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Abstract: The objective of the study is to examine the relationship between economic
growth and different indicators of water pollution in Malaysia and to improve on the
Environmental Kuznets Curve model by using an extended simultaneity model. This study
formulates four simultaneous equations with population density as one of the endogenous
variables. Water pollution indicators were assessed based on the level of BOD, cadmium
and arsenic. The period of study is 1996 to 2006. This study extended the model of Shen
(2006) by including variables such as the number of university graduates, local labour,
foreign labour, foreign direct investment and government spending. Differenceswerefound
between the single polynomial equation model and the simultaneous equations model. Our
study confirms that there is a simultaneous rel ationship between pollutants and economic
growth in Malaysiaand that it follows the concept of the Environmental Kuznets Curve.
The Environmental Kuznets Curve is therefore relevant for water pollutantsin Malaysia.
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1. Introduction

Costantini (2006) studied the relationship between the environment and GDP and found
that the variablesinvolved could be simultaneously related. Thisis supported by Coondoo
and Dinda (2002) who tested the causality between income and CO, emission and found
that a simultaneous relationship does occur. A study by Sahabat Alam Malaysia (SAM)
(2001) stated that the rapid growth prior to the economic crisis and the present economic
recovery, whilst raising the GDP and incomes, has taken a toll on the environment.
Uncontrolled growth with scant regard for ecological principles continuesto be the order of
theday. Thus, during the Seventh Malaysia Plan period, to ensure balanced and sustainable
development, the environmental and natural resource issues continued to be addressed.
The relevant institutional, legislative and regulatory mechanisms were strengthened and
effortsto integrate environmental considerationsinto devel opment planning wereintensified.
A market-based approach to address environmental and resource issues was introduced
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and the use of cleaner technol ogieswas promoted. To foster an environment-friendly society,
awareness campaigns and environmental education were also launched. During the Eighth
Malaysia Plan period, emphasis was placed on addressing environmental and resource
management issuesin an integrated and holistic manner. In order to ensure sustainable and
resilient development, steps were taken to identify prudent, cost-effective and appropriate
management approachesthat yielded multiple benefits. Efforts are being continued to address
air pollution, mitigate degradation of rivers, improve marine and groundwater quality, as
well as deal with wastein acomprehensive manner (Malaysia2001).

Zaharaton (2004) stated that rapid development has created gaps in the prevention of
pollution and that a highly dense population in urban centres has converted rivers into
open sewers. Cities are well known for being polluters of the aguatic environment with
sewage and municipal wastewater, industrial effluent and polluted urban runoff. Similarly,
the farming communities pollute the aquati c environment with irrigation returnsthat contain
fertilisers, pesticides and animal wastes. River water quality is aso degraded by sediments
from land clearance and solid wastes. Water pollution disrupts water supply services,
affects human health and destroys aquatic lives and habitat. Based on the above statements,
it is necessary for this study to examine the relationship between pollution and economic
growth in Malaysia by taking into account the Environmental Kuznets Curve (EKC) as a
theory for this study.

The objective of the study isto examine the relationship between economic growth and
different indicators of water pollutionin Malaysiaand to improve the EKC model through
the use of a simultaneity model. This study contributes to the literature by extending the
model of Hung and Shaw (2004) by including variables such as the number of university
graduates, foreign direct investment, fixed capital investment, secondary industry share,
and government pollution abatement expense. This approach also modifies the model of
Shen (2006). Shen (2006) formul ated three simultaneous equations but this study formulates
four simultaneous equations by estimating population density as one of the endogenous
variables. Population density is also taken as endogenous to the system, since health can
be affected by pollution which causes diseses such as lung cancer etc. Empiricaly, this
study uses government pollution abatement expenses and population density as
endogenous variables to estimate EKC as compared to Vincent (1997).

Thisstudy used quarterly datafrom 1996 to 2006. Aggressive development in Malaysia
took place in the 1990s and pollution became a serious problem in 1997 (Elsadig 2008).
Given this scenario, this study shows the real impact of economic growth on pollution
during this prime time of Malaysia's economic devel opment.

