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POLLUTION AS ONE OF THE
DETERMINANTS OF INCOME IN MALAYSIA:
COMPARISON BETWEEN SINGLE AND
SIMULTANEOUS EQUATION ESTIMATORS

OF AN EKC

Halimahton Binti Borhan', University Technology Mara, Malaysia
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Abstract: This study aims to examine the relationship between economic growth
and different indicators of air and water pollution in Malaysia. Air pollution
indicators were assessed on a number of measures: carbon monoxide, sulphur
dioxide (SO,), nitrogen dioxide, ozone and particulate matter (PM, ); while water
pollution indicators were evaluating on a number of measures: biochemical
oxygen demand, cadmium and arsenic. The income level per capita gross domestic
product per capita were measured from the year 1996 to 2006 quarterly. Being
different from the study by Hung and Shaw (2004) and Shen (2006), this study
estimates population density as an endogenous variable. It formulates a four-
equation simultaneous model for empirical research. Testes for exogeneity with
the Hausman test and estimates the simultaneity model using the two-stages
least squares method. The Environmental Kuznets Curve (EKC) hypothesis is
supported in the cases of SO, and PM , and there are several differences found
between single polynomial equation estimators commonly used in EKC literatures
and simultaneous equation estimators.

Keywords: Pollutants, Economic Growth, Malaysia, Environmental Kuznets Curve,
Simultaneity

INTRODUCTION

The seriousness and the long-term negative
impact of pollution cannot be overempha-
sised. If left to persist, it can bring harmful
effects to our health and economy that will
result in increasing health and social costs
being incurred. On the basis of the study
by Zhang and Yang (2007), extraordinary
levels of economic performance have been

clearly demonstrated over the last century
by many countries. Whether there is actu-
ally any contribution by environmental
degradation negatively to economic growth
and growth ceases eventually or whether it
is achieved through the sacrifice of environ-
mental quality. There are many recent stud-
ies of the Environmental Kuznets Curve
(EKC) that have tried to answer this ques-
tion. On the basis of the earlier papers such
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as Shafik and Sushenjit (1992), Panayoutou
(1993) and Grossman and Krueger (1995)
presented initial evidence that some pollut-
ants followed an EKC pattern.

According to Department of Environment
Quality Report (2004), air pollution oc-
curs when air impurities in the form of
gaseous or particles are emitted into the
atmosphere. Air pollutant comes from a
variety of natural and man-made sources.
Man-made sources include emission from
industrial activities, emissions from mo-
tor vehicles and burning of fossil fuels and
biomass. The water pollution in Malaysia
is originated from point sources and non-
point sources. Point sources that have been
identified include sewage treatment plants,
manufacturing and agro-based industries
and animal farms. Non-point sources are
mainly diffused ones such as agricultural
activities and surface runoffs. According
to Malaysia Environment Quality Report
2004, the Department of Environment
has recorded 17,991 water pollution point
sources in 2004 comprising mainly sewage
treatment plants (54%), manufacturing in-
dustries (38%), animal farms (5%) and agro-

based industries (3%).

Tun Dr. Mahathir, former prime min-
ister of Malaysia (1996), stated that one
of the key issues that need to be seriously
considered in the efforts to establish and
preserve a clean global environment is air
pollution. Air pollution is fast and it is be-
coming a major environmental concern of
most governments, with the rapid deteriora-
tion of air quality especially in urban areas.
Increasing transportation activities arising
from rapid industrial growth and urbanisa-
tion are the main contributing factors to
the persistently prevailing problem of air
pollution in the world today. According to
him, in Malaysia, for instance, the transpor-
tation sector consumed some 40% of the

country’s total commercial energy demand
in 1995 and is anticipated to continue to
grow at about 8.1% per annum. Keynote
address presented by Raja Dato’ Zaharaton
Director General, Economic Planning Unit,
Prime Minister’s Department, Malaysia
(2004) stated that rapid development has
created gaps in the prevention of pollution
and the highly dense population in urban
centers has converted rivers into open sew-
ers. Cities are well known for being pollut-
ers of aquatic environment with sewage and
municipal wastewater, industrial effluent
and polluted urban runoff. Similarly, the
farming communities pollute the aquatic
environment with irrigation returns that
contain fertilisers and pesticides and animal
wastes. River water quality is also degraded
by sediments from land clearance and solid
wastes. Water pollution disrupts water sup-
ply services, affects human health and de-
stroys aquatic lives and habitat. They came
out with an idea that economic growth is by
nature the remedy to environmental prob-
lems. Opposite opinion found in the recent
works by de Bruyn (2000) focussed on the
effect of using different indicators, the use
of a wider range of explanatory variables
than income alone.

