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A high density of shops and services near the workplace may make it
easier to carry out personal commercial activities on foot before, dur-
ing, and after work, enabling reduced vehicle use during therest of the
day. Investigating this question isan important addition to the current
resear ch, which has focused on residential neighborhoods. Data from
the 1995 Nationwide Per sonal Transportation Survey are used toinves-
tigatetheinfluence of workplace employment density and shareof retail
employment on commute mode choiceand vehiclemilestraveled (VMT)
to access personal commercial activities. The analysis controls for
socioeconomic char acteristicsand accountsfor the endogeneity of com-
mute mode choice and per sonal commercial VMT by employing ajoint
logit-Tobit model. Employment density at the workplace is found to
be associated with a lower likelihood of automobile commuting and
reduced personal commercial VM T, while the presence of employment
in theretail category doesnot play a significant role. Workplace density
ismoreclearly related toreduced VM T and automobile commuting than
to characteristics of workers' residential neighborhoods and could have
significant influences on personal commercial VMT and automobile
commuting when increasing over a large area. The results suggest that
land use planner s should focus on encour aging employment density to a
greater extent than isthe current practice, although further research is
needed on the role played by correlated factors such as higher parking
costs, increased road congestion, and better transit service.

Many urban planners want to facilitate high-density, mixed-useland
development to make alternative transportation modes more attrac-
tive. Thetheory isthat higher development density and reduced seg-
regation of land uses should reduce the distance between thelocation
of activitiesthat requiretravel. Inturn, shorter trips are thought to be
morelikely carried out on foot or viatransit. Urban planning policies
intended to effect denser, more mixed development include relax-
ation of parking requirements, so-called density bonuses, minimum
floor-to-area ratio requirements, and transit-oriented devel opment
programs.

Thisresearchinvestigatesthe rel ationships between the built envi-
ronment characteristics of the workplace, worker commute mode
choice, and workers' use of persona vehicles to carry out persona
commercia activities. Shops and services near the workplace may
make it easy for workers to carry out activities on foot before, dur-
ing, and after the workday, such as buying flowers or gifts, taking
clothes to the dry cleaner, visiting the dentist, going out to lunch,
and catching amovie after work. Those who take advantage of this
pedestrian accessibility may travel fewer vehicle milesto carry out
such activities during the rest of the day.

Department of Urban Planning, University of California, Los Angeles, 3250 Public
Policy Building, Los Angeles, CA 90095.

Workers who have a car available at the workplace are probably
lesslikely to patronize nearby shops and services. At the sametime,
the choice of whether to drive to work may be conditioned on the
availability of those shops and services. Understanding this inter-
relatedness isimportant for planners who claim that particular land
use policies have positive transportation system benefits.

Becauseworkers makerelatively few discretionary trips on work-
days, the potential impact of workplace land use on travel behavior
might be thought to be minimal. But there are two important reasons
to investigate the rel ationship.

First, it may be pragmatically and politically more acceptable to
changepoliciesin primarily nonresidential areas, becausethe usersof
those areas may have fewer complaints about more intense develop-
ment than residential userstypically do. Furthermore, in employment
clusters of large cities, existing policies may significantly constrain
development density.

Second, researchers can have greater confidence in analysis that
focuses on how the built environment at the workplace affectstravel.
People who prefer to use alternative modes may choose to livein
dense mixed-use ne ghborhoods, which are often more walkable and
have better accessto transit. If so, typical regression methodsrelating
their travel behavior to residential land use characteristics will have
results that must be interpreted with a great deal of caution (1). But
workers are less likely to choose their jobs based on workplace land
use characterigtics. Thus, any relationshipsfound in such analysiscan
be interpreted with greater confidence that they represent the inde-
pendent effects of land use, instead of self-selection effects.

PREVIOUS RESEARCH

Much of the recent research on urban form and travel behavior has
focused on the question of whether peopleliving in dense, mixed-use
neighborhoods with traditional street grids make fewer trips by pri-
vate automobile (1-5). Recent improvementsin thisline of research
have included correcting for endogeneity of the residential location
decision and the tendency to use a car for trips (5, 6) and including
trip speeds and distances as explanatory variablesin atwo-stage | east-
sguares procedure (7). There hasbeen relatively little recent research
on how workplace land use affectstravel behavior other than a study
showing that commute mode choice can be affected to a modest
extent by workplace transportation demand management programs
and site-specific land use mix (8).

Age, sex, race, education, income, and household life cycle
(e.g., presence of children in the household) have been found to be
associated with particular patterns of mode choice and total travel
(9-13) and are included in this analysis. Including information on
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recent immigrant status (14) and parental status (9) is not possible
with this data set.

The analysis presented here varies in other ways from earlier
research. First, the focus is narrowed to personal commercid travel,
which should be moredirectly related to the accessibility of commer-
cid activitiesthan other types of nonwork trips. Second, the anaysis
accounts for the simultaneity of commute mode choice and day-long
participation in personal commercial activities, while correcting for
the fact that the dependent variableis | eft-censored.

