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Adatract—We estimate relationships between the supply of state highways, measured in lane-miles, and the
quanlity of traffic, measured in vehicie-miles travcled, for wrban counties and metropolitan arcas in the state

calimatc several versions of & lop-linear mode! including fixed regional and \ime period cffcets, Our main
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of California. The analysis employs a pancl data sct of annusl phscrvations (or the years 1973 to 1990, W }:’3 W

concern iy with modcls of state highway (s opposed 10 10tal) vehicle-miles iraveled, By wsing two types of
models designed to capture long-term effacts, we estimate that state highway vehicle-miles traveled hias @ late-
mile elasticity gf 0,6-0.7 o the county level and 8.9 at the metropolitan level, and that the full impact of
vehicle-miles traveled matcrinlizes within fve years of the change in rosd supply. We also consider limiied
data oa off-siatc highway vehicle-miles traveled, and find no conclusive evidence that incroascs in state high-
way lane-miles have affccicd traffic on other roads. Population, income, and gasoline price elasticitics are also
discussed, We Snd that, cven when all these fuctors are accounted for, there han been & sharp incrense in the

propensity towards vehicke travel over ihe period of study, particularly during the laie 19805, © 1997 Elsevier
Science Lid, ANl rights reserved

1. INTRODUCTION

The idea of ‘building our way out’ of urban traffic congestion problems has been decisively rejec-
ted in the United States, both by the transportation community and the public at large. Beginning
in the carly 1970s, our society has turned away from urban road construction as a trausportation
improvement strategy. ln California, the focus of this paper, state highway lane-mile (SHLM)
growth averaged 2.2% annually from 1963 to 1974, but slumped to 0.3% in the years thereaficr to
1990. The resulting system inclundes less than half of the 12000 miles of limited access roadways
envisioned in the 1958 California Division of Highways Freeway plan (California Division of
Highways, 1958).

This policy shift has a variety of causes, including diminished finances, increased environmental
concerns, and growing support for demand-oricnted strategies for improving.traffic flow (see
Jones, 1989 for a cogent political analysis). An additional factor was the cmerging suspicion that
urban road improvements, by cncouraging spraw! and discouraging transit use, generated new
traffic and thereby uwndermined their beniefit in reducing congestion.

The concern of this paper is with this latter point. The relationship between road supply and
road use is crucial to the appraisal of urban road construction programs. If the effect is strong,
urban road construction becomes very hard to justify in light of jts enormous cost, marginal con-
gestion reduction benefit, and probable adverse environmental and energy consequences. On the
other hand, if the effect is more modest, then urban road construction, while still expensive, could -
yicld sizablc mobility, air quality, and energy efficiency benefits.

The emergence of acw technologics that expand road capacity without adding lane-miles
heightens the need for understanding the relationship berween road capacity and traffic. Decisions
on both the development and the deployment of such technologies require information on their
probable traffic generation consequences.

Not surprisingly, the extent to which ‘roads generate traffic’ is a matter of sharp disagreement
between defenders and opponents of the antomobile-highway system. Highway interests argue
that traffic growth is driven by economic and demographic factors, and view decisions about road
supply in tesms of how to best accommodate a fixed amount of demand. Opponents emphasize the
vaniety of mechanisms by which adding roads can generate new traffic. For example, Mogridge
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(1985) argued that adding road capacity could induce a mode shift from transit sufficient to
actually worsen congestion. More generally, the philosophy of many highway opponents is
succinctly stated by a Los Angeles water superintendent: “If you don't get the water, you wont
need it" (Sierra Club, 1932).

While the transportation planning literature contains much research that bears on this question,
it Jacks a strong consensus. The conventional wisdom is that adding road capacity generates some
traffic, and provides some congestion relief. This is the oulcome predicted at the individual link
level by classical traffic assignment models {(Wardrop, 1952), and at the network level by extensions
of such models (Shefi, 1985) that endogenize top generation, trip distribution, and mode choice
decisions. There is, however, little agreement about the relative magnitude of the traffic generation
and congestion reduction effects.

This paper attempts to quantify the relationship between highway capacity and traffic on an
area level, To do this, we estimate statistical relationships between the supply of state highways,
measured in lane-miles (SHLM), and vehicle-miles traveled (VMT), using data for a panel of
California urban counties covering the years 1973 to 1990. The resulting macroscopic models have
the advantage of implicitly accounting for all the various mechanisms—land-use change, trip
generation, mode shift, etc.~by which traffic generation can occur. On the other hand, the
macroscopic approach cannot reliably ascertain the traffic generation effects of any individual
project. Rather, it is intended to capture the central tendency of this cffect for a large collection of
projects.

