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ABSTLAK

Earu-taru ini suatu kesedaran terhadap pentingnya
pengurusan alam sexitar telah menimbulkan suatu Kkeperluan
mengujudkan texnik—-teknik sistematis dalam penganalisaan
imrek alam sekitar. Melalui penygunaan model-model, dua
keupayaan penilaian impek alam sekitar dapat dikemukakan.
Pertama, model-model menbolehkan ramalan tentang Lesarnya
impek masa depan dan simulasi bagi kualiti-kualiti alam
sekitar akibat dari fpenyetaran tahan-bahan pencemar. Kedua,
simulasi wmcdel membolehkan [pengujian polisi-polisi yang
ﬁeliputi kembangan perusahaan sewlilayah dan lokasi
kegiatan-kegiatan di dalam keadaan-keadaan alam sekitar yang
terbeza.

son selat antara Georgetown-Butterworth telah
mengalami Feckemktangan yang amat pesat akitkat dari
Polisi-polisl rancangan-rancangan lira tahun Malaysia yang
menggalakkan perusahaan yang rapi. Pengalaman 1ini yang
meliputi jperctubuhan bekerapa Kkawasan perusahaan serta
terdapatnya pengyhijrahan masuk yang besar bukan sahaja
menyebabkan perkcembangan keupayaan pengeluaran tetapi juga
mendatangkan impek-imnpek alam sekitar. Mcdel-model
'Ecologic-Economic! yaag dibentuk daripada model
'"Input-output' Professor Leontief amat menggalakkan apabila

digunakan dalam meramalkan masalah impek alam sekitar.



1ii

Sebaliknya, model-model penyebaran fpencemaran yang khusus
kepada ekosistem-eKosistem tertentu dapat digunakan untuk
ramalan-ramalan mengenai masalah-masalah pemilihan tapak
atau penempataine.

Analisa impek alam sekitar telah dilakukan melalui
Sistem Penilaian Impek Alam Sekitar atau ‘'Environmental
Inpact Assessment System (EIAS)' yanyg disyorkan. Sistem ini
merupakan satu alat bagir pembuat keputusan polisi untuk
menilaikan impek-impek alam sekitar untuk Keputusan dasar.
Dengan ini EIAS menjadi satu XkXomponen dalam Sistem Maklumat
dan Pengurusan Alam Sekitar atau 'Fnvironmental Information
dan Management System (EIMS)'! yang lebih meluas vyang
merupakan suatu struktur pentadbiran kerajaan untuk memenuhi
keperluan—-keperluan pengurusan alam sekitar di peringkat
nasionale. Struktur EIMS Jjuga dicadangkan di dalam tesis
ini.

Analisa impek telah meramalkan Kenaikan Kkadar

penggunaan air berdasarkan kepada perinjkat perkembangan

ekonomi yang diramalkan. Implikasi - 1implikasi Folisi
akibat dari ini adalan 1) suatu pengawasan ketat
terhadap Kumpulan - kumpulan industri yang diketahui
sebagai pengguna air yang berlekihan ii) meningqgikan

pembekalan air dan iii) amalan penygunaan semula
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oleh industri-industii. Suatu anggaran jumlah [femkuangan
air menunjukkan kakawa Jika ada kenaikan keupayan
penggunnat semula daripada 25% ke 75% buat tempoh 15 tahun,
ini akan mezbolehkan fpembekalan air yang mEencuKkupia.
Anggaran BOD (biological oxyyen demand) dan Lebkar gantung
(suspended solids) oleh kumpulan-kumpulan industri telah
menentukan apakah jenis industri yang merupakan punca utama
bagi kahan-kahan pencemar diatas.

Ramalan fpenyebaran fpencemaran di dalam bekerapa
cabang Sungai Pinang di Eulau Finang menunjukkan
implikasi-implikasi kualiti di hilir sungai bagi kuantiti
anggaran pengeluaran BCD yang Lerlteza. Anggaran-anggaran
ini membayangkan perlunya menilai polisi-polisi terhadagp
penempatan kegiatan-kegiatan ferusahaan di sepanjang
Leterapa cabang lembah Sungai Pinang. Sungguh fpun kualiti
air catang Sungai Air Terjun ktoleh dapat dikawal,
cabang-catang sungai lain meserlukan pembersihan untuk
memulibhkan kualiti air di dalammya.

