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Executive Summary

This study examines the role that highway vehicle miles traveled
(VMT) plays in supporting national economic activity. This
study is important because highway travel generally, and light
vehicle travel specifically, represent a significant share of total
energy consumption and fossil fuel carbon emissions.

Numerous federal and state initiatives are in place or under
consideration with the aim of reducing VMT. The focus on
vehicle travel is natural considering the important role that
transportation plays in the use of fossil fuels. However, in
designing programs to manage carbon emissions, it is important
to understand the effects of these programs and the consequences
for the economy if they are used to achieve a smaller carbon
footprint via VMT reductions.

After first describing the role of highway vehicle travel from an
energy perspective, the historical trends in VMT are compared
with trends in the gross domestic product (GDP), fuel efficiency,
and fuel prices. This casual empiricism reveals an intimate
relationship between VMT and GDP, both over time for the US
and within a large cross-section of national economies:

® FEnergy use and GDP growth trends are nearly
indistinguishable over time.

® On average, there is a near one-for-one relationship
between economic growth and growth in energy use
across asample of 177 countries.

® Growth in vehicle miles traveled and GDP also display
highly similar trends over time.

® Energy use per dollar of real GDP and per vehicle mile
traveled show steadily declining trends over long
periods, even when no fleet efficiency regulation was in
place.

The casual association of energy, travel and economic
activity over time cannot be used to formulate policy. It
is clear that determining the direction of causality
between energy use and GDP, and VMT and GDP, is
crucial to understanding how policy toward VMT should
be formulated in light of its connection to carbon
emissions.

The large, econometrics literature regarding energy and
the economy are examined for insights regarding the
direction of causality of energy-using activities such as
vehicle travel and the economy. That literature strongly
supports the notion that energy “causes” the economy,
although bi-directional and reverse directional causality
are observed in some studies as well. Specifically, the
causality analysis between energy use and GDP reveals
the following:

® The literature on energy-economy causality reveals a
strong tendency for energy to “cause” GDP growth.

® However, there also appear to be bi-directional effects:

GDP growth also, in some studies, shows a strong causal
relationship vis-a- vis energy use.

The net effect of energy use on GDP is thus a balance of
the two directions of causality.

The literature directly examining the VMT-economy
relationship is small. The author reviews the various
threads of the literature. Studies focusing on causality
effects are particularly rare. Thus, the author presents a
new, econometric, causality investigation.

The VMT-economy causality investigation finds that,
indeed, VMT is a large and statistically significant driver
of GDP. It finds also that, historically at least, the price of
energy has not been an important driver of innovation in
vehicle efficiency. If fuel efficiency could be improved,
there would be positive economic effects, but limited,
long-run effects on VMT. Specifically, the causality
analysis reveals the following:

Although the causality between VMT and GDP is bi-
directional, the primary one is for VMT to “cause” GDP
growth. In the short run (2 years), an exogenous (an
outside influence, such as regulation), downward shock
to VMT results in a reduction of GDP of 90 percent of the
size of the VMT shock. In the long run (20 years) the link
is weaker, at about 46 percent.

In contrast, endogenous (an influence from within the
model, research- or discovery-based) improvements in
fuel efficiency appear to have a positive effect on GDP. A
10 percent increase in fuel efficiency yields only a 1
percent GDP increase in the short run, but a 6 percent
effectin the long run.

VMT is not particularly sensitive to shocks to fuel price
alone. The values calculated by the analysis predict well
the effects of recent gasoline price increases on VMT.

Increases in fuel efficiency cause positive rebounds
(increases) in VMT. Although the effect is modest in the
short run, after 20 years, exogenous increases in fuel-
efficiency cause completely offsetting increases in
VMT, and thus, energy use, everything else equal. This
does not bode well for strategies such as regulated fleet
fuel efficiency standards having a persistent effect on
VMT or energy use. It suggests that much of the positive
effect of fuel-efficiency improvements on GDP may
flow from rebound effects on VMT.

The response of fleet fuel efficiency to a shock in fuel
prices is positive, but very small. This does not bode well
for using fuel taxes as a mechanism to stimulate
innovation in vehicle efficiency.

Not surprisingly, increases in income tend to be
associated with a decrease in fleet efficiency.
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Although long-run econometric predictions have large
error ranges, the results suggest that rather than
employing broad, tax-based strategies in transportation
(such as cap-and-trade or carbon taxes), it may be better
to find ways (if they exist) to advance fuel-efficiency
technology. These efficiency improvements, however,
can be expected to yield less than one-for-one reductions
in VMT and energy use due to the rebound effect.

With these and other results in hand, the study reviews a
wide range of candidate policies for using VMT
management as a channel for climate change redress.
The author concludes that the evidence does not support
use of non-economic manipulation of energy prices,
technology subsidies or quantity regulation to improve
highway VMT’s energy footprint. Rather, the author
recommends the following:

® [mplementation of highway congestion pricing. This
policy generates economic benefits by eliminating
wasted travel time while, incidentally, reducing a certain
amount of travel. Thus, it is uniquely, perhaps, a policy
that will aid today’s economy while contributing to
reductions in atmospheric carbon loads even without
changes in technology.

® A cost-based, revenue-neutral carbon tax can be justified
theoretically ifits proper level is known, set properly and
revenues are returned (as, say, offsets of other taxes). For
reasons explained in the report, such a tax may accelerate
the penetration of fuel-efficiency technology, but not
particularly rapidly.

® Subsidy of basic research may have potential as a
productive avenue of policy. It is important, however,
that subsidies of energy- or carbon-sparing technologies
not be used for adoption of non-economic alternatives.
Replacing “old” capital with new, but non-economic,
energy- or carbon-efficient technology may actually
aggravate adverse economic impacts and atmospheric
accumulation of carbon dioxide.

® The intimacy and strength of the causal relationship
between vehicle activity and the economy is such that we
should approach direct, regulatory interventions with
great caution. The author includes in this list regulating
land use to achieve VMT outcomes, rationing schemes,
and limits on vehicle use (such as alternate-day driving
rules).
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Introduction

Concerns about climate change necessarily have focused
attention on the energy and carbon "footprint" of various sectors
of the economy. Particular attention has been focused on the
transportation sector and private vehicle travel in particular. For
example, the May 15, 2009 proposal by Senators Jay Rockefeller
and Frank Lautenberg requires that the next federal
transportation bill “reduce national per capita motor VMT on an
annual basis.” With some state climate initiatives calling for
reductions in carbon emissions of as much as 40 percent of
today's levels in a decade, further focus on the transportation
system and private highway use is inevitable.

The focus on VMT is natural, given that transportation uses
approximately 30 percent of total energy — most of which is fossil
fuel derived — and that light vehicles using highways represent
about 60 percent of transportation energy use. It is not to
demonstrate the connection between highway travel and energy
use.

