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Abstract

In urban growth processes, urbanisation 15 highly influenced by economic growth
which triggers the dynamics of economic agents and [and uses, This is consisted of
complex  subsystems which need sophisticated mwthods  like  agent-based
modelling and simulation to understand the pattern, behaviour and scale of
multiple aciors, The objective of this paper is to identify the behaviour, pattern and
the scale of impact of frms on mackel n the region i order to foster sn accurnie
agent-hased modelling. The Geographic Informetion System is utilized 10 geocode
the entrance and exit of firms to the market in Greater Kuala Lumpur region, This
study has also carned oul a temporal snalysis considering 18 vears performances
of the firms from 1990 to 2007, The findings in this paper show sector 9 (e,
Financing) has highest percentage of establishment with 35.1 %, In addition,
secter 3 (e Mining) and Sector 5 (.e. Electricity) hove the lowest percentage of
establishment with 0.3 %. The result of this study will be a foundation to facilitate
developing an agent-based modelling and simulation which helps tvam planners
and deciston makers 10 understand the relationship and interaction betwieen
economic growth and dynamic land use patterns in their region,
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INTRODUCTION

Urban planning and transportation moedefling have m common a long history of
maodelling urban dynamics. These disciplines have however used 1o some extent
different modeiling approaches. The integrated land use transportation models
have been dominant i ransporiation research,. The core of this medelling
approach 5 a transporiation demand model that is applied o a given spatial
confliguration of land uses. 1 resulis m a dsirtbuation of maffc, travel omes and
perhaps congestion. These tmvel tmes ore then used as inpul o measure
D.LT-EEHibIIi:[:.I'. Land wse change iz then modelled as a function of changing
tccessibility, and fleratively urban dynamics ave then simulated.

It may be argued that the integrated land use transportation models include
a richer sel of bebavioural principles, Howewver, the location decisions of firms
which are mainly based on the concept of accessibility do little justice to the
results of empirical studies in regional science and economic geography. This
sugpest that the loeation decisions of frmes are part of their overall busimess nsodel
and influenced by a larger set of considerations, some of which are related w
preferences, others o constraints. To avoid these problems, multi-agent modeds
have been advocated asan allermative (o these domimant modelling approaches. An
agent i this context represents a decision maker that makes locafion decisions,
party independently, partly in reaction o the location decisions of other agents.
The philosophy behind this modelling approach & that urbin growth patterns
emerge as the comulative effects of these individual decisions. In that sense, multi-
agent models are assumed o belter allow investigating urban Jand use a5 a
complex system, Models are buill n order 1o understand urban dynamics since
these tools, in mimicking pant of the wrban svstem, can provide valuable
mnformation on the system's behaviour to planners, Despite the potential of agent-
basdd models 1o simulate urban dyoamics, very liftle progress has been made,
especially iF ignoring those models claiming to be multi-agent models but which in
reafity stay very close (o conventionanl infegrated land-use transportation models.
This 18 possibly the result of the lack of basis for identifying the characteristics of
multiple actors. This paper therefore, prepares a foundation for an agent-based
modelling and simulation of urban dynamics while understanding the pattern,
behaviour and seale of multiple actors. The paper considers firms entrance and
exit in Gremter Kunln Lumpur, Malaysia, where the ccomomic growth and
prbamsaton tremd 15 aped and attracted a0 great number of lteratore {Morshad
2000,

In achieving sustainable development in Maolavsia, urban  plonning

setivities have changed from simple ohjectives o a marg complex exercise
improving combort living conditions. This is due to the government initiative to

0 M By M 5K



P ANNING MA LA YEL4
Crevapriid Anaipas in Llrin #anning

imtroduce developmen! programs 10 accelerate economic growth and elevate
income levels to improve the quality of life of people, Furthermore, with the new
trends of economic regionol development i Malavsia, it may be relevant w
develop o model which simulates growth within the region, Economic growith cian
be described as changes or increments in the level of production of goods and
services in the economy of a country over a penod of time. To the extent that
economic growth is reflected in urban growth, it is often manifested in changes in
land use patterns. In gencral, some amount of growth can be captured in the
eaisting building stock and sssociated land use patterns, but increasing growdth
tends (o induce land vse change, The problem and difficulty is how o incorporate
ecomomic growth in agent-hased models, This paper aims to answer this guestion
in the followmg sections.

