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ABSTRACT

Models of residential and workplace location choice prevalent in the literature often assume that
one choice dimension is exogenous to the other. In our view, a broad and uniform assumption
that one choice dimension is exogenous and influences the other is too strong to use as the
foundation for current behavioral research or applied policy analysis. We seek to examine the
interdependence of residence and workplace choices and to develop a novel approach to
modeling these choice dependencies. Two problems related to such joint modeling efforts are
addressed in this paper. First, through a latent market segment modeling approach, the paper
offers a methodology for accommodating different sequential decision-making processes that
may be present in the population, i.e., residential location may be chosen first and influence
workplace location for one segment and vice versa. Second, the modeling approach offers a
means of overcoming the exploding choice set problem when attempting to model multi-
dimensional choice phenomena. The overall aim of the work is to model the structure of the
interdependency between the choices that a household makes with respect to residence location,
and the workplace choices of the workers in the household, in the context of an integrated
activity location and travel forecasting framework. This paper presents a joint model of residence
location and workplace using an activity-based travel survey collected in the Puget Sound region
of Washington in 1999, using a novel adaptation of recent methods for incorporating latent
market segmentation within discrete choice models.

Keywords: Residential location, workplace location, latent segmentation, discrete choice,
behavioral decision-making, multi-dimensional choices
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INTRODUCTION

Traditional urban economic theory and the vast majority of empirical work in urban modeling
treats the residence location choice as conditional on an exogenous choice of workplace. Some
empirical work, on the other hand, including the workplace destination choice models embedded
in metropolitan transportation models, assume that residence location is predetermined when
predicting the workplace location choice. All of this work treats the residence and workplace
choices as though one is exogenous and influences the other. More importantly, such endeavors
assume that the same conditional choice process applies to the entire population under study.
The assumption that one choice dimension (i.e., either residence or workplace choice) is
exogenous and influences the other for the entire population without any regard for the
possibility that a reverse choice process may be in vogue for at least a segment of the population
is, in our view, too strong to use as the foundation for current behavioral research or applied
policy analysis. We seek to examine the interdependence of residence and workplace choices
and to develop a novel approach to modeling these choice dependencies that overcomes two
inter-related challenges. First, there may be unobserved heterogeneity in the population with
different market segments following different decision processes unknown to the analyst.
Second, when modeling multi-dimensional choice phenomena, choice sets may explode in size
due to the curse of dimensionality. If there are 1000 possible location choices, then there are
1000x1000 =1,000,000 possible joint residence-workplace location choices.

The importance of this topic in the context of travel behavior is clear. If the entire
population is assumed to follow a uniform choice-making process when in fact there is
unobserved heterogeneity in the decision-making process, then patterns of substitution among
alternatives will potentially be significantly biased, thereby distorting the policy evaluation of
transportation investments or land use regulations. There is also a potential to contribute to the
advancement of activity-based travel modeling with this work. Workplace choices have been
addressed in aggregate travel models as though they were daily choices, predicted within the
destination choice model for the home-based work purpose. In activity-based models, however,
there is an opportunity to structure workplace choice, and its interdependence with residence
location, as a long-term set of choices that condition daily activity and travel behavior. To date,
however, no work has yet been reported that estimates the structure of the interdependency
between the choices that a household makes with respect to residence location, and the
workplace choices of the workers in the household, in the context of an integrated activity
location and travel forecasting framework, while overcoming the two challenges noted
previously. The paper reduces this gap in the literature by developing a joint model of residence
location and workplace using an activity-based travel survey collected in the Puget Sound region
of Washington in 1999. The paper develops a novel adaptation of recent methods for
incorporating latent market segmentation to predict the mix of latent choice structures of
residence and workplace choice (i.e., which choice conditions the other) that may be present in
the population. The challenges of dimensionality of the extremely large choice sets that arise in
the context of joint residence and workplace location modeling are also addressed by this method,
making it tractable for planning and modeling applications.