What has been less well articulated, however, are the economic
consequences that might attend reduction of fossil fuel use by
policies directed at the use of private vehicles. Much might
depend upon the method used to reduce fossil fuel use in
transportation. This reduction might be accomplished by
reducing vehicle use, increasing the fuel efficiency of vehicle
use, or both. A variety of initiatives might be considered in this
regard, including levying a carbon tax on motor fuel, including
private vehicle owners in a carbon trading scheme, encouraging
or compelling greater fuel efficiency of new vehicles, pricing
highway use, imposing physical limits on the amount of highway
travel permitted, regulating land use to limit travel, etc.

The purpose of this report is to summarize the available evidence
on the relationship between vehicle miles traveled on US public
roads (VMT) and the vigor of the economy. In addition, the report
draws on historical evidence regarding factors that influence fuel
efficiency to assess the prospects of accelerating technological
progress in vehicle fuel efficiency. This evidence allows us to
opine on what types of policies might best achieve carbon
emission goals while minimizing the impact on the economy.

Four sections and a bibliography follow this Introduction. The
second section presents historical data regarding the quantity of
transportation activity and its associated energy use. This review
supports a narrowed focus on the relationship between highway
use and the economy.

A third section examines the conceptual basis of the relationship
between transportation activity and the economy. It finds that the
direction of the causality is conceptually ambiguous and must be
determined empirically. It also highlights the importance of
measuring the potential of technical change.

The fourth section seeks to examine statistically the historical
relationship between vehicle miles traveled and the economy. It
explores the causal relationships among energy use, VMT,
economic activity, fuel prices, and fuel efficiency.

The fifth section summarizes the implications of the analysis
presented earlier for policy making. Specifically, observations
are offered regarding the impact that various policies to reduce
the vehicular carbon footprint might have on the economy.

The final section presents the author's recommendations
regarding VMT policy.

Transportation and Energy Use:
An Historical Perspective

Virtually all modes of transportation are reliant currently on
fossil fuel to power their movements. First, fossil fuels are the
dominant source of energy in the US economy. Data from the
U.S. Energy Information Administration (USEIA) indicates that
petroleum represents about 40 percent of all energy consumed in
the US, and total fossil fuels about 86 percent. Second, whether
transportation activity involves travel by air, water, highway or
rail, significant amounts of energy are required, and fossil fuel
has proved to date to be the most portable energy source and one
that requires the least wayside investment. Electrified rail
networks exist, of course, but diesel electric locomotion
dominates the rail mode.

Figure 1 displays the trend of transportation related energy
relative to total energy consumption. It is clear that transportation
constitutes not only a significant share of total US energy use, but
a share that has been growing as well. Although the other end
uses of energy also are important to understanding the effects of
fossil energy conservation on the economy, it is clear that energy
use by the transportation sector will be an important issue in this
debate.

FIGURE 1
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We can focus the discussion further by examining the shares
of'energy consumed by the various transportation modes.
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Figure 2 displays the trend of energy consumed by each of the
respective modes. In this regard, highway transportation is by far
the largest, single use of transportation energy, using 80 percent
of the transportation energy budget. Within the highway
category, light vehicles (automobiles, light trucks and
motorcycles) represent the majority of highway-related energy
consumption. Heavy vehicles and buses, which make up the
remainder of the energy used by highway modes of
transportation, represent only about a third of total highway
energy.

FIGURE 2

Trends in Modal Shares of Energy Consumption
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Since light vehicles use less energy per mile traveled than heavy
vehicles, the share of highway VMT represented by light
vehicles is even greater than their share of energy consumed.
Hence, policy that affects light vehicle VMT is particularly
relevant to climate change issues.”

Highway Transportation and
the Economy — Basic Concepts

Before moving to the specific focus of this study — the
relationship between highway VMT and the economy — it is
worthwhile to elaborate on the various channels of influence that
link transportation activity and the economy. Conceptually, there
are two potential directions of causality between transportation
activity and the economy. Although it is an oversimplification to
do so, we might refer to these two relationships respectively as
the production relationship and the consumption relationship. In
addition, both of these relationships are influenced by something
called the rate of technical change.

The Production Relationship

The role of transportation in the production of goods and services
is an obvious one. In order for a firm to produce its output, the

various inputs to the production process usually have to be in
proximity to one and other. That is, labor, raw materials,
machinery, sources of energy, and other inputs have to be
obtained from where they are naturally located and joined at the
site of production. Although telecommunications innovations
make it less necessary, in some settings, to be co-located with
other inputs, in general, transportation costs--both directly and
indirectly--figure significantly in the costs of production in most
sectors of the economy.

TABLE 1

Transportation Energy Inputs,
Autos/Light Trucks’

Share
100.00%
5.54%
3.56%
1.50%
0.84%
0.61%
0.12%
12.17%
87.83%

Total

7.570
0.419
0.270
0.114
0.063
0.046
0.009
0.922
6.648

in terajoules

Total for all sectors

Truck transportation

Air transportation

Rail transportation

Pipeline transportation

Water transportation

Ground passenger transportation
Total transportation

Total for all other sectors

The most accessible data on the relationship between business
output and transportation inputs required is obtained from so-
called Input-Output representations of the economy. Table 1
shows the quantity and shares of transportation and other energy
needed to produce $1 million of new automobiles and light
trucks. The energy measures are in terajoules (TJ), and represent
the result of tracking the inputs required to produce the autos and
light trucks through the complex supply chain of direct suppliers,
their suppliers, etc.

This example is arbitrary; similar calculations can be made for
any sector represented in the Input-Output tables. It is simply an
illustration of the importance of transportation inputs to a typical
production process, and a demonstration of a channel through
which transportation can cause output and, hence, economic
value. Interestingly, however, if the energy use associated with
making cars and light trucks were converted to equivalent
gallons of gasoline, the resulting gallonage is sufficient propel an
existing, average-efficiency vehicle over 100,000 miles.

The Consumption Relationship

The consumption side of the transportation/economy
relationship refers to the fact that households also use energy,
vehicle capital, and other resources to transport themselves.
Household transportation activities are considered consumption
in the National Income Accounts and input-output represen-
tations of the economy. It is not just recreational or pleasure

Cascade Policy Institute
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travel, however, that is considered consumption. Commutation
from one's home to work also is considered a consumption
expense, rather than an input to production. Yet it is clear that
transportation of labor to the production site represents a
transportation input to production akin to the transportation costs
associated with bringing in materials, machinery and other non-
labor inputs.

It is on the consumption side of the economic ledger that the
direction of the causal relationship between economic activity
and transportation activity becomes particularly ambiguous. If
household transportation activity were all linked to pleasure
driving, for example, one might reasonably expect causality to
flow strongly from a household's income to the amount of such
transportation services consumed. However, when one
recognizes that a significant portion of transportation
consumption involves the travel time and cost associated with
moving labor inputs to the place of production, the possibility of
household travel determining (“causing”) economic output
rather than vice versa is amplified.