A novel aspect of this research is the use of panel data—time serics obscrvations for a set
of urban areas. This yields several major benefits. First, we control for a host of region- and time-
specific variables by incorporating them as fixed effects. Second, we reduce the problem of simul-
taneity bias, as elaborated below. Third, we use the time dimension in our data set to investigate
the dynamic response of VMT to changes in road supply.

We focus primarily on YMT on state highways, as opposed to that on local roads and streets,
beeause more and better data arc available for this variable. State highways account for about
50% of the total VMT in California. Using limited evidence, we also address the relationship
between state highway supply and total VMT.

The remainder of this paper is organized as follows. Section 2 overviews previous research on
the relationship between road supply and traffic level. Section 3 discusses models of state highway
VMT, while Section 4 considers models of total VMT. In Section 5, we consider some imoplications of
our resulte, while conclusions are offered in Section 6. )

2. PREVIOUS LITERATURE

Efforts to assess the traffic.inducing effects of road improvements date back at least to the 1940s,
when Jorgensen (1947) attempted to estimate the traffic generated by the opening of the Merrit
and Wilbur Cross Parkways, which together formed a parallel route to U.S. 1 in Connecticut. The
carly studies all follow the same general approach. Traffic in the improved cotridor is counted
before and after project completion, and observed changes are compared with the change that
would be expected without the improvement. The latter is estimated cither by observation of a
control cotnidor or of some indicator of region-wide traffic levels such as gasolinc sales. Studics by
the Cook County Highway Dept. (1955), Frye (1962, 1964) and Holder and Stover (1972), as well
as several studies in Great Britain reported by Pells (1989), afl follow this logic, The results are
typically summarized by an estimate of the percentage gain in corridor traffic resulting from an
improvement for a given year after the improvement was completed. Figure 1 summarizes a
number of these studies by plotting this percentage against the number of years since project
completion to which it pertains. A wide range of impacts is evident, reflecting, among other things,
the diversity of pre-improvement road supply and traffic conditions.

Road traffic generation has also been considered in several studies in which the unit
of observation is the urban region. Using a cross-section of data for different urban arcas, these
‘area studies* have attempted to identify bow regional VMT is afiected by road supply, measured
either in terms of route-miles or lane-miles of highway, or some other supply indicator such as
the average time cost of travel. In contrast to the facility-specific studies, ares studies seek more
geaeral relationships. A common way of representing such relationships is with an shistiétty—the
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Fig. I. Estimates of induced trafBe lrom road inprovements, varicus studies.

percentage change in one variablke resulting from a 1% change in another. Table 1 summarizes
elasticity results from area studies. Each of the reported elasticities represents the percentage
chaqge in road traffic—or per capita road traffic, as appropriate—resulting from a 1% change in
the supply-side variable employed in the study. Two of the studies, those of Koppelman (1972)
and Burright (1984), report clasticitics directly, while in the remaining cases the elasticity was
calculated by the present authors from information provided in the reference. Table 1 shows wide
varialion in estimated elasticities. The two highest values, from Kassoff and Gendell (1972) and
Newman (1989), are based on univariate anatyses that stiribute traffic variation to road supply
variation without controlling for other relevant variables such &s income, automobile operating
cost, and population density. The other studies employ multivariate analysis in an effort to isolate
the effect of roadway supply, and obtain a weaker relationship.

A third approach to assessing the traffic-inducing impact of road improvements is through the
use of regional transportation demand models. Although these models bave been used in countless
planning studies, in most cases they overlook important feedback effects, such as the impact of
congestion delay on trip gencration, rip distribution, and mode choice. One exception is the study
of Ruiter et al. (1979), which was designed specifically to assess the VMT impact of changes in
highway supply. By using a regional transportation model incorporating trip gencration, mode

Tablke 1. Elasticities for vehicle travel in urban arcas

Sonree Supply side varlable Estimated elagticity Commenis
Kanoff and Gendedl *Sysiesn Supply Index” based on below 0.58 Calculated from Fig, % of reforence,
(1972) 10 pet capita Soe text
Koppelman (1972) Lane-miles of highway 013 Caicolaied from series of regression
squations estimated Brom
cross-seciional data
Payne-Maxic Rouie-miles of beliway 012 Cakulated from regrasion resulls
Consukants (1930} based on cross-sectional data
Route-miles of freeway other 0.10
thap beltway -
Total route-miles of freeway ¢.22 :
Burright {1994) Time cost of travel {enimated =8.27 (short-run)  Two-stage least-squares regression.
{rom sverage bus speed) «~0.51 (long-run) Urbaniased tand ares held constand
in short-rus case
Newman {19§9) Metres of road per capita 0.70 Comparison of most and Jeast oncrgy-
efficient cities
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split, trip distribution, and trip re-timing effects to assess the VMT impact of two road projects in
the San Fraucisco Bay Area, they estimated a lane-mile elasticity of 0.33 in one case and a negative
impact on daily YMT in the other. The authors ascribe the latter result to the reduction in overall
automobile availability as more cars are driven to work. )

