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Ssummary

In the early 1990s, academic research pro-
posing a vital connection between public
infrastructure investment and “productiv-
ity growth rate” coincided with an eco-
nomic recession, sparking great interestin
the potential for investment in transpor-
tation as a way to spur economic growth.
However, the strong claims of the initial
research, put forward most notably by
David Aschauer, now of Bates College, and
later by Alicia Munnell of the Boston Fed-
eral Reserve Bank, came under attack in
the research community. Plans to dramati-
cally increase public infrastructure spend-
ing instead bowed to pressures to reduce
the sizable federal budget deficit. With the
decade drawing to a close, national fiscal
pressures have been relieved, yet research-
ers still grapple to reach a consensus on
the effects of transportation investment on
the economy.

On February 23, 1999, 35 academic,
government, and private-sector leaders
met in Washington, DC, to discuss the
importance of transportation investment
for the future of the American economy.
The one-day conference, sponsored by the
Eno Transportation Foundation, focused
on two issues:

¢ Improving the tools used in the eco-
nomic analysis of the relationship be-
tween transportation investment and
growth

¢ Improving ways to communicate find-
ings to policy makers and the public

Ishaq Nadiri of New York University
and the National Bureau of Economic Re-
search presented the results of his most
recent national study, Contributions of
Highway Capital to Output and Productiv-
ity Growth in the U.S. Economy and Indus-
tries. This work offers solid support for
the value of transportation investment.
Analyzing the costs of 35 different indus-
try groups over a 40-year period, Nadiri
finds that greater investment in transpor-
tation infrastructure leads to lower busi-
ness costs in almost all of the industries

studied. The average rate of return for

‘these transportation investments through-

out the study period is at or above the av-
erage rate of return for private-sector
investments. The corresponding implica-
tion is that the government’s expenditure
of tax money on transportation infrastruc-
ture has been an economically worthwhile
activity. However, the most recent average
returns have been the smallest of the past
40 years, indicating that the current high-
way system may have reached maturity.

Ishaq Nadiri and the forum participants
identified several areas for future research.
While Nadiri’s study effectively captured
the national effects of building the Inter-
state Highway System, the effect of such
investment on a more local scale needs to
be analyzed. One important area for future
research is to incorporate the level of use
of transportation infrastructure into stud-
ies. Trucking deregulation, enacted in the
early 1980s, and increases in traffic con-
gestion are believed to have profound ef-
fects on the use and value of roads and
highways. But these effects have not been
fully measured. Understanding the impor-
tance of capacity utilization will go a long
way to clarifying the benefits of new poli-
cies stch as the intelligent vehicle highway
system (“smart highways”) or research and
development of other capacity-enhancing
developments,

Curtis Wiley,
Indiana
Department of

Transportation,

Forum Chair

(left), and Ishaq
Nadiri, New York

University

Summary
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Participants also identified other ways
to improve the tools of economic analy-
sis. Several members of the group ex-
pressed a desire to measure benefits from
transportation investment beyond the
typical cost reductions for industry. The
economy also benefits when transporta-
tion improvements increase the attractive-
ness of tourism and passenger safety.
Arthur Jacoby of the Federal Highway
Administration and Charlie Han of the
Bureau of Transportation Statistics offered
evidence that industries with higher pro-
portional logistics costs derive greater ben-
efit from transportation investments.
Their work suggests that more attention
needs to be paid to the specific mecha-
nisms through which transportation in-
vestment benefits industry. Barbara
Fraumeni from the Bureau of Economic
Analysis offered recommendations for
ways to more accurately measure the pro-
ductive nature of highway capital.

Clyde Pyers of the Maryland Depart-
ment of Transportation and Greg Bischak
from the Appalachian Regional Commis-
sion presented state and regional case stud-
ies of highway investment programs.
These studies showed reasonable rates of
return to recent highway investments, rela-
tive to promoting short-term job creation,
providing construction spending benefits,
reducing longer-term industry costs, and
affording net travel savings to the public.
A few participants questioned whether
these regional investments created benefits
at the expense of economic activity in
other areas. But the more widely held view
was that these improvements do not con-
stitute a zero-sum game. Further work
could better identify the interrelations
between localities and help to resolve the
“net benefit” question.

While analytical improvements to bet-
ter measure the relationship between
transportation and growth is a vital activ-
ity, effectively communicating results to
policymakers and the public is an equally
important challenge. Miles Friedman of
the National Association of State Devel-
opment Agencies and Terrence Mulcahy

from the Wisconsin Department of Trans-
portation led the group to a number of
insights. Rate of return measures of the
kind generated by Nadiri’s work provide
justification for implementing transporta-
tion investment policies. At the same time,
such returns alone may not be sufficiently
compelling to the general public and legis-
lators. Case studies and individual stories
often provide much more effective calls to
action. Effectively communicating results
becomes a question of how to tie together
local impacts, anecdotal evidence, and
program-wide estimates.

One solution is to use stories and stud-
ies in tandem. National and state studies
may reinforce and provide context for lo-
cal anecdotes, and they can provide a start-
ing point for local discussions of the pros
and cons of specific projects. Conversely,
stories of successful transportation
projects can provide the edge needed to
generate wider appeal for infrastructure
investments.

Another solution is to make the results
more closely address the questions that
policymakers and the public want an-
swered. People want to know about
transportation’s relationship not only with
growth, but also with quality of life, com-
munity development, and local commerce.
Because of its role as a facilitator of activ-
ity, states and regions should incorporate
transportation analysis into their strategic
planning and tie it into the area’s economic
development plan. Different regional devel-
opment priorities will lead to different re-
search needs—urban versus rural areas,
manufacturing versus service sector busi-
nesses, retail versus wholesale trade, and
tourism versus job access.

Overall, the conference offered several
studies supporting the value of recent high-
way investment and identified a number
of ways to improve future work in this
field. By continuing to refine our tools to
understand the mechanisms of growth and
by using these tools to address a wider set
of public concerns, we can more clearly
illuminate the ways in which transporta-
tion investments change lives.

Viii
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Background and Introduction

The United States at the close of the 20
century is enjoying a resurgence of eco-
nomic growth and vitality that scarcely
could have been imagined a decade ago.
In the past few years, growth in the
nation’s productivity (i.e., growth that is
not accounted for by increases in the
amount of labor or capital in use in the
economy) has reached levels not seen in
20 years, levels that many economists
feared would never be seen again. Alan
Greenspan, the Chairman of the Federal
Reserve System, is widely hailed as a na-
tional hero and is gracing the covers of our
news magazines. Have the laws of eco-
nomic gravity changed? Or must what has
gone up come down again? As the Ameri-
can economy continues to expand, the
limits of the nation’s transportation infra-
structure are being tested, calling into
question the need for further investment.
How much gravity will our transportation
systems’ limits have?

Transportation improvements foster
improvements in the business environ-
ment. Cheaper transportation increases
the size of markets. With larger markets,
firms can realize greater economies of scale
in production. Inputs to the production
process may become cheaper because of
lower transport costs. The size of the la-
bor pool expands. Inventory management
becomes easier. New land and new re-
sotirces can be put to productive use, and
greater specialization can occur.

With the building of the Interstate High-
way System, the nation made a huge in-
vestment in transportation infrastructure
during the 1950s and 1960s. As the Inter-
state Highway System neared completion
in the early 1970s, transportation invest-
ment dropped, and it remained relatively
smaller through the 1980s and 1990s.

Since then, the nation’s highway system .

has suffered increasingly from lower main-
tenance and increased traffic congestion,
to which front-page stories in newspapers
regularly attest.

The public clearly understands how
much longer it takes to get to work today
than it did 20 years ago. Is the public aware
of the larger changes in economic activity
spurred by the improvement of transpor-
tation systems? The slowdown in eco-
nomic productivity that started in the
1970s (and that may or may not now be

.over) has been a puzzle for economists and

the country for the past two decades. Once
upon a time, economic historians consid-
ered the effect of canals and railroads on
the economy. But it took until 1990 for
research by David Aschauer, now of Bates
College, and then work from Alicia
Munuell of the Boston Federal Reserve
Bank, to bring widespread attention to the
potential for transportation systems, and
public infrastructure more generally, to
play a major role in promoting economic
growth in the present.

Aschauer found huge benefits to the
economy from public infrastructure in-
vestment and blamed the anemic perfor-
mance of the economy in the 1970s and
1980s on the severe shortfall of such
spending. His study and its clear call to
action then came under intense scrutiny.
Once put under a microscope, these claims
lost a measure of their credibility; but the
questions the study had provoked—why
productivity growth had fallen and what
effect public infrastructure investment,
particularly transportation investment,
had on the economy—did not go away.

Three years ago, the Eno Foundation
held its first forum to address this second
question. The Federal Highway Adminis-
tration and the American Association of
State Highway and Transportation Offi-
cials, through the National Cooperative
Highway Research Program, asked the Eno
Foundation to host a conference discuss-
ing the importance of transportation in-
vestment for the American economy.
Transportation experts and policymakers
from the private sector, public sector, and
academia converged on Washington, DC,
for a forum called Economic Returns from
Transportation Investment.

Forum Proceedings



The participants heard quantitative
evidence of the importance of transpor-
tation investment from several parties.
Ishaq Nadiri presented the results of a na-
tionwide study spanning four decades
that showed solid rates of return for the
Interstate Highway System. Randall
Eberts of the Upjohn Institute provided
corroboration with studies of the rates of
return on highway investment for locali-
ties. Colin Gannon of the World Bank
offered estimates that World Bank trans-
portation investments also had high so-
cial value and generated substantial rates
of return. Industry examples such as de-
velopments in logistics management at
General Motors were cited to illustrate
some of the changes brought about by
infrastructure improvement. The group
advocated bringing these kinds of find-
ings to the attention of policymakers and
the public.

Three years later, the completion of a
new study by Ishaq Nadiri presented an
opportunity to conduct a second forum in
which to revisit this important topic. The
following report draws forth the most sa-
lient conclusions and intriguing specula-
tions from that day.

