t dlows heterogeneous linear time trends over the sample of
countries. Some or al of these country-specific or time-specific effects, or time trends, may be

restricted either on the basis of prior information or after some specification search process.

A wesker verson of the EKC hypothessisthat the EKC has a"common form”, equivdent to the
regtriction that by; > 0and by < 0 for al i, but that these parameters have different vauesin
different countries. A stronger version of the hypothesisis that the week condition is satisfied and
by =bjand by = b, for dl i. There are no strong theoretica grounds for believing that the latter
st of redtrictionsis satisfied. Some previous studies on other datasets (e.g. Dijkgraaf and
Vollebergh, 1998), together with preliminary examination of the data used in this study (Stern and
Common, 1998) suggest rejection of long-run parameter homogeneity. Therefore, in contrast to the
usud practice when using fixed effects or smilar pand estimators, we do not impose these
regtrictions a priori. But we do examine whether individua country cointegrating vectors converge

on agloba cointegrating vector. Thisalows atest of the usud assumptions of the strong hypothesis.

Our model consists, then, of a heterogeneous pand, with variation between countriesin the
parameters of the long-term relationships, some of the deterministic components, and the short-run
dynamics. Neither doesit impose equdity of error variances over countries. Because of this, the

distributions of the panel statistics we use are non-standard (see Pedroni, 1998).

The EKC modd described by (1) isadtatic modd. All adjustment to any shock takes place within
the time period in which this occurs. Thisis judtified, either if adjustment processes are redlly very
fadt, or if equation (1) (without its disturbance term) represents an equilibrium relaionship. It is
inconceivable that the adjustment process in the relationship we are sudying is actudly
‘ingtantaneous . On the contrary, the stories we tdll to explain the EKC suggest dow adjustments.
Given this, where time series or pand datais used, a statistically sound approach requires estimating
adynamic modd of some form. Asthis has not been done before for panel data, we conclude
tentatively that previous EKC models are misspecified. Even if (1) is an equilibrium condition, that
relationship could be estimated congstently by smple static regressons only in very specid
circumgtances. Specificdly, if al variables in the regression were covariance sationary, then the

datic regression would require thet al omitted variables (in this case omitted lagged vaues of



variables) were uncorrdated with their current dated levels, amost unlikely condition. However,
where the data are integrated of order one in the time series dimension, we can obtain consistent
(athough possibly highly biased) estimates of the long-run parameters from dtatic regressions (see
Banerjee et al, 1993). We show below that the assumption that the datais Stationary is probably
incorrect, and that once the non-gtationarity of the datais recognised, a different approachis
needed for estimating EK Cs and testing hypotheses about them.

The usud fixed effects and random effects estimators transform the data to eiminate specific country
effects and time effects common to al countries. Hence, if there are trendsin the data that are
common to al countries - whether variable specific or common to a group of variables - these will
be eiminated from the data used in the regression procedure. However, these methods cannot
eliminate trends that are country specific. It seems very unlikely that countries at very different levels
of development will share the same trend contemporaneoudy, even if the parameters of any

cointegrating vectors may be common to al countries.

Grossman and Krueger (1991) seem to have been thefirst of severa studies that use pooled time-
series/cross-section datasets. Occasiondly, use is made of smple cross-section andysis (e.g.
Roberts and Grimes, 1997), whilst other studies have focussed on individua country time series
andysis (e.g. Dijkgraaf and Vollebergh (1998)). The literature on thistopic is now fairly large
because it has investigated various indices of environmental pressure. The evidence for an EKC of
the postulated form is rather mixed, and overdl isrelaively weak (Ekins, 1997). However, for a
number of environmenta pressure variables, it iswiddy argued that data supports the EKC
hypothesis. For good recent surveys of the empirica evidence, see Ansuategi et al., 1998; Ekins,
1997, and Stern, 1998.

3. THE DATA USED IN THISSTUDY

The dataset that we useisrelatively large in both the N and T dimensions. Estimated sul phur
emissions for abroad set of 74 countries (OECD and non-OECD) covering 81% of world
population are taken from a database congtructed by A.S.L and Associates. Income is measured in
constant price, PPP adjusted, income, and is taken from the Penn World Table for 1960-1990.



Further details of the data are provided in Stern and Common (1998). Both emissions and income
are transformed to logarithms. We choose to examine sulphur emissions because previous sudies
(Coleet al., 1997; de Bruyn, 1997; de Bruyn et al., 1998; Grossman and Krueger, 1991;
Kaufmann et al., 1998; Panayotou, 1993, 1995, 1997; Selden and Song, 1994; Shafik, 1994;
Shuklaand Parikh, 1992; Torras and Boyce, 1998; Vincent, 1997) suggest that sulphur emissons
are alikdy candidate for finding an inverted U shape EKC.

4. TIME-SERIESPROPERTIES OF THE DATA: UNIT ROOT TESTING

CONVENTIONAL INDIVIDUAL (UNIVARIATE) ADF TESTS
The results of univariate unit root tests on our dataset are reported in Table 1. The columns labelled
Y1, Y2and Y3refer to In(Y/P), and those labelled M1, M2 and M3 to In(M/P). We do not report

test satistics for [In(Y/P)]Z, asthese are virtudly identicd to those for In (Y/P). Columns M1 and
M2, and Y1 and Y 2 report augmented Dickey-Fuller (ADF) statistics on the time series for
individua countries after common time means have been subtracted from the deta. This
transformation is equivalent to estimating the ADF regressons with individual dummies ¢, included
for each period of time. The lag lengths in the ADF regressions were chosen separately for each
country using the Hall (1991) procedure. *

Columns Y1 and M1 give ADF t test statistics from ADF regressons that do not include trends;
thosein Y2 and M2 report ADF t test gtatistics from regressions that do include time trends. The
digtribution of the statistics under the null hypothesis of a unit root depends not only on the form of
the estimated regression but aso on the true but unknown nature of the data generating process

(Hamilton 1994). The relevant distributions are reported in the notes to Table 1.

