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Abstract

In this paper I develop an Accessibility Measure (AM) based on a

daily travel pattern. In contrast to traditional zone based measures

distance is calculated with regard to a prede�ned travel matrix. The

importance of the travel pattern for each zone is used as a weight in

the AM.

It is shown that there are large di�erences in accessibility between

groups with di�erent travel patterns. It is concluded that path based

AMs could be very useful to analyse accessibility for high mobility

groups.

This activity based AM is implemented in a program that is closely

coupled to a transport oriented GIS (TransCAD). Standard dialog

boxes provides an easy - to - use interface for convenient analysis and

map display. The properties of the activity based AM are evaluated

and compared to standard AMs used in the planning process. The

measure is evaluated with regard to di�erent socio economic groups.
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1 Introduction

Accessibility is the possibility to take advantage of resources with a �xed

location in space that requires presence in some sense. Introduction of new

technology has messed up the de�nition of presence but in this article we

are concerned with physical presence as a result of travel to a supply source.

Since accessibility is an important positive outcome of the transport system
1

it is important how accessibility is measured.

AMs can be categorised in many di�erent ways but in the more recent

literature there is a tendency to discriminate between zone based and indi-

vidual AMs (see e.g. Hanson (1995), Kwan (1998), Miller (1999)). As the

lables indicate zone measures try to capture the overall accessibility for a

zone while individual measures try to capture the accessibility of individuals

based on detailed characteristics of space, available time and means to over-

come space. One of the main advantages of individual measures is that these

measures can take into account the fact that most individuals face a manda-

tory daily travel pattern such as to and from work. Zone based measures

neglect mandatory travel patterns which is one of their shortcomings.

In the simplest form zone based measures result in one �gure of accessibil-

ity for each zone which may become a target of criticism. In practice however

di�erent accessibility scores are calculated based on gender, socioeconomic

status etc. but the accessibility scores are of course still averages across a

number of individuals. Disaggregating population data is one way of obtain-

ing more realistic accessibility �gures using zone based measures. Individual

measures on the other hand may lead to as many �gures of accessibility as

there are individuals in the study area. Individual measures are conceptu-

ally attractive but faces diÆculties from an operational point of view, Hanson

(1995). Although conceptually very di�erent the two types of measures as

such (the formula) can be identical (see Hanson, 1995). The con
ict is be-

tween conceptual elegance and being tractable from an operational point of

view. One way of increasing the realism of aggregated zonal measures is to

use more detailed data on the population. Another possible contribution is

to add information on a mandatory travel pattern on a zonal level thus main-

taining the operational advantages of zonal measures and bringing in some

components from individual AMs. This latter approach will be developed in

the subsequent sections.

1Many other e�ects such as pollution, accidents and consumption of land are negative
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The paper is organized as follows. In the next section we take a closer look

at di�erent approaches to measuring accessibility. In Section 3 an alternative

AM is de�ned where a mandatory travel pattern is taken into account. In

Section 4 data for an empirical example is presented and an implementation

of the AM in a GIS software is described. Section 5 is an analysis of the

properties of the suggested AM and comparisons with more established AMs

are presented. Finally in Section 6 some concluding remarks are provided.

2 Accessibility measures

Regardless of the type of AM two components are always present { a repre-

sentation of travel cost (in a wide sense) and a representation of the oppor-

tunities at the destination. Travel cost could be represented as a simple 0/1

variable or de�ned more in detail using a parameterized function. Descrip-

tion of the opportunities can range in a similar way from just the area that

can be reached from a place to detailed address coded registers of a multitude

of opportunities. Population or number of work places are frequently used

as measures of opportunity at the destination.

Individual space-time AMs
2
have gained an increasing popularity recently

(see e.g. Kwan (1998) and Miller (1999)). This is partly due to the develop-

ment in the GIS and with facilities to write program and to visualise individ-

ual behaviour. Examples of implementations of individual AMs in GIS can

be found in e.g. Miller (1999), Kwan (1998) and Berglund (1999). Despite the

fact that most implementations of individual AMs are quite recent the the-

ories behind individual AMs are mature and originate from H�agerstrand's

space-time framework
3
, H�agerstrand (1970) (see also Lenntorp, 1976). In

the space-time framework the mobility of the individuals is constrained with

regard to mobility resources, restrictions with regard to access to opportu-

nities and the possibility to combine activities with other people (coupling

constraints).

