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Absiract

This paper describes un explosatory study to analyze the relationship berween urban
papulation density and transporldlion energy consumpion i the context of urban planning.
Lirban population density is used because it is commonly accepted as “proxy™ for urban
form pattern analysis in terms of degres of centralization, This paper reviews sustninable
arban form, relaticnship between urban fransporation and urban population density.
Based on the secondary data, multi regression analysss on the relationship between urban
popalation density and transportation fuel consumption on Malaysian cities are carried
out. In this analysis, three main variables are explored: population density, private vehicle
pwnership and transportation fuel consumption. In order 1o understand the relationship
herween popitlation density and transportation enerLy consumption, other selected ghohal
cities are used as benchmarks in relation 1o selected Malaysian citics.

Keywords: LUthan Population Density, Transpartation Fuel Consumption, Urban Fonm,
Private Yehicle Cramership

INTRODUCTION

The futuse of our cities lies in the actions we make today, Achieving sustainable
cities are crucial in the urbanization of the world. This is reflected with the increase
of population in settlements known as the urban areds, In 1950, 30% of the world's
population lived in urban areas. By year 2008, these figures would have dramatically
risen to almost $0%. According to the United Nations Report of the World Summit
on Sustainehle Development 2002, approximately 61% of the warld s projected
population will be urban by the year 2030, Almost all will take place in developing
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URBAN POPULATION DENSITY PATTERN ANALYSIS

The degree of centralization amony the sglected cities is analyzed. vsing the urban
population density of the metropolitan ares as g parameter of comparison {person
per km2), Two sub parameters are analyzed 1o determine the densities of population
among selected cities. The greater metropolitan area is used to study the deree of
distrifietion density, given the definition of cach boundary area amd population of the
selected cities, The Inner City Centre is used fo study the degree of conceniraion
located within the core of the metropolitan. Table | shows the urban popalation density
pattern analysis among sclected cities in year 2000, The data an the urban density of
metrapolitan and inner city centre have to be obtained from VAMOUS S0urges a5 shown
it the endnote. Delfinitions of metropolitan and inner city centre boussiiry to determine
the urban population density are based on the official sources of the repurt,

TOTAL  URBAN  POPULATION DENSITY OF THE GREATER
METROPOLITAN AREA VERSUS INNER CITY CENTRE

Table 1 shows city island states such as Hong keng and Singapore have the highes
population density of more than 5000 persons per sq km ot metropolitan level.
Georgetown city has the highest urban papulation density of about 4,700 persans per
50 km among the Malaysian cities at metropolitan level, Most of the other selected
cities are 10002500 persons per sq km at metropolitan level. However, urbin
population density. at inner cities can he very different if compared with mgtropalitan
level between cities.

The metropolitan aren of Georgetown in Penang exhibits a higher density in
comparison o other Malaysian cities within the greater metrapolitan aren of 4,683
persons per km2. This indicates the existence of a densar population structure beyord
the population density of inner city centre {3,384 persons per km?). This weilild st e
the existence of an urban structure which leads towards suburbanization, s reflected
by the distribution patiern of the population dengity,
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Tabsbe 1: Urbon Population Density Patterns Analysis in Selected Citics, 2000

URBAN FORM PATTERNS
GHEATER INNER CITY
SELECTED CITIES METROPOLITAN AREA CENTRE
Lrban Population Density Urhag{:g_t;lu g
(person per kind) iperson per kim)
“5 Kuala Lumpur 14150.62 5,694.69
“ Geargetown | 468189 ; 3,383.96
1% JTahor Bahru L180.05 34TSR
! Singapore | N 3 884,96 683864
'Ha 1
Hone é‘;ﬁ‘;'ﬂin i 6,104.28 16,693 36
“ Sydney 107587 §,581.88
"Melhourme | .520.19 | 982 TR
& Adelaide |,374.40 |, 136,80
TNew York 2515.50 6,513.68
" Los Angeles 237939 2 98263
NSan Francisco 213056 |, 23862

Nore! The hedied popilation dora dirows thal Tnner elty cenive populiation dessity is
S0 move Mo mvelropodliar pogilad i,
(Simince: ddapred from various resonrecs, 2008, Refor fo opednotes on the derall
of the sources)

The Metropolitan area of Kuala Lompur indicates an otherwise reverse urban form
puttern which shows a dense urban density in the inner city centre of 3695 persons per
km2 incompanson to L0 persons per km2, This could be exploined that there 1s
a similar pattern which exists in proportion of the employment density located in the
city centre of Kuala Lumpur. Studies have shown that employment density increases
with the locstion of the business district centre Or ceniral area of the particular ¢ity
{Chung er. af). This may also be the case for Kuala Lumpur. Further research could
be implemented to research the pattem of employmeni density bebween sreater
metropolitan ares and inner ¢ity centre,