In the first session of the forum, Nadiri
presented the results of his most recent
study of the contribution of highway capi-
tal to economic growth and productivity.
In the second session, Arthur Jacoby and
Charlie Han discussed their research ex-
ploring the connections between Ishaq
Nadiri’s cost elasticity results and other
transportation-related industry character-
istics. Barbara Fraumeni described her rec-
ommendations for improving the quality
of the highway capital stock data used by
much of the empirical research. The third
session featured analyses of state and re-
gional highway investment programs in-
cluding input and output methodologies
and employment analysis. The final ses-
sion of the forum tackled the nettlesome
problem of communicating the results of
research to the public and policymakers,
particularly the issues of who to target and
in what form the messages are best con-
veyed. The bulk of the report is divided
into four parts, paralleling the events of
the forum. After a brief conclusion, the

appendices contain the text of selected
papers discussed during the forum.

The Need for this Forum

The growth of economic prosperity in
America should not be taken for granted.
For more than 100 years, from the end of
the Civil War to the early 1970s, the Ameri-
can econonty grew at a rate of nearly 3.5%
per year. In the 20 years that followed,
through the end of the 1980s, the economy’s
rate of growth slowed by more than a per-
centage point to 2.4 % annually. Economic
growth can be adjusted to account for
changes in the use of labor in the economy
to better measure the change in a nation’s
standard of living over along period of time.
This measure is called labor productivity,
and it describes how much workers can pro-
duce in a given amount of time. When work-
ers can produce more goods in the same
amount of time, the savings in cost can be
shared between the workers and the own-
ers of capital. As a result, the standard of
living rises. Unfortunately, while labor pro-
ductivity grew at more than 2% per year
over that same 100-year period, labor pro-
ductivity grew at only half that rate during
the 1970s and 1980s.

The construction of the Interstate High-
way System in the 1950s and 1960s coin-
cided with a period of strong growth in the
American economy. The nation’s highway
capital stock is a dollar value measure of
the infrastructure in the national road and
highway system. From 1952 to 1959, the
nation’s highway capital stock grew at an
annual rate of 6.2%. During the past 20
years of slower economic growth, the rate
of addition to the nation’s highway system
has dropped markedly. Since 1982, the rate
of growth has fallen to 1.2 % a year. Is this
relationship between economic growth and
the highway system merely coincidental?
The increase in demand for transportation
has continued unabated over the past 20
years. Congestion continues to increase,
fewer large-scale transportation projects
are started, and more funding for those
projects that do start comes from state and
local governments.

Transportation Investment: New Insights from Economic Analysis



Recent research shows that investment
in the national highway system has pro-
vided demonstrable benefits to the U.S.
economy over the last several decades.
However, public awareness of this ben-
efit may be lacking. Part of the need for
this forum is to communicate these prom-
ising research results in clear terms to the
public. Ultimately, the country needs a
vision of transportation investment for
the postinterstate era. Two questions
need to be successfully addressed in this
forum:
¢ How do we improve the tools we use to

guide this vision?
¢+ How do we successfully present this

vision within the policy arena?

The Contributions
of Highway Capital

New Research on the
Economic Returns from
Transportation Investment

Ishaq Nadiri, the Jay Gould Professor of
Economics at New York University and
a membper of the National Bureat of Eco-
nomic Research, explores the relationship
between infrastructure investment and
economic output. Nadiri presented the
results of his most recent study of this
complex relationship, Contributions of
Highway Capital to Output and Produc-
tivity Growth in the U.S. Economy and
Industries.

Nadiri explained that to understand re-
search in this area, it is important to rec-
ognize the special characteristic of highway
capital that sets it apart from private capi-
tal: Its influence is shared across firms in
the economy. This special characteristic is
called an externality. An externality is any
kind of shared or additional effect of an
activity on entities other than those who
are direct parties to the activity. By cap-
turing the externalities of highway capi-
tal—its effect on firms throughout the
economy—studies measure the social rate
of return from highway capital investment,
that is, the value that the investment pro-
vides to society as a whole (rather than

any private individual part of society). Cal-
culating a social rate of return for such in-
vestments provides policymakers and the
public with some ability to compare the
relative value of government investment in
different activities. Investments with
higher social rates of return will provide
more economic growth for a given amount
of expenditure and benefit the nation most.

Nadiri’s study represents a significant
advance in the field of applied economet-
ric analysis. It is an important piece of
evidence supporting the proposition that
infrastructure investment matters eco-
nomically. For years, economists have
been struggling to achieve a consensus
view about this relationship. Several well-
known studies in the late 1980s concluded
that infrastructure investment was crucial
to the rate of productivity growth. The
influential works of David Aschauer and
Alicia Munnell attributed most of the
slowdown in economic productivity
growth in the 1970s and 1980s to the
lower rate of national infrastructure in-
vestment during this period. Before these
studies appeared, few economists had
empirically explored how public invest-
ment affected the nation’s performance.
However, when a flurry of new research
followed the provocative Aschauer and
Munnell findings in subsequent years, the
new research showed that public infra-
structure investment has an incredibly

Ishaq Nadiri, New
York University
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large effect on productive capacity. A num-
ber of methodological issues were raised
about the modeling that underpinned the
Aschauer and Munnell studies, and their
strong conclusions were later cast into
doubt by the academic community.

The Aschauer and Munnell approach
to estimating the relationship between
public investment and economic growth
focused on using a production function as
the basic model of behavior. In a produc-
tion function, firms in the economy use
labor and capital with a certain level of
technological sophistication to produce
specific amounts of output. Aschauer’s
insight was to recognize that firms use both
private capital and public capital (high-
ways, airports, power generation and
transmission facilities, sewers and water
treatment plants, and other such public
infrastructure) in production. Looking
at production aggregated across firms
throughout the country in this way
showed an extremely significant relation-
ship between the amount of output the
economy could produce and the level of
public infrastructure available to the
economy.

The main problem with the approach
is that the results are hard to interpret.
Does investment in public infrastructure
lead to economic growth, or does growth
give the public sector more ability to in-
vest in infrastructure? The nature of the
correlation is unclear. In growing econo-
mies, many of the underlying variables
grow together at similar rates. The nature
of the production-function approach and
the aggregate nature of the data used in
the Aschauer and Munnell studies did not
address the issue of causation very well.
Economic growth and infrastructure
expansion may have occurred contempo-
raneously without any direct causal
relationship or in response to some
unexamined variables.

After taking into account the possible
simultaneities and self-correlations in this
model, several academic researchers con-
cluded that infrastructure investment had
a much smaller effect on the economy than
Aschauer and Munnell concluded. Most
of these subsequent studies focused on
economic output in smaller geographic

areas, usually states or regions but some-
times counties or metropolitan areas. More
output in a small part of the country is
less likely to lead to increased local infra-
structure, because the Interstate Highway
System program was a nationwide initia-
tive. Indeed, studies conducted at smaller
geographic levels found a much smaller
economic influence for infrastructure in-
vestment. Unfortunately, studies per-
formed on a smaller geographic scale leave
open the possibility that the benefits of
infrastructure in any given locality may
spill over into neighboring regions. If such
spillovers exist, then the benefits measured
in these studies are too small. That is, the
externality aspect of infrastructure invest-
ment is not fully captured.

Nadiri navigated through the problems
associated with production functions by
focusing on the cost of production rather
than the level of productive output. Costs
of production are clearer to interpret as
being driven by changes in infrastructure
rather than the other way around. Nadiri
also focused on modeling specific indus-
tries rather than all economic activity in a
specific geographic location to reinforce
the interpretation of a causal relationship
between public infrastructure and produc-
tivity. By encompassing industrial produc-
tion throughout the nation, though, Nadiri
made sure.to capture all of the network
spillover effects that might exist.

Nadiri’s industry focus accounted for
different industries using the highway
capital they share very differently. Differ-
ences in highway capital use among indus-
tries have important implications for the
way in which highway capital investment
is financed. According to economic theory,
those who receive most of the benefits of
an investment should pay proportionally
more of the costs. Nadiri’s study explored
these differences in the effect of highway
capital on individual industries. Just as
different industries use highway capital
differently, their use of capital may have
different implications for their patterns of
employment, capital utilization, and ma-
terials use. These effects are important to
the economy.

Nadiri’s study started by separately es-
timating a cost function and a demand

Transportation Investment: New Insights from Economic Analysis



function for each industry. A cost func-
tion, like a production function, is a model
of firm or industry behavior. A demand
function is a model of consumer behavior
with respect to different goods. In the cost
functions used in this study, the cost for
an industry depended on relative factor
prices of labor, materials, and capital;
quantity of output; disembodied technical
change; and public capital services. Price
increases for labor, materials, or capital in-
crease industry costs, as do increases in
industry output. Increases in public capi-
tal or technical change may lead to lower
industry costs. In this study, Nadiri used
a different functional form for the cost
function than in his prior work, allowing
for more complicated and expanded mod-
eling. In the demand functions used for
these industries, changes in demand var-
ied with changes in the price of output
relative to prices in the rest of the economy.
Demand also varied with changdes in ag-
gregate income and population. As popu-
lation and incomes grow, demand grows
as well. When the price level for an indus-
try increases, though, demand for the out-
put of that industry falls.

Highway infrastructure enters this
system of equations by affecting each
industry’s cost of supply. An investment
in highway infrastructure may have sev-
eral different effects on the cost of supply.
First, it may directly allow firms to realize
lower costs of production—called the “pro-
ductivity effect.” Second, firms may
change their use of inputs (labor, materi-
als, and physical capital} in production if
highway infrastructure is either a substi-
tute for or complement to labor, interme-
diate inputs, or physical capital. This is
called the “factor-demand effect.” Third,
cost reductions may lead to price reduc-
tions for consumers, and these price re-
ductions may lead to an increase in the
demand for output. In cost studies of the
effect of infrastructure, levels of output are
typically held constant. In this work,
prices were allowed to fall when firms low-
ered their costs of production as a result
of productivity improvements. This
change shifted the cost curve downward,
and industry output expanded to meet the
increased demand at the lower price. This

“output-expansion effect” is an additional
benefit to the economy not captured in pre-
vious research. The net effect of highway
investment will be the combination of the
productivity, factor demand, and output
expansion effects. To ensure that the re-
sults attributed to highway capital invest-
ment were accurate, other kinds of public
infrastructure (e.g., ports, airports, water
treatment plants, and sewers) were in-
cluded separately in the model. In this way,
significant findings for the effects of high-
way capital on costs were not influenced
by the effects of other public capital ex-
penditures on costs.

Nadiri used data aggregated into 35 dif-
ferent industry groupings. Data were con-
solidated from data on more than 80
sectors of economic activity and spanned
the late 1940s to 1991. Combining such
an expansive data set with the cost func-
tion model provided a level of comprehen-
siveness and detail unmatched by previous
studies.