Mandatory travel patterns such as going to and from work and picking up

children etc. play an important role in space-time theory. The implications

for accessibility of mandatory travel patterns are twofold. On one hand a

mandatory travel pattern restricts mobility and prevents the individual to

reach certain opportunities, on the other hand a mandatory travel pattern

2Called STAMs by Miller (forthcoming)
3This is frequently illustrated using the space-time prism, see e.g. Lenntorp (1976)
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brings the individual to places that may provide opportunities and reduce

the need for special purpose trips.

Possibilities to overcome distance and other obstacles to mobility di�er

between individuals depending on where they live, work and depending on

their mobility resources. This set of restrictions de�nes the area, called the

potential path area (PPA), that a speci�c individual can cover given the

set of constraints. Despite its conceptual simplicity the functional form of

the travel impedance for individual space-time measures may be a rather

complex sequence of conditions depending on how many restrictions in space

and time that are taken into account. The PPA simply de�nes a subset of

the total area at study where the accessibility should be considered for an

individual. This is in contrast to standard measures where even very distant

opportunities can contribute to the accessibility although to a very small

extent.

A next step is to determine the utility of opportunities that can be

reached. Here some weighting scheme is necessary. A similar reasoning of

distance to opportunities can be applied to both individual and aggregate

zonal AMs. The simplest alternative is to put equal weight on all opportu-

nities within a cuto� value of distance and let the PPA de�ne the cut o�

value for individual measures of distance. A more sophisticated alternative

is to use a gravity based measure. Formally gravity based measures can be

written as in equation (1)

ai =
X
j

xjf(dij) (1)

where ai is the accessibility of zone i with regard to the supply of x across

all zones j, and dij is the distance from i to j. The shorter the distance

the better. Common alternatives for f(dij) is the exponential function and

the power function. Cumulative opportunity measures can be written on the

same form as gravity measures by using

f(dij) =

(
1 for dij < D

0 otherwise
(2)

where D is the cut o� value. The drawback of of gravity measures is that

they need estimation of parameters.

A third alternative is to use an AM based on random utility theory. The

most widely used model of this type is the logit model from which the log
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sum is derived:

ai = log
X
j

xjexp(��dij) (3)

In equation (3) the utility is simply a function of distance as in previous

measures and of the opportunities of zone j. Logit models can handle time

constraints in the choice set and constrained models have been successfully

used by Thill and Horowitz (1997). An application to accessibility where the

log sum is used in a time-space framework can be found in Miller (1999). In

an article by Richardson and Young (1982) the properties of the log sum as

an accessibility measure are explored for linked trips.

The formulation of the functional form of the distance function have no

doubt attracted most interest in the literature. In some respects it is however

more critical how opportunities as the destinations are perceived. At one

extreeme you may �nd opportunities characterized by "the more the better"

and at the other extreme "one is enough". In the �rst alternative an additive

indicator is appropriate and in the second case a maxitive indicator, see e.g.

see Weibull (1980) for a formal derivation of this result.

3 Aggregate Path Based Accessibility

In order to take advantage of the information that is present in a prede�ned

travel (to work) matrix a weighted AM will be developed where the acces-

sibility of each zone is weighted by a travel matrix. This is illustrated in

Figure 3 (left) where the housing area is denoted h, and alternative destina-

tions e.g. for shopping trips are denoted s and the travel distance is equal

across all alternatives. The AM used in association with Figure 3 (left) will

be a standard aggregate AM like in equation (1).

If the alternatives (which we assume) are equal, all alternatives can be

chosen with equal probability. If we add information about a mandatory

trip e.g. a trip to and from work we have a new activity pattern to take into

consideration, Figure 3 (right). In this setting the available shops will not

be indi�erent to the traveler in the example. With path based measures it

is possible to calculate the extra travel time that an activity requires given

the two initial activities at i and j. This is an important aspect that is not

taken into account by other types of accessibility measures. The extra travel

time caused by going to k (s3) is given by Equation (4)

dkjij = (dik + dkj)� dij (4)
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Figure 1: Illustration of the di�erence between traditional accessibility mea-

sures (left) and path based measures (right).

where i is allowed to be equal to j which means not making a trip or that

job and home is in the same zone. In this case there will be no di�erence

between traditional zone based AM and a (non-) path based AM. A modi�ed

distance measure like this can be found in e.g. Richardson and Young (1982).