RESIDENCE AND WORKPLACE CHOICES
The development of classical urban spatial models such as the mono-centric model (1, 2) assume
that each household has only one worker, and that the workplace choice is predetermined, or
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exogenous, to residential location choice. While assumptions such as the location of all
employment within the central business district have received considerable criticism from
theoretical and empirical perspectives since the rise of polycentric urban areas, these two
assumptions have been largely ignored in the development and extension of models of urban
spatial structure and residential location. Within the realm of operational urban models such as
the DRAM/EMPAL models by Putman (3), the NBER/HUDS models by Kain and Apgar (3),
the CATLAS/METROSIM models by Anas (5), the TRANUS model by de la Barra (6), and the
MEPLAN model by Eschenique (7), the traditional assumptions of workplace being exogenous
to models of residential location and households having only one worker have continued to be
maintained. More recent operational models, such as UrbanSim, relax the assumption of one
worker per household, but still model residential location as being influenced by workplace
choice (8).

Remarkably little research has explored the interdependence of workplace choice and
residential location, despite the topic being of much interest for more than two decades.
Linneman and Graves (9) argued for the interdependence of job search and residence decisions,
and Gordon and Vickerman (10) suggested that while the residential and workplace choices may
not be simultaneous, some individuals may choose residences on the basis of prior workplace
choices, while others may search for jobs on the basis of their current residential location.
Efforts to relax the exogenous workplace assumption of the monocentric model have been made
by Siegel (11), Simpson (12, 13), Merriman (14), and Waddell (15-17).

In an investigation focusing on the simplifying case of households with only one worker,
for which the assumption of exogenous workplace choice is most plausible, Waddell (15) found,
using data from the Dallas-Fort Worth metropolitan area, that results from a nested logit model
of workplace and residential choice contradicted the assumption of exogenous workplace choice
in residential location. The results supported a joint choice of residential location and workplace,
which reflects the reality that job change may or may not be accompanied by residential
relocation, and residential relocation may occur with or without job change. That study was
based on cross-sectional data derived from the 1980 Census Journey to Work, and ultimately
used a standard multinomial logit (MNL) specification of the joint choices of residence and
workplace, with random sampling of alternatives. The model specification relied on the
Independence of Irrelevant Alternatives (IIA) property of the MNL model, but in a spatial model
of this type, especially considering the interdependence of residence and workplace, this
assumption could easily be violated.

A later study by Waddell, exploring residence and workplace choices using multiple-
worker households, drew on a panel survey in the Puget Sound region of Washington, but also
used a sampling of alternatives approach within the standard MNL framework (16). The
analysis of multiple worker households was further extended in a nested choice model of the
decision to move and the conditional choice of location, stratified by single- and dual-worker
households (17) in the Honolulu metropolitan area, but this research did not directly model
workplace choices. Abraham and Hunt (18) used nested logit, and Freedman and Kern (19) used
a joint logit model, to analyze residence and workplace choices among multiple worker
households. Finally, there is related research on the dynamics of residence and job change and
their interdependence that could inform further work on the dynamic aspects of these choices (20,
21).

Recent advances in the modeling of choices using latent market segmentation (e.g., 22)
offer a new means to address the difficult analytical problem of modeling the interdependence of
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residence and workplace choices. If we recognize that at any given point of time, some
households may be making choices to change residence while remaining in their current
employment locations, while others may be changing jobs while retaining their residence, we can
represent the interdependence of residence and workplace choices as a mixture of these choice
heuristics. This is the strategy we adopt in this paper. Our aim is to develop a latent
segmentation approach to empirically estimate the presence of these two choice heuristics in the
population, and identify the appropriate contingent choice models of residence location and
workplace.

DATA

The data used in this study is from the Puget Sound region of Seattle, Washington. The 1999
Puget Sound Regional Council (PSRC) Activity Survey, a household activity diary survey
covering the four-county metropolitan region, was used to extract relevant household and worker
socio-economic and location information. This data was augmented by year 2000 parcel and
assessment data from the King County Department of Assessments and by accessibility measures
from the Puget Sound Regional Council travel model. A little over 900 traffic analysis zones
(TAZ) comprised the residential and work location choice sets. For this analysis, we used
households that had one non-home-based worker, since this simplifies the empirical application
considerably, and allows the research to focus on development of a new approach to modeling
the interdependence of residence and workplace choices. Extension to the case of multiple
worker households is conceptually straightforward, but substantially increases computational
complexity and is therefore set aside as a subject of future research.