Model-model fpenyebaran di kuala dan di terusan
menunjukkan bahawa paras fpasang-surut memainkan [peranan
penting dalam memperkekalkan kualiti air. Lengan
menyatukannya dengan butir-butir arus di dalam terusan, di
dapati bahawa implikasi alam sekitar adalah lebih serius di
bahagian utara terusan. Ini adalah disetabkan oleh aliran

keutara semasa air surut di mana isipadu air adalah kecil



dan froses percamguran air pencemar adalah kurang
dicandingkan dengan keadaan pada air pasang. Cengan 1ini,
kegiatan-kegiatan perusahaan mestilah ditempatkan seberapa
jauh keutara yang mungkin.

Penggunaan model ini kurang mempunyali [penge€sahan
empirikal cleh sekat kekurangan data alam sekitare.
Penamtahan data alam sekitar adalah dicadangkan. 1Ini adalah
wajib bukan sahaja untuk membtclehkan wujian statistikal
terhadap kektetulan angka-angka yang dianggarkan tetapi juga

untuk tujuan penganalisaan impek alam sekitar.
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ABSIEACI

Recent awareness towards the importance of
environmental manayement have brought akbout recognition cf
the need for systematic techniques in environmental impact
analysis. Through the agpplicaticn of models, two impcrtant
capakbilities 1in the assessment of environmental 1impacts
become possitle. Firstly models enakle the prediction of
the magritudes cf future 1imgacts and the simulation of
environmental Jualities resulting from the dispersion of
pollutants. Secondly, model simulaticn would alsc enable
the testing of policies involving regional industrial growth
and the lccation of activities under different environmental

conditions.

The Georyetown-Butterworth channel zone has
experienced very rapid growth tollowing policies of rapid
industrialisation in the Malaysian five year p[lans. This
experience which includes the estaklishment of a number of
industrial estates, accompanied by significant expected
inmigration would bring akout not only expanding production
Capacity Lut alsoc environmental impacts. Ecolcgic-Economic
Hodels develcped from Frofessor Leontief's Input-Cutput

model showed promise when used for environmental impact
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projection problems. In addition to this, other hand
pollution dispersion models which are specific to fparticular
ecosystems could be wused for predictioas involving site
selection proktlens.

The environmental impact analysis was done using a
proposed Envircnmental Impact Assessment System (EIAS). The
EIAS 1is meant as a ©policy maker's tool for purposes of
evaluating environmental 1umpacts for policy decisions. The
EIAS thus beccomes a component within a wider Environmental
Informaticn and HKanagement Systen (£IdNS) which is an
administrative structure within the government to meet the
environmental management requirements at the naticnal scale.
The EINS structure 1is also proposed in this thesis.

The impact projection analysis precdicted an
increasing rate of water consumption Jgiven the projected
level of growth. The policy implications arising from this
would be 1) a tighter ccntrol over industry groups which
have been identified tc¢ be large water consumers, ii)
increasing the capacity of water supply and iii) the
practice of water recycling by industries. A projection of
water discharge figqures indicated that a shifting from 25%
to 75% recycling over a firteen year period would allow the

projected water demands to bLe met. Projections of BoOD
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(biochemical cxygen demand) & suspended solids Ly industry
groups identified the industries which are the major
pollutors in terms of both these ecological commodities.

Erediction of g[pollution dispersion in the various
tributaries of the Sungai Pipang Ltasin in Fenang Island
showed the water quality implications downstream for
different simulated levels of BCD discharge. These
predictions threw light on the need to evaluate pclicies on
the siting of dindustrial activities along the various
tributaries of the Sungai Finang kLasin. Although the
quality of the Sungyai Ayer Terjun triktutary could still be
controlled, the other trikbutaries would require cleaning up
activities to restore the water guality.