This study contributes to the available
literature by modifying Hung and Shaw
(2004) model in using EKC and extends it
to include variables such as number of uni-
versity graduates, foreign direct investment,
fixed capital investment, the secondary in-
dustry share, number of motor vehicles and
government pollution abatement expense.
This study also adopts Shen (2006) model
and analyses and interprets the indepen-
dent variables for secondary industry share
and government pollution abatement ex-
pense (direct and indirect impact) by modi-
fying this model and extends it to include
variables such as number of motor vehicles,
number of university graduates, foreign
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directinvestment and government spending.
Moreover, the study by Shen (2006) formu-
lates three simultaneous equations method
but this study extended the model to in-
clude four simultaneous equations method
by estimating the population density as one
of the endogenous variable. In fact, popula-
tion density is also endogenous to the sys-
tem, being affected by pollution through
impacts on health and people die through
diseases such as lung cancer, and so forth.
There is no empirical study in Malaysia that
using the government pollution abatement
expense and population density as endog-
enous variables on pollution to estimate

EKC as compared to Vincent (1997).

SOURCES OF DATA

This study has gathered the external informa-
tion from The Department of Environment
(DOE), Department of Statistics in Malaysia,
University library, British Council, National
library and Memorial library. Besides, the
sources such as books, newspapers, jour-
nals and Internet that are relevant to the
research topic are used. To examine the
relationship between air pollution and eco-
nomic growth, the study estimates several
equations that relate the level of pollution
in a location to a flexible function of the
current and GDP per capita in the country
and to other covariates. Air pollution indica-
tors were assessed on a number of measures:
catbon monoxide (CO), sulphur dioxide
(SO,), nitrogen dioxide (NO,), ozone (O,)
and particulate matter (PM, ). Water pollu-
tion indicators were assessed on a number
of measures: biochemical oxygen demand
(BOD), cadmium (CD) and arsenic (AS).
The income levels gross domestic product
(GDP) per capita were measured from year
1996 to 2006 quarterly. This study mea-
sures all the data variables from 1996 to
2006 quarterly in which quarterly data is

taken into account as the closer look on the
changes of income per capita in Malaysia.
One decade is good enough for the study to
be conducted in which 1996 to the year of
2006 is the actual time of the development
in Malaysia. According to Elsadig (2008),
the aggressive development in Malaysia is
in the year of 1990s and pollution becomes
the serious problem in 1997. This evidence
indicates that this study shows the real im-
pact of pollutions towards economic growth
during this prime time.

METHODOLOGY AND ESTIMATION
PROCEDURES

This study examines the interactions between
air and water quality and per capita income
using ambient concentrations of air and wa-
ter quality data in Malaysia. The conceptual
framework can be represented as follows:

log P = o, +a,log Y +a, (logY)

+ a, log abate + a, log ind,

+ o log PD + a Jog MV

+o, T, +a,T T, +aT, +e (D
log Y, =B, + B, log P +p,log LL,

+B,log FL + B, log U,

+ B4 log G, + B, log FDI

+B,log K+ B, T, + B, T,

+B, T,+€ 2

log abatet = A + A log K + A,log ind,
+Alog P+ A, T, +A, T,

+A, T, +v, 3
log PD, =11 +IT logP + IL T, + I1,T,
+ILT, +¢ “4)

Being different from Shen (20006), this
study excludes the weight of secondary in-
dustry share from GDP variable in Equation
(1) as this will create a problem of double
counting because the weight of secondary in-
dustry share is already included in Equation
(1) as one of the independent variable. A
study by Shen (2006) only regarded income
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per capita and government pollution abate-
ment expenses as endogenous variables.
In actual fact, population density is also
endogenous to the system, being affected
by pollution through impacts on health.
According to Lopez (1994) and de Bruyn
(2000), pollution may act as a negative ex-
ternality, directly reducing output and pro-
ductivity of man-made capital and labour.
Examples are the loss of days worked due to
health problems, the corrosion of industrial
equipment due to polluted air or water and
product avoided because of being polluted.
Pollutants that are inhaled have serious im-
pact on human health affecting the lungs
and the respiratory system; they are also tak-
en up by the blood and pumped all round
the body. The magnitude of the London fog
of 1952, which affected such a large number
of people, was the first incident that made
people aware of the damage done to the
atmosphere due to industrialisation. The
SPM levels increased manifold and resulted
in more than 4000 deaths (www.edugreen.
teri. res.in). Therefore, a three simultaneous
equations method might produce bias and
inconsistent estimates. This study formu-
lates four simultaneous equations model
that can be as Equations (1-4). A ttest has
been employed by this study to check the sta-
tistical significance of the cubic terms of log
(per capita GDP) in all the pollutants. This
study found that generally all of them are
not significantly different from zero even at
10% level as can be seen from Table 1 below