The issue is further complicated by the fact that commutation to
jobs does interact with other consumption decisions.
Specifically, households have some flexibility to choose their
place to live relative to their places of employment. Thus, a
household's time and distance of travel to work is determined
jointly with consumption decisions regarding residential and
community amenities. Nevertheless, a household does not have
full discretion over commutation costs. Indeed, the economics of
location theory imply that a household balances the
transportation costs of the available residential locations against
the cost and amenities associated with the residence. This
balancing act is what results in site values and development
densities generally declining the further one gets from an urban
center. Households might generally prefer to live centrally,
everything else equal; but for some, the high central site values
make it more cost beneficial to commute further to places of
lower cost that provide the amenities desired. If incomes were
higher, however, the demand for central living likely would
increase, all else equal.

The Role of Technical Change

Another aspect of the economy that bears upon production and
consumption generally, and the associated use of energy in
particular, is the rate of change in what is called technical
efficiency. Specifically, producers and consumers have an
incentive, at all times, to reduce energy use, since it adds costs to
both activities.

Indeed, the trend in energy use per dollar of Gross Domestic
Product (GDP) and per VMT has been steadily downward over
time. This is true even prior to government imposing energy
efficiency initiatives. (See Figure 3.) In the context of the climate
change issue, both of these trends reveal changing technical
efficiency. The rate of technical change depends on many factors,
but the most important is the discovery of technologies that are so
resource sparing that it is worthwhile to abandon the old tech-

nology. Since old technology is embedded in equipment,
buildings and vehicles that have long lives, the new technology
must offer future resource savings sufficient to justify
abandonment of old capital and acquisition of the new.

FIGURE 3

Trends in Energy Use per Dollar of GDP
and Gallons per Mile

BTU per Dollar of Real GDP

Gallons per Highway VMT
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If energy is the resource to be spared, therefore, the new
technology, at a minimum, must not consume more energy to
implement than it is expected to save over its operating life. Such
technological innovations come along at an unpredictable rate.
One hopes that innovation can be accelerated through spending
on research or by changes in the stakes of innovation (due, say, to
an increase in the price of fossil fuel and, hence, the benefit of
sparing its use). The impact that reducing VMT to save energy
has on the economy, therefore, will depend on the rate at which
technical change occurs.

This conceptual background yields several insights useful to
this study:
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® [t is not clear theoretically whether vehicle travel causes
economic activity or vice versa, or both to varying
degrees. Thus, it is an empirical question whether, or by
how much, economic activity will be affected by
policies to restrict or tax vehicle use. The historical data
should be examined for evidence of the direction of
causality.

® Because of the intimacy of the relationship between
transportation and energy use, the ambiguity regarding
the direction of causality between transportation and the
economy manifests itself in the relationship between
energy and the economy as well.

® Greater development density is associated with lower
VMT because, according to location theory, both are
encouraged by a common factor — higher costs of
commutation — everything else being equal. Location
theory does not support the notion that increasing
density by fiat or regulation will (causally) reduce VMT.

® Energy-sparing technical change has been occurring for
decades. Evidence about the rate at which technical
progress in fuel efficiency occurs, or can be stimulated
by higher fuel prices, can be sought in the historical
record. Figure 3 displays the historical trend in fuel
efficiency (gallons per vehicle mile). Analysis later in
this report uses the historical record to study how fuel
prices and other factors affect this trend.

VMT and the Economy —
What Causes What?

We now turn to the empirical evidence to better understand the
relationship between VMT and the economy. Along the way, we
also explore the relationship between energy use and the
economy since it is the use of energy by vehicle travel, and not
vehicle travel itself, that bears upon the climate change issue.

Historical Trends

We first look at the historical trends in VMT, the size of the
economy and energy use and prices.

Figure 4 is a plot of the long-term trends in VMT and total US
gross domestic product — the most frequently used measure of
aggregate economic activity. Both are trending upward at a mild
exponential rate, as women entering the workforce, productivity
growth, and other factors drive the economy. We see in these
trends an extremely tight correspondence between trends in
VMT and GDP. In economics parlance, they appear to be
virtually coincident indicators. It also is impossible to discern
which measure causes which; we will need much sharper
analytic tools to do so. In Figure 5, we see that a similar, albeit
less tight correspondence exists between trends in US GDP and
total energy consumption (measured in BTU). Here, too, the

FIGURE 4

Trends in VMT and US GDP
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trends are sufficiently coincident that one cannot easily
determine whether economic activity (GDP) causes energy-
consumptive activities (like vehicle travel), or vice versa. When
we look at energy use across a large number of countries with
widely differing levels of economic activity, we still find a nearly
one-for-one relationship between GDP and energy use, as
displayed in Figure 6.

FIGURE 5

Trends in US GDP and Energy Use

GDP in Trillions of 2005 Dollars
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Thus, the seemingly proportional relationship between GDP and
energy use is not unique to the US. Figure 6 displays this
relationship for 177 countries, using barrels of oil per capita as
the energy use measure and GDP per capita (adjusted for relative,
long-run foreign exchange relationships)." An econometric
relationship fit through the data implies that increasing a
country's income by 10 percent appears to increase its
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FIGURE 6

GDP and Energy Use in Other Economies (per capita), 2005
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use of energy by the same percentage. The graphical analysis
highlights the dilemma we face in formulating policy to address
climate change. Vehicle miles traveled, economic activity, fossil
fuel and total energy use are intimately related over time. (In
economics parlance, these indicators are said to be
“cointegrated”.) Therefore, if VMT strongly drives economic
activity in a causal manner, then policies that are effective in
reducing VMT also could reduce economic activity. If the
direction of causality is mostly the reverse, we do not face this
serious dilemma. If causality flows both ways, “bi-directional
causality,” then the net effect depends upon the relative strength
ofthe two effects.

Disentangling Causality

The key issue, then, is the direction of causality between VMT
and economic activity. The method economists use to determine
the direction of causality relies on the assumption that, if
movements in one economic variable consistently precede
movements in a second variable, then the first variable's
movements likely cause the movements in the second. This
definition of causality (referred to as Granger causality) does not
prove causality, but it does establish a case forit.”

This author could find no authoritative study that tests
specifically for Granger causality between VMT and economic
activity in the US economy. I assembled the necessary data and
conducted the tests. The results will be reported below. Before
doing so, however, it is worthwhile reporting the findings of
related studies. In particular, many studies have examined
causality between energy use and the economy, and there are a
few studies that have a transportation focus.

Energy and the Economy: Causality Evidence

Most of the studies of energy/economy causality find either that
energy causes GDP or finds bi-directional causality. That is,

higher energy consumption causes greater economic output and
income, and higher output and income cause higher energy
consumption. However, these findings are not universal.

Analysts examine different countries' data, and use data series of
varying sizes, etc. As with all statistical tests, causality test
conclusions are not absolute, but rather are expressed in
probabilistic or level of confidence terms. Depending upon the
amount and source of data used, therefore, some authors' findings
in this regard are stronger or weaker than others. The results of
the various studies are summarized in Table 2.