2. Literature Review

Based on the study by Panayotou (1998) that related an environmental impact indicator to
ameasure of income per capita, empirical models of environment and growth consist usually
of reduced form single-equation specifications. The key criticism of the hypothesis of
Torrasand Boyce (1998) isthat amore equitable distribution of power tends, ceterisparibus,
to result in better environmental quality. Their regression results generally are consistent
with thishypothesis. Recent critiques by Kiesel (2006) state that thereisno single EK C that
fitsal pollutants for al places at all times. Based on the study by Stern et al. (1998), Cole
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(2003; 2004), Suri and Chapman (1998), Arrow et al. (1995) and Rothman (1998), the EKC
hypothesis is based on the occurrence of international trade and foreign direct investment.
Thisisone of the most damaging criticisms of the hypothesis. The relationship between air
and water pollutantsin Malaysia and per capita income was examined by Vincent (1997)
from the late 1970s to the early 1990s. This single-country study prossed two main
conclusions. First, the income-environment relationship for a single country may not be
relevant for cross-country analysis. Second, none of the pollutants examined by Vincent
show aninverted-U relationship with income. Costantini and Martini (2010), who estimated
the environment and GDP rel ationship, pointed out that the simultaneity of variablesinvolved
was rarely considered. It has always been postulated that the state of the environment has
no impact on the economic growth processfrom the EK C hypothesissinceit isderived from
amodel that considers only pure economic growth. Shen (2006) and He (2006), tested for
this bi-directional causality in a simultaneous system function for China. Coondoo and
Dinda (2002) tested the causality process between income and CO, emission and showed
that there is a simultaneous relationship between these variables. Stern (1998) concluded
that presupposing a unidirectional type of causality from economy to environment is
inappropriate. Based on the study by Shen (2006), in thereal world, pollutant emission may
reduce production either through the loss of workdays due to health constraints or the
restriction of environmental inputs supply via environmental degradation caused by
pollution. Dueto this, estimating the relationship using only asingle polynomial equation
might probably produce biased and inconsistent estimates as economic growth and
environmental quality arejointly determined. In conclusion, asimultaneous equations model
is more appropriate for estimating the relationship between water pollution and economic
growth. Based on the discussion above, this study formulates four equations using a
simultaneous model method and adds some important variablesto the model.

3. Methodology

Thisstudy gathered information mainly from the Department of Environment (DOE) Malaysia,
and the Department of Statistics, Malaysia. To study the relationship between water
pollution and economic growth, several equationsthat are related to the level of pollution,
GDP per capita and other covariates were estimated. Several indicators were used to
measure water pollutants: biochemical oxygen demand (BOD), cadmium (CD) and arsenic
(AS). Quarterly datafrom year 1996 to 2006 were used in the analysis.

The conceptual framework can be represented as follows:

logP= «,, o, log Y, + a,(logY)*+ o, log abate + «, logind + o log PD, + 1
a6T2+ a7T3+ aB T4 + et

logY,= f,+ B, logP + B,logLL + B,logFL + B,logU, + B 1og G, + B,logFDI + (2)
B7|Og Kt+ ﬁ8T2+ﬁ9T3+ B10T4+ .t

log abate = A,+ A, logK + A logind + A,logP, + A, T,+ AT, + AT, + vV, ©)

log PD, = IT, + I1logP + ILT,+ IT.T,+ I1,T, + v, 4
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where

P, =water pollution

Y, = GDP per capita with secondary industry share deducted
abate, = government abatement expenses
ind = secondary industry share

PD, = population density

LL,=local labour

FL,=foreign labour

U, = number of university graduates

G, = government spending

FDI, = foreign direct investment

K, =physical capital

T representsadummy variablesinwhich T, T,and T, are dummiesfor the second, third
and fourth quarter of each year taking avalue of 1 for the relevant quarter and avalue of O
otherwise (Gujarati 2006). This dummy variable may represent the effects of technological
changes and changes in government regulatory policies in different quarters. Income (Y))
represents the aggregate effects of those direct and indirect driving forces on pollution. If
the coefficient of the log Y, term is positive and its squared term is negative, respectively,
then the EKC hypothesis holds.