except for SO, and CD. Because majority
of the indicators of air and water pollutants
are insignificant, therefore this study omit
the cubic terms in Equation (1).

RESULTS AND DISCUSSION

This study finds no evidence of multicol-
linearity in which none of the independent
variables are correlated with each other. The
robust estimates of heteroscedasticity are
presented in Tables (2-11) as white.

There are some indicators of pollut-
ants shows that heteroscedasticity found in
which the error terms for some of the vari-
ables in the model do not have a constant
variance. White test is significant at 5%
level of significance for some of the pollut-
ant indicators. Because of only minor indi-
cators show significant at 5% level of sig-
nificance, this study can proceeds without
drop any of the variables. Breusch-Godfrey
Serial Correlation LM test has been used
by this study to test the error terms are not
correlated with each other. Autocorrelation
found in air pollutant equation for CQO,
NO,, CD, AS and BOD, income equations
for CO, NO,, PM , CD, AS and BOD in
abatement equation. Autocorrelation also
found in population density equation. To
check whether this model suffer with auto-
correlation due to specification error, this
study proceed with the Ramsey Reset test.

Table 1  T-test to check the statistical significance of the cubic terms of log (per capita GDP)in all
the pollutants
SO, PM,, CO O NO CD AS BOD
Intercept -3.7206  4.8690 0.6623 -2.2185 -3.6558 -6.4228 -6.1513  3.6534
(log (per -7.1689  0.7707  0.1503 -0.6655 0.3676 9.4118  3.5058  0.0018
capita GDP))*
Adjusted 0.2375 0.0054 -0.0236 0.0039 -0.0225 0.1356 0.0104 -0.0238

R-square
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Table 7 Estimated results for income equation [Equation (2)] (t-statistics in parentheses)

log (GDP) log (GDP) log (GDP)
log CD 0.0360 (1.1702)
White 0.5845
log AS 0.0088 (0.4787)
White 0.1315
log BOD -1.2260 (-3.0148)
White -0.9078
Intercept 4.6668 -0.2576 5.8712
log(local labour) -0.0809 (-0.0765) -1.0587 (-2.5338) -0.2495 (-0.4525)
White -0.1186 White 0.2980 White 1.2110
log (foreign labour) 0.4727 (1.2519) 0.1382 (0.7378) 0.1590 (1.3370)
White -0.1905 White 0.0299 White 0.8035
log(physical capital) 0.0527 (0.6550) 0.1352 (5.5978) 0.1263 (4.5170)

White -0.4909

White -0.1758

White -0.1634

log(govt. spending)

0.0583 (0.4087)
White -1.2190

0.1881 (2.7842)
White -0.3185

0.3039 (6.3773)
White 0.1672

log(foreign direct
investment)

0.0364 (1.8717)
White 0.2155

0.0199 (1.9362)
White 0.4277

0.0086 (1.1705)
White 0.3790

log (university students)

0.3335 (1.4562)
White -0.1714

0.1441 (1.0822)
White -1.0173

0.0548(0.7039)
White -0.4068

Time trend, T2 0.0090 (0.1778) -0.0387 (-1.8721) -0.0623 (-4.4185)
White 0.5188 White -0.6986 White -0.0844

Time trend, T3 0.0355 (0.4935) -0.0324 (-1.0753) -0.0658 (-3.49016)
White 1.100 White -0.6119 White -0.4178

Time trend, T4 0.05781 (0.5558) -0.0390 (-0.8462) -0.0921 (-3.3283)
White 1.2943 White -0.1309 White -0.2324

Adjusted R-square 0.8208 0.9128 0.8758

BG LM test 0.1954 0.1495 0.1870

Ramsey reset test 6.1133 7.6946 4.6451

Chow test 1.7053 10.1135 4.8259

The result in Tables (2-11) shows that all
the indicators of pollutants in pollutant
equation do not suffer with specification
error, whereas O, NO,, PM , CD, BOD
and AS in income equation, AS in abate-
ment equation and CO, O, PM10 and
CD in population density equation suffers
with specification error which means that
this study omit certain relevant variables.
Because this study takes eight measures of
indicators of pollutants and 34.4% from the
measures showing specification error, this
study can conclude that this model is not
suffering from specification error problems.