The estuarine and channel dispersion models
indicated that tide levels play a significant role in
maintaining water yuality. Combining this with informaticon
on the direction of currents in the channel, it becomes
apparent that environmental implications are more serious in
the north channel. This is Lecause ot the northerly flow
during low tide when the volume of water is less and there
is less dilution of polluticn, ccmpared to the situaticn
during high tide. As such, industrial activities should be
sited as tar tc the north as possitle.

The applicaticns however lack empirical validation

due to the lack ot envircnmental data. The expansion of the
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environmental data btase is thus advocated. This is
necessary in order not only to ke akle to statistically test
the accuracy of the predicted tigures but also to enakle
more robust models to be applied for the ©purpose of

envircnmental impact analysis.
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CHAPTER 1

INTRODUCTION

There has been an increasing awareness towards
environmental implications resulting from concentrated and
rapid transition especially in urban areas, following the
isplementaticn of develcpment plans. However, local
authorities responsible for administering such develorment,
armed with zoning ordinamces, including building and housing
codes, face a lack of a conprehensive and systematic
estimate of the environmental impact, implied Lty various
proposed pplans(1). As 1t is, estimates of environmental
outcomes are available only in very vague and general terms;
thus preventing easy identification of possible strategies
of environmental management.

Such 1increasing demands tfor effective evaluative
tools to meet the needs of policy makers and plannecrs have
given rise to statutory requirements for the formulation and
determination of a set of Environmental Impact Statements
(EIS), tor every proposed develocpment [project in order to
put into perspective the potential envircnmental changes(2).
The United States Congress, for instance, passed the

National Environmmental Policy Act, (NEPA) in 19%€9, which



requires any project prorosal sukmitted which is likely to
"significantly affect the guality of the human enviroanment,"
to be accompanied bty a formulated set of environmental
impact statements(3).

This has become policy also in Malaysia. An
Environmental Quality Act was passed by Parliament in 1974,
and in the Third Malaysia plan 1t has pecome policy whereby
both public ana private agencies embdarking on the
implementation of projects would have to assess the likely
environmental effects and accounting also the means of
avoiding such effects(4). A series of workshops has also
been c¢rganised by the Department of Environment, in the
Ministry of Science, Technology and Environment, to
introduce and implement environmental impact statements in
local project planning, the wost important one being the
National Seminar on Environmental Management and
Environmental Impact Assessment held on 16th. to 20th.
October 1578. Local environmental standards, a necessary set
of criteria to evaluate the impact statements, are in the
process of being determined and gazetted (5).

The EIS, once formulated play several roles in
environmental management. Firstly, the statements provide a
form of evaluative system over each development flan which
can be used as criteria for selecting the optimum strategy

wvhile simultaneously avoiding potential wundesiratle and



possible irreversible and embarrasing consequences.,
Secondly, with such an evaluative system, policy nmasers
would have greater corfidence 1in approving and making
allocations for development projects. Finally, development,
controlled in this fashion, could enhance the long term view
of the praojectt!s implementation, thus providing
possibilities for predicting and managing the direction cf
future growth.

The environment impact statements are supposed
to ke comprenensive and interaisciplinary, requiring
a wide range of expertise. They are also to ensure
that the impacts of alternative actions are evaluated
and considered within the planning fphase in an integrated
fashiona

Various analytical tocls are now being developed to
handle the processing and evaluation of these statements.
As an example the U.S. Geoclogical Survey proposed a
procedure for evaluatingy envirccnmental impact with an
environmental matrix which serves as a check 1list linking
man's activities and the resultant effects on the
environment. The matrix proposed acconmodates BR800
possibilities from 88 ecological Situations listed
vertically, and 100 project types listed horizontally. 1In
actual use however, the matrix can be telescoped to a
smaller number of related 1tems as indicated in the case of

a phosphate mining lease (figure 1.1).



Figure 1.1 _redi:ed matrix for a phosphate mining lease
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Source: Edmunds and Letey, Environmental Administration,
McGraw Hill Book Co. N.Y., 1973 p. 326.




The matrix is used by checking each action that is
likely tc be inveclved significantly in a particular human
activity by making a slash diagonally from the top right to
the bottcm left of the appropriate cells. The upper left
hand corner is used to irndicate the magnitude of impact Ly a
value from 1-10. Similarly the lower right corner is used
to indicate the importance of the impact also ky a value
from 1-10C.