This study uses individual country data and both the single equation method and a
simultaneous equation method with a structure of four equations. The single equation
method involvesthe use of OL Sfor estimation. The exogeneity of thelog form of per capita
GDP and its quadratic term, per capita government pollution abatement expenses and
population density in Equation (1) wastested in this study. The single polynomial equation
estimation may generate inconsistent forecasts if an explanatory variable is endogenous.
Therefore, the use of Instrument Variable (IV) and two-stage least square (2SL S) methods
are essential. To assure exogeneity, this study employed the Hausman specification test.
The 2SL S method should be employed to estimate these simultaneous equations whenever
the Hausman specification test rejects the hypothesis that per capita GDP, its quadratic
term, per capita pollution abatement expenses, and population density are exogenous.

4. Resultsand Discussion

Shen (2006) regarded income per capita and government pollution abatement expenses as
endogenous variables. In actual fact, population density is also endogenous to the system,
given theimpacts of pollutants on health. Based on the study by L opez (1994) and de Bruyn
(2000), pollution may act as anegative externality by directly reducing productivity of man-
made capital and labour and output. Therefore, a three simultaneous equations method
might produce biased and inconsistent estimates. This study uses the four simultaneous
equations model given in Equations (1), (2), (3) and (4). To test the stationarity of the data,
the conventional Augmented Dickey-Fuller (ADF) unit root test and Phillips-Perron (PP)
unit root test were employed. Table 1 presents the results of unit root test at level and first
difference for the variables.
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Theresultsindicate that all the variablesare stationary after thefirst differencefor both
ADF and PP unit root test. These results confirm that the variables meet the requirement for
panel cointegration test. The Johansen-Juseliustest was used to test whether the dependent
variable and all the independent variablesin all the equations exhibited fundamental long-
run relationships among each other. The results for the Johansen-Juselius cointegration
test aregivenin Table 2. Thevalue of trace statistics and max-eigen valuefor Maaysiawere
foundto belarger thanthe5 per cent critical value. Therefore, werejected the null hypothesis
of no cointegrating vector. This indicates that at |east one cointegrating vector offers a
stable relationship among the variables.

No evidence of multicollinearity wasfound in thisstudy. The Whitetest was performed
but no evidence of heteroscedasticity wasfound. Theerror termsfor all of thevariablesin
the model have a constant variance. The exogeneity of the log form of per capita GDP, its
guadratic term, per capita pollution abatement expenses and popul ation density was tested.
By referring to the results of the Hausman test for exogeneity in Tables 3 and 4, the null
hypothesis of exogeneity of these variables is statistically rejected in all cases.

Using the 2SL S method for estimating the simultaneous equations model, the result
suggeststhat asimultaneous rel ationship between per capitaincome and per capitapollutant
emission does existin Malaysia. Some differences were found by comparing between the
the estimates of the single polynomial equation model estimators and the simultaneous
equations model.

Theresult showsthat a1 per cent increase in population density will reduce per capita
pollution emission of CD by 89.91 per cent on average. Using the simultaneous equation,
the coefficient of population density appeared to be higher, indicating that as population
density increases, pollution emissionsare reduced further compared to the single polynomial
equation. Theabove discussion showsthat before directly estimating the EKC itisnecessary
to consider the simultaneity between income and pollution.

Based on the estimated results of income and abatement equations in Tables 5 and 6,
the following observations are made:

1 Most of the estimated coefficients are significant and consistent with the expected
signs. In the income equation, physical capital and foreign labour majority contributed
positively to GDP growth.

2. Ontheother hand, thesize of local labour contributed negatively to GDPin the equation.
This indicates that foreign labour is one of the determinants of economic growth in
Malaysia compared to local labour. Before the Asian financial crisis, Malaysia wasin
full employment. The tight labour market spread to the manufacturing and services
sectors. Thisattracted theinflux of both legal aswell asillegal foreign workerswith the
total number of foreign workersrising from 4 per cent of total employment in 1990 to
about 10.7 per centin 1997 and 9 per cent in 2001. As of July 2004, there were about 1.3
million registered foreign workers, constituting 12 per cent of total employment in the
country. As an immediate solution to the problem, foreign workers were allowed to be
employed in the plantation, construction and selected services sectors as well as the
manufacturing sector. This is to avoid disruption to the economic growth process
(Maaysia2004).