Therefore, this study can continue without
adding any other relevant variables. Then,
to check parameter instability of the model,
this study use Chow test to determine the
existence of structural break. Tables (2-11)
shows that only CD in pollution equation,
SO,, O, NO, PM , BOD and AS in income
equation, and SO2 in abatement equation
and CO, O, PM , BOD in population den-
sity equation suffers with structural break.
This indicates that the estimated parame-
ters are not stable during the sample period
of 1996 quarter one to 2002 quarter one.
Parameter instability may happen when
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Table 9 Estimated results for abatement equation [Equation (3)] (t-statistics in parentheses)

log (Abatement) log (Abatement) log (Abatement)
log CD 0.7562 (3.5055)
White 2.8888
log AS 1.0049 (3.2497)
White 4.3402
log BOD 17.9747 (1.5004)
White 1.1135
Intercept 1.6821 4.2064 -66.44684
log(secondary industry share) 1.1158 (0.7996) 2.7080 (1.9179) 3.7532 (2.8545)

White -3.0163

White -0.3665

White -0.8482

log(physical capital)

-1.7848 (-2.3305)
White 0.0105

-1.3337 (-1.7097)
White 0.5842

-0.2510 (-0.3861)
White 1.5357

Time trend, T2

0.1126 (0.2980)
White -0.7440

-0.0071 (-0.0167)
White -0.2469

-0.1615 (-0.4020)
White 1.0843

Time trend, T3

0.0289 (0.0766)

-0.1013 (-0.2367)

-0.2358 (-0.5854)

White -0.7513 White -0.2463 White 0.8721
Time trend, T4 -0.1247 (-0.3357) -0.2255 (-0.5301) -0.2777 (-0.6902)
White -0.9162 White -0.4055 White 0.3059
Adjusted R-square 0.0907 -0.205329 -0.0782
BG LM test 3.4720 3.0323 4.3021
Ramsey reset test 1.1838 5.2245 1.8920
Chow test 1.6789 1.0228 1.1730

there is a structural change in the relation-
ship between dependent and independent
variables. This structural change may be due
to external forces such as oil crisis and fi-
nancial crisis or due to policy changes such
as fixed exchange rate to flexible exchange
rate. Malaysia suffers with financial crisis in
the year 1996 and 1997. Because only minor
indicators of air and water pollutants suffer
with this problem, this study does not break
the data into pre and post.

This study will also discuss the issue
concerns the exogeneity of the log form of
per capita GDP, its quadratic term and per
capita pollution abatement expense. It has
been shown in Tables (2-5) results of the
Hausman test for exogeneity shows that
the null hypothesis of exogeneity of these
variables is statistically rejected in all cases.
This study is referring to the F-test as more
than one endogenous regressor is involved

(Gujarati, 1995). Necessitating the two-stage
least square method for estimating the si-
multaneous equations model in this study
suggests that the simultaneous relationship
between per capita income and per capita
pollutant emission does exist in the dataset
of Malaysia. By applying the two stages least
square method, the coefficient of motor ve-
hicles turns to be higher in PM, . It shows
that when 1% increases in number of mo-
tor vehicles used per capita emission will in-
crease by 23.742%. In the case of per capita
emission of SO,, it shows that when 1%
increases in number of motor vehicles used
per capita emission of SO, will increase by
15.836%. This indicates that other main
sources of pollution in Malaysia come from
transportation. For population density, it
shows that as one percent increase in popu-
lation density, per capita pollution emission
for SO, will decrease by 34.403%, per capita

pollution emission for PM will decrease by
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Table 11 Estimated results for population density equation [Equation (4)] (t-statistics in parentheses)

log (pop. density)

log (pop. density)

log (pop. density)

log CD 0.0170 (1.1738)
White -0.8956
log AS 0.0071 (0.3196)
White -5.0984
log BOD -0.0428 (-0.0410)
White 0.3961
Intercept 4.3619 4.3106 4.4259
Time trend, T2 0.0054 (0.1558) 0.0054 (0.1544) 0.0054 (0.1546)
White -0.0284 White -0.0393 White -0.0308
Time trend, T3 0.0109 (0.3134) 0.0109 (0.3107) 0.0109 (0.3110)
White -0.0516 White -0.0709 White -0.0555
Time trend, T4 0.0164 (0.4724) 0.0164 (0.4682) 0.0164 (0.4687)
White -0.0714 White -0.0969 White -0.0759
Adjusted R-square -0.0784 -0.0976 -0.0954
BG LM test 48.8607 70.3940 75.0113
Ramsey reset test 7.4573 - -
Chow test 22.3804 19.7870 20.8669