A few of the studies go on to measure quantitatively the impact of
areduction in available energy on the economy as its effects play
out over time. Recall that the graphical analysis in Figure 6
implies that, if energy use has a one-direction causal relationship
to the economy, a ten percent reduction in energy use would
translate into a 10 percent reduction in economic activity. In
contrast, formal, Granger-type analysis generally implies a
smaller reaction on the part of the economy for those studies that
find energy causing GDP. Narayan and Smyth (2008), studying
all of the G-7 countries as a group, find that a 10 percent decrease
in energy use reduces economic activity by about 1.2 to 3.9
percent. This is still a large effect, of course, and implies that
policy makers face tough choices as they try to reduce fossil fuel
energy use to slow climate changes.

TABLE 2

Energy-GDP Causality Evidence

Causality Finding

Energy causes GDP causes No
Author Country Studied GDP Energy Causality

Stern (1993) us X X
Stern (2000) us X X
Lee (2006) us X X
Abosedra and Baghestani (1989) us X
Akarca and Long (1980) us
Yu and Choi (1985) us
Yu and Hwang (1984) us
Cheng (1995) us

Erol and Yu (1987)
Erol and Yu (1987)
Erol and Yu (1987)
Erol and Yu (1987)
Erol and Yu (1987)
Erol and Yu (1987)

Yu and Choi (1985)
Ghali and El-Sakka (2004)
Soytas and Sari (2003)
Soytas and Sari (2003)
Soytas and Sari (2003)
Soytas and Sari (2003)
Lee (2006)

Lee (2006)

Lee (2006)

Lee (2006)

Soytas and Sari (2006)
Soytas and Sari (2006)
Soytas and Sari (2006)
Soytas and Sari (2006)
Soytas and Sari (2006)
Soytas and Sari (2006)
Soytas and Sari (2006)
Narayan and Smyth (2008)

Japan
Canada
Italy
West Germany
France
UK
UK
Canada
Italy
France
Germany
Japan
Canada
France
Italy
Japan
Canada
Italy
Japan
UK
France
us
Germany
G-7 Panel
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The implications of these studies of energy for our study of VMT
are suggestive, but not definitive. Transportation in general, and
highway vehicle travel in particular, is a major use of energy.
Highway use thus is certainly one of the major channels through
which a reduction in energy could be associated with a reduction
in economic activity and/or be affected by economic activity. The
other channels, of course, are commercial, industrial, and
residential activities and their energy use. Thus, it seems likely
that the highway VMT channel of influence also will
demonstrate causality of VMT to the economy, or be bi-
directional, but is not definitively established by the energy
studies.

VMT and the Economy: Causality and Other Studies

The professional economics literature is nearly silent on the
causal relationship between transportation activity or VMT and
the economy. Therefore, the author conducted a formal, causality
study. Below, the results of this study are presented and discussed
in the light of related literature.

ACOINTEGRATIONSTUDY

Before describing the findings of this author’s research, the work
of Liddle (2007) should be referenced. Liddle performed the only
analysis found in the literature that examined the historical
relationship among VMT, GDP, and fuel prices for the US. His
study tested for "cointegration," a statistical analysis related to
Granger causality testing.

In lay terms, cointegration tests for whether two or more
variables are so tightly related that each is effectively determined
by the others. In this case, Liddle's results "confirm a long-run,
systemic relationship" among fuel price, GDP, and VMT. He
found similar results when he replaced VMT with energy
consumed ("fuel use") or with a measure of technical change
("fuel efficiency").

The implication of Liddle's study in his words is that "these
variables cannot be easily disentangled in the short-run," limiting
policy makers' options to try to influence VMT without having
effects on income. Similarly, Liddle finds that attempts to
influence vehicle fuel efficiency or VMT with strategies that
raise the price of fuel will be "quite painful," in the sense that
there would be large, negative impacts on national income and
output. Liddle suggests that non-market approaches to
improving vehicle efficiency (e.g., fuel efficiency improvements
through technological research) might be the best path.

ADIRECT CAUSALITYSTUDY

I present my own causality findings herein.’ As mentioned above,
Liddle studied VMT trends using so-called cointegration testing.
Although cointegration testing is related to causality
investigations, his work stopped short of providing causality
findings in the form of interest to this study. However, my
analysis was made easier by the prior efforts of Liddle. It also
draws on the aforementioned energy-economy causality studies.

The technical details of the methodology are not presented here,
but are available from the author.” However, the study has the
following basic elements:

I employ the very long-term historical data presented earlier in a
graphical form in Figure 3, Figure 4 and Figure 5, and data on the
price of motor fuel. Specifically, [ use the long, annual data series
for US total highway VMT, GDP, the price of fuel, and miles per
gallon (as a technical efficiency measure). Although data is
available for some variables (such as fuel price and population)
as far back as the early 20th century, data on all variables are
available from 1949 to 2007. All financial variables are
expressed in 2005 dollars, to remove inflation effects. GDP and
VMT were expressed on a per capita basis to normalize for
population scale.

Causality tests were performed on all pairs of these four
measures. (This is called pairwise causality testing.)

In addition, all four economic indicators were allowed to be
mutually determining (in economics parlance, "endogenous"),
permitting not only causality testing, but also simulation of how
each measure might be affected by a "shock" to itself or one of the
other measures." This latter, so-called "impulse" analysis helps us
measure the size of the response to shocks, and how persistent the
effects will be in the future.

The results of the analysis presented here are limited to the
pairwise causality comparisons and selected elements of the
impulse analyses. I turn first to the results of the pairwise
causality tests:

Pairwise causality tests reveal that VMT and the economy
“cause” each other. This has been referred to earlier as “bi-
directional” causality, and means that highway VMT influences
economic activity (measured by GDP), and GDP influences
VMT. Both effects are highly significant, statistically.” This
suggests that policy interventions that reduce VMT will have an
effect on the economy. This confirms the similar findings
reported by related studies of energy and the economy.

On a pairwise basis, miles per gallon and fuel prices also were
found to be bi-directionally causal, although the effect of miles
per gallon on fuel prices is slightly weaker statistically than test
standards. The effect of fuel prices on average miles per gallon,
however, was highly significant statistically.

The only other statistically-significant pairwise causal effect was
a positive effect of VMT on miles per gallon. Taken together,
these findings are suggestive of a response of technical efficiency
to fuel price, and that the amount of travel may influence
technology choice.

The second avenue of measurement is the impulse response
analysis. The impulse response analysis helps to quantify the
strength and persistence of effects of "shocks" to individual
variables. The analysis is presented here in its “cumulative
formulation,” allowing the shocks and echoes of the
shocks over time to cumulate.