Nadiri econometrically estimated all of
the industry cost and demand functions
through a series of stages to generate out-
put and cost elasticities with respect to high-
way infrastructure. Elasticities are measures
of responsiveness between two variables:
changes of a meastired variable associated
with a single percentage change in a base
variable. These output and cost elasticities
measure how output and cost would change
when the highway capital stock is increased
by 1%. With output levels held constant,

Ishaq Nadiri, New
York University
(left), and Curtis
Wiley, Indiana
Department of
Transportation
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almost all (32 of 35) of the industries saw
positive benefits (cost reductions) from
highway capital investment. In addition to
this productivity improvement, industries
also realized the output expansion effect
of highway investment. When output was
allowed to vary, the drop in costs allowed
industries to lower the prices of their prod-
ucts. This price reduction prompted an ex-
pansion of output. The net effect of
highway capital on total costs for the in-
dustries then became negligible because
the increased production costs from the
expansion in output offset the decrease in
costs from the productivity improvement.
Consumers (rather than firms) effectively
captured the benefit of the highway capi-
tal effect as prices fell and industry out-
put expanded.

In the course of his econometric esti-
mation, Nadiri also examined the relation-
ship between highway investment and the
use of capital, labor, and materials by in-
dustries. Looking at the interaction of high-
way investment with these inputs to
production, in all of the industries stud-
ied, highway capital investment was found
to be a substitute for labor and materials
and a complement for private capital. In-
creases in the highway capital stock re-
duced the need for labor and materials
while apparently spurring the demand for
capital to create and expand additional
business. When output was allowed to ex-
pand to the decline in prices in the model,
the substitution effect of highway capital
investment diminished for labor and ma-
terials, and the complementary effect of
capital increased. The complementary re-
lationship between capital and highway
investment is important to note—invest-
ment in one benefits from investment in
the other. The slight substitutability with
labor and materials indicates that highway
expansion leads to greater efficiency in the

Table 1
Annual Rate of Return by
Type of Investment

use of these inputs. This relationship may
offer clues to the underlying responses by
firms to changes in transportation infra-
structure.

When the results of the model were in-
spected by industry, some of the industries
benefited from highway investment more
than others. Service and transportation
industries were the chief beneficiaries of
more highway capital stock, while manu-
facturing industries also gained, but to a
lesser degree. The result suggested that an
expanding service sector in the economy
might make future highway investment
more important, although further work
needs to be done before coming to firm
conclusions in this regard. The distribu-
tional results can have important implica-
tions for the form of finance chosen for
future highway capital investment. Be-
cause the benefits fall in certain patterns,
it may be advisable for payments for taxes
or other methods of finance to be more
closely aligned with the gain of benefits.

Nadiri next combined the estitmated
cost elasticities with calculations of the op-
portunity cost of providing highway capi-
tal to generate rates of return for each
industry. These results were summed
across industries to derive the social rate
of return for the highway infrastructure
investment. The effects of highway capi-
tal investment were found to be very sub-
stantial. A 1% increase in highway capital
stock reduced costs by 0.08 % (producing
a cost elasticity of -0.08). The average so-
cial rate of return over the study period
was a healthy 29 %. As table 1 shows, this
rate of return is clearly larger than the pri-
vate rate of return over the same period,
providing strong evidence for the value of
this investment.

However, when broken down into
shorter periods of time, the rates of return
varied. Benefits were highest during the
earlier development of the Interstate
Highway system, when the nation was
underinvested in highway capital. After
the 1960s, as the system matured and more
investment was made, the rate of returned

19601969 1970-1979 19801991 1;2’;{?5‘;2 ; declined. The results for the most recent
Highway Capital_ 54% P 6% % years, the 1980-1991 period, show that
Private Capital 16% 18% 17% 179% the rate of return was roughly comparable
Interest Rate 5% 8% 10% g%  With that of the private sector.
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Nadiri also analyzed the different con-
tributions of changes in exogenous de-
mand, prices, and highway capital to the
nation’s productivity growth. Total fac-
tor productivity measures how output in
the economy changes when the amount
of labor and capital used in production
stays constant. Total factor productivity
is typically affected by determinants such
as exogenous demand for goods and ser-
vices, which depends on the size of the
population and the level of income (as
opposed to endogenous demand, which
depends on the price of the product).
Other determinants include the relative
prices for the different goods used as in-
puts into the production process. The re-
mainder of the change not explained by
these two factors is usually attributed to
autonomous technological change. Au-
tonomous technological change repre-
sents the myriad improvements in
products and processes that increase pro-
duction as they accumulate over time. In
this model, the highway capital stock is
added as an additional factor affecting
productivity. -

In table 2, the main source of total fac-
tor productivity growth is change in exog-
enous demand. Over the sample period,
exogenous demand accounts for roughly
half of the total factor productivity change.
Highway capital makes a sizable contribu-
tion to total factor productivity growth as
well, roughly a quarter of the total. Rela-
tive price changes offer the least contribu-
tion, working slightly against growth in the
study sample.

Interpretation

Nadiri’s study presents a clear case for the
historical value of infrastructure invest-

ment to the country’s economic growth.
The average social rate of return exceeds
the average rate of return for private-sec-
tor investment. The study also finds a suf-
ficiently large rate of return in the later
years of highway investment to justify con-
tinued investment in the system, although
the decline of the rate of return in the most
recent period does raise some questions
about the extent of the future benefits of
highway capital.

One participant wondered if the smaller
marginal benefits of more recent highway
capital investment could be the byproduct
of smaller proportional increases in invest-
ment spending in recent years. If so, larger
levels of investment might generate higher
returns. What remains unclear is whether
appreciably larger investments could be
made in the current U.S. highway system.
Most believe that the system is mature
enough that further large expansions would
lead to smaller and smaller returns. The
first highways in an area usually provide a
much greater benefit than later ones, which
tend to compete with the older highways.

Participants also speculated what the
relationship should be between the rate
of return on highway investment and the
rate of return on private capital. If the
rate of return on highway investment falls
below the private rate of return, should
that end most highway investment? Con-
versely, realizing an average rate of return
lower than the private rate of return calls
into question the advisability of invest-
ing tax dollars that could possibly be kept
in private hands. One rejoinder is that the
private rate of return is also an average
and that private rates of return are also
influenced by the risk inherent in the in-
vestment. At the same time, public capi-
tal and private capital are complements,
not substitutes for each other. Highway

Table 2
Contributions of Highway Capital and Other Factors to Productivity
Average
1951-1960 1961-1970 1971-1980 1981-1991 1951-1991
Total Factor Productivity 0.64% 0.88% 0.10% 0.30% 0.48%
Exogenous Demand 0.40% 0.63% 0.18% -0.06% 0.29%
Price Changes -0.01% 0.01% -0.04% 0.01% -0.01%
Highway Capital 0.35% 0.30% 0.07% 0.04% 0.19%
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investment may be justified in its comple-
mentary role even at lower calculated
rates of return.
‘ One qualification to the results offered
by Nadiri is that changes in consumer
welfare are left unmeasured. Investing in
public highway infrastructure may benefit
consumers in a number of ways. Personal
vehicle operating costs are likely to be
lower as a result of more direct-trip rout-
ing and better-quality road surfaces. Simi-
larly, drivers have faster commute times
to work and better travel times to nonwork
places. Highway users may enjoy an ex-
pansion in opportunities for recreational
activities, a greater choice in the location
of their residences and possibly even wider
employment opportunity as improved
highways offer greater spatial accessibil-
ity. Because these consumer benefits may
well be large in and of themselves, the rate
of return estimates in this study are likely
to underestimate the true effect of these
improvements on the entire economy. If
this underestimate is small, then the aver-
age private rate of return and the social
rate of return on highway investment are
converging. This convergence is a warn-
ing that the need for further physical ex-
pansion of the highway network is waning.
If the uncounted benefits to consumers are
large, then the social rate of return from
the commercial sector, even in the most
recent period, is well above the private rate
of return, making further highway invest-
ment highly desirable.

Areas for Improving Research

The group proposed several areas for im-
proving research. One suggestion involved
incorporating more geographic detail into
the estimates. Since the Nadiri study iden-
tified the effect of infrastructure invest-
ment on individual industries, without
regard to location, all of the spillover ef-
fects of location-specific construction were
captured in the model. Individual states
or regions also need tools to help them
gauge how such consequences are related
to transportation investment. Butbecatse
states and regions compete for economic
development, the gain to one area may

come partly at the expense of a loss in some
other area. Economic growth, as measured
by Nadiri, is the national effect of this pro-
cess, and in effect it nets out the gains and
losses of individual areas. But the redis-
tribution of economic activity within the
nation may be an important consequence
of transportation investment as seen by a
state or region, and better tools for this
purpose are also needed.

The ability to estimate rates of return
for highway investment in different
areas or places within the country, or even
for different industries in different places,
is desirable. Such estimates would be valu-
able for two reasons. First, public officials
have an interest in how they would be af-
fected by transportation changes. Second,
a comparison of local benefits estimates
with similarly computed national ones
would shed light on the size of any
spillover effects. While the spillover effects
of highway infrastructure are generally
thought to be positive, negative spillovers
also may exist. Additions to one part of
the highway system could spur growth in
an area at the expense of growth
somewhere else. The sizes and kinds of
spillovers influence the way that any in-
vestment should be financed. If spillovers
are very small, localities can capture all of
the benefits of their investment in their
area. In this situation, coordinating fi-
nance and construction with other locali-
ties is not important. If spillovers are large,
then financial support needs to come from
alarger geographic entity. Local construc-
tion may need to be subsidized nationally
if the net effects of spillovers are positive,
or taxed if the net effect of spillovers is
negative. Extending the idea of negative
spillovers internationally, highway infra-
structure investment may affect the abil-
ity of the United States to attract economic
activity that may have otherwise taken
place outside the country.

Investment in transportation may im-
prove international competitiveness by
making transportation costs, logistics costs,
or the costs of other inputs of production
less expensive relative to these costs in
other counties. The theoretical underpin-
ning for studying U.S competitiveness
needs further elaboration. An empirical
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exploration might best be grounded in a
particular industry or region.