DATA AND SAMPLE SELECTION

Thedataset isdrawn from the Person and Travel Day Trip filesof the
1995 Nationwide Persona Transportation Survey (NPTS). Theinitia
data set consists of 34,560 workers with complete work periods and
complete mileage information. Within this group the test sample is
restricted to those who identify themselves as drivers (95% of the
sample), have at least one car available for every driver in the house-
hold (85%), and state that transit service is available near their resi-
dences (64%). Theserestrictionsareintended to substantially increase
thelikelihood that each individual included in the analysishasacom-
plete set of mode choices for the commute. Also, respondentsin the
upper 1% of persona commercia vehicle miles traveled (VMT)
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(greater than about 50 mi) are excluded. Based on aninspection of the
data set, the reporting appears to be error-prone for outlying values.

The omission of individuals who report that bus service is not
available deserves comment. The omitted group may contain many
who are ignorant of bus service, perhaps due to a strong preference
for driving. However, comparing values of the independent and
dependent variables before and after dropping theseindividual s does
not reveal any obvious selection bias. Differencesbetween theinitial
sampleand thetruncated estimation samplearepresentedin Table 1.

Table 2 presents the mean and variance of the independent vari-
ablesinthe estimation samplefor respondentswho droveto work and
those who did not. Those who drove to work averaged almost amile
more per day in personal commercial VMT, and their average work-
place density, at about 6,000 workers per square mile, isfar lower than
the nondriving group average of 14,500 per square mile.

METHODOLOGY
Definition of Personal Commercial VMT

Personal commercial VMT isdefined asthe number of milestraveled
inapersonal vehiclefor persona commercial purposes. The category
includes shopping (over half the total), medical/dental, going out to

TABLE 1 Comparison of Samples Before and After Truncation

Before truncation | After truncation
(N=30,587) (N=14,478)
Variable Mean StDev | Mean

St Dev | Description

pcdmitot 4678 12.820 3.988  7.322 | vehicle miles traveled on personal commercial trips

D 0.84 0.93 drove to work (dummy)
wtempldn 5.8 13.9 6.3 13.8 | employees per square mile, workplace Census tract (1,000s)
wtindret 13.246 14.116 | 13.782 14.427 | employment share retail, workplace Census tract (percent)

wtempz 0.285 0.257

missing workplace Census tract data (dummy)

hbhresdn 1.615 1.782 1.902 1.693 | housing units per square mile, residential block group (1,000s)
hteempdn  1.097 1.464 1.312 1.458 | employees per square mile, residential Census tract (1,000s)
htindret 20.92 13.88 22.32 14.63 | employment share retail, residential Census tract (percent)

hbtz 0.01 0.01

missing residential Census block group data (dummy)

disttowk 11.20 14.85| 10.94 15.68 | reported one-way distance to work (mi)

wktm_tot

466.03 184.81 | 471.17 182.43 | total time spent at work (minutes)
r_age 39.47 12.73 40.09 12.21 | age

female 0.47 0.46 female (dummy)

afram 0.06 0.06 African American (dummy)

asian 0.02 0.02 Asian American (dummy)

oth_race 0.05 0.04 other non-Anglo race (dummy)

nohs 0.08 0.05 less than high school degree (dummy)
somecoll 0.27 0.28 more than high school degree (dummy)
income 41.44  29.42 ( 43.92  29.86 | household income (1,000s)

incomez 0.16 0.15 missing household income data (dummy)
hh1 0.13 0.15 one-adult household (dummy)

kids 0.53 0.48 household with children (dummy)
carprdvr 1.00 0.41 1.11 0.30 | cars per driver in household

hhsize 3.11 1.35 2.92 1.30 | household size

Source: 1995 Nationwide Personal Transportation Survey. Sample before truncation consists of all self-reported
workers living in a CMSA with complete work periods on the survey day. The after-truncation sample consists of
the subgroup who report that bus service is available, who live in households with at least one vehicle per

licensed driver, who are self-reported drivers, and who travel 50 miles or less for personal commercial purposes.
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TABLE 2 Comparison of Subgroups: Automobile Commuters and Other Workers (Drivers with Complete Work

Periods, Car Access, and Transit Access)?

