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Ahstract: In the past few years there has heen a lot of research on the topic of
environmental quality and cconomic growth. This paper describes the theory of
Environmental Kuznets Curve and illustrates the concept with special reference to some
Curopean countrics. One of the ohjectives of this study is 1o test the shape of the
relationship hetween income and environmental degradation. The paper emphasises

ccological consequences of cconomical development, Copyright 2002 IFAC
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L INFRODUCTION

The relation between economic development and
pollution is a very complex issue. Natural resources
serve as inputs into production of many goods and
services. I the methods of production were not
changed then damage 0 the environment would be
finked to the scale of global activity. For this reason,
in the last few years several studics have tried to
characterize this problem as an empirical reduced
form relationship.

Some evidence suggests that the  forces
leading to change in the composition and techniques
of production niay be sufliciently swrong 10 offsct the
adverse effects of increased cconomice aclivity on the
environment. AL very low levels of cconomic activity
environmental impacts are generally low but as

development proceeds, poltution increases rapidly. At
higher level of development, structural changes lead
1o decrease of pollution. Economic growth eventually
redress the environmental impact of the carly stages
of cconomic development and that growth lead to
further environmental improvements in developed
countries or tend to fix environmental prohlems.

This has come to the relationship called the
Envirenmental  Kuznets  Curve. This  corelation
draws ils inspiration originally from the income
distribution theory developed by Kuznets (1955),
who found an inverted-U shape between an indicator
of income incquality and the level of income.
Environmental Kuznets Curve proposcs there is an
inverted U shape relation between various indicators
of environmental degradation and income per capita
(Fig. 1).
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Fig. 1
Relation between environmental pollution and
income (Environmental Kuznets Curve)

The objective of this work is to eritically
review existing knowledge from the literature about
relation hetween income and pollution, and attempt to
find the relationship hetween economic growth and
the pollution for some developed countries [rom
available data.

2. THEORETICAL BACKGROUND OF
ENVIRONMENTAL KUZNET' §
RELATION

The origins of the Environmental Kuznets Curve
(EKC) bypothesis are somewhat ambiguous, and
appear to be produet of various studies eondueted in
early 1990s. The first of studics were made by
Grossman and Krueger (1991), and by Shafik and
Bandyopadthyay (1992) of air pollution measures in
cross section of countries for different years.

Shaflik and Bandyopadibyay, cited by
Panayotou (2000), discovered a turning point for
delorestation around 2000 dollars. Two air pollutants
conform to EKC hypothesis and the turning point was
found hetween 3000-4000 dollars. Lack of clean
water and lack of urban sanitation do not correspond
to BKC, but decline monotonically. Grossman and
Kreuger (1993) found turning point for SO, and dark
matter for about 4000-5000 dollars. For water quality
indicator the turning point is at least 7500 dollars and
for dissolved oxygen - 10000 dolars.

Nemat and Shafik (1994), using data from a
wide range of countrics at different levels of
development, found an inverted U relationship for the
following polluiants: suspended particulate matler
(SPM) and sulphur dioxide. They observed the

turning point for SO; around 3000 dollars. In another
paper Grossman and Kreuger (1995) found the
turning point for an income of country equalled to
8000 dollars. The EKC curve was found also for
ambient levels of air pollutants, SO, and SPM, with
turning point in the range 3000 to 5000 dollars of per
capita GDP.

A number of explanations exist for the
observed inverse-U relationship. First, it could he
explained by transformation from agrarian economies
through industrial economies to clean service ones
(Arrow et al, 1995). At low level of economic
development, the share of industry first is very low
and rises with income increase. Corresponding
environmental pollution first rise and then, when
there is a transformation from industry to service,
falls with income growth, controlling for all other
influences transmitted through income.

The other most common explanation is that
demand for environmental quality rises faster with
income than demand for other goods and services.
This would he the case, for instanee, if there exists a
threshold level of income below which resources are
devoted to environmental protection. Countries living
on low level of cconomic development may [ind it
extremely difficult to protect environment. When
income grows, people presumably become both more
able and more willing to sacrifice some consutmption
to protect the environment. Income-elastic demand
for environmental quality is therefore one clement
that could gencrate a pollution path that eventually
turns downward.