If i 6= j and k is along the road from i to j the extra time equals the time

consumed by activity l will be tl. The total extra time consumed by activity

l at an arbitrary k will equal tkjij+tl = tl
kjij. If t

l
is impossible (or diÆcult) to

obtain we could use some stop penalty. Just changing the distance measure

by taking a possible trip pattern into account will not add much realism to

our AM. To gain something we must weight the AM using a trip pattern that

is not evenly spread across all destinations. Next component is thus a travel

matrix Tij, where i representing the residential zone and j representing the

work zone. This matrix could be observed from a travel survey or estimated

by some model.

!ij = Tij=Ti (5)

where Ti =
P

j Tij, (
P

j !ij = 1), we can then write an activity based AM

weighted by the trip pattern !ij .

ai =
X
j

!ij

X
k

xkf(dkjij) (6)

The only thing we said about !ij is that it is an prede�ned travel matrix. It
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could be from a survey (as available in Sweden) or an estimated matrix. But

if the matrix is estimated it may originate from a process like Tij = Ti�f(dij).

If we substitute right hand of (5) into (6) and use the assumed model for Tij

we will obtain:

ai =
X
j

X
k

xkf(dkjij)
Tif(dij)

Ti

(7)

and 7 (with an estimated !ij) will reduce to

ai =
X
j

X
k

xkf(dkjij)f(dij): (8)

If we disaggregate !ij into groups that can be expected to have di�erent

mobility characteristics the analytical power will increase further. Segmen-

tation can be made with regard to socio-economic status or education. Yet

another alternative that is available is to transpose the weight matrix and

obtain an accessibility score for the work zones
4
.

4 Empirical example, data and program

For the empirical example we used a data set from the county of J�amtland

about 600 km north west of Stockholm, see map in Figure 2(a). The regional

center is �Ostersund with about 50 000 inhabitants, Figure 2(b). The regional

division is based on 150 SAMS areas (Small Area Marketing Statistics) of

varying size. In the city centers the zones consists of just a few blocks while

in the periphery the largest zones are over 100 km
2
.

Two di�erent types of opportunities were selected: one type where "more

is better" and one type where "one is enough". As attractivity of the "more

is better" opportunity, number of jobs in retail trade were used. As the "one

is enough" opportunity pharmacies were used. The location of pharmacies

was obtained from the home page of "Apoteket" (http://www.apoteket.se).

In this study alternative ways of distributing drugs have not been taken into

account
5
. Access to retail trade and access to pharmacies is based on the

centroid of the SAMS that contains the relevant activity. Within the system

it is possible to connect the network to arbitrary points to obtain a greater

4This option is available in the software developed for this paper but not used in the
application below.

5In some sparsely populated areas drugs are distributed by some local shop or post
oÆce the next day after an order has been placed
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Figure 2: Overview of study area illustrating location of pharmacies and

employment within retail trade.

accuracy (not regarded as necessary in this case). If the network contains

addresses it is also possible to use this information to compute the distance

to service facilities. This has been done in e.g. Kwan (1998) and Miller (1999)

to obtain greater accuracy.

Network data was obtained from the Swedish road administration (V�agverket)

and consists of about 2000 links and about 1000 nodes. The network has been

connected to the zones and a "shortest path" travel time matrix has been

calculated. In our example we have used a precalculated travel time matrix.

Another alternative is to include the shortest path algorithm in the calcu-

lation of the AM and avoid storage of the travel time matrix. This might
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be an alternative for GIS that can not handle matrices. That is however no

restriction in our case.

One of the contributions of the AM put forward in this article is the

weighting of the travel paths. As shown in section 3 this can be done using

observed or estimated travel 
ows of a compulsory trip pattern. In this

application we use a matrix obtained from a total survey, the 1990 census.