Table 1 provides a summary of selected household characteristics in the survey data used,
which included 1823 households with one non-home-based worker. Distributions of household
size, household income, vehicle ownership and children are included, and these reveal a
concentration of single-person households with no children, although the sample does include
families and other types of households. The auto mode is clearly the superior mode of transport
in this empirical setting. The average drive-alone home-to-work travel time (assuming every
worker in the sample chooses to drive) is 25.8 minutes while the corresponding average transit
travel time is considerably larger at 114.5 minutes. These travel time measures are used to
incorporate accessibility considerations in the location choice models.

THE MODEL
In this section, we develop the model specification and our methodology. We begin with a
background and then proceed to the model structure.

Background

A joint residence-workplace location model may be estimated by enumerating all combinations
or bundles of residential location and workplace location, and designating each bundle as a
discrete choice alternative. If the analyst is willing to assume away any spatial correlation among
alternatives, and ignore unobserved sensitivity variations across individuals associated with
travel impedance and other spatial measures in the choice process, a simple multinomial logit
(MNL) formulation may be used for the joint residence-workplace model. In this situation, the
analyst can invoke the Independence from Irrelevant Alternatives (IIA) property of the MNL and
resort to a sampling approach to reduce the number of alternatives during estimation. However,
recent studies have underscored the need to accommodate spatial correlation and unobserved
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sensitivity variation (or unobserved heterogeneity) effects in spatial location choice modeling
(e.g., 23, 24). In such cases, the I1A property is violated, and the analyst cannot resort to
sampling (see 25 for a theoretical and empirical exposition of this point).

A problem with the full enumeration approach of all alternatives (which is needed when
one considers more advanced models than the MNL, such as the mixed MNL, to accommodate
spatial correlation and heterogeneity effects) is that it leads to an explosion in the number of
alternatives. For instance, if there are 1000 candidate residential locations and 1000 candidate
workplace locations, the total number of alternatives is 10°. In addition, a mixed MNL approach
requires a simulated estimation approach. Thus, if there are Q decision-makers in the sample for
estimation, and if N simulation draws are used per individual in the estimation, the total number
of systematic utility component computations per likelihood function iteration is of the order of
10° x Q x N. Clearly, there is a need for a generic approach that accommodates the jointness in
residence and workplace location modeling without the explosion in computation time due to the
dimensionality compounding problem.

In this paper, we use a novel latent structure approach to address the dimensionality
problem without imposing a structure on the decision process a priori. In particular, we do not
pre-specify whether the workplace location is chosen first followed by the residential location, or
vice-versa. That is, we retain the joint nature of the residential choice and workplace location
problem, without the “curse of dimensionality” arising from a traditional enumeration approach
of all residential location-workplace location combinations. In the context of the empirical
example provided earlier, the total number of systematic utility component computations per
likelihood function iteration is of the order of 2 x 10° x Q x N in our approach, which is
substantially lower than the 10° x Q x N computation in the full enumeration approach.

The latent structure approach used here has been applied in the context of latent
segmentation, where decision-makers are probabilistically assigned to each segment based on
their characteristics, and a separate behavioral structure corresponding to systematic sensitivity
variations to exogenous variables is estimated for each latent segment (26-29). However, the
novelty in the current paper is that the latent structure is being applied not to accommodate
differential systematic variable sensitivity across individuals, but to accommodate different
decision-making structures (i.e., whether a household first decides on residential location and
then on workplace location, or vice versa).