Malaysian Journal of Economic Studies Vol. 49 No. 1, 2012 75



Halimahton Borhan and Elsadig Musa Ahmed

T0>d ‘% ‘G0°0>d ‘xx ‘TO'0>d SISSBITSL xx “WYILEOO| feinfeu 1Y) Bubfel AQ psuliojsuen afe s3|qelien ||V “IS8L dd 104 poyeW uoirew iss
fe10eds feused 1leg Buisn yipimpueg 1S9 pue femeN Aq Ajfeorrewolne psosfes uoreoun) Be| pue 1sel 4@V 1o} saunonuis Be| Jo Jequinu sy aedlpul sssayiuesed uiyim saunBiH 1001
11UN SURUOD J0 ‘AreuoireIs-uou S SsaLiss 8yl eyl s sisaylodAy [nu sy ‘aAode paist| se eisAee |\ 10 pasn ale sbe| 6 JO wnwiiXew v "uoLeilD oju| zemyds Buisn Aq pe1osjes yibua| Fe 'se1oN

xxx(6) 6,6V789°9- xxx(6) 95€506'9- (6) 08692£2- (6) 88STVT'Z-xxx(6) T8626G°G- xxx(6) 809529'G- (6) 890€T6°2Z- (6) 1952682~ % boj
xxx(6) T9029°92- xxx(6) €22LT'ST- (6) CIETBO V- (6) 69GSEL C-xxx(6) SBTE0TT- xxx(6) €8TVYO'TT- (6) €982901- (6) 89EETH T~ Iad bo|
xxx(6) ZBETO'0Z- xxx(6) ¥8888°6T- (6) 90TETO'Z- (6) GLITVEZ- »xx(6)2809€°G2- «xx(6) 0T¥Z'S2- (6) ¥¥aSvLZ- (6) 18,5250 9 ho|
xxx(6) G6V28'CT- xxx(6) T8229¥'8- (6) 8TYBIT'T- (6) VIOVY6 T~ «x(6) 86TC991- xx(6) G809.T¥- (6) €9¥8SE T~ (6) GSCVTI6'T- n foj
xxx(6) OE0TTE 9~ xxx(6) LG706€°9- (6) ¥16886°T- (6) 99EL6T T-xxx(6) 686TTE9- xxx(6) 96806€'9- (6) 20.898°T- (6) ZS86ST T~ 74 Bo|
xxx(6) LEOBE'TT- xxx(6) TL2ey'TT- (6) 8GLSPT'E- (6) €50€90°2- «(6) 0T6087'E-  «(6) €52205°€- (6) €59990°€- (6) 0S5660°€- 171 Boj
»xx(6) Z8TTBE'9- xxx(6) 2T2852°9- (6) €2999T'T- (6) 8€9/82 T-xxx(6) ¥OLT6E Q- xxx(6) 612852'9- (6) €2999T°T- (6) 6£.092°T- ad fo|
xxx(6) 7260099~ xxx(6) 600TTT'9- (6) 98STVSZ- (6) 99€8YY T~ «x(6) T29.66'€- xx(6) L€..22°€- (B) 26EE0E°C- (6) 8SCTLE O- put foj
xxx(6) T6LGGC'9- xxx(6) 2V8EEE'9- (6) OV.L29v'2- (6) 80CSET Z-+xx(6) T6L552°9- «xx(6) 2v8EEE'9- (6) 859062°C- (6) 0S8STOC- akge bo|
xxx(6) OTVY0'0T- xxx(6) 89222T'8- (6) 92vT0SZ- (6) 92G8TS'0- +x(6) L02vSL°€-  «(6) TGLTE0'E- (B) 6S0€2TE- (6) L6TOTE O 2(ABoy)
+xx(6) 69GV2°0T- xxx(6) G865€L'8- (6) €28,06'2- (6) 88€29€'T- «x(6) ¢82SCL'E- «x(6) vELST6'E- (B) 685€58°2- (6) 86GLGL 0 A ol
xxx(6) 2G8SGL2°9- xxx(6) 68082€'9- (6) 8T1826°2- (6) T95696°Z- xxx(6) ¥6962€°9- xxx(6) 2625S7'9- (6) 09€¥E€8°T- (6) 6292¥8'T- aog fo|
xxx(6) 09E60E°9- xxx(6) 22T92€'9- (6) 1612682~ (6) OTVTZ6'Z-«xx(6) 86E9E0°9- x«xx(6) 8799€0'9- (6) ¢822ee 2~ (6) 0S.G.T2- Sv foj
xxx(6) G00V0E'9- xxx(6) 609.2€°9- (6) 18900V 2~ (6) 9629S€ 2~ «xx(6) G80V0E9- xxx(6) 609.2€'9- (6) OVvVSYEZ- (6) 20CVET C- ao boj
puaJtl Yy puaJl) oN puaJil Y pusJl ON puaJil yipn puall oN puaJil Y puas} oN
QoUsB}JIp 1sil4 PN QoUsB}JIp 1si14 [eAS 7
191 1004 HuUN dd 1581 1004 1UN 4AV