On making an assessment of environmental gquality,
the matrix serves as a useful abstract where the
relationship Letween human activities and the type of
environmental implications can be quickly seen. However the
technique suifers trom the subjectivity invclved in
assiyning a value between 1 and 10 to signify degree of
impact. As such the evaluative system itself becomes prone
to individual bkias. However, given the extent of coverage
of the matrix wmethod, little tinme is allcwed for
sophisticated methods to be applied before the scores are
entered into each cell. Nevertheless wmore poverful
techniques should be sought and utilised for some of the
cells which could not be fairly evaluated by subtjective
means. It is here that further research must be attempted
to explore and experiment with alternative ways of

environmental impact analysis.



Several points should be considered when devicing a
tool for making environmental assessment. The first point
concerns assessing environmental implications of development
in an aggregated fashicn. Although it is the individual
activity that pollutes the environment, the resulting
environmental gquality is actually the collective and
cumulative effects of all activities in a g¢given geographic
area. As such not only must the individual activity ke
considered on its own, but alsoc among other activities as
well.

Secondly, it is also important to be able to
evaluate the long term environmental effects of any
development plan. Although some of the activities brought
about by develogment, may have small and unnoticeable
immediate impacts, they may be potentially hazardous in the
long Cun. This is referred to as dosage versus
concentration of toxicity (6) - In some situations
environmental indicators may show pollution concentrations
beyond acceptakle standards, and sufficient attention may ke
brought to the ©pollution levels. In other situations,
pollutants in small dosage, well Lelcw acceptakle 1levels
may, in the 1long rum cause serious health complications to
people attected.

The third point is related to the spillover effects

of a given region upen neighbouring regiouns. Although



administrative boundaries define the areas of control of the
respective local authorities, the general ambient
environment has no 1limits. Thus takulated data and impact
figures being assessed under one local authority for its
area of jurisdiction, must be assumed to be for an enveloped
environment that ignores extermal influences. Attempts have
been made to extend the area by managing the environment at
the regional 1level, such that a wider environment can ke
contained within such an envelope. BEut, classical problems
of defining a regicn are apparent(7). Thus the feasibility
and effectiveness of whatever tools created to aid the
decision making [frocess is subjected to these Fproblems of
regionalisation.

Fourthly, it is important that such impact studies
be made for different development alternatives. Project
development planning alternatives as pertaining to land
development involves either the substitution of different
activities in a given location, or that of substituting a
different location for a given activity. Effective tools
which can demonstrate the environmental implications of
these different alternatives either for site or activity
would therefore be very essential to environmental
management.

Fifthly, envircomental impact assessment should

also be 1looked upon from a policy implementation point of



view. Environmental impact statements have not evolved to
replace, as sutstitutes, the current administrative
machinery dealing with planning and control. They have
rather come aktcut as new scientific and statistical toocls to
supplement the needs of policy makers and local officials
involved in the decision wmaking process. Environmental
models and impact studies are thus mainly directed at policy
implementation and perhaps guide in policy formulation as it
throws light on the general issues requiring policy. It is
however important to note that the actual policy
identification and formulation is still to be undertaken Ly
policy makers.

Finally, environmental management, like all other
management systems, requires data that facilitate analysis
for rational decision making. Whilst economic planning is
dependent on availakle statistics gemerated on production,
expenditure and trade, and socio-economic G[policies are
evolved out of data collected through censuses and
supplemented by individual researchers, there is however, a
continuing lack of a satisfactory methodology that «can
provide the data input, analysis and statistical output of
facts and fiqures [pertaining to the environment. The
environmental frotlems have very often been misidentified,
and there have been difficulties also, of evaluating the

effectiveness of a chosen strategy, to tackle them. 1In this



sense the expenditures incurred each year on environmental
action wculd seem tc have been wasted as a result of being
unable to monitor the effectiveness of the inmplemented
strategye.

