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1. Introduction

The importance of accessibility as a performance indicator for the transportation-land use system is well
recognized. However, despite its importance, there is not a consensus about its definition. Amongst the frequently
adopted definitions is the “the potential of opportunities for interaction” proposed by Hansen (1959), which laid the
foundation for gravity-based accessibility measures. Ben-Akiva and Lerman (1979) suggested that accessibility is
“the benefits provided by a transportation/land use system”. The operationalization of this definition involves
calculating individuals’ consumer surpluses in activity or travel choice situations. The formulation has strong
theoretical appeal because of its consistency with economic theory. Geurs and van Wee (2004) provide a
comprehensive overview of these and other measures of accessibility. With the numerous definitions, it is important
to acknowledge; first, that accessibility is a construct and therefore does not have one true interpretation; and second,
that each measure of accessibility has its own advantages and limitations vis-a-vis representation of preferences, data
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requirements, communicability, theoretical appeal, etc. For example, Dong et al. (2006) used activity-based
accessibility (ABA), a disaggregate measure that accounts for individuals’ daily activity schedules, to study the
impacts of a highway toll. Consequently, they were able to capture population heterogeneity and determine market
segment-specific distributions of accessibility impacts. Conversely, the relative simplicity of aggregate measures, such
as gravity-based accessibility, lends itself well for analyses in data-poor environments, e.g. Peralta Quirds and
Mehndiratta (2015), and for stakeholder engagement, e.g. Stewart and Zegras (2016).

Real estate agents will often tell you that the three most important factors in real estate are “location, location,
location”. Although they do not use the term ‘accessibility’ or consider it in its academic sense, what they in part refer
to — access to opportunities, amenities and transportation options — is exactly what accessibility should capture.
Understanding this relationship between accessibility and location preferences is fundamental to transportation-land
use policies and infrastructure investments that rely on assumptions about the future spatial distribution of population,
as well as to transit-oriented development — especially those involving land value capture financing schemes. Several
researchers have demonstrated the link between accessibility and the desirability of a property or residential location.
In particular, residential location choice models are often estimated with various measures of accessibility, e.g.
Zondag and Pieters (2005). The value of accessibility has also been explored through hedonic price models, e.g. Srour
et al. (2002). However, despite these efforts, it is not clear how to best represent the value that households and the
market place on accessibility. In other words, do the increasingly sophisticated accessibility measures reflect real
preferences or are they merely figments of theorists?

2. Study Objective

The objective of the study is to determine how well different measures of accessibility represent household and
market preferences in property valuations. Specifically, we explore the appropriateness, advantages, and limitations
of personalized accessibility measures (consumer surplus, ABA) compared to aggregate accessibility measures
(gravity-based accessibility). Similarly, we compare accessibility measures that account for individuals’ daily activity
schedules (ABA) to those that do not (consumer surplus, gravity-based accessibility). Furthermore, we consider
different approaches to aggregating personalized measures when necessary. Namely, a household’s willingness-to-
pay should reflect a summary of the accessibility its members, and the market price for a property should reflect a
summary of the market’s accessibility preferences.

3. Analysis Methods

We conduct our study in the context of Singapore. The study compares three measures of accessibility: gravity-
based accessibility, trip-based consumer surplus, and activity-based accessibility. These measures are used to estimate
a hedonic price model and a bidding model that probabilistically combine households’ willingness-to-pay and sellers’
bid acceptances. Both the bidding model, which is proposed by Castillo (2014) based on Martinez (1996), and the
hedonic price model are embedded in the long-term module of SimMobility; see Adnan et al. (2015). The models,
estimated with different measures of accessibility, are compared on model fit, and where possible, validated using a
holdout sample. The following sections provide brief descriptions of the accessibility measures used in this study.

3.1. Gravity-based Accessibility
Gravity-based accessibility represents the potential opportunities for interaction from a given zone (e.g., home) by

counting the number of desired opportunities that exist within each zone and discounting them based on the travel
times from/to the, e.g. home zone. The gravity-based accessibility of zone i for activity type p is:

A5 =2;Dp; f(ty) (1)

where D, ; is the number of destinations of type p in zone j and f (ti ]-) is the travel time impedance function
between zones i and j.
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3.2. Trip-based Consumer Surplus

In random utility theory, the expected maximum utility (EMU) of a choice is equal to the consumer surplus of the
choice situation. In the context of individuals’ transportation-land use decisions, this can be interpreted as accessibility
per Ben-Akiva and Lerman (1979). Here we consider the multinomial logit mode and mode-destination choice models
by purpose. The consumer surplus, also known as the logsum, for person n is:

A5 = —In(S ) @)

where «,, is the negative of the marginal utility of travel cost for person n, and 1, is the systematic utility of
choosing mode m for person n.

3.3. Activity-based Accessibility

ABA is an extension to the consumer surplus measure in that it reflects the EMU of an entire day activity schedule
as opposed to simply a mode or mode-destination choice. It requires that day activity patterns be modelled in a nested
structure, such that the top-level schedule choice encompasses the consumer surplus of every sub-choice. The equation
for ABA is the same as (2) except the systematic utility for each choice option should reflect the EMU of sub-level
choices and socioeconomic and demographic variables.

4. Expected Results

ABA is undoubtedly richer in information than trip-based consumer surplus, which in turn is richer than gravity-
based accessibility. However, the question remains if these additional dimensions in fact better represent people’s
preferences. For willingness-to-pay, gravity-based accessibility is unable to capture heterogeneity. Thus, disaggregate
measures will likely prove advantageous. As activity-travel behavior becomes more complex, e.g. with the
introduction of new modes, flexible work hours, and virtual activities, more sophisticated measures, such as ABA,
will likely become favored. Furthermore, we expect personalized measures to reveal locations that are desirable to
specific market segments, e.g. areas that attract students due to proximity to a university or good transit connectivity.
For hedonic price models, sophisticated accessibility measures still capture more detail. However, since the hedonic
price is a reflection of aggregate market preferences, we suspect that the advantages of disaggregate measures are less
pronounced. Additionally, the appropriateness of the individual accessibility measures depends on the method of
aggregation. While averaging individual accessibilities is straightforward, it may not predict the market value
accurately if there are large variations across different segments. In such cases, the market value will likely shift
towards the maximum willingness-to-pay.

By testing these hypotheses, we can better understand how to represent market and household preferences for
accessibility.
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