The changing nature and intensity of
transportation infrastructure use also pose
conceptual challenges for measuring the
infrastructure’s benefit. Highways that
initially carry little traffic often fill over
time as they are used more. Highways that
face too much demand may see their use
fall because traffic congestion diminishes
their service. Trucking deregulation
clearly altered the transportation environ-
ment and the use of infrastructure. Tech-
nological innovations, such as smart
highways, could change highway use even
more in the future. Simply measuring an
annual flow of dollar investment fails to
capture the effect of changes in infrastruc-
ture use patterns on the economy. Re-
searchers need to develop new measures
to better address the flow of transporta-
tion services provided by the highway capi-
tal stock. (This topic is discussed more in
the next section of the report.) A partici-
pant suggested studying the benefits of
research and development spending for
highways. This aspect of investment has
generally been left untapped and could
prove to be a good topic for future research.

The participants made several other
points during the discussion. Some noted
that the benefits generated by highway
capital investment have not come without
additional costs to the environment. The
costs of additional pollution, urban
sprawl, loss of natural habitat and envi-
ronment for plants and animals, and other
environmental damage should be incorpo-
rated into future work. Other participants
pointed out that policymakers and the pub-
lic often desire more up-to-date results
than the ones presented. In response, some
of the data experts in the forum reminded
the group that data of the sort used in
Nadiri’s study take at least three years to
collect, process, and disseminate before the
analytical work even has a chance to start,
so change in this regard is unlikely with-
out changes in the data collection process.

Nadiri’s research has verified the value
of the expansion of the Interstate Highway
System over the past four decades. These
refinements will help future work define
the best kinds of investment for the future.

Further Methodological Issues

The forum highlighted several other ques-
tions to explore and new refinements for
future research projects. Using Nadiri’s
cost elasticities for individual industries,
Arthur Jacoby of the Federal Highway Ad-
ministration and Charlie Han of the Bu-
reau of Transportation Statistics analyzed
the correlation of these cost elasticities
with statistical measures to explore pos-
sible explanations for the difference in im-
pact of infrastructure on industries.
Barbara Fraumeni of the Department of
Commerce, Bureau of Economic Analysis,
described some of the findings of her
project to improve the quality of infra-
structure data by clarifying and refining
the many assumptions that go into the con-
struction of such data. In the ensuing dis-
cussion, participants identified several
other potential improvements to the tools
of economic analysis.

Searching for the
Mechanisms aof Cost Reduction

Ishaq Nadiri found that lower costs of pro-
duction for industries correlated with in-
creases in the highway capital stock.
Searching for more information about the

‘mechanisms through which highway capi-

tal investment reduces industry costs,
Jacoby and Han tried to link the industry
cost elasticities estimated in the Nadiri

Charlie Han,
Bureau of
Transportation
Statistics (left),
and Arthur
Jacoby, Federal
Highway
Administration
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study with other industry characteristics.
Starting with the premise that improve-
ments in highway systems reduce the cost
of transporting goods and the time it takes
to deliver them, Jacoby and Han concluded
that the responsiveness of industry costs
to highway capital should be related to
industry expenditures for transport.

Jacoby and Han first tested the hypoth-
esis that industries that were extensive
users of transportation spent large sums
and were most likely to benefit from im-
provements to highway systems.
However, using 1992 data on industry
transportation use from the new Trans-
portation Satellite Accounts developed
jointly by the Bureau of Transportation
Statistics and the Bureau of Economic
Analysis, as well as Nadiri’s 1981-1991
cost elasticity estimates, they found no
significant relationship between the two
variables. In fact, the correlation showed
a small positive relationship between the
two variables. Industries in which total
production costs responded more to
changes in the highway capital stock
tended to have a lower cost of transpor-
tation relative to their total costs.

This result led them to refine their
study. Highway capital investment can
lower not only the cost of transport, but
also the time of transport. Therefore, ben-
efits might have acerued to industries not
only according to their transportation
use, but also according to the importance
of the whole logistics process for the in-
dustry. The logistics function manages
the movement of products over space and

time, procuring the raw materials of pro-
duction, keeping any necessary invento-
ries, and delivering the final product to
the customer. With this insight, their hy-
pothesis evolved: The more important that
logistics are to an industry, the more siz-
able the cost elasticity with respect to high-
way infrastructure would be. '

A good piece of evidence supporting the
importance of logistics costs to firms is the
rise of just-in-time inventory practices.
Just-in-time inventory practices demand
speed and reliability in freight transporta-
tion. Using a suitably constructed proxy
for industry logistics cost intensity, Jacoby
and Han indeed found a significant nega-
tive relationship between their proxy and
Nadiri’s cost elasticity estimates. Sizable
production cost reductions stemming from
highway investment identified by Nadiri
were associated with industries that had a
greater reliance on the logistics function.

This work by Jacoby and Han points
out that the evolution of the logistics func-
tion within businesses may offer impor-
tant insights into the benefits gained from
highway capital investment. It also serves
as a guidepost for future research into the
mechanisms by which transportation sys-
tem improvements are transformed into
productivity benefits. Insights into the
behavior of firms may provide us with a
better ability to forecast the kinds of trans-
portation investment that will be most
beneficial in the future. The relative im-
portance of changes in transportation cost,
speed, reliability, or access may make some
investments more desirable than others.

Improving the Data
Used in Analysis

As mentioned earlier in the discussion of
Nadiri’s research, one of the difficulties fac-
ing studies of highway investment effects is
the question of how to capture the level of
service provided by the stock of highway
capital. Investment dollars must be trans-
formed into transportation infrastructure.
These physical networks need to be trans-
lated into a flow of transportation services.

Barbara Fraumeni has been leading an
effort to produce a quality-adjusted
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public highway capital stock for the Fed-
eral Highway Administration. Her work
has examined the different components
that make up the transportation capital
stock and how they fit together as a sys-
tem to provide transportation services. In
her presentation, Fraumeni recommended
three major ways to improve highway capi-
tal stock measurements:

1. Use productive capital stocks instead
of wealth capital stocks.

2. Accurately account for changes in
highway construction component
expenditures over time.

3. Properly benchmark capital stock
estimates.

The difference between a productive
capital stock and a wealth capital stock is
perhaps best illuminated by the example
of a light bulb. A light bulb gives off a cer-
tain amount of light while it works. That
amount of light is constant as long as it
works. However, the light bulb has a lim-
ited working lifetime and failure is all at
once. Say that the light bulb is expected to
work for 12 months. The productive stock
value of the capital good light bulb is con-
stant at any given point during the year.
Until it stops working, it produces the
same illumination. However, if a rational
buyer were to offer to purchase the light
bulb, the amount that person would be
willing to pay for the light bulb would de-
pend on how much expected working life
the light bulb had left. After six months of
use, this wealth stock measure of the light
bulb’s value would be about half of what
it cost originally.

Wealth stocks, such as those compiled
by the Bureau of Economic Analysis, take
into account the depreciation of the wealth
stock value. Therefore, they can be mis-
leading when trying to capture the produc-
tive effects of highway capital stocks.
Fraumeni calculates that her productive
stock estimates for highways can be as
miuch as 40% higher than the Bureau of
Economic Analysis wealth stock estimate.

Fraumeni’s second recommendation for
improvement addresses the difficulties of
assuming the degree to which highway
capital stock investment takes the form of

new construction or rehabilitation. These
different kinds of investment activities
have differently weighted component ex-
penditures for grading, pavement, right-
of-way, and structures. Typically, expen-
ditures for grading and acquiring right-of-
way will constitute a larger proportion of
new construction costs. These construc-
tion items will have much longer produc-
tive lifetimes than, for instance, the
pavement surface. Historically, capital ex-
penditures have been for new construc-
tion. In the last two decades, investment
has taken the form of more reconstruction
and rehabilitation, with a greater propor-
tion of expenditures for pavement and
lower share of expenditures on grading
and right-of-way. Differentiating between
new construction spending and capital
maintenance spending is important for
translating highway investment flows into
accurate capital stock estimates.

Fraumeni’s final recommendation for
improving the quality of highway capital
stock data is to develop a benchmark for
capital stock estimates. Because some com-
ponents of capital stock have very long
lifetimes, using a perpetual inventory cal-
culation without a benchmark (or very
long time horizon) can lead to underesti-
mates. The problem is most likely to af-
fect state and local estimates, for which
the time span covered by the data usually
tends to be short.

All of these refinements lead to the de-
velopment of a better measure of the po-
tential productive services that the
highway capital stock could provide.

Barbara

Fraumeni, Bureau

of Economic
Analysis
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Gregory Bischak,
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Ideally, this improved capital stock measure
wotld be converted into an actual flow of
productive transportation services. Conges-
tion and road usage influence the amount
of productive services produced by the capi-
tal stock, as does the location of the facil-
ity. The value of the physical inventory of
highways needs to take into account which
parts are heavily used portions of the net-
work and which are not, and this varies
sharply from one part of the network to
another. For example, some heavily used
routes may actually be devalued because
their level of service has deteriorated be-
cause of congestion. Other underused
routes may have a low value because they
are not generating a high flow of produc-
tive transportation services based on low
utilization. Incorporating the degree of
highway use into capital stock meastires
would clarify the value of the transporta-
tion services that our infrastructure system
provides. That is, measuring the value of
the light instead of the light bulb would help
to dispel the shadows surrounding the fu-
ture of highway investment.

State and Regional Analyses

Clyde Pyers of the Maryland Department
of Transportation and Gregory Bischak

from the Appalachian Regional Commis-
sion offered state and regional analyses of
highway investment programs. Both stud-
ies found reasonable rates of return on
recent investments, pointing to both short-
term job creation and construction spend-
ing benefits and longer-term industry cost
reductions and net travel savings. The dis-
cussion afterward reemphasized points
made in the discussion of Ishaq Nadiri’s
study and offered a few additional insights.

Presentation of the Studies

The Maryland State Highway Administra-
tion conducted a study to quantify the
contribution of highways to the Maryland
economy. The analysis measured both the
short-term effects of highways on employ-
ment and output and the long-term pro-
ductivity gains that accrue to individual
industries throughout the state.

The effects of Maryland highways on
employment and output in the state were
calculated using an input-output model of
the regional economy over the 1991 to
1996 period. An estimate of the state’s
economic output without the benefit of the
highway investment was compared with
the level of output with the investment.
Spending was broken down by industry
to allow calculation of the resulting
changes in employment. These results
were linked to a model of the Maryland
economy, prepared by RESI, a research
institute of Towson University, with equa-
tions for employment and output at the
industry level and linkages to components
of population and income.