There have Leen attempts made to obtain some degree
of sensitivity to the prevailing environmental situations
through the @many researches and data collected. The
research grougs include students and very concerned
organisaticns, like that of the Consumer's Association of
Penang and the Young Scientists Groug, as well as relevant
agencies in government, particularly that of the Department
of Environment (8) . Many of these have been invaluakle in
meeting some fplanning needs; and wmany have identified the
right problems which can contribute to some meaningful
solutions. But, as yet, the availakle environmental data
sources have only been mcdest. This situation has hindered
progress in the developsent of the required environmental
management system to control the implementation of economic
development plans with sufficient regard for envircnmental
implicaticns.

The effectiveness of the environmental management
process is dependent on the incorporation of these points.
Taken together, they suggest am important role to designing
and use of alternative evaluative models of environmental

impact. These then may ke used to simulate various pFossitle
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situations and thus allow for the formulation of approgriate
preventive or control strategy in emvironmental management.
The develorment of such models imvolves several
technical and conceptual problenms yet unresolved. In
essence much of the framework c¢f environmental management
has been drawn up. The task is then to adapt and experiment
with different concrete situations to show the viabkility of

such modelling and analysis.

1.2 The role of models in environmental studies

Environmental management decision making largely
involves talancing the good of economic development with the
price paid for the deterioration in enviroanmental quality.
However, too many factors are involved in the interactions
of the many components within an ecosystem which curtail our
ability to relate economic development against environmental
deterioration. For this reason, several mathematical models
have been developed and applied as tools to analyse a
particular environmental situation.

Two major roles of environmental modelling can ke
identified. Firstly the model presents itself within the
framework of a particular management problenm, whereby policy
simulaticns can be conducted (9). Secondly the model itself

becomes available for tfurther theocretical analysis and

development (10). This can then be applied under experimental
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situations again, within the framework of another [policy
problem. The two roles as such, run cyclically, one after
another, involving ccntinuous parameter estimation,
balancing equations and calibration. These two roles can kLe
explained further with reference to figure 1.2. The figure
in schematic form demonstrates how mathematical models of
difrerent types can bridge the gap between ecologic theory,
management experience, and experimental simulaticn and
planning of environmental management strategy.

The shaded portion of figure 1.2 represents the
locus within which models of various types derived from a
wide variety cf studies play a significant role. These
models derive their parameters from data obtained outside
this area which are obtained <from ecoclogical studies. They
include experiences of resource management, information
analysis, and data experimentaticn(11). The resulting models
are of various levels and complexity.Some are drawn directly
from basic data sources, while others are built upon basic
models, and are more complex in nature. The latter are
however mcre specialised and only serve specific purposes.
These models feed back and therefore provide deeper insight
into the issue of environmental resource management and
analysis of experimental data.

Without the analytical power provided Ly model

development, environmental management decisions must draw
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Figure 1.2 The Role of Models in Environmental Studies
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directly from resource management experiences. This can ke
perceived by looking at figure 1.2 ignoring the shaded
portion and linking the management [frescription process
directly to the process of resource management €xperience.
The result is sukjective judgement of environmental
situations on which the fpolicy decisions are made.

However the entire ecological systems analysis does
not empirically flow as smoothly as depicted in figure 1.2.
For one thing, resource management experiences are not
perfect, and experiences do not result in satisfactory
information analysis mainly because much of the knowledge is
not collected in the form of data. Much of the available
information cannot ke <collected due to cost as well as
technical drawktacks.

Modelling however should not be perceived as a
substitute for empirical studies of the environment. Models
do not cure pocr data(12). But on the other hand it does not
mean also that models cannot be meaningfully utilised if
there is a lack of data Lase to derive variables for such
models. Under those circumstances, hovwever, there is
admittedly a lack of predictive capability in such models.

In circumstances where data and information are not
available or incomplete for specific ecosystems, models can
however provide the ability to derive estimates from

alternative sources where the data is available. These
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models simulate the condition «&ithin the envircnment, kut
they must ke calitrated by varying the values of the
coefficients in the model until the conditions froduced is
sufficiently representative of the environment and its
changes. 0Once this is done, the operation of the model can
go on to experimentations in the form of feeding it with
hypothetical inputs and noting the outputs. This represents
a cheaper way of testing a great variety of alternative
management approaches. Those alternatives that apgpear to le
more promising can then be field validated in terms of
actual pilot projects.