URBAN LAND USE AND ECONOMIC CGROWTH MODEL
Underssanding Urban Land Use

Understanding wrban and regional growth is important in order to model it since it
inverdves several mctors with different patterns of behoviour (Cheng 2003), Lrban
prowth can be defined as the process of prowth and decline of urban areas, These
urbanization processes tend to be strongly linked to economic development
pricesses. The pattern of concentratron of cconomic activity and 1ts evolution has
been found to be an important determinant of the structure of <ities, the
organization of economic activity, and national economic growth. Yet, urban
prowth afTects the eMiciency of production and economic growth, and the way
apents interact and live in cities. Urban growth is related to land use in citics. In
order to understand these land use pattern, models have been built to make these
relationships explicit.

Early urban models were formulated m the 1950s. However the first
operational model of urban land wse is widely considered to be developed by
Lowry (1964) and is known as “Model of Metropolis™. This model was the first
peneration of models that is based on theones of spatial interaction. The spatial
interaction models framework was continwed to be developed through the early
19605 to the mid-1980s when they became mainly replaced by models grounded
onn random utility theory and an economeines framework. (Tacono er al. J00H),
This shifi also meant a changing focus from agprepate. spatial analysis to
disnggregate non-spatial mnalvsis. Starting in the early 19%0s, researchers have
dedicated their effort 1 develop comprehepsive urban micro-zimulation models,
and cell based models which meflect the dynamics of change in urban
environmenis, These moden ern models backed with advances in computing
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lechmology and efficiency, allow researchers 1o undertake 8 more complex series
of model development, Tor instance, through the mfegration of new echnology
such as GIS to create & new gencratton of models, Figure 1 shows the
chromological development of land wse and transportation models.
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Figure 1 Chronological Developownt of Urban Lond Use and Transportition Models
Hounee: MediRed from daoome er al. 0N

o ta Incorporate Economic Growefe?

To address the issues of incorporating economic growth in fand use change model,
several cellular automata and agent-based models have been develop (Batty & Xie
1994; Yeh & Li 2001; Li & Lin 2008). Although there are differences between
models; integrated land use transportation and cellular autonsata modeks (vpically
st estimate & model ol economic growith such as a spotisl mpat-outpat model,
gametimes lnked o assumplions or a model of external urban growth, These
models then predict the impact of change in the economy in one sector or region
om other sectors in other regions. This change is assumed fo reflect & changing
demand for land use. Finally, thas additonal demand is allocated across locations
as 8 function ol sccessibility and suilability, The mechanizm of including
eeonomie growth into these models is hierarchecel and agerepate and far removed
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from the premise of agent-based modelling of behavioural realism. The question
then is what altermative approach may be employed?

Bused on the notion that location decisions are part of their business
model and its inherent dynamics, it has been argued that perhaps the demography
of firms or firm demography may be valuable approach (van Wissen 2(02). This
concept focuses on the demographic transformation of Amms in the reglon and its
correlation with land wse changes. Firm demography can be detined in terms of the
lifecycles of a firm which are similar to human lifecycles that consist of birth,
death, and changes in the number of emplovees of the firm. Semminal work on this
concept poes back to David Birch’s stedy on ‘job penerating processes’ in the
USA (Birch 19791 He edvocates that the economic development of a region
consisis of barth, death, and migeation of firms which can be considered ns the
basic components of development (Van Dijk & Pellenbarg 2000b;). In recent vears,
firm demography has caught some attention i organisational sociology (Carroll &
Hannan 20007, economics and economic peography (van Wissen 2002), industrial
organization (Geroski 1995; Audretsch er al. 1997} (Caves 1998), regional
seience (Van Dijk & Pellenbarg 2000a) and trinsportation (Moeckel 2005), This
study decided 1o use the concept of firm demography, but the concepl probahliy
needs some elaboration. Existing models have basically used the concept only to
have nn accounting sysiem that predices the future number of lrms in parhcular
segments and their size as a function of births, deaths and relocations. To the
extent these drivers of chanpe are predicted, often again the well-known aggrepate
models are used. This remains far lrosmea richer theoretical framework, Hence, the
challenge is how to model decigsions about growth/decline, start and elosure and
relocations as & funciion of external factors. Identifying the special links between
firm dynamics and urban dynamics will give firm demography the connotation of
an intermediate concept linked with economic growth.,