Some decisive
cevidence ol an EKC relationship applies only to a few
pollutants, thus making it difficult to use this
cvidenee to speculate more generally. Others have
pointed out that, even for those pollutants displaying
EKC characteristics, aggregate global emissions are
projected o rise over time, demonstrating that
existence of an EKC relationship for such pollutants
does not necessarily imply that, at the global level,
any associated environmental damage is likely to
disappear with cconomic growth (Selden and Song,
1994). There are some evidence that turning points of
global pollutants, such as CO, emissions and other
greenbouse  pases, arc cstimated at  eonsiderably
higher incomes than more local ones. One
interpretation of this is that people do not care much
about global warming and climate change. Global
warming and depletion of the ozone layer are rather
recent public concerns.

Based on existing cxaminations, some policy
analysts have concludes that developing countries
will automatically hecome cleaner as their economics
grow. Others have argued that it is natural for the
poorest countrics to be more polluted as  they
develop.

researchers  note  that



From the other side, many authors articulate
that cconomic growth is not a panacca [or
environmental quality. Protecting the capacity of
ccological systems to sustain welfare is of as much of
importance to poor countrics as it is to those that arc
rich.

A lot of researchers claim that the turning
point achieved by developed countries, il not yet in
all environmental indicators could be a result of the
migration of polluting industries to developing
countries. That is, some of the dirticr industrics,
especially mining and raw materials processing, are
now disappearing (rom the richer countries but
beeoming more important to the poorest ones.

Because, cventualty, there will be no
countrics, to which pollution making will be
exported, there may be a limit to the ability of nations
to reduce pollution, or at least the costs will be more
obvious for later entrants into the game. Tberclore,
the process of environmental improvement will not
be indefinitely replicable, as the world's poorest
countries will never have even poorer countries to
which they can export their pollution.

From the other side, it can be opposite case.
Developing countries may find it casicr to pass the
peak of the EKC, beeause of technologics that were
not available at the time the developed countries were
at the same stage ol development. However, the are
lots of other questions arising, like: at what level of
per capita income is the turning point and if
irreversible damages take place before environmental
degradation turns down, and how they can be avoided
(Dinda et al, 2000).

4. MODEL SPECIFICATIONS

Basically all researchers  assume  that
empirical reduced-form relationship  between  per
capita CO, emissions and GDP can be adequately
described by parametric model, and specifically by a
polynomial function of income (Panayotou, 2000).
The cquation is cither quadratic or cubic. It is
estimated econometrically using cross-section data,
i.c. from many countries at a single point of time, or
pancl data. Up most, an average income per capita is
taken as the income variable. The environmental
variable may be explicitly averaged, as by taking all
reported hourly polluter concentrations reading (or a
country in the year and calculating their mean. The
results of statisticat estimation of the relationship are
presented usually in fotlowing form:

Pollution={f{x;x,...), ()

where :
Xy, Xa,... are hypothesized influcnces on pollution,

like income per capita or other parameters.

The most simple model specification shows
a relationship between an environmental indicator (£)
and the income per capita (¥). The following lincar,
quadratic, log-lincar and log quadratic forms arc
normally present in the studics on Environimental
Kuznets Curve (2)-(5).

Eiy =By + Byyy +& (2)
Ey=By+ By, +B, v, +g, 3)
E, =By + B ln (v, )+ €, 4)

E, =By + B in (y,)+By(n (v, W 4e,  (5)

where:

E-cnvironmental indicator

y-income per capita

£ -error term
B -parameter to be estimated
{-time trend.

Morcover, there are equations using both
variables: income per capita and population. The
most common specilication includes population
density (P,) and is in a log-quadratic (orm (6).

E, =By + By (3)4 By (n (v D2+ )
(6)
+ Byl (P)+By(n (Py,))Y +&,

In addition, some other models include geographic
characteristics in order to reflect the dispersal
properties of the local atmosphere, The most gencral
specilication is presented in a quadratic form (7).