Structure

The behavioral paradigm that forms the foundation of the modeling approach adopted in this
paper is that residence and workplace location choices are made jointly and sequentially. In
other words, one choice dimension is assumed to influence the other (thus the joint nature of the
relationship). Also, one choice dimension is assumed to precede the other and therefore there are
two possible choice processes, one where residential location is chosen first and influences work
location, and vice versa. Both of these sequential choice processes are present in the population
in a proportion that is unknown to the analyst. This behavioral paradigm is consistent with the
body of literature on residence and workplace location choice modeling and offers a mechanism
to jointly model these choice phenomena while overcoming the two challenges noted in the
introductory section. It is theoretically possible that both of these choices are made
simultaneously as an instantaneous bundle (i.e., a residential - work location pair). However, we
have adopted a sequential choice paradigm in light of the body of evidence in the literature
(where one choice dimension is consistently modeled as a function of the other) and the findings
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reported later in this paper. In practice, one would expect one or the other to precede and
influence the other choice dimension. Moreover, in view of the computational challenges
associated with the simultaneous treatment of residential and work place location choices, the
adoption of a sequential decision-making paradigm as the underlying basis of the modeling
approach provides a computationally tractable framework for modeling these choice phenomena
jointly while recognizing the presence of unobserved heterogeneity in the population (with
respect to decision structures).

In the following formulation, we use the index q for both workers and households
because of our focus on one-worker households. We assume a random utility framework as the
basis of the household’s residential location-workplace location choice, following McFadden
(30). Consider the worker  in a household, and let the probability that this individual q chooses
workplace location i from the set Cy of available workplace locations, conditional on having
made the residential location choice first, be given by the following multinomial logit form
conditional on /4, :

) e(ﬂéquk/ffw)
P, (i) | residence location K = ——~—— (1)

Z e(ﬂéxqjk/ffw)

jeCy
where X is a vector of variables associated with workplace location i for individual g
residing in residential location k, /3, is an individual-specific parameter vector to be estimated,

and o, is a scale parameter. We allow unobserved heterogeneity across individuals by assuming
that the vector g, for individual g is a draw from a multivariate normally distributed population

distribution @(f) whose moment parameters are characterized by (2. Then, the unconditional

probability of choosing workplace location i, given the choice of residence location kK, is:
(B%gik /ow)

R, (1) | residence location k = J W -@(p|Q)dS (2)
@\ Xak [Tw

B jec,

Next, the probability that the household g chooses residential location k from the set D,

of available residential locations, conditional on having made the workplace location choice first,
can be similarly formulated as:

(}/qul /o)
R, (k) | workplacei = j- z RIS ——#(y | P)dy (3)
4 leDq
where z,,; is a vector of variables associated with residence location k for individual g

whose workplace location is at i, ¥ is a vector drawn from a multivariate normal distribution
#(y) whose moment parameters are characterized by ¥, and o, is a scale parameter.

Finally, let the probability that individual q makes the choice of residence location first
be:

a'wg
P __& &)

q, residence first a'w,
I+e ™
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where w, is a vector of individual-specific characteristics, and « is a corresponding

parameter to be estimated. The probability of individual q making the choice of workplace
location first is then given as:
P

g, workplace first =1- I:’q, residence first (5)
Of course, we do not know the actual sequence of decision-making. But we can form the
unconditional probability of individual g residing in location k and working in zone i as:

P, (ik) =P, X [Pq(i) | residence k] +P, X [Pq(k) | workplace i] (6)
The log-likelihood function for the estimation of the parameters S, o, Q, ¥, o,, and

, residence first , workplace first

o, may be written as:
Q
L=> &, logP,(ik) (7)
g=1

where 6, =1 if individual g resides in k and works in i, and 0 otherwise.

The reader will note that ¢, and o, are not estimable in general. However, if at least one

of the coefficients in £ and y are constrained to be equal in both mean value and standard

deviation, then one can normalize one of the scale parameters to 1 and estimate the ratio of the
two scale parameters. In the current model, we constrain the mean sensitivity and unobserved
heterogeneity in the response to the commute-related variable to be equal since this variable is
defined by the combination of residences and workplaces, and the sensitivity to commute time
should not vary based on which decision is made first. Although this assumption constitutes a
logically plausible identification restriction, testing its veracity is a worthy future research idea.
A final note on the model structure — the share of individuals making the residence
location choice first can be obtained as Z P and the share of individuals making the
q

workplace location choice first can be obtained as Z P,
q

, residence first »

,workplace first *

Specification

The model structure involves three choice equations, one for the residence choice, one for
workplace, and one for the sequence of these choices. In specifying the residence location
choice, variables were selected based on prior work of the authors in modelling residential
location, and on other literature. The intent was to provide a parsimonious specification for
purposes of exploring the interdependence of residence and workplace, rather than a
comprehensive specification.