The long-term productivity effects were
calculated using cost functions for nine
industry groups from 1982 to 1996. Simi-
lar to the Nadiri study, annual industry
costs were taken to be a function of wages,
the price of capital goods, the stock of high-
way capital, and a proxy for technological
progress (the functional form used was
different). Savings in industry costs asso-
ciated with increases in the highway capi-
tal stock were estimated econometrically.

The findings of the Maryland study
were reasonably large and of a magnitude
generally consistent with Nadiri’s nation-
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wide estimates. In the short term, the study
found that the roughly $1 billion annual
highway system investment from 1991 to
1996 yielded 23,000 additional jobs and
roughly a $2.7 billion increase in the out-
put of Maryland goods and services. Most
of the jobs created were estimated to be in
the construction sector. From this greater
business activity, the increase in state tax
revenues alone recovered about one-fifth
of the initial outlay. Over the long haul,
the study estimated an annual rate of re-
turn on highway investment of 17% . The
rate of return was higher in the early
1980s, with a slight decline in the general
trend moving toward 1996, for which the
return was calculated as 17.2%. In con-
trast to the Nadiri study, the bulk of the
cost savings accrued to manufacturing
firms rather than services or retail trade
(manufacturing production costs declined
on average by more than 12¢ of the total
17¢ per highway dollar invested). In rela-
tion to economic growth, highway invest-
ment was found to be responsible for 10 %
of productivity growth and 45% of total
growth in the state.

The Appalachian Regional Commission
also examined the economic development
effect of its highway system additions,
known as the Appalachian Development
Highway System (ADHS). The ADHS is
a planned, 3,000-plus-mile network of
highways extending through 13 states
from Mississippi to New York. To date,
nearly 80% of the system has been com-
pleted. Wilbur Smith Associates per-
formed the analysis for the commission,
identifying 165 counties with 1,400 miles
of highway as likely to be most affected by
the system.

The Wilbur Smith study estimated
changes in population, employment,
wages, and value-added in the region as a
result of the ADHS, using a regional eco-
nomic model developed by Regional
Economic Models, Inc. The study also ex-
amined the travel efficiency benefits of the
highway system, such as reduced travel
times, lower vehicle operating costs, and
fewer accidents, as well as the broader eco-
nomic development effects from increased
roadside business, tourism, and an over-
all improvement in competitiveness in the

region. Results were generated by compar-
ing data from the historical record with
an estimate of traffic volumes without the
ADHS.

The study estimated that, from its be-
ginning in 1965, the ADHS generated
16,000 additional jobs in the region, with
a net increase of 42,000 jobs forecast by
2015. By sector, employment increased
most for the construction industry in the
first 10 years. However, by 1995, the em-
ployment gains were felt most heavily in
retail trade and services, a pattern that was
forecast to continue through 2015. In gen-
eral, all sectors of employment showed
some level of employment benefit. On a
return basis, a dollar’s investment in the
ADHS generated $1.18 in efficiency ben-
efits. For the more comprehensive eco-
nomic development benefit measure,
which includes tourism and competitive-
ness effects, the return climbs to $1.32 of
benefits for the average dollar invested.
Looking at individual corridors within the
system, efficiency returns ranged from 5
to 10%. The study also provided an esti-
mate of $2.7 billion as the benefit from
increased competitiveness for the entire
1965-2015 period.

Discussion of the Results

The magnitude of the results from both
studies is consistent with the results of
Nadiri’s national study, demonstrating the
value of highway infrastructure invest-
ment at the state and regional level as well.
The main concern about the interpreta-
tion of these regional study results was the
extent of any negative spillovers not cap-
tured in the model. Did regional highway
investments create benefits for one area
at the expense of other areas? Several par-
ticipants generally held that these itnprove-
ments did not constitute a zero-sum game;
the gains in productivity provide large
enough increases to justify any moves by
existing business and increase the competi-
tiveness of the country as a whole. Work
performed by Marlon Boarnet of the Uni-
versity of California at Irvine shows a
degree of tradeoffs from highway invest-
ment between counties within California.
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However, more work needs to be done to
better identify these interrelationships be-
tween localities and the extent to which
local highway projects represent economic
gains or merely result in shifts in the loca-
tion of economic activity—transfers from
one area to another.

A related issue for area or regional stud-
ies is the difficulty in assessing the influ-
ence of changes in the area not under
study. While the transportation system
within the area can be controlled for,
changes outside the area may also affect
the region’s infrastructure. Transportation
investments may complement or substi-
tute for those in different areas. A more
complete understanding of exactly how
individual firms are affected by changes
in highway infrastructure may help solve
this outstanding issue.

As with the Nadiri study, these two
studies most likely underestimate the ac-
tual rates of return for their investments.
Including consumer benefits from
cheaper, faster, and safer highway travel
would certainly drive the estimates
higher. Ideally, studies also would cap-
ture other economic effects such as ben-
efits from improved accessibility to an
area, the substitution of products pro-
duced locally for goods that would oth-
erwise be imported, and increases in the
economies of scale of production. While
the Appalachian study did attempt to
account for tourism benefits, its authors
believe they may have undermeasured
this effect. The degree to which all of
these effects would alter the calculated
benefits for transportation investment is
currently unknown.

Several participants raised questions
apout the implications of the rates of re-
turn found in area studies. If such a study
finds a rate of return a few percentage
points below the typical private-sector rate
of return, does it mean that the highway
investment should not have been made?
Ishag Nadiri was quick to point out that
highway investments are complementary
to private investment.

Others questioned the kind of relation-
ship that should be expected between es-
timates from the national study and

regional studies. Should the regional stud-
ies be lower because they are not able to
capture benefits from the infrastructure
investment that accrue outside their area?
Different areas are home to different kinds
of industries. Gaps of a few percentage
points between regions or between a re-
gional and a national estimate are to be
expected, since different industries benefit
differently.

Trying to compare the two regional
studies highlights the need for consistent
data. If data could be collected in a consis-
tent manner from state to state, states or
regions could use a common framework
for their analyses. The necessary research
methodology could be developed and then
shared, drastically reducing the time and
cost of producing this sort of study for lo-
calities. It would also provide a better ba-
sis for comparing the benefits of investing
in different areas.

After all the attention given to pouring
pavement in these research studies, par-
ticipants in the discussion also wanted to
discuss ways in which highway invest-
ments other than construction can lead to
greater transportation system capacity and
efficiency. For example, the great changes
in freight transportation that followed the
deregulation of trucking demonstrate the
importance of highway system manage-
meént.

The use of technology may also be nec-
essary to increase the capacity and safety
of highways. Developing and implement-
ing intelligent vehicle highway systems
(smart highways) is a promising possibil-
ity for the future. Even investing more in
the thickness of the pavement itself may
generate additional benefits that outweigh
the costs.

Nor should attention be limited solely to
highways. Rail, sea, and air transportation
continue to play vital roles in the nation’s
transportation system. These modes and
their interconnections could become even
more important in the future. Ultimately,
more research and creative thinking will be
needed to uncover new ways to make the
best use of our existing transportation sys-
tems and highway capital stock.

14

Transportation Investment: New Insights from Economic Analysis



Communicating Results to
Policymakers and the Public

After much of the forum focused on re-
cent studies of the relationship between
highway investment and economic
growth and how to improve future work,
a spirited session addressed the impor-
tance of communicating these results to
policymakers and the public. Miles Fried-
man of the National Association of State
Development Agencies and Terrence
Mulcahy from the Wisconsin Department
of Transportation drew the group into a
wide-ranging discussion of the role that
economic analyses play in the decision-
making process. Comments highlighted
(1) the difference between developing
new programs and implementing addi-
tional local projects, (2) specific groups
to target for communication and out-
reach, and (3) the roles of state and local
transportation agencies.

Friedman discussed the evolution tak-
ing place in state economic development
agencies and the effect that change has on
the role of transportation investment in
state development. State development agen-
cies are reaching out to encompass wider
geographical areas and are branching out
to take on a wider range of development
activities (to which the rise in regional de-
veloprment groups, both multistate and
multicounty, attests). Development agen-
cies no longer target just heavy industry.
They also spur technology development,
foster small business growth, promote tour-
ism, and tackle international competitive-
ness issues. With this expansion in the
scope of their responsibility, state develop-
ment agencies increasingly view themselves
as long-term strategic planners, coordinat-
ing and facilitating a number of different
activities, including investment in the trans-
portation system. Accordingly, transporta-
tion decisions should be folded into the
planning mix. In this light, transportation
investment is best cast as part of other long-
term development efforts rather than as the
enhancement of a set of facilities.

To illustrate his point, Friedman told
the story of a town in Kansas that decided
to revive its sagging downtown economy
by advertising and promoting a historic

fort located nearby. After hiring a profes-
sional marketing company to publicize the
fort, the number of tourists visiting the fort
soared. The downtown, however, re-
mained empty. Upon further reflection,
the town leaders realized that the trans-
portation system needed to be part of their
solution. They widened the 10-mile high-
way between downtown and the fort, of-
fered a shuttle service between the two
areas, and promoted special events down-
town. Only after they considered all of the
different facets of their problem, includ-
ing the transportation environment, did
they finally achieve the success they de-
sired in revitalizing an important part of
their community.

The larger political context in which
transportation projects are presented be-
comes much more important as strategic
planning becomes broader and more in-
terconnected. New challenges will arise as
transportation investments face the real-
ity of competing with social programs. En-
vironmental concerns and perceptions of
favoritism to business can also be stum-
bling blocks for new projects. At the same
time, the bigger picture surrounding trans-
portation investment can provide new
opportunities. Good transportation sys-
tems can connect people with jobs. New
projects can encourage livable communi-
ties and spur business development.

Miles Friedman,
National
Association of
State
Development
Agencies
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Terrence Mulcahy,
Wisconsin
Department of
Transportation (left),
and Madeleine Bloom,
Federal Highway
Administration

Terrence Mulcahy of the Wisconsin
Department of Transportation reinforced
the need to view transportation in context.
The chief concerns of communities in Wis-
consin are the effects of transportation on
local businesses, economnic development,
and the quality of life in the state. Roads,
railroads, and airports are built to achieve
important economic and social objectives,
and transportation agencies are respon-
sible for ensuring that these facilities serve
the needs of citizens and businesses. In
Mulcahy’s view, one of the state highway
department’s primary roles is to provide a
forum in which different communities can
communicate their experiences to each
other. Supporting Friedman’s remarks,
Mulcahy also urged transportation agen-
cies to embrace the sometimes-disparate
elements of commerce, tourism, and the
environment.