Malaysian Journal of Economic Studies Vol. 49 No. 1, 2012

S1S8} J00d 1iun ‘T 8|qel

76



Simultaneity of Water Pollution and Economic Growth in Malaysia

Table 2. Cointegration test

Lag Hypothesis Eigenvaue Trace Criticd Max-Eigen Critical

statistic value value value

(5%) (5%)
Equation 6 None 0.801423**  203.1275 139.2753 66.27964**  49.58633
(1)(CD) At most 1 0.688264**  136.8479 107.3466 47.78960**  43.41977
At most 2 0.576941**  89.05828 79.34145 35.27001 37.16359
Equation 10 None 0.727401**  187.4027 139.2753 53.28985**  49.58633
(D(AS) At most 1 0.690019**  134.1129 107.3466 48.02102**  43.41977
At most 2 0.557347**  86.09184 79.34145 33.41377 37.16359
Equation 7 None 0.721782**  199.5809 139.2753 52.45341**  49.58633
(1)(BOD) At most 1 0.696693**  147.1275 107.3466 48.91334**  43.41977
At most 2 0.625356**  98.21412 79.34145 40.25290**  37.16359
Equation 8 None 0.990556**  506.3845 197.3709 191.1582**  58.43354
) At most 1 0.947049**  315.2263 159.5297 120.4741** 52.36261
At most 2 0.720726**  194.7521 125.6154 52.29808**  46.23142
Equation 11  None 0.936251**  375.1082 197.3709 112.8649**  58.43354
©)] At most 1 0.831848**  262.2433 159.5297 73.09836** 52.36261
At most 2 0.784367**  189.1449 125.6154 62.90136**  46.23142
Equation 5 None 0.862026**  267.4853 159.5297 81.20840**  52.36261
4 At most 1 0.821104**  186.2769 125.6154 70.55902**  46.23142

Atmost 2 0.674025**  115.7179 95.75366 45.95826**  40.07757

Notes: ** denotes rejection of the hypothesis at 5%. The optimum lag length was selected once all the
residuals were free from autocorrelation. Note that r indicates the number of cointegrating vectors
where ‘None’ represents r=0, ‘at most 1’ represents r < 1, and ‘at most 2' represents r < 2.

The contribution of human capital in production isnot significant in the model although
labour isan important factor in production. Thisindicatesthat the economic development
inMalaysiarelied primarily on capital -intensive industries. The evidence can be seenin
the income equation where thereisapositive significant relationship between physical
capital and economic growth. Thisistrueaseconomic growthin Malaysiawas stimulated
by investment, with capital accumulation contributing more than 50 per cent to
productivity growth (Wahab, 2002).