Three kinds of variables were used in the residence location choice specification:
neighborhood attributes (with neighborhoods approximated by a little over 900 zones),
accessibility variables, and interactions of household and alternative characteristics. The
neighborhood attributes included in the model estimation were meant to reflect a combination of
key characteristics that influence residential choices, such as the average income of the
neighborhood, the density of employment and of population, and a size variable reflecting the
size of the housing stock available for location in the neighborhood.

Accessibility is clearly of interest in both the residence and workplace choices, and is in
fact largely determined by these two choices. We focus on the measurement of the home to
work commute, by mode of travel, using zone to zone skims from the travel model — for the
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specific zone pairs represented by a particular combination of residence and workplace of an
individual household. These variables measure the expected travel time from a specific
residence to a specific workplace zone for each single-worker household. In addition, we
incorporate a generalized accessibility to employment, to capture a range of access to services,
retail, cultural amenities, and alternative employment locations.

Interactions of household characteristics with attributes of the alternatives are used to
improve the sensitivity of the model to preferences that vary systematically over household
characteristics. The most important one is the interaction of the household income with the cost
of housing at a particular residential location, which reflects the affordability of housing for the
household. If the model is well specified, this should be a strongly negative effect, indicating
that, all else being equal, households prefer to spend a smaller fraction of their income on
housing. We also include interactions between the size of the household making a location
choice and the average household size in a neighborhood, to capture the tendency for small
households to cluster, and larger, family households to cluster within neighborhoods. Finally,
we include the interaction of household income with the quality of housing, as measured by the
average improvement (building) value per residential unit. This measures the tendency for more
affluent households to locate in neighborhoods where the quality of housing is higher.

The specification of the workplace choice equation is considerably more parsimonious,
largely due to the limited information available about workers and workplace opportunities. We
include the size of the opportunity set, as measured by the number of jobs in the workplace zone,
and the transit and drive access times in the a.m. peak from residence to work.

Finally, the specification of the latent segmentation component includes a constant for the
propensity to choose work location first, an indicator of the presence of children in the household,
the household income, and the vehicle ownership of the household. We do not have strong
priors on the direction of these effects, but expect them to be associated with the choice sequence.

ESTIMATION RESULTS

Estimation results are presented in Tables 2-5. First, a set of uni-directional choice models are
presented. In Tables 2 and 3, we assume a single uni-directional choice sequence for the entire
sample. The workplace choice model is estimated as though all households in the sample chose
workplace conditional on a prior choice of residence. The residence choice model is estimated
as though all households in the sample chose residence conditional on a prior choice of
workplace.

The signs and significance of estimated parameters in these specifications is generally
consistent with prior expectations. The accessibility variables for both transit and auto modes, in
both the workplace and residence models, were negative and quite significant, though (as
expected) the sensitivity to auto access was stronger on average, reflecting the predominance and
superior performance of that mode of commuting. The number of jobs in a workplace
destination was clearly the dominant variable in the workplace choice, as expected, although this
is a somewhat underspecified model.

The next model we estimated was a joint model of residence, workplace, and latent
choice structure. The results of this estimation, using all the variables entered in the
independently estimated models, are shown in Table 4. We then refined this model by dropping
insignificant variables, to produce the results in Table 5. Note that in the joint models we also
include random parameters to reflect unobserved heterogeneity in preferences for certain
attributes, such as auto travel time, and the cost to income ratio. There is a modest improvement
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in the log-likelihood of the joint model, which underlines the significance of identifying,
probabilistically, the sequence of choosing residential and work locations. The results of the joint
model are discussed below.

The latent segmentation model of choice sequence captured household effects on the
propensity to choose workplace first. The estimation results confirm that there is a bias towards
choosing residence first, and that children, income, and vehicle ownership all modify this
average latent propensity. Households with more than one child are significantly inclined
towards choosing residential location first, relative to other households. This is consistent with
expectations that households with more children will be more likely to heavily consider the
implications of schools on residence location, and given a particular residential choice, may be
more tied to a residence location than would other households.