How do research studies influence the
public and policymakers? The reasonably
good recent rates of return estimated in
Nadiri’s study provide some justification
for implementing new transportation in-
vestment policies. Studies that show evi-
dence of huge benefits from particular
kinds of new programs, such as the
Aschauer and Munnell results, may
be readily apparent to the public or key
beneficiaries. At the same time, when the

benefits are not dramatic, information
about returns alone may not be suffi-
ciently compelling to the general public
and legislators. With many competing
interests in the public arena, gaining at-
tention for transportation investment
may be difficult.

The importance of suiccess stories—an-
ecdotes that vividly and succinctly con-
vey the effect of a specific transportation
project in a particular place—cannot be
overstated. Linda Thelke of the Wiscon-
sin Department of Transportation pro-
vided the group with a powerful example.
The Harley-Davidson Company is an im-
portant employer in her home state of Wis-
cousin, providing high-quality, good
paying jobs to local workers. In meetings
with government officials, the president
of Hatley-Davidson has emphasized the
importance to the company of good access
to the transportation system. Good trans-
portation allows the company to run with
35-minute delivery windows for moving
products between their plants. With this
kind of transportation system perfor-
mance, the company can keep their costs
lower and stay competitive without hav-
ing to move their plants and jobs overseas
to lower-wage countries. As Curt Wiley,
the chair of the forum and the Commis-
sioner of the Indiana Department of
Transportation, put it, “{O]ne Harley-
Davidson in a governor’s ear probably
takes the place of whatever study there
was.”

Case studies and individual stories of-
ten prove to be effective calls to action. Sto-
ries of successful transportation projects
can provide the edge needed to generate
wider appeal for larger programs. How-
ever, the group did not fully resolve
whether studies and stories have different
influences on national programs, state pro-
grams, and local projects. One tendency
is to argue for programs using studies and
to offer anecdotes to facilitate local
projects, partially as a result of better data
availability for larger-scale programs and
funding constraints for smaller-scale
projects.

Either studies or stories can provide a
starting point for discussions of the pros
and cons of projects or programs. In the
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current transportation environment of
moderate benefits from investment, the
question of how to effectively communi-
cate results really becomes a question of
how best to tie together these local anec-
dotes and program-wide estimates.

One solution is to use stories and stud-
ies in tandem. One participant likened the
relationship between the use of national
studies and anecdotes to using logic and
emotion—a successful combination of
both makes for the most compelling argu-
ment. National and state studies may pro-
vide a context for local anecdotes and at
the same time reinforce them.

Another solution is to make the results
more closely address the questions that
policymakers and the public want an-
swered. People want to know about
transportation’s relationship not only with
growth, but also with quality of life, com-
munity development, and local commerce.
Because of its role as a facilitator of activ-
ity, transportation analysis should be in-
corporated into the strategic planning of a
state or region and tied into its economic
development. Different regional develop-
ment priorities will lead to different re-
search needs—the effects on urban versus
rural areas, manufacturing versus service-
sector businesses, retail versus wholesale
trade, and tourism versus job access. A
closer match between the community’s
concerns and the scope of research may
make studies more effective.

Not only the style and content, but also
the vehicle of a transportation agency’s
message, must be considered. Groups such
as the press and the business community
are worth particular attention because of
their influence. Miles Friedman found that
thorough briefings with the press facili-
tated better coverage and a better ability
to carry the messages to the public. The
business community is also viewed as a
vital group with which to communicate.
The business community has a general
level of influence with the public and
policymakers. Its opinion tends to carry
even more weight because it is significantly
affected by highway investment. The fo-
rum participants were more divided on the
usefulness of having a very persuasive and

visible individual as a proponent. Better
outreach to the press and the business
community will help the effectiveness of
whatever kinds of studies and anecdotes
transportation agencies use.

Conclusion

The next wave of transportation research
must move outward from the center cre-
ated by Ishaq Nadiri’s work. In one direc-
tion, new research needs to delve further
into the effects of transportation invest-
ment on businesses, examining firms’ re-
sponses to changes in transportation
systems. Research also must better under-
stand the geographic variation in the
return to transportation investment, grap-
pling to measure the spillover effects and
interrelationships between investment in
different locations. Such detailed informa-
tion will help determine the kinds of in-
frastructure investments that hold the
most promise for the future.

In a second direction, though, research
needs to move beyond the realm of infra-
structure investment to consider the full
range of transportation policies that could
be used to improve the nation’s produc-
tivity. Policies that can bring new technolo-
gies to bear on the problem of congested
highways or other new approaches to the
management and operation of our infra-
structure may ultimately prove more at-
tractive than infrastructure expansion.

Transportation researchers should
not forget to reach out to the public and
seek to embrace a whole range of rela-
tively new concerns: competitiveness,
job access, tourism, and the environ-
ment. Policymakers and the public are
the ultimate consumers of transporta-
tion research, and the most effective re-
search efforts will be those that discuss
the kinds of issues in which these con-
sumers are most interested. Effectively
communicating new transportation re-
search means being sophisticated in us-
ing the right combination of study
results and compelling stories to reach
policymakers and the public.

Forum Proceedings
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Appendix A: A Summary of Contributions
of Highway Capital to Output and Productivity
Growth in the U.S. Economy and Industries

Background

A number of research studies by and for
the Federal Highway Administration
(FHWA) Office of Policy Development
document the effects of public highway
capital on logistics system and commercial
sector economic performance. A notable
example is Professor M. Ishaq Nadiri’s 1996
study,! which examined the contributions
of total highway capital and nonlocal high-
way capital to the output growth and pro-
ductivity of 35 industry sectors comprising
the U.S. economy. His 1996 econometric
analysis provides empirical evidence of the
positive impacts of public highway capital
on private-sector costs of production. It also
(1) evaluates the effects of highway capital
investment on the production sector’s de-
mand for labor, private capital formation,
and materials; (2) estimates the marginal
commercial benefits of road system invest-
ments; (3) calculates the net social rate of
return on highway infrastructure spending;
and (4) identifies the contribution of high-
way capital and other economic factors to
the productivity growth rate in the U.S.
economy between 1950 and 1989.

The Current Study

Professor Nadiri’s most recent effort reflects
several extensions and improvements to his
1996 study.’> First, underlying economic
data are extended to include the period
1947 to 1991 and take into account recent
revisions in national income accounting
industry reclassifications. Second, other
types of public infrastructure capital are
introduced into the analysis to address con-
cerns about the effects of omitted explana-
tory variables. Third, assessments of
highway capital’s impact on the private
sector’s demand for labor, capital, and in-
termediate goods are broadened to consider
the output expansion effect of public road
investments.® Finally, detailed estimates of
the effects of highway capital during the

subperiod 1981 to 1991 are provided to
enhance contemporary policy discussions.

The main goal of this research is to
measure the historical impacts of publicly
provided highway capital on the produc-
tion sector of the U.S. economy. Empiri-
cal assessments of the relationships
between highway investment spending
and industry economic performance are
aggregated to produce national economic
measures. It is important to note that the
benefits of infrastructure to the consumer
sector are not considered in the current
work. Although some interactions be-
tween the producer and consumer sector
benefits are likely, consumer benefits are
largely additive to the commercial-sector
benefits estimated in the current study.

The sophisticated nature of the analysis,
the relatively large number of interrelated
economic measures, the comprehensiveness
of the industry sectors considered, the long
time frame of the study, and the variations
in empirical estimates across industries and
over time make a succinct statement of re-
search findings in a nontechnical manner
very difficult. Therefore, this summary of
Professor Nadiri’s 1998 research for the
FHWA is organized in the form of brief an-
swers to several basic questions about the
econoniic impacts of road investments on
the commercial sector of the economy.

1. What are the effects of highway
capital on private-sector produc-
tion costs; level of output; and
demand for labor, capital, and
intermediate goods?

A principal conclusion of this research is
that an increase in the stock of U.S. high-
way capital has an initial direct produc-
tivity effect on business: It reduces the
total cost of producing a given level of out-
put in almost all industries. The cost-
reducing “productivity effect” of highway
capital varies in magnitude across indus-
tries and over time. The size of the high-
way capital productivity effect on each of
the 35 industry sectors that make up the

Arthur Jacoby,
Federal '
Highway
Administration

September 1998
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U.S. economy is indicated by the “cost-
elasticity” measure.* Cost reductions due
to highway capital investment are rela-
tively large (i.e., cost elasticities greater
than -0.08) in such industries as agricul-
ture, food and kindred products, trans-
portation and warehousing, trade,
construction, and other services. In most
manufacturing industries cost elastici-
ties range between -0.04 to -0.06.

To obtain a national-level estimate of
the initial cost-reducing impact of high-
way capital investment, industry cost-
elasticity measures are weighted by the
industry’s share of total national output
and summed. The average cost elasticity
with respect to total highway capital for
the U.S. economy during the period 1950
to 1991 is about -0.08. This is approxi-
mately double the -0.04 estimate reported
in Nadiri’s 1996 study.

The economic impact of highway in-
vestment on the various industry sectors
does not stop with the direct productivity
effect. Cost reductions permit products to
be sold at lower prices, and lower prices
can be expected to lead to output growth.
This is termed the “output effect” of high-
way capital investment. The size of indus-
try output expansion depends on the
nature of the demand for products and,
therefore, varies across industry sectors.
Of course, at higher production levels, a
producer’s total costs will increase because
of the additional labor, capital, and mate-
rials required to make the additional out-
put. An important empirical finding of the
current research is that the higher total
production costs associated with the out-
put expansion effect are “financed” almost
entirely by the cost-saving productivity
gains of highway capital investments.

Given the cost-reducing and output-ex-
panding impacts of highway capital, it is
not surprising that road investments have
a significant effect on the production
sector’s demand for labor, capital, and
materials. The magnitude of the effect,
which is termed conditional factor de-
mand, varies among the three inputs
(labor, capital, materials) and across in-
dustries, and depends on whether we are
examining industry’s demand for resources
in the context of the “productivity effect”

alone (i.e., when output level is held fixed)
or after allowing for the “output effect”
(i.e., when the level of output is allowed
to increase in response to the cost-saving/
price-reducing effects of highway invest-
ment).