Mulaysia s Lean Plarfog Systese amd Ecomomic Gromtl

LUrban planning activities in Malaysia has evolved from the simple objective af
improving living conditions W a more complex exercize of facilitaning the
achievement of sustainable development in the country. This is dug to the
intengity of development activities that require determining issues such as those
relating 1o location, size and pattemns of land utilization.

Tnble 1 shows Malwyveia’s Visian and National Pianning Syvstem from the
year 1947 until now. The vision is the revolutionize government development. The
national planning development plan 15 a writlen policy document that includes
supportive statistical data to define Malaysia's terms of development and that sets
the apenda for socio cconomic change (Braton 2007). This vision and
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development plan emphasise Malaysia planning stralegies for gencrating sustained
economie growih fo ensure thal the benefils of growth can be shared among all
Malavsiains in an cquitable manoer,

Table 1: Malaysia's Vision and Mational Level Planning Syatem
Flam L047-1057 1158- 1970 1471-1m | 14| - 2{HEI 2N 2010
Comeend
Wision Bratish CMd I, few . My Mnlienal
Colaminl Ecomomic Ecomomic Economic Yiston Pelicy
Policy Palicy Pudicy
X (tline 2 (hatlin=
Perspectiv Perspeetives
| cs Plan | Plan 2
Plarning Plans for | Phang far | Deselopmem | Developient Durvbopmcn
al Egmnamne Ecamamic Plams Pls Plans
Fational Crevelspmemt | Development | Plass 123 Tl -7 lilaysia
Lewel Plans 84
Madvomnl
I | Physical Plan

Snurve: W) Fan freoee Repdean {ITNI7 )

The Malaysian economy has penerated an avemge Gross Domestic
Product {GDP) of 6.2 % per annum from 1991 1o 2005 and was expected to grow
at @ healthy rate of 8.5 % a vear betwoeen 2006 until 2000 {Parliament of Malaysia
20064} With the previous and current economic sitsation in the country, it explains
the relation o firm performance in & later part of the paper. Although this research
8 not directly related o oan economic study, the economic indicators and
poveriment policy need 0 be taken mio consideration because rm demography
is influenced by these.

GIS AN AERM INTEGRATION

Currently, the employment of Information and Communication Technology (1CT)
i5 seen 45 an evolving approach to improve urban governance, GIS 15 a tool for
decision making end for providing planning information, GIS tools have the
ahility to build complex and inferesting spatial models that represent patterns of
urhan development, although that may take some effort as their script languages
are fol pecessary the best in dus regard, AL the very least, bowever, seographic
information sysiems are highly appropriate for spatial data handling  and
visualization of model output (Davis 2001), Geo-reference is the most important
fepture of GIS and this MuncGonality &5 wery useful for spatiol modelling,
Applications hased on spatial reference will create betier agent-based models
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{Benenson & Tomrens 2004 ), Meanwhile, agent-based model have the capability to
represent the processes underlying a particular phenomenon or activities,