Did not drive to Drove to work
work (N=1,075) (N=13,403)
Variable Mean StDev | Mean

St Dev | Description

pcdmitot 3.132 6.837| 4.057 7.355 | vehicle miles traveled on personal commercial trips®

wtempldn 14.575 22.764 | 5.606 12.629 | employees per square mile, workplace Census tract (1,000s)
wtindret 114 12.9 14.0 14.5 | employment share retail, workplace Census tract (percent)

wtempz 0.277 0.255

missing workplace Census tract data (dummy)

hbhresdn 2.643 2.038 1.843 1.648 | housing units per square mile, residential block group (1,000s)
hteempdn  1.804  1.737 1.273 1.426 | employees per square mile, residential Census tract (1,000s)

htindret 215 13.9 22.4 14.7 | employment share retail, residential Census tract (percent)
hbtz 0.004 0.006 missing residential Census block group data (dummy
disttowk 11.785 31.621 | 10.871 13.615 | reported one-way distance to work (mi)

wktm_tot 515 257 468 175 | total time spent at work (minutes)®

r_age 39.6 12.6 40.1 12.2 | age

female 0.50 0.45 female (dummy)

afram 0.10 0.05 African American (dummy)

asian 0.03 0.02 Asian American (dummy)

oth_race 0.05 0.04 other non-Anglo race (dummy)

nohs 0.07 0.05 less than high school degree (dummy)

somecoll 0.27 0.28 more than high school degree (dummy)

income 43.321 31.020 | 43.970 29.760 | household income (1,000s)

incomez 0.15 0.15 missing household income data (dummy)

hhl 0.19 0.15 one-adult household (dummy)

kids 0.44 0.49 household with children (dummy)

carprdvr 1.09 0.32 1.11 0.29 | cars per driver in household
hhsize 2.84 1.36 2.93 1.29 | household size

Bold type signifies exogenous variables used only in the logit equation (step 1 of model 2). All other variables are

used in both equations.

NoTEs: @ Car accessibility defined as one or more personally owned vehicles per driver in household. Bus
accessibility defined using "bus_avl" variable in Travel Day Trip File (nonresponses also dropped).
b Personal commercial trips defined as NPTS trip purposes "shopping," "medical/dental," "going out
to eat," and "other social/recreational.” Variable calculated using "trpmiles" and "trptrans," variables in

NPTS Travel Day Trip file.

¢ variable calculated using activity duration ("dweltim2") and trip purpose ("whytrip95") data from

Travel Day Trip File.

Source: 1995 Nationwide Personal Transportation Survey.

eat, and other social/recreational trips. Ignoring return trips home,
personal commercial trips made up 39% of trips in the unweighted
nationa sample.

Independent Variables for VMT Models

Independent variablesfor the VM T modelsare presented in Table 2.
The test variables are workplace census tract employment density
and share of retail employment. Inthe NPTS, thisinformation isrep-
resented categorically. Here, the information has been recoded at
center points of the categories and treated as a continuous variable.
Similarly, three variables proxying land use at the residential loca
tion are included: block group housing unit density, employment
density, and share of retail employment.

Control variables include sex, age, race/ethnicity, household
income, education, household size, and dummy variablesindicating
whether the household has only one adult and whether children
under age 17 are present. The distance from the residence to the
workplace and the amount of time spent at work are & so included.

Increased distance to theworkplace is expected to increase the rel -
ative convenience of an automobile for the commute and hence the
likelihood that an automobilewill be used both for the commute and
for carrying out personal commercial activities. By reducing dis-
cretionary time, the length of the work period is expected to
decrease the amount of personal commercial activity and hence
personal commercial VMT.

Treatment of Missing Data

Like most data sets, the NPTS lacks compl ete responses for some
variables. To account for respondents with missing information,
instead of merely deleting casesfrom the analysis, the missing indi-
cator method is used (15). A dummy variable, created to indicate
missing values for each relevant variable, is set equal to 1 for
respondents missing the data and to O otherwise. This procedureis
followed for household income [represented by the variable
(incomez)], workplace land use characteristics (wtempz), and res-
idence area land use characteristics (hbtz). The problem is most
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extensive with the workplace census tract employment data, with
missing values for 26% of the estimation sample (see Table 2).

Additional Variables for Car
Commuting Model

In addition to the independent variables used in the VMT models,
variables are included in the model for whether a motorized vehicle
wasdriventowork. First, race and Hispanic statusareincluded. These
characteristicsaretypically seen asdirectly related to automobile use
even when controlling for income (16 ). However, in some accounts,
once automobile ownership is controlled for, race effects disappear
(17). Ininitial testing, the race variables were not strongly related to
personal commercia VMT, but African American status was nega-
tively related to the likelihood of driving to work even when control-
ling for transit access. Therefore, the race variables were included as
exogenous variables, reflecting the hypothesis that cultura differ-
ences for which racia/ethnic statusis a proxy affect commute mode
preferences.

Second, a variable denoting the number of cars per driver in the
household isincluded. Recall that the sampleisrestricted to thosein
householdswith at least one car per driver. Thecar per driver variable
thus can beinterpreted asindicating ahousehold taste for carsinstead
of strictly asan indicator of access to the automobile mode.