It is not clear in advance whether determinigtic time trends should be included in the ADF
regressons. It is, therefore, not clear which of the columnsis relevant, nor which of the distributions
should be used in obtaining critica vaues. Consequently, we have supplemented these atigtics with

! Thisisaconventional step-down procedure that begins with a preselected maximum lag in the ADF regression.
Thisisfollowed by a sequential search procedure: one-step reductions of the lag length are made until they can
no longer be rejected in testing for the significance of the final included lag using at test.



afull sequentid unit root testing procedure for each time series for each country. This procedureis
based on that suggested in Campbell and Perron (1991), and elaborated by Holden and Perman
(1994).2 Columns Y3 and M3 report only one item of inference drawn from these searches, namely
whether the seriesin question isarandom walk (i.e. contains a single unit root) or isan 1(0)
gationary process. Some of these dationary series dso contain a determinigtic time trend and some
of the random walk processes contain a drift term. We used this information to decide whether to
report the Satistics from ADF regressions with or without atime trend. Where the sequentid search
procedure suggests that a deterministic time trend is (is not) in the DGP for a series, only the ADF t
datistic with (without) atime trend is reported in Table 1.

The univariate test Satistics strongly support the view that both variables are 1(1) processes. Using
columns Y1 and Y2, the unit root null for income per capitaisregected in only 18 out of the 74
countries. The full search procedure (column Y 3) resultsin only 6 definite rgections and four

borderline cases.

Matters are less clear for emissions per capita. The two smple ADF tests rgject the unit root null for
37 countries out of 74. However, the full search procedure yields only six clear rgjections and four
borderline cases. There are two reasons for this gpparent discrepancy. Firg, the full search tests are
conducted on data that did not have time means removed. Second, the full search procedure alows
for agreater variety of pathsin arriving a afind inference.

PANEL UNIT ROOT TESTS

In recent years, an dternative framework has been developed for implementing unit root testsin
panel data (see Quah, 1994, Levin and Lin, 1993, Im, Pesaran and Shin, 1996, and Pedroni,
1995). These tests were developed, at least partidly, in response to some important weaknesses of
exiging sngletime seriestests. Conventiona unit root tests on Single time series, such asthe
Dickey-Fuller or augmented Dickey-Fuller (ADF) procedures, often suffer from unacceptably low
power when gpplied to series of moderate length, and are susceptible to large Size distortions

(especidly in the presence of moving average errors). Pand data exploits more information and so

2 The procedure can be found in a RATS routine URADF.SRC that can be downloaded from the Estima home
page.
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improves test power. In effect, pooling allows the researcher to exploit the information that, under
the null hypothesis of gationarity of avariable over the whole pand, the autoregressive root is unity
each country. This regtrictionis imposed in the pooled unit root tests, and so increases test power.
However, the pooling we use does not constrain the properties of the disturbance terms or equation
dynamics in the ADF regressions to be homogeneous over countries. So, for example, the number
of lagged values of the differenced dependent variable in the ADF regressions, the equation
variances, and the long-run covariance matrices, may be country-specific.

We compute and report two forms of pand unit root test satistic, one Smilar in spirit to the Levin
and Lin (1993) testing framework (heregfter caled ‘pand’ statistic), and the other based on the
group mean t Satistic developed by Im, Pesaran and Shin (1PS) (1996) (heresfter called the 'group’
gatistic). We used RATS code made available by Peter Pedroni to implement these tests. The
pand datigtics reported below are derived from regressions including time dummiesto diminate
common time effects. We report the group statistics with and without time dummies. Each of these
datigticsis congructed to have an asymptotic norma distribution, and is mean and variance
adjusted so that the digtribution is standard norma. Given this, the unit root null for the pand asa
wholeisrgected if the satistic is smdler than the one-talled 5% significance critica vaue of -1.645.

With just one exception, the gatigtics point to each of the three seriesfor dl countriesin the panel
containing asingle unit root (Table 2). This concluson is most robust in the case of the two income
per capita variables, with dl gatigtics being far from their critica values a conventiond levels of
sgnificance. The gatigtics reinforce the findings of the individua country ADF test Satigtics,
suggesting that the widespread failures to rgject the null of non-gtationarity are not attributable to
low power. Inferenceis aso strong but not unanimous for the emissions per capita series. The only
datistic suggesting a (trend) Sationary processis the group datistic from amodd including both

heterogeneous trends and time dummies for In(M/P).

5. COINTEGRATION ANALYSIS

Any attempt to estimate the parameters of supposed EK C relationships and to test hypotheses
about these must take into account the fact that the regression is among integrated data. If the



11

variables used in EKC andysis are not 1(0) variables, then the regressons may be spuriousin the
datistica sense, and inference using classical methods and digtributions would be invdid. Thus, for
example, in the case of a purious regression for asingle country (N = 1), the conventionaly
caculated t gatistic does not have at didtribution, indeed it does not have any limiting distribution,
and diverges as the sample increases in the T dimension. Moreover, the F test dso does not have its
standard distribution and diverges with T. The R satistic cannot be interpreted in the conventional
way, and the DW ddidtic does not have itsusud digtribution. Whilst matters are different in the
case of regressons among |(1) variablesthat do cointegrate (see, for example, Kao (1997)), it
remains the case that conventiond inferenceis not gppropriate. So again, for example, t and F
datigtics are divergent, making the probability that a null will be rgjected go to one as N increases.
In generd, the only way in which vaid inference can be drawn about (and restrictions tested on)
parameters of long-run relationships is when these are embedded in a more completely specified
dynamic modd. Banerjee et al (1993) provides athorough account of these results for the single
country spurious case. Given dl this, a substantia part of the extant empirica literature on the EKC
may have used invaid techniques of datidtica inference.

In generd, regressions among non-stationary variables will be spurious regressons. However, if
some linear combination of the variables is stationary, then thiswill correspond to along-run
equilibrium, cointegrating relationship among the variables. Despite the fact that testing hypotheses
about the parameters of these regressonsis not possible usng conventiond techniques, ordinary
least squares (OLS) estimates will be superconsgtent. If we find evidence of cointegration in the
EKC redion, then OLS estimates will be consstent. Incidentaly, in the case of cointegrating
regressions, evidence that the dependent variable has feedback effects on regressors, does not
invaidate the use of Smple OLS regression techniques. Tests for smultanety bias (asin Holtz-Eakin
and Selden (1995) and Cole et al. (1997) for example) are not necessary.

Second, conventiona criteria of satistical misspecification, such as the absence of serid correlation
in the resduds, are often taken as evidence of fundamenta equation misspecification. Whilg thisis
certainly true in the case of aregresson among Sationary variables, matters are more subtle for
regression among non-gationary variables. In the latter case, the static model condtitutes a

cointegrating (or spurious) regression. Consstent parameter estimates are obtained if the variables
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cointegrate. Cointegration requires that the resduds are sationary, but not the stronger condition
that they are uncorrelated.