Theindicator of pollutant emissions, BOD, is significant and negatively related to the
GDP. The other pollutant emissions are not significant. This is consistent with the
theory that as pollution level increases, income decreases. Thus, this study can conclude
that there is a small significant impact of water pollutants on income in Malaysia
particularly where BOD isconcerned. It could be dueto BOD being the main contributor
of pollutants in Malaysia; the pollutant mainly originates from industrial activities.
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Table 3. Estimated results for water pollutants - Equation (1)

Dependent variable

Dependent variable

Independent Single polynomial equation Simultaneous equations
variables
CD BOD CD BOD
Intercept -2.3819 -12.2719 448.3516 -37.8905
log 56.8715 1.3886 115.3773 1.9976
(per capita GDP) (1.7646) (2.1332) (1.6287) (1.1883)
(log -34.6931 -0.5949 -110.8392 -0.0974
(per capita (-1.0156) (-0.8622) (-1.0302) (-0.0382)
log 0.6352 -0.0264 1.6025 -0.0682
(abatement (1.4971) (-3.0847) (0.8312) (-1.4914)
expense)
log -4.6362 -0.2929 -1.6773 -0.6255
(secondary (-1.1254) (-3.5196) (-0.1248) (-1.9617)
industry share)
log -5.8386 2.8061 -89.9059 7.4004
(population (-0.1311) (3.1185) (-0.4425) (1.5348)
density)
Time trend, T, -0.3917 -0.0311 0.3999 -0.0801
(-0.6862) (-2.6952) (0.1898) (-1.6034)
Time trend, T, -1.0139 -0.0751 0.8763 -0.1909
(-0.8725) (-3.2009) (0.1757) (-1.6129)
Time trend, T, -1.2386 -0.1079 1.5932 -0.2757
(-0.7490) (-3.2292) (0.2180) (-1.6000)
Adjusted 0.4794 0.1433 0.3212 -0.5419
R-square
Hausman - - 8.3368 6.7598
Test for
exogeneity
(F-statistic)
Turning point 0.8196 1.1671 0.5205 10.2546
of EKC

Note: t-statistics are in parentheses

78
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Table 4. Estimated results for water pollutants - Equation (1)

Dependent variable

Dependent variable

Independent variables Single polynomial equation Simultaneous equations
AS AS
Intercept -235.8941 -108.3967
log 19.2564 58.8377
(per capita GDP) (0.5744) (0.8744)
(log 4.0732 -39.9935
(per capita GDP))? (0.1146) (-0.3914)
log 0.0899 0.4445
(abatement expense) (0.2036) (0.2427)
log -6.7912 -6.8833
(secondary industry share) (-1.5846) (-0.5393)
log 38.9377 14.0882
(population density) (0.8402) (0.0730)
Time trend, T, -0.5795 -0.3789
(-0.9759) (-0.1894)
Time trend, T, -1.5189 -1.0299
(-1.2565) (-0.2174)
Time trend, T, -2.1299 -1.3651
(-1.2381) (-0.1967)
Adjusted R-square 0.1292 0.0533
Hausman Test for - 2.3141
exogeneity (F-statistic)
Turning point of EKC (2.3638) 0.7356

Note: t-statistics are in parentheses
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Table 5. Estimated results for income - Equation (2)

Dependent variable Dependent variable Dependent variable
Independent log (GDP) log (GDP) log (GDP)
variables
Intercept 4.6668 -0.2576 5.8712
log CD 0.0360
(1.2702)
logAS 0.0088
(0.4787)
log BOD -1.2260
(-3.0148)
log(local labor) -0.0809 -1.0587 -0.2495
(-0.0765) (-2.5338) (-0.4525)
log (foreign |abor) 0.4727 0.1382 0.1590
(1.2519) (0.7378) (1.3370)
log(physical capital) 0.0527 0.1352 0.1263
(0.6550) (5.5978) (4.5170)
log(govt. spending) 0.0583 0.1881 0.3039
(0.4087) (2.7842) (6.3773)
log 0.0364 0.0199 0.0086
(foreigndirect (1.8717) (1.9362) (1.1705)
investment)
log (university students) 0.3335 0.1441 0.0548
(1.4562) (1.0822) (0.7039)
Time trend, T, 0.0090 -0.0387 -0.0623
(0.2778) (-1.8721) (-4.4185)
Time trend, T, 0.0355 -0.0324 -0.0658
(0.4935) (-1.0753) (-3.49016)
Time trend, T, 0.05781 -0.0390 -0.0921
(0.5558) (-0.8462) (-3.3283)
Adjusted R-square 0.8208 0.9128 0.8758

