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ACCESSIBILITY ANALYSISAND ITSMEASUREMENT
FOR REGIONAL ECONOMIC GROWTH

Noordini C.M?*, H.J.P Timmermans?
Abstract

In the new global economy, accessibility has become a central issue for
transportation and urban regional planning. Accessibility is an important asset of
urban areas as it links transportation and land use. Accessibility also acts as a key
element in analyzing the efficiency of the transportation system. By undertaking
accessibility analysis with the use of GIS tools, this paper will focus on accessibility
analysis and its measurement for regional economic growth. It will show how
accessibility analysis has been implemented in a GIS environment. It also will
support planners in providing better knowledge, thereby improving the decision-
making process in the future.

1. I ntroduction

The dynamics of land use in economic regional development have heightened the
need for improving the decision-making process, especialy in assessing plans and
project development. In this situation, accessibility can be used as one of the relevant
elements whereby the concept itself is a key variable in land rents and decisions on
density for developing urban areas (Alonso, 1964). The development and
improvement of transportation planning and infrastructure seem to be important
aspects for balancing economic development in the region (Holl, 2006).
Consequently, analysis of accessibility should be implemented.

The concept of accessibility has been used widely in urban regional planning and
transportation research, especially in connection with the ability to reach certain
locations or target sites, within a particular time window with a certain transportation
mode. The ability to reach a target destination needs high accessibility levels
whereby land use is strongly connected to the transportation system. Accessibility
needs to be measured to evaluate land use and transportation strategy in the
devel opment process.

In GIS, accessibility analysis is a common task which could be a very simple
analysis or a very advanced analysis. Various studies have used GIS technology for
accessibility analysis (Arentze et al., 1994; Liu and Zhu, 2004; Gutiérrez et al., 2010;
Zhang et d., 2011; Salze et al., 2011).
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This research will give an account of accessibility analysis and modeling in urban
and regional economic growth for the Kuala Lumpur area. This paper is organised as
follows. Section 2 describes the accessibility measure used. In section 3 we explain
the methodology to select the accessibility measure. In section 4, we describe an
application of the accessibility measure in the study area. This paper is concluded in
section 5 with a discussion of the implication for transportation and land-use
planning policy. Lastly we discuss some related work in progress.

2. Accessibility

A considerable amount of literature has been published on specifications of
accessibility measures. According to Halden (2002) in order to integrate spatial
planning and transportation planning, some accessibility measure should be used.
Accessibility has been measured in a variety of ways. Different specifications
emphasize different aspects of accessibility. Therefore, it is important to choose an
accessibility measure that best suits the purpose of the research project.

2.1 Accessibility measures

Geurs and Wee (2004) identified four components of accessibility: the land use
component, the transportation component, the tempora component and the
individual component. The land use component describes the land use system which
consists of the amount, quality and spatial distribution of opportunities. The
transportation component describes the transportation system which is expressed as
the disutility of an individual to cover the distance between an origin and destination
using a specific transport mode.
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Figure 1: The relationship of accessibility components
Source: Modified from Geurs and Wee, 2004

Based on Figure 1, land use is the most important component in determining travel
demand which its link to the transportation component. Each of the components has
adirect relationship with the accessibility to the opportunities.



2.2 Accessibility measure

From the literature, we identified that accessibility measures can be classified into
four different approaches — 1) Infrastructure-based; 2) location based; 3) person
based; and 4) utility based. In the urban planning and transportation domain, these
four approaches have been used in various projects related to research on jobs,
population, retail services, public services, health services, education, recreation and
land use (Geurs & Ritsema, 2001). The infrastructure-based measures consider only
the characteristic of the transport network of the area under its consideration such as
journey time and congestion. The location-based approach is usually based on
location measures such as distance, cumulative opportunity measure, potential,
measures based on balancing factors of spatia interaction models, and measure
derived from time-space geography (Geurs & Ritsema, 2001). A well-known
accessibility measures is Hansen's Accessibility Index (Hansen, 1959), which is
shown in equation (1). The general equation for this gravity-type measure, or
potential model, can be written as

Ai = Z Oj f(dij), i= 1,2,....,m; j =1,2,....,n, (1)
j

where,

f(dij ) is theimpedance function,
O; isopportunity at point j,
misthe number of origins,

n is the number of destinations.

The most frequently used impedance functions are the inverse power function, d;;™ ,
and the negative exponential function, exp (-adij ). Here, o is a constant representing
the effect of distance decay on accessibility.