The environmental data bLase should therefore bLe
expanded as much as possible. Thilis 1is to ensure on the one
hand, the ability to incorporate im the models enough of the
crucial dimensions of the ecosystems and, on the other hand,
once the models have been properly calibrated, the ability
to analyse the impacts of development flans on the
environment more realistically.

Tc this end, therefore, the basic requirement of
environmental management is some ability to predict
envircnmental consequences. This predictive cagpability is
vitally needed in order to generate information as a guide
to making decisions relating to exploitation, production and
utilisation of natural resources, and the ability to analyse

and plan economic growth more rationally in terms of its
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environmental costs. In other words, the end product of
such a management system serves two basic purgoses.
Firstly, it serves as a guide to evaluation of site-specific
Flanning considerations. But more important, secondly, it
provides the basic prescriptions to rationalize management
with sufficient predictive capabilities over the
environmental systema The reason why modelling 1is an
etfective method for meeting such objectives is its unique
potential for handling simultaneously the highly
interdependent and complex problems of the environment(13).
In specific terms this covers i) the general ambient
environment, ii) the geographic structural units to which
these conditions relate and iii) human activities that
change these conditions and subsequently the geographic
structure. The environmental conditions, geographic
structure and the human activities, and their
interrelationships together have been identified as the
three basic elements of an environmental planning systenm
model (14).

A mathematical model is however merely a
descripticn of various relationships and as such is
imperfect and incomplete(15). Their tormulation and
applications are possible only by way of making several
simplifying assunptions(16). These are usually related to a

static econony, a steady state situation and linear
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relationships. BRecognizing these limitations, models must
be tested and retested in order to suit [particular
situations before actual policy simulations and [policy

decisions can be drawn.

The focus of this study 4is on formulating and
demonstrating the application of environmental impact models
using available empirical data in the Georyetown-Butterworth
Channel Zcne. Its objective is to simulate the use of these
models within the framework of the larger environmental
management process. To this end, the models used are
operated at two different levels. Firstly, a macro
ecologic-economic model would be used for projecting future
environmental implications given the anticipated level of
growth as Frojected within other planning policies.
Secondly several dispersion models would be attempted for
simulation impacts on a nmicro scale, for specific
environmental systems.

Projected growth levels are derived from empirical
observations of present industrial activities and
development trends in the study region. Market demands
exerted Ly consumers of the various industrial outputs,
generally termed as final demands, for each projected level

bring abcut certain impact implications. The demands imply
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that production 1levels sculd have tc bLe geared to supply
sufficient quantities. This would involve the consumption
of environmental resources and the release of industrial
waste which form cur interest 1in environmental impact
assessment.

The predicted environmental implications for the
different economic situations are projected from a set of
interindustry technical coefficients and environmental
coefficients. The tcrmer is derived for tne region frcm the
national interindustry coefficient computed from the
national input-output table for 1970. The latter is
estimated from empirically collected environmental data for
a sample of ditferent industries in the study area.

The Georgetown-Butterworth channel which is chosen
for study is described in Chapter II. The area has been the
focus of a 1lot of attention 1in recent years in studies
relating tc industrialisation and development. A great deal
of interest has been generated in the area in the light of
the decentralisation policy which is p[part of the regional
develoment strategy outlined in the Third Malaysia FElan
(1976-80). In this regard the Georgetown-Butterworth zone
is recognized as an important «regional counterpole that has
the potential to draw industrialisation away from the main
industrial centre viz. the Kuala Lumpur-Kelang Valley and to

become the principal growth centre ia the northern
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v

Peninsular Malaysia (NPY) region(17). The economic
implications ot this is wmore extensive industrialisaticn
necessary to provide employment not only to cope with
population growth in the local economy but also to cater for
an expected influx of wmigrants frcm the rest of the NPHM
region.

