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Introduction

= Increases in Vehicle Miles Travelled (VMT) are associated with higher levels of congestion
and delay, energy consumption, emissions, and roadway crashes.

= Earlier research has examined the effects of various factors on household VMT. However,
research to date has not adequately documented the relative contributions of various
factors influencing household VMT.

= The focus of this analysis is on disentangling and quantitying the relative contributions of
the following factors on household VMT: (1) Household and person socio-economic and
demographic characteristics, (2) Built environment attributes, (3) Residential self-selection
effects, (4) Socio-spatial dependency etfects, and Unobserved factors.

Modeling Methodology

Nominal Unordered Variable
= Using a typical utility maximizing framework, and the utility for alternative i and
household g may be written as
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Data and Sample Description

Data derived from the 2010-2011 Regional Household Travel Survey (RHTS) of the New
York Metropolitan Transportation Council (NYMTC).

Survey gathered information from 14,791 households. A random sample of 3000 households
was extracted for analysis purposes.

Household VMT was computed by aggregating distance traveled (in miles) across the
personal vehicle trip records, while explicitly ensuring that no trip was double-counted.

The density of the residential zone was calculated by adding population and employment,
and dividing the sum by the area of the zone.

Each household was classified into a residential density category depending on whether it
fell into the top third, middle third, or bottom third of zones ranked by land use density.

Table 1: Description of Survey Sample Used for Analysis

Number of observations (%)

Estimation Results

/
qu = Xg + &g

= X, is a (Kx1) column vector of exogenous attributes, ff is a (Kx1)-column vector of

corresponding coefficients, &, is a normal scalar error term.

"= U~MVN, (V,IDEN, ® A), where IDEN, is an identity matrix of size Q.

Continuous Dependent Variable

" Yy = y'Zq +1], is the usual regression equation, where the vector z;, of size C x 1 includes a

constant, exogenous variables, as well as dummy variables for each household location
alternative. ? is the C x 1 vector of coefficients.

Let 77, be a normally distributed idiosyncratic term distributed independently and
identically across households with mean zero and a variance of o*.

Q
Adding a spatial dependence component to the regression yieldsY, =0 Z Weo Y +7'Z, +17,
q'=1

where W, are the the elements of an exogenously defined distance-based spatial /social
weight matrix W corresponding to observations g and g” ando is the spatial autoregressive
parameter.

The equation can thus be re-written as Yy = Szy +3y
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Defining S = [IDENQ = 5W}1 we can write the above equationas y=0Wy+12zy +5

Joint Model System

= The potential endogeneity of residential choice (that is, the self-selection of residence
based on VMT desires) may be incorporated in the equations above by allowing a
covariance in the error terms between the discrete and continuous dependent variables.

* The covariance matrix of the vector Y, = (ﬁq 1, ) is defined as

N

A ¥
) S

= The computation of the resulting likelihood function involves the evaluation of a multi-
dimensional integral of the multivariate cumulative normal distribution, which is

prohibitive even for medium-sized samples.

Cov(y,) = where ¥ is an (I-1)x1 vector capturing covariance effects.

* Therefore, the Maximum Approximate Composite Marginal Likelihood (MACML)
approach, in which the likelihood function only involves the computation of univariate and
bivariate cumulative distributive functions, is adopted for estimating the joint model.
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Figure 1. Distribution of Households in Each Density Category by VMT Class
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Several spatial dependency forms were tested. Every specification that was attempted
yielded an insignificant spatial dependency effect in the model.

An independent model that ignores self-selection effects was also estimated. Results for the
independent model are quite similar to those in the model with self-selection.

In the model with self-selection, significant error covariances exist between households
residing in medium or high density neighborhoods and vehicle miles of travel.

Table 2: Joint Residential Location (Density) and
Aspatial Household VMT Model with Self-Selection

Low Medium High In (vehicle miles
Density Density Density traveled)
Coef (t-stat)  Coef (t-stat) Coef (t-stat) Coef (t-stat)
(base)
- -0.1233 (-4.23)  -0.1929 (-5.37) 0.8429 (8.4)
- - 0.1839 (3.62) -

- 0.2145 (3.15)  0.2069 (2.83) i

- 0.3342 (3.96)  0.4100 (4.84) i
- 0.4533 (4.14)  0.6362 (5.85) i

- - 0.1701 (2.01) i
- - - 0.2330 (3.13)
- - - 0.2013 (2.73)

- - - -0.4309 (-7.52)
-0.7619 (-13.28)

- - - 1.6606 (22.35)
- - - 2.5955 (32.45)
- - - 0.1505 (4.70)
- - - 0.1388 (2.55)
- - -0.3073 (-3.54) i

Goodness of fit: The adjusted composite likelihood ratio test statistic for the joint model compared to that of the independent model is
6.18, which is larger than the critical y*value with two degrees of freedom at 95% confidence level.

Conclusions and Future Research

Based on the model estimation results, the relative contributions of wvarious factors
influencing household VMT are:

Socio-economic and demographic characteristics =2 38.4% 52 80, Self-selection effects = 5.9%
070
Built environment attributes - 8.5% Socio-spatial dependence - Insignificant

This leaves 47.2 percent of the variance in household VMT unexplained by the factors
considered in the model specification of this paper.

Within the 52.8 percent of household VMT variance, the socio-economic and demographic
characteristics account for 72.5 percent of the explained portion, residential self-selection
accounts for 11.5 percent, and built environment attributes account for 16 percent.

Future research should focus on adding more built environment information (such as
proximity to transit infrastructure, and land use diversity) in the model specification to
further explore the impact of built environment on VMT.