One would expect that these regressions do show conventiona evidence of Satigtica
misspecification because the static cointegration regressons are dynamicaly mispecified: the
dynamic adjustment processes are not modelled in the static regression. For this reason, the
parameter estimates can be badly biased in finite samples even though the estimator is consi stent
(Banerjee et al, 1993). The non-gationary time series literature has long recognised that an
gppropriate moddling strategy is to estimate a dynamic modd of the relationships among the

variables such as the Engle-Granger or Johansen procedures.

RESIDUALS-BASED SINGLE EQUATION COINTEGRATION TESTS

For any single country, estimating a" cointegrating regresson” by OL S and testing for a unit root in
the regresson resduads can test the null hypothesis of non-cointegration. We distinguish between
three special cases (Iabelled cases 1, 2 and 3 below), depending on which combination of
deterministic trend and time dummiesis included.®

CASE 1 Modd without heterogeneous determinigtic trends or time dummies:

0 _ é aé(ou .
— -, th, fori=1,..,N (2
In In g eP‘Z’H | (29)

CASE 2: Modd without heterogeneous determinigtic trends but including time dummies:

In =a,+c+h, In § ol , fori=1,.N (2b)

epﬂH
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CASE 3. Modd with heterogeneous determinigtic trends and time dummies:

é aeYou

eP@H fori=1,..N (2¢)
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3|t attention isrestricted only to individual equation analysis, then the inclusion of time dummiesis not
necessary. These dummies are designed to proxy for common time effects over the countriesin the panel; if we
look only at individualsin the panel, thereis nothing lost by ignoring such cross-country effects. However,
since we will later be examining the panel as awhole, these cross-country effects must be controlled for so asto
avoid cross-country dependence in the errors. To maximise comparability of results throughout this paper, we
report single equation results with time dummiesincluded (by demeaning the data; but see footnote 2 again).
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Denoating the resduas from the least squares regresson as as eit , the second step consists of
edimating an auxiliary regresson using these residuds. For ADF datidtics, the augmented Dickey-
Fuller (ADF) regression on the cointegrating regression resduasiis estimated:

Dél =(r - 1)é1-1+é:fthét-q+V (3)

In this regression as many lags of the dependent variable should be included as are necessary to
ensure that the residuals vi; are serially uncorrelated.” The ADF test procedure uses at test of the

null hypothessthat r = 1, which implies thet eit ISaunit root process and so the “cointegrating

regresson” does not cointegrate, againg the dternative that r < 1. Non-standard tables of critical
vaues must be used.

Table 3 summarises our cointegration test results. Those which relae to the three specifications
described above are listed in the column headed 'Quadratic’. These test statistics do not provide
strong evidence for cointegration in individua countriesin the pand. In particular, in just under one
half of al cases (35 out of 74 countries), none of the mode s exhibited cointegration between
emissions per cgpitaand the first and second powers of income per capita. Cointegration is found
most frequently where the regressions include a determinigtic trend.

Statigtics listed in the column headed ‘Linear' are for models which exclude the second power of
income per capita, and impose a monotonic form on the EKC. Note that the support for
cointegration is substantialy weaker in this case than where the relationship alows for non-lineerity.

Table 4 ligs some quditative results concerning the estimates from al individud quadratic
cointegrating regressions. However, these estimates are derived from regressions that may not
cointegrate in dl cases. Furthermore, we have no means of knowing which individua estimates are
datiticaly sgnificant, as conventiond t ratios and F tests have non-standard distributions in
regressons among non-dationary variables. Nevertheless, they are useful in giving us aquick

* Where we use the phrase “ heterogeneous lags” in this paper, thisrefers to the fact that the number of lagsq
used in the ADF regression is selected separately for each country. “Hall’s method” refersto the criterion used
for choosing that number.
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summary of the extent to which the sgns on the variables expected under the EKC are found in the
data

Looking at the first row (the regression without time trends included), we see that only 42 out of 74
of the countries have parameter signs which conform withthe EKC hypothesis a the single country
level. Moreover, over one third of the countries appear to have U shaped (rather than inverted U
shaped) emissionsincome relaionships (if indeed any relationship exigs a dl). The rdaive

proportions are even less favourable to the EKC hypothesis when time trends are included.

Figure 1 gives afed for the distribution of the individua pairs of parameter etimates over the whole
sample of countries. The figure cross-plots the estimates of b, and b,. Thereisagtriking negative
linear relationship between the parameters over the sample. Thereisaso avery strong correlation
between the intercept terms and the two GDP parameters. These correlations are closeto 1 or —1.
The larger the congtant is, the greater in absolute value are both the GDP parameters. Mot of the
EK C effect istaken up by theindividua country means and the GDP parameters in the individua
country regressions then adjust to cope with these different intercepts. Basic differences between
countries are much more important in explaining the EKC than is growth within countries. These
corraions are Smilar to the incondstency of the pand data random effects models (Stern and
Common, 1998). In this case, though, the corrdation is between the intercepts and the coefficients
of the GDP variableswhilein the pand estimate the relevant corrdation is between the intercepts
and the GDP variables themsalves.

Note also that a gtrict interpretation of the EKC requires parameter combinationsto lie only in the
lower left quadrant of Figure 1.

PANEL COINTEGRATION TESTS

Like unit root tests, sngleindividua (country) cointegration tests suffer from low power. Thislow
power can provide another interpretation of the results in the previous section. Even if the postulated
EKC relaionship was generdly true, the reatively short spans of data (T=31) suggests that low
power might lead aresearcher to reject cointegration far more often than should be done. A pand
cointegration testing approach might provide afirmer base for inference.
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Panel tests for cointegration are a development from the pand unit root testing literature that we
have discussed and used earlier. A good survey of thisliterature can be found in Pedroni (1997,
1998). Asin the case of pand unit root tests, proponents of panel cointegration tests typicaly use
improved power as the basis for their advocacy. Pand tests can improve power by exploiting
information from pooling (but till alowing dynamics and fixed effects to be heterogeneous). The
tests we use in this paper are those formulated by Pedroni (1997, 1998). They are particularly
appropriate for panelsin which both N and T are of moderately large dimension (which is arguably
the case here), so that GL S estimators are not easily gpplicable and individua country cointegrating
regressions are likely to suffer from limited power. Moreover, our estimation and testing framework
satisfies some basic characteristics of the pandl data by alowing for heterogeneity among pand
members in both long-run relationships and short run dynamics (and determinigtic trends, where
appropriate). Other than being adapted to the context of a pandl, the tests we use here are relaively
conventional. They are resdua s-based tests of the null of no cointegration.