42.824%, per capita pollution emission for
O will decrease by 42.4565% and per capita
pollution emission for CD will decrease by
89.9059%. Using the simultaneous equa-
tion, the coefficient of population density
turns to be higher and it shows that as popu-
lation density increases pollution emissions
reduces more compare to single polynomial
equation. This indicates that people are very
aware of pollution.

On the basis of the aforementioned
discussions, before directly regressing envi-
ronmental Kuznets curve in future studies,
it is necessary to consider the simultaneity
between income and pollution. This study
finds that the differences between the single
polynomial equation model and the simul-
taneous equations model do exist.

On the basis of the estimated results of
income and abatement equations in Tables
(6-11), most of the estimated coefficients are

significant and consistent with the expected
signs. In the income equation, physical capi-
tal and foreign labour majority contribute
positively to the GDP. In the other hand,
local labour majority contribute negatively
to the GDP in the equation. This indicates
that foreign labour is one of the determi-
nants of economic growth in Malaysia com-
pare to local labour. This is true as prior to
the Asian financial crisis; the economy in
Malaysia continues to be in a full employ-
ment situation. The tight labour market
spread to the manufacturing and services
sectors. This attracted the influx of both
legal as well as illegal foreign workers. Total
foreign workers rose from 4% of total em-
ployment in 1990 to about 10.7% in 1997
and 9% in 2001. As on July 2004, there are
about 1.3 million registered foreign work-
ers, constituting 12% of total employment
in the country. As an immediate solution to
the problem, foreign workers are allowed to
be employed in the plantation, construction
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and selected services sectors as well as the
manufacturing sector. This is to avoid dis-
ruption to the economic growth process

(Economic Report 2004/2005, Ministry of

Finance Malaysia).

The contribution of human capital in
production is not significant in the model
although labour is an important factor in
production. This indicates that the eco-
nomic development in Malaysia relies pri-
marily on capital-intensive industries. The
evidence can be seen in income equation,
in which there is a positive significant re-
lationship between physical capitals per
capita with economic growth. This is true as
Malaysian economic growth was stimulated
by investment, with capital accumulation
contributing more than 50% to productiv-
ity growth (Wahab, 2002). The three indica-
tors of pollutant emissions, PM,;, NO, and
BOD are negatively related to the GDP and
the two measures, NO, and BOD showing
significant on income. This is consistent
with the theory that as pollution level in-
creases income decreases. Thus, this study
can conclude that there is small significant
feedback of air and water pollutants on in-
come in Malaysia as NO, and BOD are the
indicators that show significant feedback. It
could be due to NO, and BOD is the main
contributors of air pollutants that reduce in-
come in Malaysia which mainly comes from
industrial activities.

Besides these, the coefficients of govern-
ment expenditure are positive and all are
highly significant. This indicates that gov-
ernment spending contributes as one the
main determinants of economic growth
in Malaysia. However, according to Sinha
(1998), there seems to be some evidence
that government expenditure did not lead
to the growth of GDP. The policy implica-
tion is that the present structure of govern-
ment expenditure is not very conducive to

economic growth. However, it is quite possi-
ble that a different structure of government
expenditure can contribute more effectively
to economic growth. Foreign direct invest-
ment also has a positive significant effect on
income. Again it shows that foreign direct
investment is one of the determinants that
increase the economic growth in Malaysia.
According to Tsen (2006), Foreign Direct
Investment has contributed to high per
centages of gross fixed capital formation
in Malaysia. The contribution of FDI in
gross fixed capital formation was 15.1% in
the year 1997, 13.9% in the year 1998 and
20.1% in the year 1999. The stock of FDI in
Malaysia has also increased over time. The
amount increased to US dollar 10.3 billions
in the year 1990 and US dollar 54.3 bil-
lions in the year 2000. Moreover, FDI has
contributed to a high portion of GDP in
Malaysia. The stock of FDI as a percentage
of GDP in the year 1985 was 23.7%. The
stock of FDI over GDP raised from 24.1%
in the year 1990 to 65.3% in the year 1999.
Generally, FDI plays an important role in
the Malaysian economy. Meanwhile, most
of the coefficient of university graduates
positively and significantly contributes to
economic growth in Malaysia. According
to Zin (2005), rapid economic growth in-
creased demands for educated labor result-
ing massive expansion in school enrolment,
which leads to an increase in competitive-
ness of educated worker in the labour mar-
ket resulting higher income and higher eco-
nomic growth.