The choice was determined by the fact that 1990 is the last year where

data with mode choice is available on a geographically detailed level. Our

data set contains variables for gender, education and mode. To restrict the

empirical example we just take the car mode into consideration, three groups

of education and gender (i.e. six groups in all).

The log sum is a parameterized AM and need some calibration of a logit

model. This model was estimated using data from the national travel sur-

vey
6
(RVU 94) where information on secondary trips are available. In order

to concentrate on the AM a simple model with travel time as impedance

and number of workplaces in retail trade as attractor was estimated (para-

meter 0.3603). No model for generation of secondary trips was estimated.

The obtained parameter for travel time was rather high (-0.2265) and highly

signi�cant.

The application platform is a transport oriented GIS, TransCAD
7
(TC).

Besides the standard GIS tool box TC contains routines for transportation

analysis such as di�erent modelling tools. TC also provides a internal matrix

database format (lacking in most GIS) which simpli�es our application. The

program
8
that computes the accessibility is written in TC's internal program-

ming language (Caliper script) and integrated in a "tool box" where di�erent

AMs are available (see Berglund, 1999). In Figure 3 a screen picture of the

interface is shown. To be coherent with previously written programs, more

alternative impedance functions are available than used in the examples be-

low. The usage of a native GIS programming language makes it possible for

us to o�er a close integration between GIS and the computational routines.

The program can only run within TransCAD.

6This travel survey is sample based.
7http://www.caliper.com
8The program is freely available from the author upon request.
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Figure 3: Interface to program for path based accessibility

5 Comparative analysis of AMs

Using the AMs de�ned in section 3 accessibility with regard to spatial loca-

tion (which is traditional) and impacts of socio-economic status (education)

and mobility pattern (based on groups) will be analyzed.

In order to explore some of the properties of this path based AM it is

compared with existing and well known AMs. Such AMs are the non path

based equivalences of the AMs selected for this study. In previous studies

comparisons between di�erent AMs have been made using correlation coef-

�cients (see e.g. Kwan, 1998). The fact that two AMs are correlated does

not say anything about their quality but may provide an intuitive feeling for

their properties. Remember that the case with no compulsory trips (no mo-

bility) will yield the same path based accessibility as traditional AMs. Thus

low mobility groups are expected to have a PDA that is more similar to zone

based accessibility. Traditional low mobility groups are women and people

with low education.

In standard AMs the only factors that determine the accessibility is the

location of the zone in relation to the opportunities. This might imply a

smooth pattern of accessibility. Given equal access to mobility resources

(e.g. car) the di�erences between socio-economic groups will be negligible.

For path based measures the resulting accessibility also will depend on the

travel pattern associated with the population in each zone and its socio-

economic composition. It is well known that di�erent socioe-conomic groups

have di�erent mobility patterns and that di�erent travel time sensitivities
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are obtained when estimating models.

When we weight the AM with the travel pattern we expect to discover

inequalities in accessibility that is diÆcult to uncover using other types of

AM. This will also result in less smooth patterns of accessibility and in adja-

cent zones showing very di�erent accessibility depending on socio-economic

composition. We can check this by testing for global spatial autocorrelation

between accessibility scores using Moran's I. The hypothesis is that the path

based measures scores lower that the conventional AMs.

5.1 Results

Let us �rst look at the tables of correlation coeÆcients in appendix A.1

- A.2. The �rst and maybe most interesting question is does accessibility

di�er between groups depending on travel pattern, i.e. to what extent is the

path based AMs for di�erent groups correlated? Looking at the correlation

between cumulative opportunity measures of retail trade (upper left part of

Table 2) with di�erent weight the answer would probably be "they are not

very di�erent". Taking weights 1-6 into account the coeÆcients range from

.866 to .976. Looking at the parameterized measure (the log sum, lower right

part of Table 2) the answer is di�erent. The same six groupes (8-13) yield

correlation coeÆcients ranging from .371 to .864. Turning to the example

with accessibility to pharmacies the di�erences are more pronounced for the

cumulative opportunity measures and less obvious for the log sum.

Is there a di�erence between the weighted measures and the traditional

ones, i.e. to what extent are the traditional AMs (in bold face in Table 2 -

3) correlated with the weighted AMs? The coeÆcients with regard to retail

trade ranges from .788 - .922 (cumulative opportunity) and .511 - .833 (log

sum). For accessibility with regard to pharmacies the di�erences are more

obvious with overall lower coeÆcients indicating less similarity between the

path based measures and the zone based measures.