Cascade Policy Institute

Vehicle Miles Traveled and the Economy: The Challenge for Climate Policy




Without impulse response analysis, or similar investigations, we
do not know whether or not a statistically-significant effect also
translates into a large effect. We also do not know if that effect is
transient, or persists over time. In this work, the impact
projections are extended over a twenty-year period (after the
shock). Although the error bands around these projections are
inherently large, understanding the relative scale and trajectory
ofthe various effects is valuable, in this author's opinion.

The key findings of the impulse response analysis are presented
in Figure 7, Figure 8, and Figure 9.

FIGURE 7

Response of GDP per Capita to Various Shocks
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FIGURE 8

Response of VMT per Capita to Various Shocks
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Focusing on the key findings, the implications of the impulse
responses ' are as follows:

® VMT strongly influences GDP in the same direction,
consistent with the pairwise causality finding. As
illustrated in Figure 7, the response ("elasticity") of GDP
per capita to a shock in VMT per capita is high, both in
the long and short run. Specifically, a one percent change

FIGURE 9

Response of Fuel Efficiency (MPG) to Various Shocks
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in VMT/capita causes a 0.9 percent change in GDP in the
short run (2 years) and a 0.46 percent in the long run (20
years). If accurate, this is a key finding, since it suggests
there is a large penalty — even in the long run — associated
with policies that use direct regulation to reduce VMT.

® VMT is not particularly sensitive to shocks to fuel price
alone. As shown in Figure 8, a shock to fuel price does
reduce VMT/capita, but the elasticity is low (about 2
percent in the short run and 6 percent in the long run).
This is consistent with the fact that the 117 percent
increase in fuel prices between July 2004 and July 2008
are reported to have suppressed driving by about 4.2
percent.

® VMT isnegatively related to shocks in GDP, as shown in
Figure 8. This may be suggestive of the notion advanced
earlier that VMT is less of a consumer good than it is an
input to production or consumption. Higher GDP would
allow owners of residential and commercial capital to
afford closer locations. It is also possible that the
negative relationship is a statistical artifact of the
difficulty in isolating the direction of GDP-VMT
causality. Either way, however, the logic supports the
notion that the primary direction of positive causality is
of VMT on GDP.

The analysis also reveals some interesting findings
regarding technical efficiency (measured herein as miles
per gallon). The potential to avoid the negative
consequences of VMT reduction by making each VMT
less energy consumptive and carbon emissive is one of
the great hopes of policy makers. My findings in this
regard are as follows:

® AsFigure9indicates, the response of fuel efficiency
to ashock in fuel prices is positive, but not very
large. The elasticity of miles per gallon to
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price shocks is only 7 percent in the short run and less
than half a percent in the long run. This corroborates the
observation by Liddle (2007) that manipulating fuel
prices may not be an effective way to stimulate technical
change.

® On the other hand, as shown in Figure 7, exogenously
improving fuel efficiency has a positive effect on GDP. A
10 percent improvement increases GDP per capita by
about 1.2 percent in the short run and 6.5 percent in the
long run. This supports the notion that, in contrast to
expecting price stimulus mechanisms (such as carbon
tax, cap-and-trade, subsidies, etc.) to indirectly
encourage technological change, it may be better to
support direct efforts to improve technology. The reason
is that energy usage is embedded in long-lived capital
structures (vehicles, residential and industrial settlement
patterns, etc.). As discussed in detail in the section
Evaluating Alternative VMT Policies, below, increases
in energy cost cause offsetting movements in the value of
this “old” capital that tends to slow penetration of
energy-saving technology.

® Exogenously improving fuel efficiency also raises the
prospect that the market may respond by increasing
VMT in an offsetting way, a phenomenon known as the
“rebound effect.” Figure 8 shows that an exogenous
shock to fuel efficiency increases VMT. In the short run,
the increase in VMT is relatively small. In a two-year
time frame, a 10 percent increase in fuel efficiency might
increase VMT by only 1 percent or so. However, in the
long run (20 years) the rebound effect is completely
offsetting, with a 10 percent improvement in efficiency
yielding almost exactly a 10 percent increase in VMT.

In summary, the author's econometric efforts comport
with the results of related, energy-economy studies and
the results of Liddle. As with Liddle’s work, this author’s
research suggests that the market responds in ways that
make tax- or regulatory interventions unlikely to be
dramatically effective in reducing VMT, but very
dramatic in its effect on economic vigor.

There are, of course, qualifications to these findings that
should be offered in any honest effort to study such
complex economic interactions.

® First, causality studies rely, necessarily, on long,
historical data series. This inherently embeds market and
technological relationships that may not be fully
relevant to the modern setting. However, without
evidence of effects contrary to those revealed in the
historical record, one must be wary of unfounded
speculation.

@® Second, there may be important variables missing from
the efforts reported here that would alter the findings
presented. There also is the possibility that the data used
herein was not well measured by the agencies that

generated them. Unfortunately, causality testing is very
data hungry, and there are limits to the number of factors
that can be considered simultaneously, and few
alternative measures of vehicular activity that have long,
historical records.

® Finally, there are alternative specifications of the
analysis presented here that might alter the findings. The
author, as discussed earlier, tested various specifications
of the model presented. Generally, the findings, across
reasonable variations in the specification, were
qualitatively the same.

Related Studies

Although they do not address the VMT-economy causal
relationship that is central to this study, there are some other
studies that bear upon some of the issues.

NON-HIGHWAY TRANSPORTATION STUDIES

In 2006, economists at the Bureau of Transportation Statistics of
the US DOT reported on their efforts to predict turning points in
the economy with transportation activity measures. If
transportation proved to be a leading indicator of economic
business cycles, it would lend support to transportation causing
the economy.

In the study, the measure of transportation activity used is the
Transportation Services Index (TSI), which comprises activity of
"for hire" air, rail, water and highway transportation.
Unfortunately, this means that the bulk of highway VMT — most
auto and light truck travel activity —is not included in the index or
the study. In any case, the study results were not conclusive. No
significant leading or lagging relationship was found for the
passenger component of the TSI, although a moderately
consistent leading indicator relationship was found for the freight
component of the TSI.

Difficulty finding a relationship between transportation
activities through a business cycle leading indicator method
would not be expected to be too successful in a situation in which
transportation and the economy might cause each other in a bi-
directional fashion. Thus, though the study's authors found the
weak results generally "unconvincing," they loosely confirm the
findings of the causality studies reported herein.

THE HIGHWAY CAPACITY-VMT CAUSALITY

Anumber of authors have studied whether new freeway capacity
causes VMT or vice versa. The notion that building new
highways "induces" more travel is of interest to those interested
in policies that could be used to contain VMT growth. Thus, this
literature is tangentially of interest to this study if limiting

road building were adopted as a climate control policy.
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The literature on this subject generally finds either a bi-
directional causality between road capacity and VMT or that road
capacity precedes (and thus "causes") VMT growth. Examples of
this type of study are Cervero (2002), Cervero and Hansen
(2002), Fulton, Meszler, Noland and Thomas (2000), Noland
(2001), and Noland and Lem (2002). These studies are of little
use to our primary mission of understanding the relationship
between VMT and the economy. However, it has been
demonstrated by other studies that new highway capacity
positively influences regional income or employment. Keane
(1996), for example, finds that a 10% increase in investment in
highway infrastructure gives rise to a 4% increase in national
output. Thus, finding that new highway capacity increases VMT
does not eliminate the possibility that VMT causes economic
growth or vice versa.