Because pand cointegration tests test a particular form of hypothes's, power comparisons are
somewhat questionable (Maddda, 1998). We can envisage these tests in the following way: the null
hypothesis asserts that for each individua pane member, the varigbles are not cointegrated, whilst
the aternative assarts that for each individua there exists a single cointegrating vector, athough this
vector may be unique for each individud.

One st of tests used below - adapting aframework originaly developed by Levin and Lin (1993),
and heresfter called ‘pand’ Satigtics - is based on pooling over the so-called within dimenson.
Numerator and denominator components of the test satistics are summed separately over the N
dimension. A second et - in the spirit of Im, Pesaran and Shin (1996), and which are heresfter
caled 'group’ Satistics - is based on pooling among the between dimension, obtaining the retio of
numerator to denominator for each country prior to aggregating over the N dimension. An
advantage which has been claimed for the between atistics over the within Satigtics is thet they
impose fewer untested homogeneity redtrictions. Specificaly, the within statistics congtrain the
autoregressive roots in the cointegrating equation residuals regression to be common across all

members of the pane under both the unit root null and the Sationary dternative hypotheses. In
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contragt, the between datistics condtrain the autoregressive roots to be common under the unit root
null, but permit the roots to differ over the pand under the stationary aternative hypothesis. In the
framework of equation (3), the within Satidicstest the null r = 1 for dl i againd the dternativer ; =
r <1fordl i, whereas the between Satisticstest thenull r =1 for dl | againg the dterndtiver ; <1
for dl i. Another - and possibly more intuitive - way of thinking about the difference isas follows. A
pand test derives asingle test Satistic directly from the pooled data; a group statistic is derived by
obtaining a gatistic separately for each cross-section unit, and then forming asingle setistic asa
standardised average of the N individua gatitics.

Full details of the test gatigtics, together with an examination of some properties of the testsin
Monte Carlo smulations, are given in Pedroni (1997, 1998). Except in specid circumstances
(which are not gpplicable to our dataset) none of these seven dtatistics clearly dominates the others
in terms of power and Size properties. However, Pedroni's results suggest that the panel variance
datigtic is dominated by the othersin many circumstances (and should be regarded as unrdigble).
We report dl statistics and base inference on our judgement about the implications of the set asa
whole. All test Satigtics were computed using RATS code provided by Pedroni.

In contrast to the case of our tests for cointegration at the individual country level, the results shown
in Table 5(a) - together with others not reproduced here - do not yield a strong, robust conclusion
about the existence of cointegration over the pand. Our preferred modd isthat in the middie row,
which includes time dummies (to €iminate cross-country common time effects that would otherwise
create cross-equation dependence in the error terms) but does not incorporate country-specific
determinigtic time trends. We have reported statistics for the other two casesto alow comparison

with the results of other studies and to show sengitivity of our results to modelling assumptions.

For the preferred modd, five out of the seven satistics suggest cointegration over the pand asa
whole at the 5% level or better. However, the two r -based statistics suggest no cointegration in this
specification (or either of the others). The evidence for cointegration is considerably wesker in the
specification with no time dummies or trends, but thisis of little practica importance given the

consensus that time dummies are necessary to validate the conventiona estimation assumption of
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cross-section independence. Inclusion of determinigtic trends does little to dter our inference

regarding cointegration.

It isimportant to note that inference is rather sengitive to the choice of the maximum lag length
alowed for in the testing procedure (see the notes to Tables 5(a) and (b) for more on this matter). If
asmaler lag truncation is used (than the vaue of 3 in Tables 5(a) and (b)), test Satisticstypicaly fall
in absolute vaue, thus weakening evidence in favour of cointegration. The opposite happens when
the truncation isincreased: in particular, selection of an excessively large truncation length
("ovefitting") leads to mideadingly high absolute vaues of the parametric test datistics. This
presents the researcher with something of a quandary: whilst there are well-accepted routines for
choosing lag lengths in single regressions, there is no robust equivaent when dedling with pand
estimation. We used a genera-to-specific pre-testing procedure, beginning with a maximum
truncation of 6 lags. Thefind choice of maximum lag truncation (here found to be three) is based on
ingpecting the behaviour of the endogenoudy chosen lag length for each country as the maximum
truncation changes. Judgement cannot be avoided in this process, and different researchers would

not necessarily arrive a the same conclusion for any given data set.

Subject to dl these qudifications, there is some support for the hypothesis that thereisa
cointegrating quadratic relationship between emissons per capita and first and second powers of
income per capita over the pand as awhole. This contention may be surprising given the country-
by-country findings that gave little or no support for cointegration. However, thisis exactly why
doing pand testing may be important: the low frequency of cointegration in individua country
regressions could easily reflect the very low power of testsin that context. The growing literature
that empiricaly examines the purchasing power parity (PPP) hypothesis supports this interpretation.
Whilelong-run PPP istypicdly using individua country deta, panel cointegration gpproaches
provide much greater support for the hypothesis (see Pedroni, 1997).

This does not necessarily mean that where panel and single country inferences diverge we should
believe the former. But given the well-known poor power and Size properties of residuas-based
cointegration tests derived from rdatively smdl-sample individua country regressions, we would be
wise to attach a reasonably high weight to the pand results.
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We note two further points at this stage:
Though each country may have a cointegrating relationship of the type indicated, we have not
yet tested whether it is possible to redtrict the relations to a single, common cointegrating vector.
We conduct that test in the following section. However, it ssems most unlikely that we will be
able to acoept the redtrictions given the huge variability of point estimates found in the sngle
country equations.
For asubgtantid proportion of the countriesin our sample, preiminary investigation of point
estimates suggests that the implied cointegrating relationships are U shagped or monotonic. So
even if the pand as awhole cointegrates (that is, that every country has a, possibly distinct,
cointegrating vector), thisis not equivaent to a verification of the EKC itsdf.