According to Cheng (2003}, agent-based modelling (ABM) can be defined
as a collection of interacting autonomous agents, sach with their own capacities
and goals but related t0 a common environment that can myolve communication,
such as passmg of information from one agent and environment to another. He
also claims that sgent-based simulation s ideally suwited to explore the implications
of nonlinearity in gystem behaviour and also lends itsell 1o models that are readily
scalable in scope and level. In urban systems, Multi Agents are also a useful ool
for representing mobile entities in urban environments such as people, households
and vehicles (Benenson & Torrens 20041, They have been used in urban contexts
to simulate pedestrian movement in urban environments | Kermidge «f @l. 2001 ) and
relocate households (Benenson 19983, [t is unlikely that a model of wrhan
evolution will need that level of detail, but in any case these examples of agent-
based model do indicate that these systems are more approprate to include o wide
variety of behavioural principles and co-evolutionary decision sirategies.
Therefore, the relation and interaction of firm dynamic and land use changes can
be simply detected wsing apent-based modelling.

(715 technologies are very useful for this study because GIS allow agent-
baged modellers to relate agents 1o actual geographic locations. Therefore, the
integration of GIS and ABM will enhance the capability of urban simulation
techniques (Brown er af. 2005; Parker 2005, Tomens & Beoenson 2005). The
imtegration of ABM and GIS enables exploring how heteropeneous individual
decisions of agents translate it into aggregate rates of a phenomenon {Mathur
007),

Integration of GIS and ABM in the urban dymemics domain has been
studied before in severnl pspects. Gongalves et al (2004} for example,
recommended @ conceptual environment for coupling GIS and ABM simulation
tools: Their ABM -GIS model was used to study the impact of a particular pohcy
by modelling the behaviour of industrials under certain circumstances. A Shell for
Simulated Agent Svstems (SeSAM) was developed 8s a tool that provides a
generic environment for modelling and experimenting in agent-hased simulation
(Schille er al. 20043,

The mtegration of GIS and ABM would allow the simualation of urban
dynamic development and has potential to simulate, display, mnalyze and present
data using a common platform. Multi-agent models have the potential advantage
that simulations can be more based on the behayvioural of the actors as opposed 1o
statistical data related to spatial units of observation, Relatively, it also will help
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urban  development actors {policy makers and wrban  plannery and ofber
professionals and administrators that are involved m the whole process of
implementiation 1o understand and make & clear decision n urbin planfing
development,

STUDY AREA

The development of cconomic regions is one of the forms-of the national mission
in %ision 2020 motivated by Malavsia’s former Prime Minister D, Mahathir, The
imitiative of economic development areas was inspired by the successful Klang
Walley regon developinent wluch 15 known as the heartland of Malayvsia®s indusicy
and commerce. With diverse developmen! concepts, it mims to achieve the goal of
accelernting economic growth and development, and improving the quality of life
for the people in these regions. Five pew coonomic developmeant corridors
throughout the country were initisted and are being developed since  2005:
[skandar Development Region (IDR), Morth Comidor Economic Begion (NCER),
East Corridor Econemic Region (ECER) Sabaly Development Corridor (SDC) and
the most recent The Sarawak Corridor of Renewable Energy (SCORE), Thus, with
these economic development repons, il i8 realsne 1o develop o model that
simulates growth within these regions, Yet, after considering data availability, it
was decided o focus on the Klang Valley region and specifically on Kuals
Lumpur as the study area.

Location

Klang Valley 15 a region in Malaysia which is comprised of Kuala Lumpur and iis
fringes and neighbouring cities and Lowns mothe state of Selangor, Klang Valley
has no official boundary, vet it is carrently comprised of six distriets which are
Kuala Lumpur, Putrgjaya, Gombak, Hulu Langat, Klang and Petalimg {Figure 2).
The phiysical site of the nrea was encouraged by the development of commercial,
industrinl and residential activitics which made Klang Valley grow rapidly, With a
population of 578 million pL‘uPh: { Department of Statistics Malaysia, 2008} and
argas covering up o 1LE26 k', Klang Yalley has the most urbaime transporiation
hicrarchy in Malaysia. Rather than & moad system, integrated rail transport which
consists of monorail, electrilied commuter, light mil transit (LET) and Express
Rail Link (ERL} are built for Klang Valley's residents and waorkers to commute
within the region which moake it the most imporant region in Malaysia. This
region is alse served by dwo arrporis the Kuala Lumpur International Adrport
(KLIAY in Sepang, which is the main imemational airport for Malaysia, and Sultan
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Abdul Aziz Shah Awrport in Subang, which handles general aviation and turbo-
prop domestic flights {20140},