REGIONALECONOMIC MODELS

There have been a few attempts to incorporate the influence of
regional economic activity on VMT in conventional, non-
causality models but, interestingly, they usually do not set up the
model to not allow a reverse effect. Choo and Mokhtarian (2007),
for example, incidentally studied the VMT/economy
relationship in a model of the US that was built to examine the
influence of telecommunications on travel demand and supply.

Choo and Mokhtarian assumed that economic activity affected
VMT, but apparently did not allow for the possibility of a reverse
relationship. Similarly, they allow the pattern of land use
("suburbanization") to influence transportation activity, but
apparently not the reverse. Not surprisingly, therefore, they
found that economic activity and suburbanization stimulated
VMT. In the case of the relationship between transportation
infrastructure and the economy, they allowed the relationship to
be bi-directional and found bi-directional effects.

Evaluating Alternative VMT Policies

The significant energy footprint of highway transportation
makes it a logical locus for carbon emissions and climate control
policy. Conceptually, the type of policy pursued should be that
which, in present value terms, generates the greatest difference
between the economic value of relief from negative economic
impacts of continued climate change and the cost of achieving
that relief. I will call this the net benefit of carbon policy toward
VMT.

Unfortunately, there is great uncertainty as to the future value of
alternative climate change impacts. This is both because the
climate models themselves are so imprecise, and because it is so
difficult to estimate the economic impact associated with any,
given climate evolution. In this setting, it is probably best to
evaluate alternative policies in terms of an intermediate variable,
such as the comparative cost among the alternatives of a given,
incremental reduction in carbon emissions. The latter, in turn,
can be decomposed into the effect of the policy on emissions per
VMT and the effect of the policy on total VMT.

From an economist’s perspective, the cost of the policy should be
measured in terms of lost economic welfare. Economic output is
not identical to this economic concept, but likely is positively
correlated with it. Therefore, we will treat these notions
interchangeably as we discuss policy alternatives in light of the
findings earlier in this report.

Policy Alternatives

There are three broad classes of policy alternatives that might be
considered to reduce VMT as a means of addressing climate
change issues:

Do Nothing. This alternative means that no special changes in
policy are pursued. This does not necessarily mean that VMT-
related carbon emissions won't be reduced, but rather that the
natural evolution of fuel costs, technology, and economic growth
are allowed to proceed along the paths they would take in the
absence of major intervention. Implicitly, this alternative
presumes that households and businesses already have
incentives (including current policies already in place) to find
ways to spare energy use and develop alternative technologies,
given current and future expected price trajectories.

Market Price Interventions. This family of alternatives
involves altering market prices in travel, energy and/or
technology markets. Such alternatives include VMT charges,
carbon taxes, carbon cap and trading schemes, etc. The
motivation of this approach is to change behavior in a way that
cost-effectively amplifies the economy's rate at which VMT-
related carbon emissions will be spared relative to the Do
Nothing case. By our evaluation criterion, this means necessarily
that such policies result in a reduction in the cost of an increment
of carbon emissions relative to the Do Nothing case. Because we
are working in a present value calculus, this in turn means that
such policies yield either a beneficial time shift (i.e., push
emissions into the future) or generate near term savings in the
present value of the cost of reducing carbon emissions, or both.

Quantity Restrictions. The third, general approach is to impose
quantity restrictions on VMT itself, highway infrastructure,
emissions or energy efficiency by fiat. Examples of such policies
include alternate day driving restrictions, regulations, fuel or
licensing rations, restrictions on road infrastructure
development, fleet or manufacturer fuel efficiency regulations,
regulatory land-use policy (such as greater-than-market
minimum density development requirements), etc.

In very broad terms, most economists likely would agree that the
Do Nothing alternative has no practical prospect of avoiding
some underperformance in the economy over time. Because
carbon emissions — and their impact on the economy — constitute
a cost that individual, private decisions do not bear, there is a
theoretical reason for believing that the Do Nothing case would
lead to lower output over time if the effect on climate change is, in
fact, adverse. However, it is possible that the growing scarcity of
fossil fuel and its increasing relative price may guide

the economy to a low GHG equilibrium.
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Although a Do Nothing policy may not be as efficient
economically as would be the case if all externalities were
internalized perfectly and costlessly, there are risks in
implementing more interventionist policies. There could be
larger economic inefficiencies associated with market
interventions than with the Do Nothing alternatives. Among
some economists, the current ethanol initiatives at the moment
are viewed as an example of these risks.

If market intervention is deemed necessary, economists tend to
prefer pricing interventions to quantity restrictions. The logic is
two-fold. First, economic agents are differentially disposed and
have varying capabilities of responding to interventions. Price-
or tax-based interventions will selectively induce those who can
adapt most readily and at lowest cost to do so, which is an
important consideration in minimizing economic efficiency
impacts of policy.

Second, pricing policy generates revenues that can be used to
mitigate adverse wealth effects for those who suffer under the
higher price of a desired activity or commodity. These revenues,
repatriated in a broad-based way through tax relief, thus preserve
the incentive to act efficiently, but without impoverishing the
producers or consumers. Regulations of quantities of activity, on
the other hand, neither can selectively identify the efficient
adjusters, nor generate any revenue to soften the wealth impact of
the restrictions.

Evaluation of Selected
Specific Policy Alternatives

Because the number and types of interventions are so large, we
focus detailed comments only on the following, frequently
suggested interventions.

Cap-and-Trade Schemes

These schemes are designed to create a market in hitherto
unpriced GHG emissions. In a VMT-oriented cap-and-trade
scheme, a cap on total, allowed vehicular carbon emissions
would be established and averaged over the population of
emitters (e.g., households or vehicles). Those who have means of
producing emissions below the cap can sell their excess emission
rights to those struggling to meet the cap. In so doing, a price for
an additional unit of emissions is determined. Both high- and
low-emitters now face incentives (as sellers or buyers) to
economize on GHG emissions.

The problems of implementing this scheme are less theoretical
than administrative. First, a proper cap has to be determined and
set so that the cap is binding on at least some emitters. The recent
EU experiences with cap-and-trade schemes is not encouraging,
as political favoritism left few emitters with binding caps.

Second, applied to the vehicular emissions problem, cap-and-
trade schemes face the challenge of very high administrative
costs associated with measuring emissions and ensuring
compliance of millions of households or vehicles.