Households with higher income are more likely to choose their residential location first,
relative to households with less income. This, although apparently counter intuitive, could be the
manifestation of the fact that households with higher income choose to stay in affluent
communities with high levels of amenities and relatively low property taxes. This would tend to
reinforce the attachment to a residential location vis-a-vis the workplace.

Households with more than one car are more likely to choose their residential location
first, relative to other households. Households with low vehicle ownership, especially in the one-
worker sample we are studying, may be younger and lower-income than the average household —
in which case they are more likely to rent and to locate in housing that is relatively accessible to
their workplace.

The basic pattern of results in this joint model was consistent with the uni-directional
model of workplace choice (presented in Table 2). The higher the number of jobs in a zone, the
more is the likelihood of the zone being chosen as the work place. And the travel times by auto
and transit were again significant and in the expected direction, with the same pattern of larger
relative magnitude of the auto travel time effect compared to transit. We added a random
parameter to evaluate the effect of variation in drive time, but this coefficient was insignificant.
Note that we constrained the travel time coefficients to be equal for the workplace and residence
choice model component, since the commute travel times are a function of the combination of
these two choices.

Again, the pattern of estimation results from the joint choice model was generally
consistent with the uni-directional residential choice model (Table 3), although (as with the
workplace choice model) the magnitude of the effects was affected, generally increasing the
absolute value of the coefficients compared to the independent models. The magnitude increase
in the coefficients is as expected, since the variance before scaling is larger in the independent
MNL models compared to the joint latent segmentation model (22).

Interestingly, the coefficients on log(income) and population density, both significant in
the uni-directional residential choice model shown in Table 3, became insignificant in the
residential choice component of the joint model (see Table 4; the reader will also note that these
statistically insignificant variables do not appear in the best specification of Table 5). The
reduction in the significance of the t-statistics between the independent MNL models and the
joint model was fairly consistent across the estimated parameters, in part due to the relative
increase in the number of parameters to estimate as well as the introduction of a more complex
discrete mixing structure with random parameters.

The scale parameter for the work location component of the joint model is substantially
and significantly higher than unity. This indicates the larger error variance impacting work
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location relative to residential location (note that the scale parameter of the residential choice
component of the joint model is normalized to 1 for identification). Thus, there is much more
dispersion in residential choice-making among observationally identical households than there is
dispersion in work place choice-making among observationally identical workers. This is not
surprising, given the many subtle and intangible lifestyle and subjective preference issues that
underlie residential choice decisions.

The aggregate shares of decision structures as derived from the latent choice model
indicate that 80.8 percent of households choose residential location first, and then choose the
work location conditional on the residential location. Less than 20 percent of the households
choose the work location first. This contradicts the standard assumptions in much theoretical
and empirical work in urban economics, but is consistent with empirical findings that the
frequency of housing relocations is often lower than the frequency of job changes.

The coefficients in a complex choice model are not straightforward to directly interpret.
We add, in Table 6, a set of computed elasticities that show the effects of several household
characteristics on the latent segmentation shares. Note that the presence of multiple children
significantly reduces the probability of making the workplace location choice first, as do
increasing incomes, and owning multiple vehicles.

CONCLUSIONS

This paper has addressed an underdeveloped area of research on modeling the interdependence
of residence and workplace. We have developed an approach to model the joint choices in a way
that makes their estimation tractable, even for large-dimensioned choice sets, such as the nearly
1,000 residence and 1,000 workplaces represented in our data. The principal methodological
innovation in the paper is the adaptation of a latent market segmentation approach to model the
propensity to choose workplace or residence first. The jointly estimated model improved the
log-likelihood ratio of the residence location model considerably, and of the workplace choice
model modestly. This is because, in our empirical context, more than 80 percent of the
households (workers) were found to choose residence first and then choose workplace
conditional on residential location. As the uni-dimensional workplace choice model (which
assumes that workplace is chosen conditional on residential location for the entire sample) is
appropriate for a vast majority of households in the sample, the improvement in fit is rather
modest relative to the improvement in the residential location choice model (which assumes the
workplace location is chosen first). More importantly, it improves the capacity to represent a
plausible substitution pattern among choice outcomes when the availability or attributes of
residential alternatives or workplace alternatives changes.