Finally, four other variablesrelating to transportation infrastructure
are included to model the commute mode choice: whether the indi-
vidual must pay to park at work (7% of the sample); adummy vari-
ableindicating that the nearest transit stop is morethan 2 mi from the
residence (17%); distance to the nearest transit stop (whether bus,
streetcar, commuter rail, or subway) for stopswithin 2 mi of the res-
idence; and adummy variableindicating whether streetcar or subway
serviceisreported available, which may indicate ahigher-quality met-
ropolitan transit system (9%). Thetransit system variablesare plausi-
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bly exogenousto persona commercial VMT becausetransitisrarely
used for personal commercial trips; the primary hypothesis is that
dense, mixed-use workplaces enable walk trips to be substituted for
driving trips.

Hypothesis Testing

Two methodological complications arise in testing the relationship
between workplace land use and personal commercia VMT. First,
only 52% of respondents on the survey day driveto access personal
commercia activities (Figure 1). Becausetimeislikely to be scarce
on aworkday, there isalatent tendency to conserve time by travel-
ing less for other purposes. At its maximum, this tendency can be
expressed only by not traveling at all. As aresult, the dependent
variable, personal commercial VMT, is left-censored, and estimat-
ing an ordinary |east-squares model on the sample will yield biased
estimates. Second, an important predictor of personal commercial
VMT by workers is whether a car was used to commute to work.
However, for workers with access to cars, the decision to commute
towork in turn depends on the planned extent of participationin per-
sonal commercial activities and the anticipated location of those
activities (Figure 2).

The analysis addresses these complications by two approaches. To
correct for a biased error term due to the censored dependent vari-
able, a Tobit regression is used. To account for the simultaneity of
the commute mode choice and personal commercial VMT, a selec-
tivity correction approach, essentially equivalent to two-stage least
squares, is also used. These approaches have rarely, if ever, been
used together in the academic literature.

For the purpose of illustration, a straightforward Tobit model is
estimated first, in which personal commercial VMT is specified asa
function of theindependent variables. The Tobit isused to account for

8 9 10 11 12 13 14 15 >15

Personal commercial VMT

FIGURE 1

Personal commercial VMT by share of workers.
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FIGURE 2 Conceptual model.

the fact that the dependent variable is left-censored. Second, ajoint
logit-Tobit model is estimated, in which personal commercial VMT
and the choice of whether to drive to work are understood as simulta-
neous, following the selectivity correction procedurein Train (18). By
including thisterminthe Tobit mode, it iscorrected for endogeneity.
The procedureis similar to that followed by Giuliano and Lave (19).

Simple Continuous Model with Tobit Correction

Thefirst model can be thought of astwo separately estimated equa-
tions on each of two subsamples: those who did not drive to work,
and those who did. The dependent variabley is personal commer-
cia VMT. The model can be represented with an equation for each
subsample:

ynca = anca + €nca (la)
where

Ynea @ Ya = vectors of dimension 1 by n,., and 1 by ng,, respec-
tively;
Ne = subset of individuals who drove to work;
Nnea = SUbset who did not drive to work;
Xs = an ng-by-k matrix of k independent variables for ng
individuals;
B = vector of coefficients to be estimated;
0., = fixed effect of having a car available at work on
personal commercia VMT,; and
€5 = vectors of normally distributed error terms with
each term equivalent, under the identically and
independently distributed assumption.

Thismodel can then be represented in a pooled form:
y=yZ+e )

where

y = vector of dimension 1 by m formed by stacking y., and Yoc.
(wherem=ng, + N),

A 4

e = vector of dimension 1 by m (e, and €, are stacked to make
e of dimension 1 by m) (and e, is assumed to equal €, for
aln), and

Z = mby (k+ 1), composed of X, and X, plus a column vector
consisting of adummy variable set equal to 1 for those who
drove to work and O otherwise.

This censored dependent variable requires estimation with cen-
sored regression techniques. The Tobit regression can be carried out
with the following form (20) in which i is an observation subscript:

Y = V7 +o%+e‘ ®)

The ratio in the second term can be estimated by using a separate
probit regression to get values of ¢; and ®;, which arethe normal prob-
ability density function and cumul ative density function, respectively,
evaluated at y'z/o.

The dependent variablein the probit isadummy equal to 1 if per-
sonal commercial VMT is0 and equal to O if personal commercia
VMT ispositive. The independent variable is the same vector used
intheordinary least-squares (OL S) equation, whose coefficientsare
equal toy/o. Equation 3 can then be estimated asan OL Sregression
inwhich o is acoefficient.

Stata's “Tobit” command is used to estimate . This prepro-
grammed routine uses amaximum likelihood procedure (21, pp. 138,
145, 146), which isasymptotically equivalent to estimating Equation
3 by ordinary least squares but is more efficient.

Joint Discrete/Continuous Tobit Model

The joint model is sequentially estimated as follows. Firgt, a logit
regression is calculated with a dependent variable equal to 1 if the
individual drovetowork and 0 otherwise. Thelogit model usesall the
independent variables used inthe VM T model aswell asanumber of
additional independent variables, as explained in an earlier section.
In the second step, a selectivity correction term, E(es), is added:

Yo = Oca +BXca + E(€a) + Nea (4b)
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where E(eg) is nonzero and varies by person, assuming that the
choice of commute mode and how many milesto drive for personal
commercia activities are related.