ok

Figurs 2: Kiaug Valley Régicn

GIS DATABASE DESIGN AND DEVELOPMENT
Data Sowrce

Thiz study will utilize data from various sources, including GIS spatial and
attribute data. The land use data of Klang Valley is obtained from Klang Valley
Fedeml Temtory (KVFT), demographic data from the Department of Statistics
Malaysia and firm data which consist of companies registered in Malaysia arve
sequired from Company Commission of Malaysia (CCM). Other data to support
the application such as transportation, administration and physical data are
ohtained from KVFT. The data are collected by visiting the targeted agency. In
order to get accurate and precise data, every single spatial data is required 1o have
1 standard peg-reference. Thus, the dala needs to be edited and mampulated,
Attribute data were collected from wvarious sources such as compilation of
seientific reports. collections from site survevs, varous dipital forms data in
multiple formais such as database, spreadsheet tables, and internet as well as raw
data. All these data were adapted to a standard format and stored in a relational
database manazement svsiem which has the sbality to relage to other databases.
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Data Classification

The structure of the GIS database for this study 15 focused on the needs of this
study: land use development, For this study, there are several data Tayers in the
database (Figure 3).

& Gls
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Figure 3: (IS Databose

FIRM DATA ANALYSIS
The first slage of lirm data analvsis was conducted Tor the years 1990 unlil 2007,

This preliminary analysis served as a guide to decide on the method that will be
used for later periods of firm data.
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Geocoding Firm Addresses

The firm data which were obained from CCM were in sprend sheet format. In
order to display firm locations in spatial environments, geocoding was used,
Geocoding or addréss matching is the process of assigning a location, usually in
the form of coordinate values, o an address by comparing the descriptive location
elements in the address to those present in the reference material (ESRI 2003).
Based on the data, addresses come from cormmaon address Tormais of o company
premise number fellowed by the street pame, postal zone and ares, Ceocoding the
tddress is based on a lmear interpolation of an address based on the street segment
ina reference of streel fle. In thes study we geocode 62 605 finm addresses in the
database, Addresses were geocode to the street name and assigned longitude and
longitude coordinate using Kuata Lumpur street address locator which was created
using ArcGIS software version 9.2, To geocode addresses, company data were the
mput and road information were the key field for matching the address, Addresses
weng mutched vsing a mimmum score of 10, spelling sensitivaty aof [0 and side
offset of 10, With Arc(GlS, the resulf of unmaiched geocoding can be rechacked by
using interactive re-matching function where the address can be reviewed and
corrected on a case by case basis. Resulis with a match rale of greater or equal
(==} were positively accurate,

Result

From the 62,605 firm in the database, 2 match rode of B6 % (n = 53 626) match
with score B0 to 100, 14 %% (n = 979 maich candidate with score not more than
(=) 80 were discovered. From the overall matching process, |7 % (i = 10,394) are
matched with candidzle Ges. In seneral, i1 can be concluded that mast of the
geocoded address fall ¢lose to the reference data locations.

FIRM DYNAMIC AND FRODUCTIVITY

This analysis covers firms in the Kuala Lumpur aren between 1990 and 2007
Figure 4 ghows the dynamic performance of firms operating between 1990 and
2007, In total, there are 62,605 firms including unknown type of firms in the
Kuala Lumpur area, An unkoown fype firm in this study 15 described as o firm
which 15 not adequately define by CCM. As can be seen in Figure 4, there were
three penk years of firm growth: 1995, 2000 and 2004, From year 1995 onwards,
the growth of new finms started to decline especially from 1997 to 1999 due to the
global financial crisis. Unknown type firms have shown a nse and decline
similarly o the trends observed for new firm's birth.
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Figure 4; Firm performance from 1990 1o 2007