Chapter 1II and IV are devoted to descriking the
ecologic-economic model. In Chagpter 1II, the modelling of
the regicnal economy 1is discussed. This consists of the
description of how the regional interinaustrial technical
coefficients, and how the regional final dcmand estimates
are derived. The model proper is discussed in Chapter IV.
Among the many variations of how the Leontief model has been
adopted to suit environmental impact applications, three
have been compared here and one chosen for use under this
thesis. In tnis chapter also, the estimation of the
required envircnmental coefficients is also descrited.

In Chapter V, a review is made of some
environmental dispersion models to be used for analysing the
spatial patterns of pollution. Many of these are very crude
models. Nevertheless they are still an improvement beyond
pure subjective judgement when used in combinaticn with the
macro-impact model above. The application of dispersion
models 1in essense introduce a spatial dimension to the

environmental impact analysis tLbeiny attempted. The
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ecologic-econometric approach presents a time dimension but
ignore the dispersion patterns of pollution over geographic
space. This dispersion 1is very important since the
implementation c¢f development [lans generally involve
considerations which are site or location specific.

The actual simulation exercise would be reported in
ChapterVI. Here several alternative policies will Le tested
and the different environmental outccmes will be evaluated,
through the use cof a [froposed Environmental 1Impact
Assessment System (EIAS)- The purpose here 1is to
demonstrate an operational methodology which could ke
adopted for purposes of formulatipg rational policies of
national econonmic interests as well as environmental
management objectivesa

Finally, to put into perspective the work under
this thesis, Chapter VII has been included to discuss the
potential development and operation of an Environmental
Informaticn and Managyement System (EIMS) in this ccuntry.
The analysis of environmental impacts can be effectively
carried out with such a system which 4incorporates the
monitoring of the environment, the processing of data and
application of analytical tools, and the generation of
environmental impact statements to serve the needs of policy
makers in the forwmulation of environmental management

strategies.
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CHAPTILR II
THE ECONCMY AND ENVIRCNMENT CF THE GECRGETOWN-BUTTERWORTH

CHANNEL ZCNEC

This chapter provides a description of the
characteristics of the study area relevant to this
thesis. The cbservations made here on the fprevailing
empirical situation will then allow the environmental
models applied iu the following chapters to draw ugon
them as elements in the models.

The Georgetown-Butterworth Channel Zone comprises
the regicn around the two-to-eight mile wide stretch of
water separating the Island of Penang (Pfulau Pinang) frecm
its mainland known as Province Hellesley (Seberang Perai).
Penang island and P2rovince HWellesley together, constitute
the State of Penang. The Penang Channel consists of a North
Channel, whicn 1s situated north of the 1lsland's promontary
where the City of Georgetown is located, and where the
channel is narrowest, and a South Channel to the south of it
(Eigure 2.1). The State of Penany is 397.715 SQ.
miles{(1030.2 sy.am.) 1in area of which the island mass
is 112.77 89« miles(292.1 sg.km.) and the hinterland,
284.98sqg. miles(738.1 sg.km.) making it the second smallest

amony the 13 Malaysian states.



Figure 2.1: Location ard Physiography of Penang
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The economic trends in the State of Penang observed
bty the pproduction figures are used as evidence of the
effects resulting from the implementation of development
policies. These effects are then translated into
environmental impacts, by incorfporating environmental
factors with the production figures, in the models.

The physiographic okservations of the Penang
Channel and the Sungai Pinang Lasin in Georgetown provide
the structural framework required for the application of

environmental dispersion models.

A physiographic cbservation of the channel reveals
a narrov lane of deep water midway between the twac land
masses, with shallow mud Lkanks on both sides of it (tigure
2.2)- On the average, tidal streams during highwater at 5
degrees 25 minutes 5 seconds North, 100 degrees 21 minutes 1
second East (somewhere in the middle of the channel east of
the Georgetown promontary), 1is 172 degrees, at the rate of
2.1 knots during spring tides, and 0.6 knots during neap
tides. At 5 degrees 20 minutes 0 second North, 100 degrees
20 minutes 0 second East, (off the northern tip of Pulau
Jerajak) the tidal stream is 194 degrees, at 1.4 knots
during sgringtides and C.4 knots during neap tides. The
reverse flow towards low water periods for the first

location is about 355 degrees at 2.1 knots during spring