For each person E(e,,) is estimated by the following equation by
property of thelogit model (18, Equation 5.11):

E(eca) =

_ 2
V60" e XN Re (5
T 1-Pa

where

02 = variance of e,

Pea = mutual correlation of car ownership and milestraveled with
unobserved characteristics of the person, and

P = probability of driving to work.

In the binomial case, E(e,.) iS a Symmetric expression with the
preceding (18, p. 4), and ppe iSjust 1 — Pe.

The term in brackets is calculated by using estimated probabili-
tiesfrom the logit model and istherefore stochastic, but it istreated
asanonstochastic independent variablein the estimation of the next
step. Therefore, the reported standard errors will be too small.

Similar to the simple continuous model, the data are pooled as
follows:

y =yZ +E(e) +n (6)

In the pooled sample, the bracketed term in Equation 5 varies
depending on which subsample the individual belongs to. Follow-
ing Giuliano and Lave (19, p. 158), this selectivity correction term
(SEL) can be written asfollows:

C x E(en) - (1 - C) X E(ena) = SEL @

where Cisadummy variable set equal to 1 for individualsin house-
holds with at least one vehicle per driver and 0 otherwise.
Then,

E(e) = { x SEL )

where  isthe coefficient to be estimated as part of Equation 6, equal
to the term outside the bracketsin Equation 5.

Thefinal addition to the model isto add aterm reflecting the cor-
rection for left-censoring of the dependent variable. The resulting
equation hastwo correction terms: the selectivity correction term that
accountsfor the simultaneous choice of whether to drivetowork and
how much personal commercial travel to carry out by car, and the
term correcting for the censored dependent variable:

yi=v’z+Z><SEL+0%+n 9

Equation 9 is estimated by using Stata’ s Tobit command.

Test of Robustness of Selectivity
Correction Approach

Thesdlectivity correction approach isunbiased but inefficient because
it is sequentially estimated. Its robustness can be determined by
assuming that the true model is not endogenous and testing whether
the approach might incorrectly support the null hypothesis. Thiswas
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done with a Monte Carlo simulation: setting the coefficient on SEL
equal to zero; using other coefficients from the empirical model to
predict automobile ownership and personal commercial VMT; calcu-
lating estimates of the empirical mean and standard deviation of ¢, the
coefficient on SEL ; and testing whether the cal cul ated coefficient was
significantly different from zero. For asample of 20 replications, the
estimated empirical mean was—0.24, with an estimated standard devi-
ation of 0.32, yielding at-statistic of about 0.67. Thus, the coefficient
is not significantly different from zero with any level of confidence
for thissample. With asample of 50 replications, the estimated empir-
ica mean was —0.36, with an estimated empirical standard deviation
of 0.363, yidding at-dtatistic of about —1.0, again statistically indis-
tinguishable from zero. The results of the test support the finding that
the choice to commute to work by car and the amount of personal
commercial VMT are simultaneously determined.

MODEL RESULTS

Table 3 reports regression results for the uncorrected Tobit moded, in
which the decision to drive to work (D = 1) istreated as an indepen-
dent variable that is unrelated to workplace density, share of retail,
and other independent variablesincluded inthemodd. Controlling for
other correlates, the results show that those who drive to work travel,
on average, 1.6 mi more per day via personal vehicle for personal
commercial purposes. Higher workplace employment density isasso-
ciated with dlightly reduced personal commercia VMT at ahighlevel

TABLE 3 Personal Commercial VMT Regressed on
Land Use and Demographic Variables (Simple Continuous
Model with Tobit Correction)

Variable Coef. Std. Err. z P>|z| 95% Conf. Interval

D 1574 0435 3.623 0.000 0.723 2.426
wtempldn -0.050 0.009 -5.639 0.000 -0.067 -0.033
wtindret -0.007 0.009 -0.794 0.427 -0.026 0.011
wtempz -1.572 0.321 -4.891 0.000 -2.203 -0.942
disttowk 0.022 0.007 3.205 0.001 0.009 0.036
hbhresdn -0.176 0.081 -2.185 0.029 -0.334 -0.018

hbtz 0.369 1.391 0.265 0.791 -2.358 3.096
hteempdn -0.173 0.0924 -1.867 0.062 -0.354  0.009
htindret 0.004 0.007 0569 0569 -0.010 0.019
wktm_tot -0.013  0.001 -21.264 0.000 -0.014 -0.012
r_age -0.018 0.009 -1.975 0.048 -0.036 0.000
nohs -1.716 0527 -3.256 0.001 -2.750 -0.683
somecoll 0.588 0.240 2451 0.014 0.118 1.058
income 0.097 0.019 5.227 0.000 0.061 0.133

income2 -0.0006 0.0001 -3.797 0.000 -0.0008 -0.0003
incomez 1.912 0549 3.484 0.000 0.836 2.987

female 0.589 0.217 2709 0.007 0.163 1.015
hhl 1.663 0.365 4,554 0.000 0.947 2.378
kids -0.685 0.326 -2.102 0.086 -1.324 -0.046
hhsize -0.007 0.141 -0.052 0.959 -0.283 0.268
_cons 2533 0968 2.618 0.009 0.636 4.430
_se 11.5392 0.10216 (sigma-hat)