Pursuing the latter observation alittle further, we investigate the possibility thet the "EKC"
relationship is linear over the whole pand by caculating pand cointegration Satigtics from models
(2) to (3) excluding the square of the logarithm of income per capita. We report these resultsin
Table 5(b) and the signs obtained on the income parametersin these regressonsin Table 9. Again,
the results are mixed. Whilst support for the hypothes's of cointegration over the pand is wesker
than in the case of non-linear models, it is not non-existent. In our preferred specification (the
second modd), three out of the seven dtatistics cannot reject cointegration (compared with five for
the non-linear specification). As the existence of an inverted U shaped EKC at the individua
country level depends on a negative coefficient on the second order term in income, the falure of
our teststo decisively differentiate between the two specifications casts considerable doubt on the
EKC hypothess.

6. DYNAMIC EKC MODELSAND TESTING FOR A COMMON LONG-RUN
VECTOR

We proceed under the assumption that there is a cointegrating rel ationship between emissons and
the first and second powers of income for each country in our panel. We estimate an unrestricted
dynamic EKC modd for each country, and test whether the individua countries emissons/income
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relationships converge to a common cointegrating vector. The estimated equationisan
autoregressive digtributed lag (ADL) model, parameterised in error correction form:
-1
DYit = {aiYit' bl,ixi,it - bz,ixz,it}+5 CijDYi,t-j +
'S o - @
a dl,iJ'Dxl,i,t- j +a dz,iijz,i,t-j +m+h + Sh

i=0 i=o

For compactness of notation, we have used the symbols Y, X; and X; for In(M/P), In(Y/P) and
[In(Y/P)]? respectively. m and h, are country and time specific intercepts. The autoregressive lag
length p, and the distributed lags g and r, were sdected separately for each country from a
maximum lag of four usng the Akaike information criterion. Recdling our erlier finding thet thereis
a(possbly digtinct) cointegrating relation between Y, X; and X, for each country, thetermin
bracesin equation (4) is a dationary varidble, as are dl other termsin that specification. Hence
(subject to afew minor qualifications), classical estimation and inference procedures can be used in
the context of this pecification ° and the Statistical adequacy of this regression model can be
assessed using conventiond diagnostic statistics (such as RESET, normdity, heteroscedadticity, and
serid corrdation tests). Thisisin contrast to static regressons (including fixed effects) where, aswe

explained earlier, they areingpplicable.

Another property of this specification follows from its reparameterised form

i ab b ¢ u Rt
DY, =a;{ Y, - gﬁgxlit' gigxzit'-l-o c,;DY, ; +
AN vl Pt N
1 - (4b)
[¢}
dlIJD)<llt j +a. dz,iijzlt j +m+ht +Qt
j=0 j=0

in which the nature of the error-correction mechanism is more reedily gpparent. The term within
braces is the period t "disequilibrium error*; whenever the system is out of equilibrium, this error will
be non-zero. a; isthei™ country’s error correction coefficient, providing information about the

speed of adjustment of the system back to equilibrium. The existence of a stable equilibrium (or
cointegration in other words) implies that this coefficient should be negative (so thet if Y isaboveits
target vaue it should then fdl), and lieintheinterva {0 < a; £1}. An dternative test of



20

cointegration is based on the ability to rgect the hypothessthat a; = 0in favour of the one-tailed
dternative that it isless than zero. If the null could not be rgjected, then there is no mechanism

restoring an out-of -equilibrium system back towards equilibrium.

We egimate the modd using maximum likelihood.® Table 6 presents regression results for the whole
sample of countries, including those for various restricted cases of equation (4), and Tables 7 and 8
present results for OECD and non-OECD sub-samples. Some further details of the restricted

models are given below.

Ignoring fixed effects, we obtain the long run equilibrium relationship for each country by solving
either (4) or (4b):

& ;0 ab, 0
Y, = G =Xy "X, 5)
éa, o éa o

Given that the parameters are dl indexed by i, the long-run rlationship in this specification is not
restricted to be common over countries. Setting a; = a and b; = b for dl i imposes homogenety
over dl long-run parameters but permits dynamics and fixed effects to be heterogeneous over the
pand. For the whole sample of countries this involves 146 redtrictions. Imposing these leads to the
maximised log likelihood faling from 1828 to 1513, with alikelihood ratio Setistic of 631 and ap
vaue indistinguishable from zero. So, likelihood ratio tests rgect the hypothesis that the long-run
EK C parameters converge to a common cointegrating vector at any leve of sgnificance. The
hypothesis of acommon cointegrating vector is decisively regected when the sample is redtricted to
either OECD or non-OECD countries aone.

However, smdl sample bias and inefficiency may lead to very unrdigble estimates of the individua
equations (Pesaran et al., 1998), and there may be alarge dispersion of coefficient estimates even
when the true coefficients are much more tightly clustered. A Hausman (1978) test is sometimes
used to examine the possible homogeneity of panels as an dternative to classca tests of redtrictions.

® Note, however, that in this specification (unlike in the case of static cointegrating regressions, considerations
about (weak) exogeneity of regressors become relevant. We have not tested weak exogeneity assumptions here.
Note previous findingsin this respect.
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The intuition is that the mean group estimator provides a condstent estimate of the average of the
individual dope estimatesin individua unrestricted regressions. On the other hand, under the null of
common dopes, apooled estimator that imposes those restrictions (such as the pooled mean group
estimator) is consstent and efficient. A Hausman test can therefore be gpplied to the difference
between these two sets of estimates. At conventiona levds, the Hausman gatidtic is inggnificant for
the whole sample and each of the two sub-samples (adthough it is sgnificant a 11% in the non-
OECD country set). These findings could give week support to the claim that the long-run vector is
common, but we prefer to give higher weight to the likelihood retio tests given the overwhelming
grength of hypothesis rgection that they imply.

Inspection of the regression statistics aso supports regjection of homogeneity. To save space, we
summarise these results. In the unrestricted moddl, the error correction coefficient is correctly sgned
and sgnificantly different from zero, and the diagnodtic test statistics show little Sign of equation
misspecification in most of the dynamic modes. Thisis much less true in the equations with common
long-run coefficients imposed. The greater differencesin performance occurred within the OECD
sample of countries. These differences in equation performance with and without homogeneity
restrictions imposed are not necessarily surprising, given that there are some very substantial
differences between groups of countries like Canada, the US and Australia compared to Japan and
the UK. Australia even hasrising per capitaemissions. In contrast, for non-OECD countries there

was substantialy less difference in equation performance between restricted and unrestricted cases.