The trade sector including firms, playing a role in generating output, income,
employment and foreign exchange eamings which contributed to excellent
economic performance. As shown in Figure 4, from the vear 1990 until 2007, the
number of births of firms increased every year in the study arca. The increases of
new frms are i hoe with Malaysia's Business Cyele Tums between 1990 and
2007 a5 shown in Figure 5, The business cyvcle & influenced by cyelical
Muctuations in economic activitics or processes, wherchy these economic activities
of processes can have widely conflicting tempornl relationships to the business
eyele (Department of Statistics Malaysia 2000),
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From 1990 to 2007, Malevsian econome development was under The
Sixth to Ninth Malayzia Plan and Second Outline Perspective Plan. The trade
sector including firms, playing a role in generating output, income, employment
and foreign exchange ecarnings which contributed to excellent economic
performandce.

From Figure 6, it can be seen that sector 9 (Financing, [nsurancs, Real
Estate, Investment and Business Services) encompasses the largest share of new
firms {35.1 %) which provided the impetus for economic growth during 1990 to
2007, followed by sector 7 (Whaolesale and Retail wade, Restaurant and Hobel)
with 30.1 %4, sector |0 {Commumty, Social and Personal Services) with 6.6 %%,
sector i {Construgtion) with 6.3 %, sector 4 (Manufucturing) with 4.3 %, sector 8
{ Transportation and Communication} with 4.5 % and sector 2 (Agriculture,
Hunting, Forestry and Fishing) with {13 %,

Sectors 9 and 7 which make up the service sector cover 65 % of firms,
which are more than two-thirds of overall firm births in Kuala Lumpur. The rapid
expansion of these sectors was due to the growth of four service industry groups in
Malaysia—[nance, insurance, real estate and business services: estate and
busingss services; wholesale and retail trade, hotels and restavrant; and transpaort,
storage and communications-—which accoimted for more than 60 %% of all new
jobs in Kuata Lumpur (Morshudi 2000, Firm births m Sector 3 (Mining and
Carrying) and sector 5 (Eleciricity, Gas and Water) shows a very modest growth
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in this period of only 0.3 %o Although firm births in sector 5 are small, it iz the
country’s engine of growth, Other sectors, especially sector 2, remain significant
and an important component of the Malaysian econmmy.
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Figure 6: Fimm Performance by Sector | 199001 297

CONCLUSION AND IMSCUSSION

This study is cormed out with the objective of preparing a foundation for an agent-
based modelling and simulation of wrban dyiamics while understandmg  the
pattemn, behaviowr and scale of multiple actors, Using the findings of this study,
the madel will be developed using data of the Greater Kualn Lumpur. In general,
the suecess of muli-pgent model will among other Tctors depend on data
avatlability and nichoess of hehavdoural concepts. In the early stape af
development, there are needs to explore these 1ssues and make strategic decisions.
This paper documents this process by discussing some peneenl literature, databaze
development and initinl analbysis of the available data. The existing literature
suppesl that agent-baged modelling 15 o relinble allemobive 10 more commonly
vsaed cellulor automain models and imegrated land use iransportation models in the
sense that in principle they allow for richer behaviournl principles and the
treatmint of interdependent location strategies of multiple actors and stakebolders.

For this study, the ose of GIS tools assisted 0 doin handhing and
visualization, while the trend of developing planning supporl systems based on
GIS technology can alzo be supparied. The very inlegration of GIS and ABM will
have great impact on the process. A main problem of developing this system, the

TN b M T



PLANNING MALAYSIA
tarapeainl Amatvsls in Urbaw Plormbog

modelling of economic development as a bollom-up development process has
been emphasised. [t is not immediately ¢lear how this problem may be sofved in o
non-traditional way, but perhaps the concept of firm demography may provide the
key to a solution. Fially, model opportunities are limited o data availability, The
data sources collected from different authorities and the data fusions described and
planned, however, suggest that for the present study area, an inleresting set of
(tempaoril) data is avaitable.
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