Log-likelihood -33,425.517; 14,478 observations; likelihood ratio test
with X%z = 707.840; Prob > X* = 0.0000; Pseudo-R? = 0.0105.
Observation summary: 6,998 left-censored observations at
pcdmitot < 0; 7,480 uncensored observations.

Note: Bolded variables are significant at the 95 percent confidence
level.



Chatman

of statistical significance but with relatively modest magnitude. The
coefficient of —0.05 meansthat each additional 10,000 employeesper
sguare milein workplace density (an addition of about 15 employees
per gross acre) is associated with an average half-mile reduction in
personal commercial VMT per capita. Although the share of retail at
theworkplaceisalso negatively related to personal commercia VMT,
therelationship isweak and not statistically significant.

Other variablesin the model have the expected signs. Higher res-
idential density decreases personal commercial VMT: every addi-
tiona 1.5 housing units per gross acre (1,000 units per square mile)
is associated with a0.2-mi reduction in personal commercial VMT.
However, neither employment density nor the share of retail in the
residential census tract is related to personal commercial VMT ina
statistically significant sense. Total time spent at work and the pres-
ence of children in the household are both associated with reduced
personal commercia VMT, suggesting that reduced discretionary
time for such activities may be acause. By the same token, individ-
uals in one-person households, with fewer household responsibili-
ties, travel significantly morefor personal commercia purposesthan
others. Higher income increases personal commercial VMT, with a
declining increase reflected in the significant coefficient on the
income squared variable (income2), while those living in older
households have lower personal commercial VMT. Finally, women
drive farther than men for personal commercia purposes, which is
generally consistent with literature relating gender rolesto household
responsibilities.

Thejoint logit—Tobit model ispresented in Tables4 and 5. Table 4
presentslogit regression results from the commute choice stage. The
dependent variableisadummy variable set equal to onefor thosewho
drove to work. Two of the instruments have an individually signif-
icant effect on the likelihood of driving to work: subway/streetcar
availability (rail) significantly decreases the likelihood, and, un-
expectedly, having to pay to park (paypark) is correlated with an
increased likelihood of driving towork. Most of the highly significant
variables in the continuous model also are important in the second
model; clearly, thereisreason to believe the choices are endogenous.

Table 5 presents results for the second stage, incorporating the
selectivity correction term in a Tobit regression on personal com-
mercial VMT. Taken together, the results from Tables 4 and 5 are
instructive, pointing to two separate effects of workplace density.

First, workplace employment density is associated with alower
likelihood of car commuting, as reflected in the coefficient on
wtempldn in Table 4, which suggests that each increase of
1.5 employees per gross acre (i.e., 1,000 employees per square mile)
at the workplace decreases the probability of using an available car
for commuting by about 3%.

Second, asindicated in Table 5, workplace employment density is
associated with reduced personal commercial VMT regardless of
whether a car was used to commute to work. The corrected VMT
relationship is haf as strong as that found by the uncorrected Tobit
approach: an increase of employment density of 15 employees per
acre (10,000 employees per square mile) reduces per capita personal
commerciad VMT by 0.25 mi. Apparently, much of the influence of
employment density on personal commercial VMT is actually indi-
rect, mediated by its effect on the choice of whether to drive to work.
For the same reason, the coefficient on D (equd to 1 for those driv-
ing to work) hasincreased agreat deal in comparison to Table 3, up
to more than 9 mi per day, reflecting the fact that several influences
of independent variables in the VMT model are mediated through
commute mode choice.
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TABLE 4 Car Commute Choice Regressed on Land Use,
Demographic, and Instrumental Variables (Logit, First Stage of
Joint Discrete/Continuous Model)