In this paper, we focus only on one of these measurers-the cumulative opportunity
measure. The cumulative opportunity measure (also known as isochoric measure,
coverage approach, contour measure, proximity distance and proximity count) is one
of the basic and early methods of accessibility measure introduces and discussed by
researchers (Al-Geneidy, 2010, Vickerman, 1974, Wach and Kumasai, 1973). This
measure can be easily interpreted and is often used by plannersin urban planning and
geographical studies. In this approach, the number of opportunities that can be
reached within a determined cost (travel time or distance) is counted. Although itisa
crude measure, it does provide information of the size of the potential market and as
such as useful for analysing the location configurations of firms. The measure can be
summarised as:

A=Y BO @

j=1



where,

A; = Accessibility measured at point i to potential activity in zonej

O; = Opportunity/destination in zonej

B; = A binary value that equal to 1 if zone | is within the determined threshold and O
if otherwise.

The person-based approach analyses accessibility at an individual level which can be
described as activities that any individual can get to involve in the given time frame.
Finally, the utility-based approach which El-Geneidy & Levinson (2006) claim is
one of the most complex and data intensive measurements. This measure is founded
in economic theory. This approach has been used by severa researchers in
transportation in the context of accessibility to jobs (Koenig, 1980; Handy &
Niemeier, 1997) and land use (Miller, 1999). The general equation for log sum as an
expression of accessibility can be expressed as follows:

An=In[Y exp (Vao)] ©)

YeCn
where,

A, Accessibility measure for individual n measure at location i

Vi Observed temporal and spatial component of indirect utility of choice c for
person n

Cn Choice set of personn

3. A methodology of selecting an accessibility measurefor analysis

The process involves in selecting an accessibility measure for transportation study
can be described as below:

Purpose of accessibility analysis

The first step is to determine the purpose of conducting an accessibility analysis. In
this study, the focus of attention isto improve accessibility of firms, recognizing that
a variety of transportation modes such as public transit and private automobiles
should be designed in the study area to accommodate it.

Compute distance and access

The measure of network distance using GIS-based network anaysis with generating
multiple network buffers to enclose al network locations varying distance from
centre point of three zones in the study area. Each transportation network component
such as train station, bus terminal station, highway and maor road network will be
included as accessibility networks which facilitates the calculation of accessibility.



4.  Application

4.1 Study area

Kuala Lumpur is one of the districts in Klang Valley region (Figure 2). Asthe capital
state of Malaysia, it is recognized as atourist attraction, and a cultural and economic
centre for the country. The area was buoyant by the development of commercia,
industrial and residential activities which made Kuala Lumpur and its conurbation
grow rapidly compared to other states in Maaysia. With a population of 1.6 million
people (Department of Statistics Malaysia, 2008) and an area covering up to 244 sq.
km., Kuala Lumpur has a comprehensive road and rail network to help workers,
residents and tourists commute especially to the city centre. In Figure 3, we can see

that most of Kuala Lumpur areais covered by road networks especially the highways
and major roads.

Figure 2: Klang Valley region



Figure 3: Kuala Lumpur Transportation Networks.

4.2 Analysisand result

The pattern of accessibility in Kuala Lumpur area
Cumul ative Opportunity measure

Accessibility measure in the study area was calculated using the cumulative
opportunity measure for distance 500 meter, 1500 meter, 3000 meter, 5000 meter and
10 000 meter for three zones, which are Zone A - City Centre (Central Business
District — CBD), Zone B — North and Zone C — South, bounded by Kuaa Lumpur
district edge. The purpose of this analysis is to demonstrate how many transport
facilities reachable within a certain distance. These analyses give an indication of the
potential market in the study area which not considering any competition effect. This
method is easy to understand and calculated, but only the opportunity in between 10
000 meters away is valuable while those 10 001 meters far are not important and not
valuable.

Results
Table 1, Figure 4 and Figure 5 illustrates the results of a number of transportation

features located within less than 500 meters and more than 10 000 meters from three
zones for the analysis.