The study indicates that highway
capital’s initial “productivity effect” re-
sults in a reduction in the demand for la-
bor and materials but an increase in the
demand for private capital in all industries.
However, the current work also evaluates
changes in the production sector’s demand
for labor, capital, and materials when in-
dustry production levels vary (increase)
due to the “output effect” of highway capi-
tal. While the direction of the impacts on
business demand for labor, capital, and
materials remain the same as under the
productivity effect alone (i.e., highway
capital increases result in reductions in
demand for labor and materials but in-
creases in demand for private capital), the
magnitude of the change in demand for
labor and materials is substantially re-
duced while the demand for private capi-
tal increases significantly. That is, the
output effect of highway capital invest-
ment leads to an even larger “crowding in”
of private capital formation. We can gen-
erally conclude that the productivity and
output effects of road investment substan-
tially change the input ratios of the pro-
duction function in all industries, point
toward an important role for public capi-
tal spending in contributing to investment-
led economic expansions, and imply that
highway capital may be a prerequisite for
growth in private capital investment.

2. What are the marginal benefits
to industry sectors and the
aggregate economy of an increase
in highway capital?

The marginal benefit of highway capital is
measured in terms of its initial cost-reduc-
ing impact (i.e., the productivity effect).
The magnitude of cost reduction depends
on the industry’s elasticity of cost with re-
spect to highway capital and the industry’s
total costs of production relative to the size
of the highway capital stock. The current
research indicates the marginal benefits of
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highway capital are positive in all but three
fairly small industries. Marginal benefit
estimates can be interpreted as a measure
of producer’s “willingness to pay” for an
additional unit of highway capital and vary
considerably across industries and over
time. For most industries, particularly
manufacturing industries, the marginal
benefits of a $1.00 increase in highway
capital range between 0.2¢ and 0.6¢. In-
dustry marginal benefit estimates can be
translated into a dollar value of cost re-
duction in each industry for a given
amount of highway capital spending. The
simplest way to do this is to multiply the
meastre of marginal benefit in each indus-
try by the net increase in highway capital
for a particular year or period.

The calculation of the marginal benefit
of highway capital investment at the na-
tional economy level assumes that the use
of the road system by one industry does
not preclude or reduce the value of its use
by any other industry (i.e., we assume
nonrival consumption of the highway pub-
lic good). Therefore, industry marginal
benefits are additive across the 35 sectors.
The average sum of marginal benefits
across all industries is about 0.294. That
is, a $1.00 increase in the net capital stock
generates approximately 30¢ of “cost-
saving” producer benefits per year. Assum-
ing highway spending covers the deprecia-
tion charges required to maintain the net
capital stock value, benefits can be thought
of as continuing over the design life of the
underlying road improvements. The 30¢
aggregate marginal benefit estimate for
total highway system spending is some-
what larger than the amount reported in
the 1996 study, which estimated a mar-
ginal benefit of 18¢ for total highway sys-
tem capital. It also exceeds the 24¢
estimate given in the earlier study for
nonlocal highway system capital.

3. What is the contribution to
productivity growth of highway
capital, and what is the overall
social rate of return on road
investments?

The contribution of highway capital to pro-
ductivity growth is positive in all industries.

In the previous study, highway capital
increased productivity mainly in manufac-
turing industries but not in nonmanufac-
turing industries. Although the current
results show a more pervasive influence
of highway capital on industry productiv-
ity growth, the magnitudes of the contri-
bution of highway capital vary across
industries. In some industry sectors, the
effect can be quite large. At the aggregate
economy level, highway capital’s contri-
bution to total productivity growth is
about 25%. This contribution is some-
what larger than the 18 % reported in the
1996 work. Nevertheless, the current
study confirms the previous finding that
the main contributor to productivity
growth, both at the industry and aggregate
economy levels, is exogenous demand (rep-
resenting the effects of aggregate income
and population growth).

Nadiri calculates the net social rate of
return to total highway capital as the sum
of industry marginal benefits divided by
the cost of highway capital, minus the de-

- preciation of public capital. The estimated

cost of highway capital is adjusted to ac-
count for the price distortion effect of taxes
levied to finance highway capital, which
effectively raises the cost of highway capi-
tal approximately 46 % above the com-
bined government long-term bond rate and
highway capital depreciation rate. As in
the previous study, current results indicate
that the net social rate of return on total
highway capital was very high during the
1950s and the 1960s, but declined con-
siderably during the 1970s and 1980s. The
average net rate of return on total high-
way capital investment for the 1950 to
1991 analysis period was 32 % per annum.
Although net rates of return on total high-
way capital investment are generally larger
in the current study than in the 1996 ef-
fort, the trend since the 1970s remains
downward. In the 1980s, the rate of re-
turn on highway capital and private-
sector capital appear to have converged at
approximately 16 % per annum.

The declining rates of return on high-
way capital investment since the 1970s are
likely to be an important concern of
policymakers. No doubt the rates of return
on highway capital during the 1950s and
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1960s were very high indeed. These high
returns can be interpreted as signaling a
severe shortage of highway capital during
the early stages of the Interstate highway
construction era. One view of the declin-
ing rate of return trend since the late 1970s
is simply that as interconnective, upper-
level roads were put in place, commercial
transportation needs were addressed, and
subsequently the rates of return on high-
way capital from the production side of
the economy declined to more normal and
sustainable levels. That is, over time, real
reductions have occurred in the flow of
commercial benefits from further addi-
tions to the public highway capital stock.
Alternatively, declining returns may re-
flect the economic effects of relative dis-
investment in road capital during this
period. Crumbling roads and bridges were
of great concern to transportation policy
makers in the 1980s and the extent of the
“Infrastructure crisis” was documented in
several important studies.® If the rate of
public-capital investment during this pe-
riod slipped relative to private-sector in-
vestment and growth in the economy,
increasing demands placed on the avail-
able quantity and quality of public-capital
stock would be manifest by a declining per-
formance contribution. In terms of Pro-
fessor Nadiri’s econometric approach, the
ratio of total highway capital stock to pro-
duction-sector total cost and output lev-
els is very important, because it is a
component of industry cost elasticity, and
thus affects the value of the industry’s mar-
ginal benefits and the rate of return.

4. What evidence is there of over- or
under-supply of highway capital
in the postwar period?

An important public policy question is
whether public highway capital is over- or
under-supplied. Economic efficiency re-
quires an amount of publicly provided
highway capital such that the sum of the
marginal benefits to producers and con-
sumers from one more unit of highway
capital is just equal to the marginal cost of
providing the additional unit of highway
capital. Since consumer marginal benefits
are not known at this time, an alternative

method for determining whether public
capital is optimally provided is used. That
method is to compare the rate of return to
highway capital with the rate of return to
private capital for the whole economy. If
the rate of return on highway capital in-
vestment is higher than that of private
capital, highway capital is under-supplied.
Anincrease in public highway investment
is therefore desirable when the economic
benefit of an additional unit of highway
capital exceeds its cost and the rate of re-
turn that is available from alternative uses
of the required resources.

"In the current study, net social rates of
return for total highway capital are com-
pared to those of private capital for sev-
eral time periods. Although the average
rate of return for the entire analysis pe-
riod (1950-1991) is 32 %, as previously
noted, it has declined continuously since
the 1970s. For example, the average net
rate of return fell from 54 % in 1960-1969,
to 27 % in 1970-1979, and to 16 % for the
period 1980-1991. The net social rate of
return in the 1980s is approximately equal
to the average rate of return on private
capital in the 1980s, implying a close-to-
optimal amount of total highway capital.
However, two points that bear on this find-
ing should be noted. First, the equality
between public and private capital rates
of return is only a partial macroeconomic
assessment because it does not consider
consumer-sector benefits of the road sys-
tem. Consumer benefits may be consider-
able. Second, Nadiri’s previous study
indicates the rate of return on nonlocal
highway capital, the main focus of federal-
aid highway program spending, are ap-
proximately 5% to 7% greater than those
for the total highway capital.

5. How do results for the 1980—-
1991 period differ from those for
earlier decades and the entire
1950-1991 analysis period?

Examination of industry economic data
for the 1980s indicates a pattern of input
usage, output growth rates, and costs that
are similar to previous periods. The effects
on industry output from additional
amounts of labor, private capital, and
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materials are basically of the same magni-
tude as the averages for the entire study
period. However, it is noticeable that in-
dustry internal and total returns to scale
for the 1980s are larger in most industries
than the modest increasing returns to scale
observed over the entire 40-year analysis
period.

The pattern of the distribution of high-
way benefits across industries for the
1981-1991 subperiod is also similar to that
for the entire analysis period. The initial
effect of an increase in highway capital
investment on producer’s demand for in-
puts is similar to that observed in earlier
periods—highway capital substitutes for
labor and materials, but private capital and
highway capital are complements (i.e., the
demand for private capital increases when
investment in highway capital rises).

When an accounting is made for the
output expansion effect induced by the
productivity gains from highway capital,
we also see ostensibly similar results. In
the 1980s, the induced increase in total
costs associated with higher output levels
is approximately of the same magnitude
as the cost reduction or “productivity ef-
fect” of highway capital. This phenom-
enon, which is observed at both the
industry and aggregate economy levels, is
due to the size of the output cost elastici-
ties (the reciprocal of the degree of returns
to scale noted above), which suggest that
a 1% increase in output generates almost
the same increase in cost. That is, the pro-
ductivity gain of highway capital offsets
the increased cost associated with the in-
duced output expansion.

The most significant change in analy-
sis results between the 1981-1991 period
and the rest of the study period involves
the elasticity of cost with respect to high-
way capital. The average percentage
change in producer total cost associated
with a 1% change in the net highway capi-
tal stock for the 1981-1991 is much
smaller. The average cost-elasticity value
is about -0.039 in the 1980s, compared to
an average value for all periods of about
-0.08 (see above). Furthermore, the
economic impact of highway capital on
producer cost continues to decline during
the 1980s. To illustrate, while the average

rate of return on highway capital for the
period 1981-1991 is about 16 %, the rate
of return declines to approximately 10 %
by the end of the period (i.e., in 1991).