Variable Coef.  Std. Err. z P>|z] [95% Conf.Interval]
afram -0.175 0.121 -1.453 0.146 -0.412 0.061
asian 0.024 0.207 0.114 0.909 -0.382 0.430
oth_race -0.021 0.166 -0.129 0.897 -0.347 0.304
Ihh_hi_2 -0.069 0.170 -0.406 0.685 -0.401 0.264
Ihh_hi_3 0.724 1.051 0.689 0.491 -1.335 2.784
carprdvr 0.077 0.117 0.659 0.510 -0.152 0.306
parkpay 0.422 0126 3.341 0.001 0.174 0.669
trnsdist 0.018 0.026 0.665 0.506 -0.034 0.069
trnsdisz -17.380 26.339 -0.660 0.509 -69.004 34.243
farstop 0.068 0.180 0.380 0.704 -0.285 0.421
rail -0.305 0.101 -3.017 0.003 -0.504 -0.107
wtempldn -0.032  0.002 -15.164 0.000 -0.036 -0.027
wtindret 0.001 0.003 0.379 0.705 -0.005 0.007
wtempz -0.484 0.101 -4.784 0.000 -0.682 -0.285
disttowk -0.003 0.002 -1.711 0.087 -0.006 0.0004
hbhresdn -0.125 0.023 -5.386 0.000 -0.170 -0.080
hbtz 0.250 0.526 0.476 0.634 -0.781 1.282
hteempdn -0.034 0.026 -1.321 0.187 -0.085 0.017
htindret 0.003 0.002 1.372 0.170 -0.001 0.008
wktm_tot -0.001 0.000 -7.719 0.000 -0.002 -0.001
r_age 0.003 0.003 0.930 0.352 -0.003 0.008
nohs -0.503 0.136 -3.700 0.000 -0.769 -0.236
somecoll -0.013 0.075 -0.172 0.863 -0.160 0.134
income 0.021 0.005 3.989 0.000 0.011 0.032
income2 0.000 0.000 -3.737 0.000 -0.0002 -0.0001
incomez 0.560 0.157 3.558 0.000 0.252 0.869
female -0.264 0.067 -3.930 0.000 -0.396 -0.133
hh1 0.012 0.109 0.115 0.909 -0.201 0.226
kids 0.164 0.100 1.645 0.100 -0.031 0.359
hhsize -0.038 0.042 -0.887 0.375 -0.120 0.045
_cons 3.337 0.331 10.090 0.000 2.689 3.985

Log-likelihood -3526.5627; 14,478 observations; likelihood ratio test
with X% 30 = 605.67; Prob > X* = 0.0000; Pseudo-R? = 0.0791.

Note: exogenous variables appear in the upper tier. Bolded variables
are significant at the 95 percent confidence level.

A similar effect occursfor housing density on theresidential side.
An additional 1.5 units per gross acre (1,000 units per square mile)
isassociated with a12% lower likelihood of car commuting, but the
direct effect of residential density on personal commercia VMT is
statistically indistinguishable from zero. Thisis a very interesting
result—it suggests that residential density may be more important
in determining commute mode choice than in directly influencing
overall personal commercial VMT, at least on workdays.

Notethat the pseudo-R? statistic for the VM T modelsisextremely
low, at about 0.01. Because travel behavior islargely idiosyncratic
and can vary agreat deal on aday-to-day basis, thisis not altogether
surprising.

Finally, respondents missing data on workplace land use and
household income are systematically different from the rest of the
sample. Individualswith unreported workplaceland use data (wtempz
equal to 1) are substantially morelikely not to useacar to go towork,
and those refusing to report their income travel substantially more
miles for personal commercia purposes (see Tables 3 and 5). This
describes a caveat with the data set that would go unreported if those
cases were smply deleted, asis the current practice, and suggests a
need for further research, as discussed in the following section.
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TABLE 5 Personal Commercial VMT Regressed on Land Use and
Demographic Variables (Tobit, Second Stage of Joint
Discrete/Continuous Model)

Variable Coef.  Std. Err. z P>|z] 95% Conf. Interval
D 9.656 2554 3.780 0.000 4.649 14.663
SEL 2130 0.662 3.217 0.001 0.832 3.428
wtempldn -0.025 0.012 -2.171 0.030 -0.048 -0.002
wtindret -0.007 0.009 -0.742 0.458 -0.025 0.011
wtempz -1.296 0.333 -3.895 0.000 -1.948 -0.644
disttowk 0.024 0.007 3481 0.001 0.011 0.038
hbhresdn -0.082 0.086 -0.962 0.336 -0.250 0.085
hbtz 0.306 1.390 0.220 0.826 -2.419 3.031
hteempdn -0.142 0.093 -1.532 0.126 -0.324 0.040
htindret 0.002 0.007 0.262 0.793 -0.013 0.016
wktm_tot -0.012 0.001 -18.874 0.000 -0.014 -0.011
r_age -0.020 0.009 -2.139 0.032 -0.037 -0.002
nohs -1.416 0535 -2.645 0.008 -2.466 -0.367
somecoll 0599 0.240 2499 0.012 0.129 1.069
income 0.085 0.019 4487 0.000 0.048 0.122
income2 0.000 0.000 -3.121 0.002 -0.001 0.000
incomez 1.604 0557 2.880 0.004 0512 2.695
female 0.715 0.221 3.235 0.001 0.282 1.148
hh1l 1.672 0365 4578 0.000 0.956 2.388
kids -0.774 0.327 -2.368 0.018 -1.415 -0.133
hhsize 0.016 0.141 0.117 0.907 -0.260 0.293
_cons -5.446 2.667 -2.042 0.041 -10.673 -0.218
_se 11.537  0.102 (sigma-hat)

Log-likelihood -33,420.298; 14,478 observations; likelihood ratio test
with X?,5) = 718.28; Prob > X* = 0.0000; Pseudo-R? = 0.0106.
Observation summary: 6,998 left-censored observations at
pcdmitot < 0; 7,480 uncensored observations.