Table 1: Results of transportation features located within determined distancesin

Zone A
Distance | <500m 500- 1500- 3000- 5000- >10000m
Transportation 1500m 3000m 5000m  10000m
features
Major road 6 36 71 64 77 12
Highway 0 1 5 14 22 8
Train station 0 17 16 11 18 1
Busterminal 0 1 3 1 0 0
Airport 0 0 0 1 0 0
140
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100
= 80
B
60
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20
¢ <500m 500- 1500- 3000- 5000- >10000
1500m 3000m 5000m 10000m m
B Major road 2 5 15 63 122 26
H Highway 3 4 6 11 25 11
Train station 1 4] 1 12 39 10
H Busterminal 0 0 1 2 0
W Airport 0 0 0 1 0

Figure 4: Results of transportation features located within determined distancesin
Zone B

Because of the density of land use in the City Centre, only six mgjor roads can be
accessed within less than 500 meters from the centre and there are no others
transportation features that can be reached within that range. Similar pattern can be
seen in Zone B and Zone C accessibility to highway and major road whereby small
number of major road network can be access within less than 1 500 meter from the
centre. In the three zones, most highways are accessible further away from the centre
since that the highway is served as a link to the other sub districts and major city

nearby Kuala Lumpur.
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Figure 5: Results of transportation features located within determined distancesin
ZoneC

The train networks are the most popular transport mode for Kuala Lumpur commuter
due to less travel time. Currently, the public transport network in Kuala Lumpur
coversrail with 63 stations. In Zone A, most of the stations are located within 5 000
and 10 000 meters (18), followed by an area within 500 and 1 500 meters (17), 1 500
to 3 000 meters (16), 3 000 to 5 000 meter (11) and less than 500 meters and more
than 10 000 meters (1 each) respectively. In Zone B and Zone C, most of the train
stations are also located within 5 000 and 10 000 meters (39 and 37 respectively), but
only one located less than 1 500 meter in both zones. This show that the
concentration of train stations in between the centre and the edge of Kuala Lumpur
gives an equal distribution of train services from downtown to other areas.

Generally, the main bus terminals are located in the range 1 500 to 3 000 meters from
the centre of Zone A. In Zone B, it is situated between 1 500 to 10 000 meter radius
and in Zone C, four of the bus terminal situated within 5 000 and 10 000 meters
range. The location of the main terminal is nearby the major road and highway due to
the fact that the main terminal serves for long distance journeys all over Peninsular
Malaysia. There is one small airport located in the study area which is used by The
Military. Thisairport islocated approximate 4 000 meters from the City Centre.

From the analysis, we can summarize that most of the transportation features are
located within 500 meters to 10 000 meters from the centre within the three zones.
The concentration of the road networks and the rail networks are more towards 3 000
meters away from the centre possibly due to easy access by workers and the location
of jobs and residential area.

For more detail overviews, we apply analysis by intersecting the zones. From this
analysis, we discover that the intersections cover amost the central part of Kuala
Lumpur (Figure 6) which encompasses 91 sq. km. of area (37 per cent from whole



| Kuala Lumpur area). The areasregion incorporate the most transportation networks
throughout the study area, especialy the train networks (45 stations) and bus
terminal (4 terminals). Besides, the connections of highways and major roads are
good in this area. Based on firm data available for the study area, we are also able to
find out 58 per cent from 55 071 of firms can be found in this area. It proves that
better transportation networks, particularly in development of highways and major
roads appear to be an important determinant of firm location choice, especialy in
urban economic research (Maoh et a., 2005).

Figure 6: Intersections area of the three zones.

5. Discussion and Conclusion

In this paper, we have presented the results of an accessibility analysis measure on
transportation networks with GIS tools for regional economic growth in urban and
transportation planning. From the analysis, it shows that for the most part of Kuala
Lumpur area can be access through the transportation networks. The central parts of
the city appear to have the best accessibility because relatively it was the hub of
commercial and business chain. However, in contrast, better transportation network
could encourage firms to locate outside of congested urban areas for more
opportunities of cheaper land price and labour (Rothenberg, 2011).

Accessibility measure can give an implication for transportation and land-use
planning policy. The location model was developed to give planner and decision
maker more insight into the location of existing firms and could give an
improvement of transportation network in the future. The uses of every type of
accessibility measure however, have advantages and disadvantages. For example, the
application of cumulative opportunity measure is simple to calculate. It also
considers al opportunities are equal because not taking into account the impedance
of reaching the origin. This measure aso very efficient to determine changes in



accessibility of a location and closely linked to the rational view of transportation
system and makes it as a valuable tool for communities (Cerda, 2009).

The present application of accessibility measure is still in progress. Other related
work is a development of potential accessibility index measure for more details
levels of accessibility for each sub-district in Kuala Lumpur area. The result from
this analysis will be used afterwards for producing analysis for firm location model,
which will be applied using econometric approaches.