Carbon Taxes

Another means of establishing a market in emissions is to levy a
tax on fuel based on its carbon content. The purpose of such a tax
would be to elevate fuel prices so that it now contains a signal
regarding the value of the external effects of fuel use. Since it is
the price signal, and not the revenue, that is of interest in the
setting of carbon taxes, in a pure carbon tax policy, revenues
would be used to reduce other taxes. There are some challenges
in doing so without offsetting the desired, signaling effect, and in
the context of distrustful taxpayers who will be dubious that the
plan truly will be revenue neutral. However, the administrative
mechanisms for collecting and refunding the revenues (i.e., fuel
taxation systems and income taxation reporting) already exist, so
that the administrative costs could be manageable.

Both short-run and long-run reductions in VMT and VMT
emissions can be expected. Vehicle users can be expected to
respond by reducing trip making, switching to less fuel-intensive
modes (e.g., carpooling), etc. However, as the impulse response
findings presented earlier suggest, the response of fleet VMT to
pricing can be expected to be modest, everything else being
equal.

In addition, it is not clear the extent to which carbon tax schemes
will accelerate adoption of more fuel-efficient vehicles.
Offsetting effects occur in the marketplace to slow the diffusion
of efficient technology through the market. For example, if a
carbon tax is levied, and believed to be persistent, the market
value of old vehicle capital will decline by an amount equal to the
present value of the expected carbon tax levy. This dulls the
incentive to upgrade the old fleet. If the new vehicles are costly to
build and acquire (because they are carbon-energy intensive
themselves to build, the technology is expensive or monopolized,
etc.), owners of functional, less-efficient vehicles will have no
incentive to adopt the new technology.

Indeed, in general, for vehicle replacement to be economical, the
higher-efficiency vehicle has to cost less than the market value of
the old vehicle plus the present value of expected carbon tax
savings relative to the old vehicle, everything else being equal.
When durable capital (like vehicles or power plants) is involved,
the turnover of capital tends to be slow, unless the new capital is
both more efficient and cheaper to acquire. This is why, despite
rapid improvements in new vehicle fleet average fuel efficiency,
the average fleet fuel efficiency has changed so slowly relative to
CAFE standards. This also may explain why, in the last decade,
vehicles are staying in the fleet nearly twice as long.

Congestion Pricing

Congestion pricing is a policy that economists have advocated
for many years for reasons other than climate change
considerations. They have been advocated to better reflect the
impact of additional vehicles on the speed of the traffic stream
under high volume conditions. The underpricing of scarce peak
roadway capacity distorts trip making, location decisions,
and roadway authorities' tendencies to add new capacity.
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A side effect of congestion pricing would be reduction in VMT —
especially in the peak period —but likely also in daily traffic. The
results of a regional implementation experiment in the Puget
Sound Region suggests that pricing for congestion alone would
reduce VMT by about six to seven percent, and generate
economic benefits of $28 billion over a thirty-year period in
present value terms.

Although congestion pricing should be implemented on its own
merits, and because it actually generates positive economic
benefits by sparing another, valuable resource (travelers’ time ),
its potency for affecting VMT is high but its economic footprint
may be positive, rather than negative. Whereas carbon taxes, set
at a level that emulates the social cost of carbon emissions would
be on the order of a fraction of'a cent to a cent or so per VMT, peak
period congestion levies may easily be in the 25 to 65 cents per
VMT on congested facilities. Thus, congestion pricing may be a
case where doing something to generate economic benefits may
indirectly be a good first step in managing carbon emissions.

VMT Charges

A flat, per mile VMT charge also would influence VMT and
thereby the associated carbon emissions. However, with the
exception of a charge of a few cents per VMT to represent
roadway wear and tear charges, levying a high, flat VMT charge
simply to retard VMT lacks economic justification. Unlike
congestion-linked pricing, it has no essential economic
justification. Rather, it likely would impair economic well-being
and create a pattern of responses that is justified neither by
congestion nor carbon emissions economics.

Quantity Regulation of VMT

Reducing VMT by directly regulating the quantity of VMT has
little empirical or theoretical support. The impulse response
analysis described earlier suggests that the negative, exogenous
“shock” to VMT represented by these policies will have a
negative impact on the economy nearly in direct proportion to the
VMT reduction achieved in the short run. In the long run, the
effect will be about halfthe size, but still large and persistent.

The reason for this likely is because quantity restrictions are
notoriously inefficient, non-selective, and inequitable. The one-
size-fits-all premise of such policies affords no opportunity for
the lowest-cost adjusters to do the adjusting, enlarging the
adverse economic impacts. It creates what economists call "dead
weight" losses and no means of remediating them since no
revenue is generated.

Approaches to direct regulation that have been tried or suggested
include alternative day driving restrictions (as practiced in
Greece to control air pollution), ceasing road building,
transportation system management (TSM) programs that
regulate the quantity of parking at or access to employment by
single occupant vehicles, etc. There has been virtually no
comprehensive analysis of the effects of such policies.
Economists have long been skeptical that such policies produce

benefits in excess of their cost, however. (See, for example,
Palmer, Oates and Portney, 1995).

Regulating Density

Regulating “density” or “compactness” of development is
another popular approach — sometimes referred to as “smart
growth” —to dealing with the effects of highway travel on climate
change. This policy has its genesis in purported findings of an
inverse relationship between regional VMT and development
density. It has become popular to assume that regulating land use
to take a more compact or denser form will, causally, result in
lower VMT.

As discussed earlier, there is no theoretical reason to expect
causality to run in this direction. Placing residential development
closer to commercial and industrial employment by fiat, for
example, does not necessarily yield lower VMT. Numerous
studies have demonstrated that income and demography are
more strongly associated with VMT than is the pattern of
settlement, or that associations are correlative rather than causal.
See, for example, Boarnet and Nesamani (2003), Crane (2000),
Handy, Cao, and Mokhtarian (2005), and Schimek (1996). This
author recently completed, for a private client, an exhaustive
review of approximately 200 refereed publications to review the
factual basis of the smart growth model. That paper, forthcoming
in 2009, concludes that there is no evidence to support implied
causality flowing from density to VMT.

Location theory tells us that cities form dense centers with
progressively lower densities at greater distances from the center
because of the interplay of three factors: (a) agglomeration
economies created by close proximity, (b) diseconomies of
development associated with densities, and (c) the fact that there
are positive costs to transport. Density can be stimulated,
therefore, by greater agglomeration economies, reductions in the
diseconomies (higher costs) of dense development, or an
increase in the cost per mile of transport.

Location theory does not imply, therefore, that compelling
greater densities will yield lower transport costs. On the contrary,
if one compels through regulation higher densities than the
market would otherwise produce, the associated diseconomies of
building higher, more densely or on marginal sites will cause
some activities to decentralize. This is not to say that observed,
market densities are entirely efficient, given the lack of proper
pricing of roadways during congested periods. Land use
regulation, however, cannot offset that pricing distortion because
it does not affect the marginal incentive to decentralize (or
centralize). Indeed, if such policy elevates central-area land
values, which would increase the benefits of decentralization
(everything else being equal).