In tables 6, 7 and 8 the left-hand column of Satistics refers to the unrestricted model. In this case,
we impose no redtrictions on any of the parameters across countries, and we alow the error
variances to differ across countries. In effect, there are separate regressions, and so separate sets of
parameter estimates, for each country. The single point estimates in that column are what Pesaran,
Shin and Smith cal mean group estimates, each of which isthe smple average of the individud
country coefficient estimates. Thisis a consstent estimate of the mean of the individua parameters.
But this averaging requires caution in interpreting estimates of turning points from the mean group

® The estimation technique is described in Pesaran, Shin and Smith (1998). These authors have made their
GAUSS programme availabl e on http:///www.econ.cam.ac.uk/faculty/pesaran.
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estimates. Our rgection of the homogeneity restrictions implies that each country has aunique{b;,
b,} parameter pair; gtrictly speaking, each country has, therefore, a unique turning point inits EKC.

The pooled mean group estimates in the next column are derived under the null that the long-run
parameters are congtant over the panel but al other parameters including the speed of adjustment
parameter and error variance varying over countries. The find column shows gatigtics from the
familiar datic fixed effects esimator with full homogeneity of parameters other than fixed effects, and
equdity of variancesimposed. The last two sets of estimator results (pooled mean group and fixed
effects) are gatigticdly invadid given our rgection of long-run parameter homogeneity, and are
included only to show what results occur if those misspecified models are estimated.

For the whole pandl, the tic fixed effects mode yields aturning point at $82,746. Thisis not only
way out of our sample range but is dso goproximately one order of magnitude higher than that
implied by the parameter averages from the unrestricted modd. Note aso that for the whole panel
and for the two sub-samples, imposing redtrictions has a drameatic effect on the magnitude of the
estimated speed of adjustment parameter. The restricted dynamic model's (pooled mean group)
have a speed of adjustment roughly haf that given by the average of the unrestricted estimates.
Neither the fixed effects nor pooled mean group estimators are properly specified models.
Depending on which cointegration atistics are referred to, the unrestricted estimates may or may
not be properly specified. But the variety of functiond shgpes means that the mean turning point
cannot be taken serioudy as a single globd turning point. Smilar caveets gpply to the OECD and
non-OECD estimates too.

However, the results for the OECD countries for the unrestricted and pooled mean group models
differ less from the fixed effects results than is the case for the globd pand. The pooled mean group
turning point estimate is greater than the fixed effects estimate. In addition, the average of the
individua unrestricted estimatesis about twice thet of the fixed effects estimate. All three of these

turning points are within sample.

For the non-OECD sample, the pooled mean group turning point estimate is $28 792 vs. $116 619
for the fixed effects estimator. Both estimates are out of sample and imply a monotonic emissons-
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income relation. The turning point implied by the average of the unrestricted estimatesis a minimum
a $403. This, too, implies an essentidly monaotonic relation. Only Tanzaniaand Myanmar had

income lower than this and even then only for afew yearsin the 1960s.

Findly, is our evidence conastent with a hypothesis that there is a monotonicaly increasing
emissons-income relationship in the non-OECD countries and a monotonically decreasing
emissons-income relaionship in the OECD countries? Looking at the signs on the income
parametersin Table 9, but bearing in mind that these are probably not cointegrating relationships,
we conclude that even if the first part of this hypothessistrue, the latter part is not. Even among the
higher-income OECD countries, there is little difference in the proportions with negative and positive

emissons-income relaionships.

7. CONCLUSIONS

In this paper, we have focussed on five main issues. Our findings with repect to each are briefly
listed below:

(& Doesit make an important difference to estimation and inference techniquesiif the deta are non-
dationary rather than sationary? The answer to thisis unambiguoudy in the affirmetive.

(b) Arethe datain this sudy stochastically non-stationary? They clearly are. We aso conjecture
that many other indices of environmenta pressure are dso integrated variables.

(c) Arethere cointegrating relations between sulphur emissions per capita and income per capitain
individua countries? Whilst our findings are somewhat mixed, there isweek support for the
contention that such cointegrating relations do exist in the pand asawhole.

(d) Arethe cointegrating relationships that are found consistent with the so-caled EKC hypothesis?
We find that for many countries they are not. A large minority of countries has basic shapes of
emisson/income relaionships that do not have the EKC form.

(e) Dodl individua members converge to a common cointegrating vector, given that some
(possibly heterogeneous) cointegrating relaionship exiss for dl individuds? Matters are rather
less clear here, and depend on the relative weight one wishes to attach to likelihood ratio versus

Hausman tests, but on balance, the evidence seemsto regject the existence of acommon vector.
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(f) Isdynamic as opposed to static modd ling important? We conclude that it is. Static regressons
such as smplefixed or random effects are badly misspecified, and are inappropriate for
gatistical inference (because of (a) and (b) above).
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TABLE 1: UNIVARIATE UNIT ROOT TEST STATISTICS: LN (Y/P) [[COLUMNSY1,

Y2 AND Y3] AND LN(M/P)[ (COLUMNSM1, M2 AND M3].

Country In(Y/P) In(Y/P) In(Y/P) In(M/P) ADFt | In(M/P) In (M/P)
ADFt ADFt Full search datigicfrom | ADFt Full search
ddidic datigics | decison modd without | Satigtic from | decison
from mode | from time trend model with
without model time trend
timetrend | withtime

trend
Y1l Y2 Y3 M1 M2 M3

Canada -0.06 RW -2.91* RW

U.SA. -0.76 RW -1.90 * RW

Japan -2.77* Stationary -1.79* RW

Audria 2.49 0.07 RW -2.05* RW

Bdgium 1.12 RW -1.55 RW

Denmark -1.26 RW -1.66 * RW

Fnland 0.18 RW -1.95* RW

France -1.54 RW (?) -0.14 RW

W. Germany | 0.86 RW -1.26 RW

Irdland 2.07 RW -2.19* RW

Italy -0.75 RW (?) -0.59 RW

Luxembourg -0.98 RW (?) -2.92* RW

Netherlands | -1.85* RW -1.85* RW

Norway -0.49 RW -1.62 RW

Spain -1.01 RW -0.47 RW

Sweden -1.37 Stationary -0.63 RW

Switzerland -2.25* RW -0.47 RW

U.K. -1.02 RwW -3.22* Stationary

Audrdia -1.80* RW -1.41 Staionary ?