Secondary industry share and the physi-
cal capital are another two critical determi-
nants of the pollution abatement expense.
According to Shen (2006), the heavier the
weight of the secondary industry is the
more pollution abatement expense would
be needed. More physical capital leads to
more pollution abatement expenses avail-
able. The result from this study shows that
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it follows the theory that there is a positive
significant relationship between secondary
industry share and pollution abatement
expense. It can be seen that most of the
coefficients of physical capital having a posi-
tive relationship with pollution abatement
expense. This indicates that the higher
the physical capital is the higher the pol-
lution abatement expenses are. Because
of this, to keep sustainable growth in the
long run for the Malaysian economy, more
pollution abatement investments are re-
quired even though pollution is not the
main contributor that reduces income in
Malaysia. Turning to the fourth equation
that is population density equation, most of
the coefficients of air pollution indicators
show significantly on population and all of
it having a negative relationship except for
PM10. This indicates that as pollution emis-
sion increases, population density reduces
in Malaysia. Pollution can affect our health
in many ways with both shortterm and
long-term effects. Examples of shortterm
effects include irritation to the eyes, nose
and throat and upper respiratory infections
such as bronchitis and pneumonia. Long-
term health effects can include chronic re-
spiratory disease, lung cancer, heart disease
and even damage to the brain, nerves, liver
or kidneys (www.lbl.gov/Education/ELS]/
Frames/pollution-health-effects-f.html).

CONCLUSIONS

[t is clear from the previous literature survey
that for the existing empirical EKC studies
is that, as mentioned by Shen (2006) pollu-
tion is viewed only as the outcome of eco-
nomic growth although in many theoretical
models pollution is assumed as both an in-
put and a by-product of production. There
is no feedback effect from pollution to eco-
nomic growth as these studies are based on
a single polynomial equation in which there

is no simultaneous relationship between
these two variables. However, through the
loss of workdays due to health problem or
restriction of environmental input’s supply
caused by pollution, pollutant emission
may reduce production. Therefore, it might
probably produce biased and inconsistent
estimates by estimating the relationship
only by a single polynomial equation as the
economic growth and the environmental
quality are jointly determined. On the basis
of this view, to use a simultaneous equa-
tions model for the estimation of this study
is therefore more appropriate. By taking
into consideration government pollution
abatement expenses and population densi-
ty as an endogenous variables on pollution,
there are no empirical studies on Malaysia
that estimate the EKC using simultaneous
equation method with the inclusion of
these endogenous variable. In conclusion,
a formulation of a simultaneous equa-
tions model between per capita GDP and
per capita pollutant emission will be con-
structed by this study. To estimate the re-
lationship between per capita income and
various environmental indicators, as can be
reviewed most of the previous EKC studies
focus on using the cross country panel data.
However, it is a new trend for EKC research-
ers moving from a crosscountry study to
an individual country’s cross-region study.
This is due to the latter one can allow more
being learned from an examination in an
individual country and also will eliminate
the problems associated with cross-country
data. Therefore, a formulation of a simulta-
neous equations model between per capita
GDP and per capita pollutant emission will
be done by this study based on individual
country time series data by extending the
model to include variables such as num-
ber of motor vehicles, number of univer-
sity graduates, excluded secondary industry
share from income per capita, foreign di-
rect investment, government spending and
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separated between foreign labour and local
labour as compared to previous literature
by Vincent (1997). This study also add-
ing population density as an endogenous
variables and formulate four simultaneous
equations as compared to Shen (2006).

This study put a recommendation for
a future studies to include variables such
as solid waste treatment, hazardous waste
and noise in the city. These variables are all
important to residents as the environment
exerts an all-round influence apart from air
pollution and water quality. Therefore, in
any of these directions a further extension
could be made.
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