Note: Bolded variables are significant at the 95 percent confidence
level.

CONCLUSIONS

Compared with a simple continuous model, the joint discrete-Tobit
model provides a better understanding of how employment land use
affects personal commercial VMT. First, higher employment density
isassociated with alower likelihood that aworker will driveto work,
which in turn is associated with lower personal commercial VMT.
Second, workplace density is also directly associated with reduced
personal commercial VMT, regardless of commute mode choice.
These effects are modest but highly significant in a statistical sense,
andthereislittlereason to suspect that theresult isan artifact of aself-
selection process, both because the workplace instead of the residen-
tial location isthe subject of investigation, and because all workersin
the data set have at least one car per driver in their households.

The net effect over alarge number of individualsinacity islikely
substantial. Assumethat a1-mi? areaof acity contains 5,000 employ-
ees. The analysis suggests that an increase in density of about 3,000
employeesin thisareawould be associated with a9% decreasein the
automobile commute mode share and a reduction in personal com-
mercial VMT of abit morethan amile per day per worker, or amost
9,000 VMT per day—without even accounting for lower VMT from
reduced automobile commuting. There may be concomitant increases
in personal commercial VMT on weekends or by other household
members, phenomenathat are not investigated here. Nevertheless, if
nothing else, this research strongly supports the notion that urban
planners should pay attention to the characteristics of downtowns,
job centers, and other primarily nonresidential parts of urban areas,
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because planning policiesin such areas may have stronger influences
on mode choice than residentially based interventions.

Theresults also suggest that residential density is correlated with
transit and walking convenience for the commute but does not
directly influence personal commercial VMT. However, becausethe
model does not correct for the potential endogeneity of residential
location choice, residential density, and commute mode choice, the
relatively large effect of the relationship with commute mode choice
is probably overstated.

Retail share, intended asaproxy for mixed-use development, does
not enter significantly into the model on either the workplace or the
residential side. Two possible explanations for this finding come to
mind. Firgt, the retail employment share may be a poor measure of
accessibility of activities at the workplace, particularly if very high
concentrations of retail shopsdrive out nonretail activitiesthat might
be more valued by workers during the work day, such asrestaurants,
banks, and dry cleaners.

Second, the strongest effects of development density may not be
related to increased accessibility of activities viawalk and transit.
Instead, other forces may be at work. A number of researchersinthis
areahave noted that development density in analysis of thissort may
be aproxy for unobserved variables such as metropolitan-wide tran-
sit and walking accessibility, high road congestion, and high parking
costs (22). Parking availahility has been argued to be a particularly
important determinant of travel choices (23). Because most of the
high-density workplacesin the samplearein placeslike New Y ork
and Chicago, where these characteristics are likely common, such a
correlation may be at work in this data set. If so, this analysis sug-
geststhat urban policiesto relax density constraintsin primarily non-
residential areas arelikely to be most successful when accompanied
by concomitant changes in those associated factors.

SUGGESTIONS FOR FUTURE RESEARCH

As noted, the significant relationship found between workplace den-
sity and personal commercia VMT may be partially due to factors
correlated with, or even caused by, nonresidential development den-
sity. This suggests several important research questions for further
examination. First, to what extent isworkplace development density
associated with higher parking costs, better pedestrian walking envi-
ronments, higher-quality transit, greater road congestion, or other
possibleinfluenceson travel ? Second, assuming such correlationsare
strong in U.S. cities, to what extent do these factors account for the
apparent downward influence of employment density on VMT?
Finally, to what extent can one expect the lifting of planning con-
straints on nonresidential development density (such as minimum
floor-to-arearatio requirements) to result inincreasesin employment
density aong with these correlated factors?

Becausethe NPT Slacksan explicit spatial component, it isimpos-
sibleto enrich the data set with additional spatial information below
the metropolitan statistical area level. Replicating this research by
using regional travel diariesis essential to understanding the rela-
tionships more deeply, although some results are likely to be region
specific. For example, this could makeit possibleto include all indi-
viduals in the data set with nearby transit access, not relying on
respondents to accurately report such availability.

Finally, the treatment of missing data in this analysisindicates a
larger problem with previous analysis of this sort that could be
addressed in future research. The missing indicator method reveals
that deleting respondents without complete income or workplace
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information would significantly biasthe results. More sophisticated
methods, such as data imputation, are preferable when the missing
indicator method shows that subgroups with missing information
appear to be different in someway (24, 25). Such treatment of miss-
ing data should be an integral part of the future analysis of travel
data sets and apparently has rarely been considered to date.
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