N.Z. -1.51 RW -1.34 RW

Greece -217* Stationary -0.03 RW

Portugal 0.46 RW 2.88 RW

Turkey -1.04 RW 0.45 RW

Algeria -2.76 * RW -1.54 RW

Egypt -1.34 RW -0.97 RW

Ghana -1.42 RW -291* RW

Kenya -3.58 * RW -2.39* Stationary

Madagascar | -0.54 RW -1.69* RW

Morocco -2.94 * RwW -1.05 RwW

Mozambique | 0.25 RW 0.51 RW ?




Namibia -1.07 RW -0.70 RW
Nigeria -1.76 * RW -3.68 * Stationary
Safrica 0.30 RW 0.06 RW
Tanzania -1.89 * RW -2.51* RW
Tunisa -0.09 RW -1.81* RW

Zare 0.20 RW -0.42 RW
Zambia 0.36 RW -0.19 RW
Zimbabwe -0.45 RW -2.28* RW
Barbados -2.10* Sationary ? -2.29* RW
Guatemda 0.89 RW -2.33* RW
Honduras -0.92 RW -2.98 * RW
Mexico -2.84* RW -0.86 RW
Nicaragua 0.68 RW -0.39 RW ?
Trinidad -0.91 RW -0.34 RW
Argentina 1.70 RW -2.67* RW
Bdlivia -0.55 RW -1.37 RW

Brezil -0.96 RW -1.06 RW

Chile -1.36 RW -1.84* RW
Colombia -1.00 RW -1.95* RW
Peru 0.92 RW -2.65* RW
Uruguay -3.05* Stationary -1.09 RW
Venezuda 0.38 RW -2.43* RW
China -0.67 RW -5.66 * ** Stationary
Hong Kong 0.21 RW -1.46 RW

India -1.47 Stationary -0.47 RW
Indonesia -2.39* RW ? -0.16 RW
Korea 2.47 RW -0.41 RW
Mdaysa 0.59 RW -3.23* RW
Myanmar -1.95* RW -1.48 RW
Philippines -2.03 * RW -1.84* RW
Singapore 0.38 RW -2.68 * RW

Si Lanka -1.87* RW -2.85* Stationary
Tawan 3.40 RW 0.35 RW
Thaland 2.66 RW -1.47 RW ?
Cyprus -0.57 RW -1.79* RW
Czechodov. | -1.22 RW -1.92* Stationary
Romania -1.28 RW -0.96 RW
USSR -1.44 RW -2.71* RW
Yugodavia -1.62 RW 0.91 RW

Iran -1.20 RW -2.66 * RW

|srael -2.07 * RW -3.12* RW
Kuwait 1.07 RW -2.61* RW
Saudi -1.46 RW -2.45* Stationary ?

Arabia
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Syria -1.43 RW -1.45 RW
15rgects | 3rgects | 6 dationary + | 31rgectsof | 6regectsof | 6 dationary +
of unit root | of unit 4 borderline unit root at 5% | unit root at 2 borderline
at 5% root at 5%

5%
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Notesto Table 1:

All gatigtics are based on models with heterogeneous lags, with a maximum lag truncation of 5 lags.
Appropriate lag lengths for each series for each country are obtained using the Hall (1991) method.
In drawing inference from the unit root tests, ‘large’ negative vauesimply regection of the null of a
single unit root in the series. [Separate unit root tests, not reported here, indicate that none of the
series was integrated of an order higher than one|]

Columns Y1 and M1: (ADF regresson with constant but no trend; corrected for time means): *
denotes unit root rejected at 5% level, using the standard normal distribution (critical vaue [cv] = -
1.645) . Didribution is standard norma under true null of random walk + drift (cv = -1.645). The
digtribution is non-standard DF (cv = - 2.95) under true null of pure random walk without intercept
which (as it implies zero asymptotic means) is not gpplicable to these datasets.

Columns Y2 and M2 (regression with constant and trend, corrected for time means): If the series
truly did not contain a determinigtic trend, relevant distribution would be non-standard DF (cv = -
3.55). However, dl entriesin these columns are found to include atrend term. In that case, *
denotes rgjection at 5% under assumption that there is a Sgnificant deterministic trend, in which case
digtribution is sandard normd.

A ? symboal adjacent to afinding (RW or sationary) indicates that the inference is either borderline
(in the sense of being very close to the accept/regject null margin) or not robust (in the sense that the
sequentiad search procedure did not lead to an unambiguous outcome).



TABLE 2: FULL PANEL UNIT ROOT ADF T-TYPE TEST STATISTICS

In(Y/P)

Pand: Regression without trends 8.93 Do not regject unit root null
Pand: Regresson with trends 4.34 Do not reject unit root null
Group: Without trends and without 141 Do not regject unit root null
common time dummies

Group: Without trends but with time 8.86 Do not regject unit root null
dummies

Group: With trends and common time 1.27 Do not reject unit root null
dummies

In(M/P)

Pand: Regresson without trends 1.23 Do not rgject unit root null
Pand: Regression with trends 1.41 Do not regject unit root null
Group: Without trends and without -0.05 Do not rgject unit root null
common time dummies

Group: Without trends but with time -0.23 Do not reject unit root null
dummies

Group: With trends and common time -2.51 Reject unit root null
dummies

YOP2

Pand: Regression without trends 9.23 Do not reject unit root null
Pand: Regression with trends 3.97 Do not rgject unit root null
Group: Without trends and without 2.67 Do not regject unit root null
common time dummies

Group: Without trends but with time 9.27 Do not regject unit root null
dummies

Group: With trends and common time 0.91 Do not regject unit root null

dummies




TABLE 3: SIGNIFICANT ADF STATISTICSIN INDIVIDUAL REGRESSIONS (N=74,

T=31):
Mode used: Proportion of ADF t Satistics Sgnificant
at 10% or better:
Quadratic Linear
Case 1. No trends and no time dummies 17/74 374
Case 2. No trends but with time dummies 16/74 10/74
Case 3: With trends and time dummies 3174 14/74
Countries with cointegration in al 3 models 774 174
Countries with cointegration in 2 modds 11/74 9/74
Countries with cointegration in 1 modd only 21/74 6/74
Countries with cointegration in no mode 35/74 58/74

Note: All models estimated with heterogeneoudy chasen lags up to amaximum of 3 lags.