Will the map of accessibilities be more heterogenous with path based AMs?

In Table 5.1 Moran's I for the AMs are presented. Moran's I is a measure of

global spatial autocorrelation that measures the correlation between a zone i

and its neighbours where 1 indicates perfect positive autocorrelation and -1

perfect negative autocorrelation. Table 5.1 shows a mixed pattern. For both

measures of accessibility to work places, the traditional (not path based) AMs

is spatially more homogeneous and shows a smoother accessibility surface

which was expected. Access to pharmacies shows the opposite pattern. This

11



Work places Pharmacy

Groupe Cumulative opp. Log sum Cumulative opp. Log sum

Men L 0.86 0.60 0.46 0.65

Men I 0.83 0.50 0.41 0.61

Men H 0.78 0.44 0.48 0.48

Women L 0.90 0.65 0.68 0.68

Women I 0.91 0.67 0.73 0.73

Women H 0.90 0.42 0.66 0.65

Unweighted 0.90 0.80 0.38 0.48

Table 1: Moran's I for the used AMs by gender and education (L=low,

I=intermediate and H=high).

is not surprising since location of pharmacies is a 0/1 variable (a zone either

has one or not and no zone has more than one) for the cumulative opportunity

measure. Hence there will be zones with an accessibility score of 1 or of 0

(remember for pharmacies we use a maxitive AM). The very low value for

Moran's I is not a surprise in this case. Taking the opportunities along a

path into account will even out the accessibility between the zones.

5.2 Low and high accessibility mobility patterns

Using path based AMs it is possible to detect di�erences in accessibility

related to di�erences in mobility patterns. From an initial calculation one

zone was selected (see Figure 4) with quite di�erent accessibility for two

groups - men with low and high education respectively. The zone under

consideration has no pharmacies and is quite distant from everything else

(this is a sparsely populated area). To reach more quali�ed service from this

zone a trip is necessary.

The two groups under consideration have quite di�erent mobility pat-

terns. The most signi�cant di�erence is that for the group with high educa-

tion the rate of commuting out of the residential zone is 85 percent while it is

56 percent for the group with low education. The commuting patterns (see

Figure 4(a) and 4(b)) indicate a stronger concentration of the commuting


ows to the service centers for the highly educated group than for the low

educated group. In this case with low local level of service commuting to

service centers will yield high accessibility.
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Figure 4: Illustration of low and high accessibility (to pharmacies) mobility

patterns respectively.

6 Conclusions

In this paper an accessibility measure has been presented where accessibility

is calculated with regard to a mandatory travel pattern for each zone. It is

shown that there are quite large di�erences in accessibility between groups

with di�erent travel patterns. The di�erences between traditional AMs and

the path based AMs are not as evident for the cumulative opportunity mea-

sure as they are for the log sum.

The pattern of similarities between adjacent zones shows a mixed result.

For access to retail trade neighboring zones can have quite di�erent acces-

sibility scores depending on the mandatory travel pattern. For the case of

pharmacies (using a maxative AM) the path based AM shows a more smooth

pattern.

When could a path based AM be useful? For low mobility groups where

work and home is close the path based component will not change the acces-

sibility score much and not be very useful (but not less useful either). But,

for high mobility groups a zone based measure will underestimate the acces-

sibility that can be obtained along the daily travel path and thus be useful.
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A situation where a path based AM could be useful is in transition regions

outside urban areas where part of the population is active in sectors where

jobs are found locally (mainly traditional sectors of the labour market) and

others �nd their employment within sectors located in the urban center.
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A Appendix

A.1 Correlation matrix of accessibility to work places

and pharmacies

The �rst two letters in column 1 of Table 2, 3 refer to the type of AM

where CU=cumulative opportunity and LS=log sum. Letters 2-3 refer to

the opportumity RT=retail trade and PH=pharmacy. Letter 5 refer to gen-

der M=men, W=women. The last letter indicate educational level L=low,

I=intermediate and H=high. BAA=is the traditional zonal measure that is

unweighted.
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