Note: t-statistics are in parentheses

80
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Table 6. Estimated results for abatement - Equation (3)

Dependent variable Dependent variable Dependent variable

Independent log (Abatement) log (Abatement) log (Abatement)
variables
Intercept 1.6821 4.2064 -66.4468
log CD 0.7562
(3.5055)
logAS 1.0049
(3.2497)
log BOD 17.9747
(1.5004)
log 1.1158 2.7080 3.7532
(secondary (0.7996) (1.9179) (2.8545)
industry share)
log(physical capital) -1.7848 -1.3337 -0.2510
(-2.3305) (-1.7097) (-0.3861)
T, 0.1126 -0.0071 -0.1615
(0.2980) (-0.0167) (-0.4020)
T, 0.0289 -0.1013 -0.2358
(0.0766) (-0.2367) (-0.5854)
T, -0.1247 -0.2255 -0.2777
(-0.3357) (-0.5301) (-0.6902)
Adjusted R-square 0.0907 -0.205329 -0.0782

Note: t-statistics are in parentheses

5. The coefficients of government expenditure are positive and significant. This indicates
that government spending is one of the main determinants of economic growth in
Malaysia.

6. Foreign direct investment also has a positive and significant effect on income. The
results suggest that foreign direct investment is one of the determinants of increased
economic growthin Malaysia. According to Tsen (2006), foreign direct investment (FDI)
contributed to a higher percentage of gross fixed capital formation in Malaysia. The
contribution of FDI to grossfixed capital formation was 15.1 per cent, 13.9 per cent and
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Table 7. Estimated results for population density - Equation (4)

Dependent variable Dependent variable Dependent variable
Independent log (pop. density) log (pop. density) log (pop. density)
variables
Intercept 4.3619 4.3106 4.4259
log CD 0.0170

(1.1738)
logAS 0.0071

(0.3196)
log BOD -0.0428
(-0.0410)

T, 0.0054 0.0054 0.0054

(0.1558) (0.1544) (0.1546)
T, 0.0109 0.0109 0.0109

(0.3134) (0.3107) (0.3110)
T, 0.0164 0.0164 0.0164

(0.4724) (0.4682) (0.4687)
Adjusted R-square -0.0784 -0.0976 -0.0954

Note: t-statistics are in parentheses
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20.1 per centin 1997, 1998 and 1999 repectively. The stock of FDI in Malaysiahasalso
increased over timefrom USD10.3 billionin 1990 to USD54.3 hillionin 2000. Moreover,
FDI has contributed to ahigher GDP growthin Maaysia. Thestock of FDI asapercentage
of GDPin 1985 was 23.7 per cent. The stock of FDI over GDP roseto 24.1 per centin
1990 and to 65.3 per cent in 1999. Generally, FDI playsanimportant roleinthe Malaysian
economy.

Meanwhile, the number of university graduatesis positive and significant in the equation.
According to Zin (2005), rapid economic growth hasincreased the demand for educated
labour forceresulting in amassive expansion in school enrolment, which led toincreasing
competitiveness of the educated workersin the labour market, resulting in higher income
and higher economic growth.

The share of secondary industry and physical capital arethe critical determinants of the
pollution abatement expenses. According to Shen (2006), the bigger the share of the
secondary industry, the higher the need for the pollution abatement expenses. More
physical capital leads to more pollution abatement expenses. The results follow the
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theory that there is a positive significant relationship between secondary industry share
and pollution abatement expenses. It can be seen that most of the coefficients of the
physical capital variable are positively related to pollution abatement expenses.
Therefore, to maintain long run sustainable growth for the Malaysian economy, more
pollution abatement investments are required even though pollution may not be the
main contributor to income reduction in Maaysia.

Turning to the equation for population density, the coefficients of the water pollution
indicators are negative but not significant. Pollution can affect our health in many ways
with both short-term and long-term effects. Examples of short-term effectsincludeirritation
to the eyes, nose and throat, and upper respiratory infections such as bronchitis and
pneumonia. Long-term health effects can include chronic respiratory diseases, lung cancer,
heart diseases, and even damageto the brain, nerves, liver, or kidneys (Earthplatform 2011).