TABLE 4: INDIVIDUAL EKC REGRESSIONS: INCLUDING TIME DUMMIES
AND WITH AND WITHOUT HETEROGENOUS TIME TRENDS.

b1>0and bz <0

b1<0and bz >0

b1>0and bz >0

(Inverted U shaped (U shaped or
emissongiincome emissonsincome b;<0and b, <0
relationship) relationship)

Modd:

With time dummies but no 42/74 26/74 6/74

trend

With time dummiesand trend | 34/74 36/74 4174

Notesto Table 4: The modes we estimated did not incorporate time dummy variablesin the form
specified in Cases 2 and 3 above. Given the span of our data, this would have made estimation
infeasible. Instead, we have adopted the common practice of controlling for common time effects by
demeaning the data by subtracting sample averages taken over the time dimension. Thisisidentica
to using time dummiesin the case where long-run coefficients are homogenous over countries.
Where they are not (as in our sample), this procedure will remove most but not dl of the common
time effects (see Pesaran, Shin and Smith, 1998). Given computation limitations, thisis the best we

can do.




TABLE 5(a): PANEL COINTEGRATION TEST STATISTICS: QUADRATIC
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MODELS

'Pand’ satigtics 'Group’ datistics

Pand V | Pand Panel PP | Pand ADF | Group RHO| Group PP | Group

RHO ADF

MODEL.:
No time 0.64 0.95 -0.95 -0.57 0.93 -2.58%* | -3.72**
dummies or
trends
Time dummies 2.37%* |-0.02 -2.16% | -1.87* 1.06 -2.83** | -4.44**
included but not
tends
Bothtrendsand | 1.23 -0.004 -3.90** |-5.33** 1.68 -3.80** |-8.84**
time dummies
included

TABLE 5(b): PANEL COINTEGRATION TEST STATISTICS: LINEAR MODELS

'Pand’ satigtics 'Group’ datistics
Pand V | Pand Panel PP | Pand ADF | Group RHO| Group PP | Group
RHO ADF

MODEL:
No time 0.89 0.28 -0.97 0.34 0.94 -1.37 -0.01
dummies or
trends
Time dummies 0.05 -0.13 -1.80* |-1.45 111 -1.92 * -2.32%*
included but not
tends
Bothtrendsand | -0.78 1.33 -1.66* |-1.63 2.17* -1.76 * -4.34**
time dummies
included

Notesto Tables5(a) and (b): .
All regressons were run with individudly chosen lag lengths, from amaximum lag of 3

Pand V denotes a non-parametric variance ratio satigtic; Panel (or group) RHO isanon-
parametric test Satistic anaogous to the Phillips and Perron (PP) rho statistic. PP denotes anon-

parametric statistic analogous to the PPt statistic. ADF denotes a parametric statistic anaogous to
the augmented Dickey-Fuller Satidtic.

All 7 statigtics are standardised so as to be distributed as standard normal as T and N grow large.
Regection of the null of no cointegration is one-sided and involves.

vaianceratio ; large positive vaues imply cointegration (at 5% sgnificance, rgect null of no
cointegration if V > 1.645)




other six ; large negative vaues imply cointegration (at 5% significance, rgect null of no
cointegration if gatigtic <-1.645)

*  Denotes that the null of no cointegration is rgjected a the 5% leve

** Denotes that the null of no cointegration isrejected at the 1% leve
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TABLE 6: WHOLE PANEL
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Estimator
Unrestricted model Pooled mean group Sttic fixed effects
(Mean group estimator (homogeneous
parameter estimator) long-run coefficients)
Long-run parameter
esimates.
In(Y/P) 16.56 (1.30) 8.786 (19.18) 3.85 (3.67)
in(Y/P)? -0.89 (-1.30) -0.48 (-17.63) -0.17 (-2.70)
Error correction: -0.366 (-12.7) -0.228 (-7.00) na
Implied turning point $10,974 $9,434 $82,746
Hausman 0.37 (p=0.83)
InL 1512.89 1828.19 (p=0.00) -1805.23
Notes:
t ratios in parentheses
t ratios for fixed effects based on robust standard errors
TABLE 7: OECD COUNTRIESONLY
Estimator
Unrestricted model Pooled mean group Sttic fixed effects
(Mean group estimator (homogeneous
parameter estimator) long-run coefficients)
Long-run parameter
esimates.
In(Y/P) 19.78 (2.11) 34.59 (13.31) 12.84 (4.73)
in(Y/P)? -1.02  (-1.91) -1.85 (-12.65) -0.71 (-4.62)
Error correction: -0.300 (-5.57) -0.163 (-3.16) na
Implied turning point $ 16253 $ 11483 $ 8452
Hausman 271 (p=10.26)
InL 923.22 843.00 (p=0.00) -8.21
Notes:

t ratios in parentheses

t ratios for fixed effects based on robust standard errors
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TABLE 8: NON-OECD COUNTRIESONLY

Estimator

Unrestricted model Pooled mean group Sttic fixed effects

(Mean group estimator (homogeneous

parameter estimator) long-run coefficients)
Long-run parameter
esimates.
In(Y/P) -1.56 (-0.23) 5.75 (11.91) 3.50 (2.73)
in(Y/P)? 0.13 (0.31) -0.28 (-9.95) -0.15 (-1.89)
Error correction: -0.331 (-11.09) -0.221 (-7.40) na
Implied turning point $403 minimum point | $ 28792 maximum $ 116619 maximum
Hausman 4.51 (p=0.11)
InL 922.32 751.56 (p=0.00) - 1464.01

Notesto Table 8:
t ratios in parentheses
t ratios for fixed effects based on robust standard errors

Pandl cointegration test datistics - pecificaly those which are fully parametric in form (here the
pand and group ADF datidtics) - can be highly sengtive to the vaue chosen for the maximum lag
lengths alowed prior to the sdlection of the appropriate lag for each regression. Selection of an
excessvey large truncation length ("overfitting”) leads to mideadingly high absolute vaues of the
parametric test statistics. We used a generd to specific search procedure, beginning with a
maximum truncation of 6 lags, to obtain the gppropriate initia truncation (here found to be three
lags). This procedure is not required in the process of generating cointegration test satistics for
individua countries, in which the gppropriate lag length was optimaly chosen (from a maximum of
5) on a country-by-country basis.

TABLE 9: SSGNSON INCOME PARAMETER IN ESTIMATED LINEAR
RELATIONSHIPS

OECD Non-OECD

b;>0 b;<0 b;>0 b;<0

13/23 10/23 38/51 13/51




Figure 1.
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Relation between Parametersin Individual Country Regressions
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