Homg Kong shows the highest population density among the selected cities, both
in terms of the greater metropolitan area (6, 104 persons per km2) and inner.city centre
(16,693 persons per km2), Hong Kong Island 15 o highly urbanized metropolitan
mn comparison with Malaysian cities. This iz reflected by the equal digtribution
ol population in proportion of the uhban structure of the grester metropolitan zres.
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Wihile other citigs in the likes of Melbourne, Adelaide and Los Angeles also ndicats
a constant distribution in greater metropolitan area and inper city cendre, the ligures
als shows thit Hong Kong comprise the densest of the seleciod cities, This suggests
heat Hong Koog iz increasingly becoming “vertical™ in both phy=sical developrment aml
population distrebution,

TRANSPORTATION ENERGY CONSUMPTION PATTERN ANALYSIS

In transportation planning, the use of private vehicles 15 related to the intensity of
urban aclivities and how ciies provide for s aulamobile and nos-autamobdle modes
(Mewsmaw, W9 Usage of private vehicles also stromgly corrclites with fuel wse,
Therefore, enerey consumpiion of end wse foel products 15 essentinl o understand
consumpdions of vebicles among selected cines, Supporiad by iwo variables using
private vehicle ownerships per copita and transportation Toel consumption {derived
(romm pational aversge popelation deta), energy consumption patterns are studied
i corrclate with whan foem patierns using regression analysis, Table 2 shows
trasportation cnergy consumplion pattern analysis among selectied cities in year 2000,

PRIVATE YEHICLE OWNERSHIP PER CAPITA

Private vehicle ownership represented m fotal prvale vebncle ownership per capiin
shows that Malaysan cities, comprising of Kualn Lumpur, Georgotown and Johor
Bahry are smong the highest among selected cities, with Georgstown being Lhe
highest figure at 2,52 vehicles per person, This is equivalent of one person having
2 privale vehicles, Whereas ihe compenson amiong selecied cities shows that Hong
Kong indisates the lowest vehiele ownership per capita with (L08 velicles per person,
equivalent of 12 pesple sharing one private vehicle fwhich inclodes amtomobiles and
mstareyches]

THANSPORTATION FUEL CONSLIMPTION PER CAPITA

With reference 1o Table 2, fuel consumption of prvate vehicles represents the
mtensity of urhan and human aetivities which takes place in the metropalitan anca.
The data derived from the private vehicle patterns and fuel consumption variables
covers the contest of the gremer metropolitan e With relation 1w privide vehicle
ownerships per capita, the measurement of foel consumption o also supported by
other transporiation factors such as passeoger inps, sphit modals by Dvpes of vehicles
and frip distribution secording W human activities (Newssn, TO89 This would justify
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the complex relationship which exists between human activities and fuel consumption
and thus the regressien analyvsis W correlate between these variables.

Table 2: Transpoartation Energy Consumption Pattern Analysis in
Belected Cities, 2

TRANSPORTATION ENERGY CONSUNPTION
PATTERNS
PRIVATE
TRANSPORTATION FUEL CONSUMPTION
SELECTED . Transportation
CCITIES Private Vehicle Transportation | Fuel
Ownership per Capita | Feel Consumption,  Consumption
{vehicle per person) (VLI) per Capita
(M per persan)
[Kuals Lumpur 071 | S3.573115380 128,012.01
| Georgetown 2352 TRAISA3SOTI | 5661117
Jl.ll'ldilr Eahru 1.82 135,280,395, T84 20218893
| Singapore | 02 | 282302703392 | 70.086.79
Hong EU‘J‘EL
{Hong Kong 0.0 131,326 388,202 11,275.5%
 lsnd)
Sydney 082 | 1,039,337 455 882 296, TR, 60
_ Melboume 0.68 93803385 | 29678443
"hdL|i1:|lJl.. .09 297.377,5344,504 "'ill.’il 'i'FH 1!3-
~ New York 038 10.394,997.890,468  327,343.69
Lo Anggeles 0.75 7292,635,238803 | 52734308
b“ln Frimcisce 1.3 2 B0S 468, R0 666 52734282

(Feaerce; Newmem, FEEY and Researcher b Stedy, 2008- hased on several sesrees
ors wated o Hie endnpies)

Among Malaysian cities, Johor Bahru records the highest of fise] consumption per
capitn with 202,19 X 10"'M.] per persom in comparison to Georgetown’s 56,61 X104 M
per person. Given the comparison in terms of private vehicle ownership and wsage of
fuel use, the vanations in the intensity of fuel consumption per capita is independent
af the privaie vehicle ownership per capita. Despite having the highest ratios of vehicle
cwnership of 2.52 vehicles per person, Georgetown remains one of the lowest fuel
CONSUMErs per capitn among Maolavsian cities, which = 56,61 X 10°MI,
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With regards fo the vanutions for the measurement of lnmsporialion engeegy
CONSUMPHIT palierns, two main poinis are to support the use of the parameters.
Firstly, the private vehicle ownerships are used to measure the extent of balince of
automobiles between the dependency of private and public fransportation, Secondly,
fuel consumption allows the stady of vehicle usage intensity by human activitics
and how it eorrelntes with urbun stnucture of cities. The next anolysis will explore
correlations berween both parameters and position Malaysian cities in this relationship
among selected cities.