Although the current model was estimated with single-worker households, it can be
extended in a direct way to deal with multiple-worker households where a choice dimension is
added for each additional worker’s workplace. However, with each additional choice dimension,
the computational complexity rises substantially and further methodological innovations are
needed to tackle this challenge. We also did not attempt to address the problems associated with
dynamic choices over time, as this would have added further complexity to the current research.
Such an extension is also left for future research. Finally, it is noteworthy that this research used
the TAZ as the spatial unit of choice. We did not analyze the implications of using this spatial
unit for residence and workplace location choices, and must also defer to future research for a
more thorough treatment of this topic.
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The research confirms that residence and workplace choices are interdependent and that a
mixture of decision hierarchies or sequences may be present in the population. Ignoring this
interdependence and population heterogeneity may bias policy analysis where residence and
workplace choices are involved. The finding that more than 80 percent of the population
chooses residential location first and then chooses the workplace location conditional on the
residential location runs counter to the vast body of literature that often considers the workplace
location to be exogenous to residential location choice. It would be interesting to see if similar
results are obtained in other empirical contexts, both in the United States and other countries, to
gauge the extent to which model findings of this nature are transferable across contexts. This
finding has important implications for the specification and application of integrated land use —
activity-based travel demand models in which the sequencing of the residential and workplace
location choices is often a critical component.
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TABLE 1 Household Characteristics of the One-Worker Household Sample

Characteristic Sample Shares
Sample Size 1823
Household Size
1 person 41.1%
2 persons 25.2%
3 persons 14.7%
4 persons 11.9%
> 5 persons 7.1%
Household Income (US Dollars)
< 30,000 29.3%
30,000-50,000 36.1%
50,000-70,000 25.6%
>70,000 9.0%
Vehicle Ownership
0 auto 4.2%
1 auto 42.2%
2 autos 38.8%
3 autos 9.4%
> 4 autos 5.4%
Children
0 Children 65.2%
1 Child 14.3%
2 Children 13.5%

> 3 Children 7.0%
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TABLE 2 Work Location Model (Residential Location fixed)

17

Variables

Coefficient t-stat

Neighborhood Attributes
Log (Number of Jobs)

0.905 40.62

Accessibility
AM HW total transit/walk travel time (in 00’s of minutes)
AM HW drive alone travel time (in tens of minutes)

-0.663 -9.47
-0.651 -26.31

Log-likelihood at zero
Log-likelihood at convergence
Likelihood Ratio Index

-12476.2
-9555.9
0.234
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TABLE 3 Residential Location Model (Work Location fixed)

18

Variables Coefficient t-stat
Neighborhood Attributes
Log (Number of jobs per acre) -0.023 -0.76
Log (Average Income) 0.299 3.13
Log (Number of Residential Units) 1.107 18.70
Log (Population per Acre) -0.184 -4.35
Accessibility
AM HW total transit/walk travel time (in 00’s of minutes) -0.693 -9.37
AM HW drive alone travel time (in tens of minutes) -0.626 -22.56
g (AM HW drive alone trave timo) 0409 | 1949
Interactions of Household and Alternative Attributes
Persons x Average HH size 0.284 9.98
Cost to Income ratio x 10 -0.169 -5.43
Income x 10™ x Log (Improvement Value per unit) 0.191 6.64
Log-likelihood at zero -12476.2
Log-likelihood at convergence -10512.4
Likelihood Ratio Index 0.157
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TABLE 4 Latent Segmentation Model of Work/Residential Location (All Variables in

Tables 2 and 3 Retained)