Acknowledgement

The authors would like to thank the Klang Valley Federal Territory and Universiti
Teknologi Malaysiafor their permission to use the data for this research study.

References

Alonso, W.,1964. Location and land use: Toward a genera theory of land rent.
Cambridge, MA. Harvard University Press.

Arentze T. A., Borgers A\W.J.,, and Timmermans H.J.P, 1994. Multistop-based
measurements of accessibility in a GIS environment. International Journal of
Geographical Information Systems 8, pp.343-356.

Cerda, A., 2009. Accessibility: a performance measure for land-use and
transportation planning in the Montréal Metropolitan Region. Master dissertation.
McGill University.

Department of Statistics Malaysia, 2008. Vita statistics Malaysia 2008. Department
of Statistics Maaysia.

El-Geneidy, Ahmed M. & Levinson D. M., 2006. Access to destinations: Development
of accessibility measures. Transportation Research.

Geurs, K.T. & JR. Ritsema van Eck, 2001. Accessibility measures. review and
applications, RIVM report, 408505006, Rijksinstituut voor Volksgezondheid en
Milieu (Nationa Institute of Public Health and the Environment, RIVM) and Urban
Research Centre, Utrecht University. Bilthoven/Utrecht, Netherlands

Geurs, K. T., & van Wee, B.,2004. Accessibility Evaluation of Land-Use and
Trangport Strategies: Review and Research Directions. Journal of Transport
Geography, Vol 12, pp. 127-140

Gutiérrez, J., Condego-Melhorado, A. & Martin, J.C., 2010. Using accessibility

indicators and GIS to assess spatial spillovers of transport infrastructure investment.
Journal of Transport Geography, 18(1), pp.141-152.

10



Halden, D., 2002. Using accessibility measures to integrate land use and transport
policy in Edinburgh and the Lothians. Transport Policy, 9(4), pp.313-324.

Handy, S.L., & Niemeier, D.A., 1997. Measuring accessibility: an exploration of
issues and alternatives. Environment and Planning A, 29(7), pp.1175-1194.

Hansen, C. F., 1959. How accessibility shapes land use. Journa of the American
Planning Association, 25(2), pp.73-76.

Holl, A., 2006. A Review of the firm-level role of transport infrastructure with
implications for transport project evaluation. Journal of Planning Literature, 21(1),
pp.3-14.

Koenig, J.G., 1980. Indicators of urban accessibility: theory and applications.
Transportation, 9, pp.145-172.

Liu, S. & Zhu, X., 2004. Accessibility Analyst: an integrated GIS tool for
accessibility analysis in urban transportation planning. Environment and Planning B:
Planning and Design, 31(1), pp.105-124.

Maoh, H.F., Kanaroglou, P.S. & Buliung, R.N., 2005. Modeling the Location of
Firms within an Integrated Transport and Land-use Model for Hamilton , Ontario.
Transport, (January).

Miller, H. J., 1999. Measuring space-time accessibility benefits within transportation
networks:. Basic theory and computational procedures. Geographica Analysis 31,
pp.1-26

Rothenberg, A.D., 2011. Transport infrastructure and firm location choice in
equilibrium: evidence from Indonesia s highways. World.

Salze, P., Banos, A., Oppert, JM., Charreire, H., Casey, R., Simon, C., Chaix, B.,
Badariotti, D., & Weber, C., 2011. Estimating spatial accessibility to facilities on the
regiona scae an extended commuting-based interaction potential model.
International journal of health geographics, 10(1), p.2.

Vickerman R.W., 1974. Accessibility, attraction, and potential: a review of some
concepts and their use in determining mobility. Environment and Planning A 6(6)
pp.675-691 .

Wachs, M. & Kumagai, T.G., 1973. Physica accessibility as a socia indicator.
Simulation, 7, pp.437-456.

Zhang, X., Lu, H. & Holt, J.B., 2011. Modeling spatial accessibility to parks. a
national study. International journal of health geographics, 10(1), p.31.