RELATIONSHIP BETWEEN URBAN POPULATION DENSITY AND
TRANSPORTATION ENERGY CONSUMPTION PATTERNS

Regression analyeis  between urban densily  (population density)  patiterns amd
transportation energy consumplion patterns ore compared among selected cities.
The study will explore the characteristies which each city porirays using pgreater
metropolitan aven and inner city centre as the constant of the analysis. With context
i Malaysian cities, the charncienistics that the benchmark cities carry will then be
deduced towards plannming implications in Malayzia,

Based on Figure &, the regression line shown describes the position of Kiala
Lumpar, Georgetown and Johor Bihra among selected cities. Based on the range of
densities. porirayed by the proximities of selected cilies, four distinctive clusterimg of
cities may be adentifed, v correlation with the total private vehicle ownership per
capita, a5 shown in Table 3.
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OWRErship darg, In the cage of Malaysian Cities, Ceorgetown i5 the mast COMpact

Mong the grher ki Malaysian eities bug iy jo still g VErY Privaie vehipje dependonge

Urban coppre On the other hand, Kyaly Lumpur j5 less Compact byt j has a lower

Private vehicle oWnership gg compared with Gnnlgmm-n. This may he EXplained wip
o,
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hat since thers A€ no specifie gudards 10 comply 0 Aetermining 1 proxamity
range of urban densities in the grenier petropolitan ared it pESUmpLon ol Jiperson
per kml s useds phased on the average demsity amonj e qelected gities Similarly,
the measuTeme of 20X ML per persil 5 used for e total fuel crpisumPIon
cnergy. 1S ke may vy haged on the qumber of cities nsed m the epsurement ot
(rouhoul 1 peericdd Based on the runge oF densitles citted within cloge proximily
among 10e aeleoted cities, our digtanctive clustering of cilies may i dentibied, o
portekatinn with the tatal fue! consumptian, &5 ghowen 10 Tahle 4 Tabie 4 shows izl
alh the 3 Mlalaysian pifies are ctoerized as Lo el CORALITpEE in relative to e

gelectedd cifies

Table At Clustering of sohected CiHies prased 0ft proximity of
rrivate Yehicle Crwnership per Capits
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|
i paiTe, | 4 | Comparct dnd

| 3000 \-f-l.h | Hh,ﬂ-u—Ln-J.l| o Koo | [T prreivate
- L |I _ Jii T gransport oviented
|| ]l | || | Compact and higher
| >3000 ~1.0 |‘riigh.-1-li.|;h Georgetown | # |I private transpart
i| | Kusla Lumpur, | r il
sdelbourne, Sydneys i
23000 | <10 Lo - Low | :H'LE:A:E_:L‘MY A | [ywer trnsport |
DI T S New York __\ e |
| Toar Rahnd, 4 | Less compact and
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—— l, . = e e 2

{Bource: Regecrther s Spaly, 2008
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From thig analysis, Georgemwn, together with Hong Kong and Singapore fit into
the theary of compact city having lower fuel consumiption or the higher the density the
lower fiel consumption relation. Howesver, the result m Tuble 4 shows that low density
have lower fuel consumption in the case of Kuala Lumper, Jobhor Bahru, Sydney,
Melbourne und Adelaide contradict the compact ¢ity theory, Based on the theory less
compact gity or kower density oity wsually have higher privite war cwnership and lower
publi¢ tranzport usage, Hence this will comribuge 1o higher fuel consumption.

The possible explanation of the low fuel consumption of the 3 Malavsian cities
miay be infleenced by factors such as in relative terms there is a greater use of public
transpost and non motorized vehicles, rrip frequency and shorter tip distance, Whereas
1 the case of New York, Los Angeles and San Francisco, inrelative terms trip frequency
and trip distance may be higher than the Malaysan cities.