Variables | Coefficient | t-stat
Latent Segmentation Component
Propensity to choose Work Location First
(Propensity to choose the Residential Location First is base)
Constant -0.648 -3.54
Household Attributes
No. of Children > 1 (No. of Children <1 is base) -0.567 -1.39
Income in 000’s of dollars (< 30 is base)
30-50 -0.374 -1.59
50-70 -0.863 -2.76
> 70 -1.987 -2.49
Vehicle Ownership
No. of Cars > 1 ( No. of Cars < 1 is base ) -0.588 -2.52
Work Location Component
Workplace Attributes
Log (Number of Jobs) 1.899 11.78
Accessibility
AM HW total transit/walk travel time (in 00’s of minutes) -0.947 -7.72
AM HW drive alone travel time (in tens of minutes) -1.097 -10.79
Standard deviation on AM HW drive alone travel time 0.150 1.07
Residential Location Component
Neighborhood Attributes
Log (Number of jobs per acre) 0.031 0.29
Log (Average Income) 0.279 0.65
Log (Number of Residential Units) 2.376 8.78
Log (Population per Acre) -0.164 -0.83
Accessibility
AM HW total transit/ walk travel time (in 00’s of minutes) -0.947 -7.72
AM HW drive alone travel time (in tens of minutes) -1.097 -10.79
Standard deviation on AM HW drive alone travel time 0.150 1.07
Employment within 30 minutes x
Log (AM HW drive alone travel time) -0.410 -3.03
Interactions of Household and Alternative Attributes
Cost to Income ratio ( x 107) -0.846 -2.96
Standard Deviation on Cost to Income ratio 0.410 1.52
Income x 10® x Log (Improvement Value per unit) -0.562 -2.98
Persons x Average HH size 0.424 2.96
Scaling parameter corresponding to the Work Location 1,725 11.98
Component (Residential Location Component scale = 1) ' )
Log-likelihood at zero -12476.2
Log-likelihood at Convergence for the joint model -9442.7
Likelihood Ratio Index 0.243
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TABLE 5 Latent Segmentation Model of Work/Residential Location (Best Specification)

Variables | Coefficient | t-stats

Latent Segmentation Component
Propensity to choose Work Location First
(Propensity to choose the Residential Location First is base)

Constant -0.637 -3.47
Household Attributes
No. of Children > 1 (No. of Children < 1 is base) -0.572 -1.38
Income in 000’s of dollars (< 30 is base)
30-50 -0.393 -1.67
50-170 -0.940 -2.94
> 70 -2.210 -2.58
Vehicle Ownership
No. of Cars > 1 ( No. of Cars <1 is base ) -0.600 -2.56

Work Location Component

Workplace Attributes

Log (Number of Jobs) 1.881 11.85
Accessibility

AM HW total transit/walk travel time (in 00’s of minutes) -0.947 -7.77

AM HW drive alone travel time (in tens of minutes) -1.089 -10.83

Standard deviation on AM HW drive alone travel time 0.144 0.997

Residential Location Component

Neighborhood Attributes

Log (Number of Residential Units) 2.236 9.98
Accessibility
AM HW total transit/walk travel time (in 00’s of minutes) -0.947 =777
AM HW drive alone travel time (in tens of minutes) -1.089 -10.83
Standard deviation on AM HW drive alone travel time 0.144 0.997
Employment within 30 minutes x
Log (AM HW drive alone travel time) -0.396 -3.26
Interaction of Household and Alternative Attributes
Cost to Income ratio (x 10%) -0.670 -3.30
Standard Deviation on Cost to Income ratio 0.341 1.43
Income x 10®x Log (Improvement Value per unit) 0.616 3.34
Persons x Average HH size 0.403 2.99
Scaling parameter corresponding to the Work Location 1715 12.04
Component (Residential Location Component scale = 1) ' '
Log-likelihood at zero -12476.2
Log-likelihood at Convergence for the joint model -9443.3

Likelihood Ratio Index 0.243
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TABLE 6 Elasticity Effects on the Latent Segmentation Shares

21

Variables

Elasticity Effects

Work
Location First

Residence
Location First

Household Attributes

No. of Children > 1 (No. of Children < 1 is base) -38.2 9.1
Income in 000’s of dollars (< 30 is base)
30-50 -29.2 7.0
50-70 -62.7 14.9
> 170 -93.6 22.3
Vehicle Ownership
No. of Cars > 1 ( No. of Cars <1 is base ) -45.6 10.9