11



	absfilAbstractSubmissionFullContent238
	ACCESSIBILITY ANALYSIS AND ITS MEASUREMENT FOR REGIONAL ECONOMIC GROWTH
	Abstract
	1. Introduction
	4TThe4T 4Tdynamics4T 3Tof3T 3Tland3T 3Tuse3T 3Tin3T 3Teconomic3T 3Tregional3T 3Tdevelopment3T 3Thave3T 3Theightened3T 3Tthe3T 3Tneed3T 3Tfor3T 3Timproving3T 3Tthe3T 3Tdecision-making3T 4Tprocess,4T 3Tespecially3T 3Tin3T 3Tassessing3T 3Tplans3T 3Tand3T...
	2. Accessibility
	2.1 Accessibility measures
	2.2 Accessibility measure

	From the literature, we identified that accessibility measures can be classified into four different approaches — 1) Infrastructure-based; 2) location based; 3) person based; and 4) utility based. In the urban planning and transportation domain, these...
	ARi R= ORjR f(dRijR), i = 1,2,….,m; j =1,2,….,n,   (1)
	In this paper, we focus only on one of these measurers-the cumulative opportunity measure. The cumulative opportunity measure (also known as isochoric measure, coverage approach, contour measure, proximity distance and proximity count) is one of the b...

	ARiR = BRj RORj R       (2)
	where,
	ARiR = Accessibility measured at point i to potential activity in zone j
	ORjR = Opportunity/destination in zone j
	BRjR = A binary value that equal to 1 if zone j is within the determined threshold and 0 if otherwise.
	The person-based approach analyses accessibility at an individual level which can be described as activities that any individual can get to involve in the given time frame. Finally, the utility-based approach which El-Geneidy & Levinson (2006) claim i...

	APiPRn  R= ln [ exp (VRn(c)R)]      (3)
	3. A methodology of selecting an accessibility measure for analysis
	The process involves in selecting an accessibility measure for transportation study can be described as below:
	Purpose of accessibility analysis
	Compute distance and access
	4TThe4T 3Tmeasure3T 3Tof3T 3Tnetwork3T 3Tdistance3T 3Tusing3T 3TGIS-based3T 3Tnetwork3T 3Tanalysis3T 3Twith3T 3Tgenerating3T 3Tmultiple3T 3Tnetwork3T 3Tbuffers3T 3Tto3T 3Tenclose3T 3Tall3T 3Tnetwork3T 3Tlocations3T 3Tvarying3T 3Tdistance3T 3Tfrom cent...
	4. Application
	4.1 Study area

	Kuala Lumpur is one of the districts in Klang Valley region (Figure 2). As the capital state of Malaysia, it is recognized as a tourist attraction, and a cultural and economic centre for the country. The area was buoyant by the development of commerci...
	4.2 Analysis and result
	The pattern of accessibility in Kuala Lumpur area

	Cumulative Opportunity measure
	Accessibility measure in the study area was calculated using the cumulative opportunity measure for distance 500 meter, 1500 meter, 3000 meter, 5000 meter and 10 000 meter for three zones, which are Zone A - City Centre (Central Business District – CB...
	Results
	Table 1, Figure 4 and Figure 5 illustrates the results of a number of transportation features located within less than 500 meters and more than 10 000 meters from three zones for the analysis.
	Figure 4:  Results of transportation features located within determined distances in Zone B
	Because of the density of land use in the City Centre, only six major roads can be accessed within less than 500 meters from the centre and there are no others' transportation features that can be reached within that range. Similar pattern can be seen...
	Figure 5:  Results of transportation features located within determined distances in Zone C
	The train networks are the most popular transport mode for Kuala Lumpur commuter due to less travel time. Currently, the public transport network in Kuala Lumpur covers rail with 63 stations. In Zone A, most of the stations are located within 5 000 an...
	Generally, the main bus terminals are located in the range 1 500 to 3 000 meters from the centre of Zone A. In Zone B, it is situated between 1 500 to 10 000 meter radius and in Zone C, four of the bus terminal situated within 5 000 and 10 000 meters ...
	From the analysis, we can summarize that most of the transportation features are located within 500 meters to 10 000 meters from the centre within the three zones. The concentration of the road networks and the rail networks are more towards 3 000 met...
	For more detail overviews, we apply analysis by intersecting the zones. From this analysis, we discover that the intersections cover almost the central part of Kuala Lumpur (Figure 6) which encompasses 91 sq. km. of area (37 per cent from whole Kuala ...
	Figure 6:  Intersections area of the three zones.
	5. Discussion and Conclusion
	In this paper, we have presented the results of an accessibility analysis measure on transportation networks with GIS tools for regional economic growth in urban and transportation planning. From the analysis, it shows that for the most part of Kuala ...