Portland, Oregon may be a good example of this phenomenon.
Decades of enforcement of minimum density planning has
resulted in a CBD that has been losing jobs and activities to the
surrounding areas since the 1990s. For example, between
1998 and 2005 (the latest year for which data is available),
employment in the Portland CBD Zip Codes
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declined by 0.83 percent per annum, in contrast to positive
growth in greater metro area employment of 0.70 percent per
annum.

As a practical means of addressing climate issues, the durability
of in situ residential, commercial and industrial structures and
infrastructure means that, like the automobile fleet, turnover of
residential, commercial and industrial capital and the pattern of
settlement it represents will be slow. Consequently, land use
planning and development regulation is a costly and slow way to
influence vehicle activity.

Subsidization of Alternative Technologies

Another approach to VMT reduction is to subsidize the
development and/or use of alternatives to today's modes of
travel. Providing tax credits to buyers of hybrid vehicles,
subsidies to transit providers, subsidies to new vehicle
propulsion technology, CAFE standards, etc., are all methods
that are used to promote fuel-sparing technologies.

Some believe that by subsidizing a technology to which today's
marketplace is unreceptive will help "transform " the market by
encouraging product development and consumer acceptance.
Cases in point are subsidies provided to buyers of hybrid vehicles
or FlexCar®-like car sharing systems. Other technology
subsidies, such as those to mass transit subsidies, are better
thought of as attempts to redress an auto-transit imbalance
resulting from underpricing of peak road capacity.

A final class of subsidies is those provided to researchers and
carmakers to encourage development of new, energy sparing
vehicle transport methods. In my view, and that of at least some
technology experts, is that subsidies can often have the opposite
of the desired effect. Subsidies may keep alive otherwise
moribund companies, technologies, and policies. Meanwhile,
mostly unsubsidized innovation occurs at breakneck speed by the
sheer dint of rent seeking by entrepreneurs and their financiers.

There is a theoretical logic to subsidizing basic research — i.e.,
that research that does not in and of itself generate patentable or
marketable innovations, but underpins the latter. There also is
logic to subsidizing transit in the face of non-economic pricing of
roads. However, even in these cases, there is the risk associated
with assigning policy makers the job of picking winners, and/or
the subsidies being captured by special interest groups such as
project developers or operating labor.

Conclusions and Recommendations

This study has revealed the centrality of highway vehicle miles
traveled as both a climate change issue and an economic force.
The footprint of highway transportation in the carbon economy
and the real economy is large. Evidence that energy — and thus
VMT indirectly — causally stimulates economic activity is joined
by more direct evidence offered by this author and others.

This causal connection frustrates climate policy, which is
seeking a low-impact way of containing carbon emissions
associated with highway travel. The connection between VMT
and economic activity appears so intimate and potent that heavy-
handed policies to reign in VMT for carbon’s sake pose grave
economic risks. This policy will be frustrated further — if the
results presented herein are reliable — because it appears rather
difficult to stimulate turnover of low-efficiency capital in favor
of'high energy efficiency, low carbon emissive technology.

We are best advised to address the climate change considerations
associated with VMT through application of measures that
engage the market — especially those that have theoretical
prospects for generating net economic benefits. Specifically, I
recommend the following policies.

We should fix those broken or missing elements of the
marketplace that are impairing economic activity today, while at
the same time inadvertently amplifying vehicle use. The
application of congestion-based road pricing seems the obvious
first step in this regard. It also may be the only option that can be
implemented quickly and that actually generates net economic
benefits, instead of injury, to the economy over both the short-
and long-runs.

Although much less effective, a revenue-neutral carbon tax may
be theoretically justified. It could be implemented at lower cost
than more convoluted, arbitrary and corruptible schemes (such as
cap and trade or carbon offset approaches). However, the carbon
tax rate should be based on the specific impact of a given
behavior, and not set arbitrarily high simply to retard VMT. The
effectiveness of fuel price increments in stimulating adoption of
carbon-sparing technology is not strong and the risk of injury to
the economy is high.

Subsidizing basic research may make sense, but [ am dubious of
the ability of policy makers to pick technology initiatives to back.
There is a significant risk that such subsidies will be misused to
sustain non-starter or moribund technologies.

The intimacy of the relationship between vehicle activity and the
economy is such that we should approach direct intervention
solutions with great caution.  would include in this list regulating
land use to achieve VMT outcomes, rationing schemes, directly
regulating vehicle activity or fuel efficiency, and the promotion
of any technology, fuel, or industry that the venture capital
market — by its rejection of support — fails to find worthy. In my
view (having served as an investment advisor for a large, public
fund), if rent-seeking venture capital, private equity and other
money managers cannot find new vehicle-propulsion
technologies to back, they may not yet exist.
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Endnotes
1. USEIA, Annual Energy Review.

2. The data used in this report comes from sources that attempt to measure
vehicle activity on all roads. However, it should be noted that only state and
federal highways are instrumented with measurement devices that provide
refined vehicle counts and then only at selected locations. In practice, the
terms roadways and highways, therefore, are used interchangeably.

3. Source: Carnegie Mellon University Green Design Institute. (2008)
Economic Input-Output Life Cycle Assessment (EIO-LCA) model [Internet],
Available from: <http://www.eiolca.net/> [Accessed 1 Aug, 2008]

4. Dr. Stephen Brown of the Federal Reserve Bank of Dallas kindly provided
the data for this graphic. GDP is adjusted for Purchasing Power Parity (PPP).

5. The most common situation when Granger causality falsely implies
causality is when a third factor, related causally to both other factors, is at
work. This third factor causes the movements in the first and second factors
to occur at slightly different times, creating the illusion of precedence of the
first factor over the second.

6. To give proper deference to the fact that causality analysis is not a
completely formulaic procedure, I refer to my efforts here as an
investigation.

7. A few details are offered here for those interested in the method employed.
The data is converted to natural logarithms and first-differences employed to
avoid data stationarity issues. Tests for stationarity, cointegration, lag length,
causality, Cholesky ordering, and causality were performed using eViews©
5.0. Cumulative impulse measurement was performed in eViews for a four
variable system, alternately with two or four lags.

8. This was accomplished in the context of a so-called Vector Auto
Regression (VAR) model.

9. Technically, the causality statistics reject the “null” hypothesis of no
causal relationship.

10. These figures present calculations made from cumulative response
studies. In these studies a “shock” is equal to one standard deviation of the
shock variable, as measured from its data history. Thus, a shock always is a
positive change in the shock variable. Since different variables have different
standard deviations — thus making it hard to appraise the scale of the impulse
response — the author converted the various measures to elasticities. An
elasticity in this application expresses the ratio of the percent change in the
affected variable to the percent change in the shock variable. Note that an
impulse response is provided for the case when a shock occurs in the
variable being studied; for example, there is a response of GDP/capita to a
shock in GDP/capita. This is a natural consequence of the interdependent
relationship of all of the variables studied and the fact that a shock occurs in
a period (year) prior to measurement of the response.
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