The studies cited in this section concur that increases in road supply engender increases in
traffic, bul not on the magnitude of the effect. Elasticity estimates ranging from less than zero to
0.7 are reported in the literature. Moreover, the dynamics of the phenomenon have received
virtually no attention. Such wide disagreement over the magnitude of traffic generation effects, and
lack of knowledge of their timing, introduces great uncertainty into the appraisal of urban road
ptograms.

3. STATE HIGHWAY YMT MODELS

Methodology and data

To study the relationship between road supply and traffic, we estimate several models based on
two panels of area-level data, using observations coveting the period 1973 to 1990. One panel
consists of 30 California urban counties, where by ‘urban’ we mean that the county is part of a
metropolitan statistical area (MSA) as defined by the U.S. Office of Management and Budget in
1990. The second pane] consists of MSAs and consolidated MSAs (CMSAs)—aggregations of
counties that form integral metropolitan regions. As of 1990, California had two CMSAs (Los
Angeies-Anaheim-Riverside and San Francisco-Oakland-San Jose) and 13 MSAs, which together
account for 32 of the state’s 58 counties. We exclude one MSA—Yuba City—and its two constituent
counties—Sutter and Yuba—from the analysis becanse of data problems. The remaining 14
metropolitan regions and associated countics are listed in Table 2. The populations of the regions
range over two orders of magnitude, from 150,000 to 15 miilion.

We estimated several equations, all of thetn variations of the distributed lag fixed effects
model:

L
g (VMT ) = o+ 8+ 3 M log (A1) + ) o Jog (SHLMy-) + &, 1))
x =0
whete:
VYMT, is the VMT in region i in year 1
o is the fixed effect for region /, estimated in the analysis;
B is the fixed cffect for year 1, estimated in the analysis;

5 is the value of explanatory variable k Tor region f and year 1;
SHLMy.; is state highway lane-miles for region { and time ¢/

Ak of are coefficients to be estimated; .
€ is the outcome of a random variable for region 7 at year ¢, assumed to be normally
distributed with mean 0.

Figure 1 is known as a finite distributed lag model, since it includes SHLM values for a finite
number of years prior to . This lag structure reflects the expectation that the impact of adding
lane-miles on VMT occurs gradually, as travelers, households, and other decisionmakers adjust
their behavior in response to the added capacity.

The mode] is log-lincar, so cocfficients caa be read directly as clasticities. There is a single
clasticity for each X variable, implying an instantancous response. On the other hand, since the
mode! includes lagged SHLM terms, it yields time-specific lane-mile elasticities. We maintain the
simplifying assumption that sll clasticities are constant across regions.

Our state highway VMT data, obtained directly from the California Department of Trans-
portation, is based on traffic counts. Traffic counts are taken on each segment of the system once
every three years, on a rotating basis. A few sclected segments are counted annually, for the
purpose of estimating traffic growth on segments not direetly counted in a given year. Thus the
reported state highway VMT is based on an assumed traffic volume for cach highway segment,
which may be estimated or based on a direct measurement. Given the large number of segments
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in any given county, the VMT estimate is considered to be reliable, even though the individual
segment volume estimates are clearly subject to error.

Our basic set of explanatory variables consists of SHLM, population (POP), and personal
income per capita (PIN). SHLM data were developed from the Caltrans TASAS data base, which
contains detailed design information for every segment in the state highway system. Population
and personal income data were exteacted from the County and City Data Book Consolidated File,
County Data 1947-1977, and County Statistics File 2.