L0 Son Franciaco ) i -
E‘ " | Las -'".ﬂiflﬂ :r_?gqsz-:l-:r [T, [
2 *oF  hew York EK
2 < SEHD, CHE - R 2Ty
E R ‘
w2 A0, \\,\ - o
E L Wl Ibsouirne
- g '-_“‘
v 00,000 SIS g gy
£2
£ 00000 ;—————# b
=
lg"a 0 # Kualo Lumpor ™ - —
z Tg——— ' Singapore
é i I | : . % Hong Kony
0 o000 Lea0 R0 4000 E000 e T
Urlsn Populstion Density (person per knal)

Figure 5: Urbun Density versus Total Fuel Consumption per Cuplta, 2000
(Sawurce! Rerearoher & Sy, 20088
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Tahle 4: Clustering of Selected Cities based on Proximity Bange of
Total Fuel Consumprion (M1
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CHARACTERISTICS OF CORRELATION BASED OX UKBAN FORM
PATTERNS

As mentivned in the regression analysis, we will examine the characteristics of these
relatanship, mamly urban density patterns and transportation enerzy consumpdion
pattems, The study will examine existing wrban form and land use planning theories
n the comiext of Mulaysian cities. Specifically, this stedy will benchmark Mlatiysian
cities to compare efficient correlation, i.e. efficient urban density azainst the selected
cities, This form of classification allows benchmarking of the current position of
Malaysian cities in torms of energy efficient cities and thus allowing decision makers
iy mike progressive and oplimum decision making fowards effective sustainable

planning implementation.
£ J0 iy
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Table T: Ideal Characteristics of C arrelation for Private Vehicle
Ownership Per Capita

- IDEAL O T ;
CLASSIFICATION Private Vehicle Ownership Per Capita
Urban Density | HIGH density - HIGH HIGH density — LOW
{CGireater Metropolitan vehicle ownership yehiche ownership
Area] LOW density — HIGH LOW density — LOW
vehicle ownership vehicle ownership

Wene: Hedged colaman i fdel v loep
(Sonrvoe: Researcher & Shad), N8}

Table 8: Ideal Charseteristicy of Correlation for Total Fuel Consumption

IDEAL |
To uel th
 CLASSIFICATION | AL Fare O
Lirban Density HIGH density — HIGH HIGH density — LOW
(Cireater Metropalitan I'_u_n;!_c_u::-s@pim . fuel consumption
Areal LOW density ~ HIGH LOW density - LOW
fuel consumption ; fuel consurmption J

Wate: Hedged cohunn is ieheal siizanon
(Eonrce: Researchiery Srudy, 2008)

Tahle 7 indicates the ideal classification of the correlation between urban density
and private vehicle ownership per capita. This is the qualitative classification based
o1 existing theories on the correlation given, It fs commenly assumed that high arban
density or compact eity will have tower firel consumption because of betler madal split
of public Tansport users. Tahle § indicates the ideal classification of the refationship
hesween urban density and toial fuel consuniption. Henee, & higher density or compact
city will promie hetter use of puhlic transport and pedestriantzation end hence consume
tess fuel for ransperation. Although both projects similar traits of charscteristics i
rermsof the correlation, other complex pransportation factors miercept this relutionship,

Table % describes the sunmary of characteristics of Malaysian cities with reference
o urban form patterns. An example of & comelation is that fuel consumption for urban
density (greater metropolitan arca) would be a high density — low consumption for
Penang as well as low density _jow consumption in the case of Kuala Lumpur and
Johot Bahru cifies (as highlighted in Table ). When comparison is made Detween
fuhle § and Table 9 w benchmark the position of Malaysian cities among thess
charaereristivs, we will then determing suggestions available 1o decision makers.
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ENDNOTE
* [Fith Refirence fo the Souree of Revegrcher Shwty

Papulation in Meiropolitan Ares
|  KUALA LUMPUR: Adapled  from gpuciure Plan ol Kugla Lurnpir

(HSKL] 2020, Chapter f.0: Lamd Use and Development  Strolely
hpe ! feewwrdbilgon.m Lizo2english/and_use v elopment_stratesy:

]

inghex.hilil..

GEORGETOWN: Adapred from Laporam Imtetim Raneangan TFempatan Mujlis

Perbandaran Pulau Pnang (EIMPPP) Mei 06 pa 32, population trend in Morth

Egst and South West Arca of MPPP jurisdictson

1 JOHOR BAHRLU: Adaped from  Laporan Pemeriksann Rancangan SR
Megeri Johor ] — 2020 pe 0. Population for Urban Atea it Johor Bahro {MBIB
Turisdiction, inclusive of pouikarh

4  SINGAPORE: Adapted  from the Singapore Cenzis af Popuiaten 2000:
Geographis Digtribstion  and Travel,  populetion frend  of  Sngnpoe
i P il syt g, g pubn/ popn/c OIS I f

5 HONG KONG: Adapted from the Popalation by Lensus Office, Census and

Giatistical Department of Homg Kong. Population By Dizrict Council District, las?
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