5. Conclusion

Thediscussion inthefirst part of the paper indicates that water pollution hasan impact on
economic growth. The second part has clarified this point by surveying theliterature on the
impact of water pollution on economic growth in aglobal perspective, and for Malaysiain
particular. It isclear from the existing empirical EK C studies, as mentioned by Shen (2006),
pollution is viewed only as the outcome of economic growth although in many theoretical
models, pollution is assumed to be both an input and a by-product of economic activities.
By taking into consideration government pollution abatement expenses and population
density as endogenous variables, there are no empirical studies in Malaysia that estimate
the EKC by using a simultaneous eguation method with the inclusion of these endogenous
variable. To estimate the relationship between per capitaincome and various environmental
indicators, this study formulated a simultaneous equations model for per capita GDP and
per capita pollutant emission and extended the model to include variables such asforeign
direct investment, secondary industry share, government pollution abatement expenses,
government spending, humber of university graduates and labour (labour being divided
into local labour and foreign labour). This study added popul ation density as an endogenous
variable and formulated four simultaneous equations. The model is an improvement
compared to theworks of Vincent (1997) and Shen (2006).

This study found that there is a simultaneous relationship between pollutants and
economic growth in Malaysiafor some of the pollutant indicators. In the model, the results
of the Hausman test for exogeneity showed that the null hypothesis of exogeneity of these
variables is statistically rejected in all cases. The estimated results suggest that in all
pollutants, the expected EK Csarefound to exist. From the aboveresult, thisstudy confirms
the existence of a simultaneous relationship between pollutants and economic growth in
Malaysia, following the concept of the EKC. The EKC is therefore relevant for water
pollutants in Malaysia. Some conclusions can be drawn from this study:

1 In Malaysiathere is an existence of a pattern of “pollute first and control pollution
later” since the EKC hypothesis is supported in the cases of some indicators of
pollutants. It would have been more prudent for the government to protect the
environment through enforcement and implementation of policies. According to Petra
(2006), per capitagreenhouse gasemission of Malaysiaisrising, aclear indication that
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enforcement of regulationsto abate pollutionisnot strict. The government also places
greater importance on economic growth and industrial production.

2 Atanearlier stage of economic devel opment, the turning points of EKC have occurred.
A study by O’ Connor (1994) stated that there may be four reasonsfor the*latecomer’s
advantage”’ such as increased availability of technology, learning from experience,
increased exposure to international environmental pressures and lower unit abatement
costs. It can be said that Malaysia has this advantage based on the timing of these
turning points. Thisistrue assupported by GTZ (2006) that activitiesat theinternational
level are based on European standards which include private sector technology transfer
between Malaysia and Europe and promotion of the Clean Air Initiative for Asian
Cities. This indicates that pertaining to the environment, a part of the Malaysian
regulations have been built on the experience of foreign countries. The lowering of the
peak in the EKC isaresult of the effects of the government’s environmental policies.

Although this study has found that economic growth and other variables have a small
impact on water pollution, pollution is not the main contributor that reduces income in
Malaysia. However, Malaysiastill needstoimplement policiesthat can help to overcome
the main problem of pollution while sustaining economic growth. Such policies would
includethefollowing:

1 Inordertocombat theeffect of climate change, Malaysiawill need toimplement policies
to protect economic growth and devel opment aswell as moderate strategiesto decrease
the emission of greenhouse gases.

2 Rising public awareness of environmental issues in Malaysia should lead to the
formulation of more policies and government action on pollution. At lower levels of
economic development, growth in public awareness could activate countries to
formulate effective air quality management control policies.

3 To facilitate effective enforcement of the ‘polluter pay principle’, the government
should ensure that the cost of complianceis lower than the cost of violating the policy.

4. Advanced and tertiary operation of pollution control isrequired inorder for pollution
to be reduced.

This study recommends that future studies should include those variables that are
important to residents as the environment exerts a pervasive influence apart from water
quality variables such asair pollution, solid waste treatment, hazardous waste and noisein
the city. Further, factors such as the GINI index of income distribution can be taken into
account to measure the equality of income distribution in a country.
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