We considerad, but rejected, including a public transit supply variable in the model. Since
public transit is clearly a substitute for private vehicle travel, its supply can influence VMT.
Unfortunately, regional-level public transit data are not directly available, and transit property
data that could be aggregated to a regional level are unavailable for the years prior to 1979.
Further, a5 suggested by Mogridge and others, the impact of road supply on VMT may be
mediated, in part, by its impact on transit supply, in which case controlling for it would be
inappropriate,

It is important to appreciate the difference between the above model and a standard cross-
sectional one. To do so, consider a simplified example. Suppose we have a model similar to eqn 1,
but including only one SHLM serm, the fixed effects, and no X variables. Assume that we have
VMT aod SHLM data for two regions and two time periods. Assume initially that the data are as
given in Fig. 2(a), the data labels in which consist of the region number (1 or 2) followed by the
time period number (1 or 2). in Fig. 2(), there is SHLM variation between regions, snd between
time periods, but each region has the satne SHLM growth between periods | and 2. This makes it
impossible to disentangle the lane-mile effect from the regional and time period effects. If, how-
cver, the situation is as appears in Fig. 2(b), it becomes possible to isolate the effect of road supply.
Since in this case SHLM in region 2 increases more than in region 1, we can (assuming our ovet-
simplificd model) ascribe the difference in VMT growth between the two regions 1o the difference
in SHLM growth. Specifically, we obtain:

evmrTsHLM = &° = o8 %/Wﬁ) .
log (féz/ H)

As in the above case, model (1) is estimated by relating differences in VMT growth to differences in
SHLM growth, while also controlling for other factors and stochastic effects.

By controlling for fixed effects, modei (1) also substantially reduces the potential distortion from
simultancity bias. Such bias will occur if traffic affects road supply, or more generally, when the
er7or term in a regression equation is cotrrelated with an independent variable. In the long run, the
causality between VMT and SHLM does in fact run in both disections. However, the protracted

@

Tabie 2. California metropolitan areas

Region (clussification) 1590 1990 Constituent counties
Population  per capita
{millions) income

{5000)
Bakersfickd (MSA) 0.56 153 Kem
Chico (MSA) 0.18 15.4 Botwe
~ Fresno (MSA) 066 16.3 Fresno
Los Angeles (CMSA) 14.48 210 _Los Angeles, Orange. Riverside, San Bernading, Ventura
Merced (MSA) 0.18 1.1 Merced
Modesto (MSA) 058 154 Stanislius
Monterey (MSA) 0.36 18.2 Monterey
Redding (MSA) 015 16.7 Shasia
Sacramenio (MSA) 1.48 19.5 Eldorado. Placer, Sacramenio, Yolo
San Diego (MSA) 255 19.7 Saa Dicge
San Francisco Bay Area 627 251 Alumncds Contra, Costa Marin, Napa, San Francisco,
(CMSA) San Mateo, Santa Clars, Santa Cruz, Solano, Sonoma
Santa Barbars (MSA) 0.36 PEN| Sants Barbars
Stockton (MSA) 047 15,5 San Joaguin
Visalia (MSA) (K] 143 Tularc

0c0/120°d  pB6-L 926E-182-¥16-1 lnv-og 6¥:51



§t8-4

20 Mark Hansen and Yuanlin Huang

nature of the highway expansion project development and delivery process, the lumpy and durable
nature of the projects, and politicized manner in which they are chosen, make it impossible for
highway supply to respond to changes in traffic lovel on a year-to-year basis, In other words, while
it is probably truc that Los Angeles has 2 lot of SHLM in part because it has a Jot of traffic, it is
far less likely that SHLM in the LA region would increase from one year to the next in response to
(or anticipation of) a traffic increase there.

To investigate this issue, we ran regressions of SHLM against several factors which will be
shown below to be key determinants of VMT. The results, shown in Table 3, reveal that when
fixed effects are included, POP and PIN have weak, statistically insignificant effects on SHLM, but
that population, along with population deasity, strongly affect SHLM when the fixed clfects are
exciuded. Since variables that affect VMT also strongly affect SHLM in the model without fixed
cffects, it is possible that other factors that affect the regional propensity to vehicular travel, and
which are absorbed in the stochastic error term, also do so. Thus there may be simultaneity in the
VMT model without fixed effects. Conversely, given the insensitivity of SHLM to POP and PIN in
the fixed effects model, it is unlikely to be correlated with the error term in the VMT model with
fixed effects.

When simultancity exists, the maost common remedy is to instrument the independent variable
with an estimator based on exogenous variables that do not directly affect the dependent variable.
Unfortunately, in the present case no suitable instrument variable is available. Most of the
factors that affect the supply of state highways also exert some direct influence on the demand
for vehicular travel, while suitable data are not available for other factors. Thus we use SHLM in

(a)
[ ]
® n
Jog(VMT) b |
L
® 12
it
log(SHLM)
(b)
®
22
®
Tog(VMT) H
]
P9 n
]
log(SHLM)

Fig. 2. Observability of lane-mile ¢ffect in fixed effects model,
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