E, =By + Bodn (yi)+ By(n (v, )2+
+ By b (By)+ By (in (Py, 0 + o)
+Bs In (G,)+ By (Un (G, + &,

Several other specifications include income per capita
(v), population (P), policy (p), and growth variable
(g). The most popular model equations have a cubic
form (8).

E, =By + By, +Byv, +

+ By P+ B Py, + B, Pv,’
®
+ By 8y + By gy + Bapy +

+ ’5|0 Bi¥ie T

There are other models using trade variables and
institution related variables and inacro-policy models,
which are beyond the scope of this paper. Now the
linear-in variables model will be considered:



E, =By + By, + 8,02+ By )

Two fist derivatives are of special interest. By
setting them o zero, the so-called wiming point is
received. The fust and second derivatives

dy, By 428y x+ 3By
dx h
) (1
d y n
—5= 2B, + 68«
dx”

Let ussume the cocfficient of B; in equation is equal
W zero. In this case function (9) exhibits an inverted
U-shape, il additionatly 8,<0. 1f also B, + 2Bx—0,
on can obtain the abscissa of the turning point.

HI
28,

an

Xp— =

This x,, is posilive as long as 8,<0. Hence the
appearance of the EKC hinge upon the sign of 8, It
is scen that Hucar in - variables form emerges a closed
form for the wrning point of EKC equation.

5. EMPIRICAL EVIDENCE FOR
INDIVIDUAL COUNTRIES

This study also uses more curient dala o ry and
capture some of the cffeets that have happening in
recent years in some countries.
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It is very risky to take cross section data,
while this can be similar to the result of regressing
markct data on quantity purchased per period on
price data from the same period. In the absence of
other data, the proguosis can be very hazardous.
Therefore, in conducted rescarch a time —series data
of carbon dioxide emission arc applied. Carbon
dioxidc is global pollutant and measured in thousand
metric tons.

The data set we cmploy consists of
obscrvations on countries over 36 years period
beginning in 1960 and ending in 1996. The data
concerning income are described by Gross Domestic
Product Per Capita Purchasing Power Parities (GDP
PPP) come from demographia [rom 1960-1996
yca.rs’. Purchasing power parity climinate the
differences in price levels between countries. The
PPPs® are given in national currency unit per US
dollar. The data relating to CO, emissions from lossil
fuets comes [rom Ouak Ridge National Laboratory.

The data were approximated by polynomial
equation. This study has identified a bell shaped
curve for the pollution intensity of GDP. The
behavior of presenied data implies that, starting from
low income levels, emissions or concentrations start
to increase. Afier reaching so catied tuming point
they start to decline as income further increase
(Fig. 2). Every analyzed country has its own
relationship  between  income and  cuvironmental
abuse. The tuming point is around 15 000 USD- PPP
in three [rom fourth analyzed countries. Nevertheless,
emissions ol CO, in that point differ rom country to
country. They equal 16000 or Spain, but are much
higher for France 120000. It was found that
environmenlal quality deteriorates with increase of
income and then is improved.

6. CONLUSIONS

The results of this paper are in agreement with the
theory and previous research and seem o show that
Environmental Kuznets Curve exists, at least flor
some developed countries. Thercfore, the idea of
trying lo stop development Lo protect the environment
is not correct. Both the shape of the inverted U-curve
and potlution level corresponding to GDI value of
turning point is varying among countrics.

ITowever, cmpirical relationship between
country’s GDP and the emissions of a major
greenhouse gas CO4, ought 10 undergo a more careful
examination.  Simplistic arguments  that  income
growth will by itsell take care of the pollution
problems of the world are inaccorare. I the economic
incentives facing producers and consumers do not
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change with higher incomes, pollution will continue
to rise unchecked alongside the increasing scale of
cconomic activity.

More regular figure of the EKC curve is
scen [or countrics where environmental issues arc
concerned, like for example Sweden. This suggests
that other things besides GDP are important in
predicting emissions levels (like policy).

An important policy implication that comes
from the results is that the low-income countries have
an opportunity to learn from this history and avoid
mistakes of developed countries.
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