Concluding Comments

In this study, Nadiri concentrates on cal-
culating the commercial benefits of high-
way capital to the production sector of
the economy. The welfare benefits of
highway capital to consumers are not
addressed. However, the magnitude of
consumer benefits, including employ-
ment-related trips that are not directly
included in the production-sector analy-
sis, are likely to be significant. Efforts to
account for the total effect of highway
capital on the economy will require mod-
eling the consumption-sector impacts and
ultimately integrating these results with
the production sector in a general equi-
librium model framework. Work in this
area has justbegun and is expected to con-
tinue for some time.

A careful analysis of the size and pat-
tern of industry marginal benefits is
needed. The needs of different industries
for highway services diverge over time and
the degree of benefits of new highway capi-
tal differ considerably across industries.
Because public highway capital creates
important distributional effects across in-
dustries, further analysis of the sign and
magnitude of industry marginal benefits
at a more desegregated level is highly
desirable from a transportation policy
standpoint.

Finding measures to account for qual-

' ity changes in the highway capital stock

and intensity of use of the capital stock
are another consideration for future re-
search. Efforts to differentiate between
wealth- and productivity-based assess-
ments of the public capital stock are now
under way in collateral research.® Never-
theless, the challenge to find ways of con-
verting productive potential capital stock
measures into service flow measures re-
mains. This requires adjustments for uti-
lization of highway capital, taking into
account congestion, intensity of use by
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different industries, and the overall level
of business activity.

Your comments and inquiries are
welcome and should be directed to

Dr. Arthur Jacoby

Office of Policy Development, HPP-10

Federal Highway Administration

400 Seventh Street, SW

Washington, DC 20590

Phone: (202) 366-9248

Fax: (202) 366-7696

e-mail: arthur.jacoby@thwa.dot.gov

"Nadiri, M. Ishaq and Theofanis
Mamuneas, Contributions of Highway Capi-
tal to Industry and National Productivity
Growth, September 1996, Final Report,
FHWA Work Order BAT-94-008. The report
is available online at www.fhwa.dot.gov/re-
ports/growth.pdf or from the FHWA
homepage at www.fhwa.dot.gov. Select
“Publications and Statistics” and click on
the above title.

2Nadiri, M. Ishaq and Theofanis
Mamuneas, Contributions of Highway
Capital to Industry and National Produc-
tivity Growth, September 1996, Final Re-
port, FHWA Work Order BAT-94-008. See
recommendations in Directions for Future
Research, pp. 116-118. Also, the main re-
sults of the 1996 study are presented in
section III of the current work to provide
a context for evaluating new modeling
techniques and the effects of extended and
revised data.

3In Nadiri’s 1996 study, industry out-
put levels were held fixed when calculat-
ing the productivity benefits of highway
investment. The overall substitution of
highway capital for private inputs initially
produces a “productivity effect” in firms
and industries by reducing the cost of pro-
ducing a given level of output. However,
highway capital investment can also be
expected to induce an output expansion
effect that will further affect producer de-
mand for labor, capital, and materials.
That is, the downward shift in production
cost leads to a reduction in product price.

At the lower price, more of the product is
demanded. The resulting increase in the
quantity of the product demanded is
termed the “output effect” of highway
capital. Firms require greater quantities of
labor, capital, and materials to produce the
additional output. Therefore, the total im-
pact of highway capital investment on the
private sector’s demand for labor, capital,
and materials must reflect both the initial
productivity effect and the subsequent out-
put effect. Changes in industry output due
to an increase in highway capital invest-
ment were not considered in the 1996
model.

*Industry measure of “cost elasticity
with respect to highway capital” is one
basic empirical result of Professor Nadiri’s
econometric model. Econometric studies
can generate a number of different cost
and output elasticity measures. This can
be a source of confusion. The simplified
term “cost elasticity” is used in this sum-
mary when the source of the effect on to-
tal production cost is unambiguously
attributable to highway capital investment.
The cost-elasticity value indicates the per-
centage change in the total cost of produc-
ing a given level of output that is associated
with a 1% change in the value of the high-
way capital stock. It is mathematically de-
rived from the econometric estimation of
the industry cost function by taking the
first partial derivative of the total cost
function with respect to highway capital.
A negative signature (sign) indicates that
an increase in highway capital results in
total cost reduction.

>See, for example, Fragile Foundations:
A Report on America’s Public Works,
National Council on Public Works Im-
provement, February 1988, and High Per-
formance Public Works, U.S. Advisory
Comumission on Intergovernmental Rela-
tions (ACIR), Report SR-16, November
1993.

®The Quality Adjustment of Public
Capital Stock research is under the direc-
tion of Professor Barbara Fraumeni,
Northeastern University. A pro forma
“productive” highway capital stock assess-
ment for use in future econometric stud-
ies was produced in February 1999.
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Appendix B:

A Preliminary Assessment of the Similarity
Between Nadiri's Industry Cost Elasticity and TSA's
Transport Intensity Mecasure

Introduction

The U.S. Transportation Satellite Ac-
counts (TSA) for 1992 were jointly devel-
oped by the Bureau of Transportation
Statistics (BTS) of the U.S. Department
of Transportation and the Bureau of Eco-
nomic Analysis of the U.S. Department
of Commerce. The primary purpose of this
project was to address the under-represen-
tation of transportation activities in na-
tional economic accounts. The magnitude
of transportation services has long been
underestimated in national economic data
used by government and private-sector
decisionmakers. One reason is that, until
now, national measures of transportation
services only included the value of for-hire
transportation, that is, transportation ser-
vices provided by transportation firms to
industries and the public on a for-hire ba-
sis. The sizable quantity of transportation
activities performed by nontransportation
industries, or in-house transportation,
were not explicitly identified, and their
output was counted as part of those
nontransportation industries’ output,
rather than transportation output.

The publication of TSA 1992 in April
1998 provided, for the first time, much
more complete and accurate estimates of
transportation activities in the U.S.
economy and their contributions to Gross
Domestic Product. More important, the
TSA 1992 provides this information on an
industry basis. Detailed data on the use of
transportation services at the industry level
reveal several important features concern-
ing the role of transportation in industry
production, and transportation intensity
coefficients from the TSA provide an em-
pirical basis for productivity study.

Contribution of Highway Capital to Out-
put and Productivity Growth in the U.S.
Economy and Industries, by Nadiri and
Manuneas, analyzed and measured the con-
tribution of highway capital to private sec-
tor productivity growth. Using disaggregated
data for 35 industry sectors, Nadiri’s model
identified the determinants of productivity

growth for each industry, including the con-
tribution of public highway capital. The cost
elasticities with respect to highway capital
for each of the 35 industry sector in Nadiri’s
study indicated that an increase in highway
capital reduced cost in all but three indus-
try sectors. There is a fairly wide range in
the magnitudes of the cost elasticities across
industries. Why is this so? Nadiri speculated
that industries with large negative cost elas-
ticities were probably intensive users of the
highway network while industries with
small cost elasticities were less intensive us-
ers. (See page 39 of Contribution of Highway
Capital to Output and Productivity Growth
in the U.S. Economy and Industries, Nadiri
and Manuneas, 1998.)

The goal of this research note is to test
Nadiri’s speculation through correlation
analysis of the cost elasticities with respect
to highway capital reported in Nadiri’s lat-
est study and the transportation intensity
coefficients from TSA 1992.

Match Industry
Classification of TSA
1992 with that in Nadiri's Study

The first step of our analysis was to match
industry classifications used in TSA 1992
with the 35 industry sectors used in
Nadiri’s study. In TSA 1992, the industry
classification is much finer, consisting of
about 500 industry classifications. Hence,
the natural choice to bring the industries
in the two projects to a comparable basis
is to aggregate the 500 industries in TSA
1992 into the 35 industries. Since indus-
try classifications in both Nadiri’s study
and TSA 1992 were based on Standard
Industry Classification (SIC) codes, the ag-
gregation was relatively straightforward.
Table 1 presents the 35 industry classi-
fications used by Professor Nadiri, their
average cost elasticities with respect to
highway capital for the period 1981-1991,
and their corresponding aggregated trans-
portation intensities from TSA 1992.

Arthur C.
Jacoby and
Xiaoli Han

February 1999
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Table 1: Nadiri’s Cost Elasticity Estimates and TSA's
Transportation Intensity Estimates by Industry Sector

1981-1991 Total HW Total
ge CE to P i P Logistic cost | Logistic cost | intermediate
highway intensity intensity per $ output | per $ output | inputs per §
industry inf coefficient coeflicient (Proxy A) (Proxy B) output
1 Agriculture, forestry, fishery -0.054 0.080 0.069 0.173 0.159 0.637
2 Metal mining 0.013 0.060 0.051 0.118 0.108 0.626
3 Coal mining -1.979 0.089 0.052 C,‘I 48 0111 0.445
4 Crude petroleum and natural gas -0.041 0.021 0.016 0.920 0214 0.542
5 Non metallic mineral mining 0.002 0.102 0.094 0.156 0.148 0457
6 Construction -0.073 0.077 6.976 0.190 0.186 0.584
7 food and kindred products -0.063 0.038 0.027 0.101 0.090 0.702
8 Tobacco manufacture products -0.013 0.009 0.006 0.198 0.195 0.360
9 Textile mill products -0.029 0.028 0.020 0.076 0.068 0.663
10 Apparel and other textile products -0.031 0.021 0.017 0.104 0.099 0.657
11 Lumber and wood products -0.031 0.048 0.036 0.100 0.088 0.642
12 Furniture and fixtures -0.018 0.051 0.045 0.118 0111 0.571
13 Paper and allied products -0.041 0.052 0.036 0.108 0.091 0.622
14 Printing and publishing -0.045 0.029 0.021 0.130 0.192 0.458
15 Chemical and allied products -0.052 ‘ 0.036 0.022 0.144 0.130 0.582
16 Petroleum refining -0.047 0.048 0.009 0.096 5757 0.868
17 Rubber and plastic products -0.043 0.048 0.035 0.117 0.104 0.607
18 Leather and leather products 0,008 0.037 0.033 0111 0.107 0.641
19 Stone, clay, and glass products -0.028 0.095 0.070 0.157 0133 0.535
Q0 Primary metals -0.048 0.056 0.036 0.115 0.095 0.695
91 Fabricated metal products -0.041 0.028 0.021 0.094 0.087 0.582
92 Machinery, except electrical -0.054 0.021 0.015 0.082 0.077 0.582
93 Electrical machinery -0.050 0.016 0.010 0.084 0.079 0.539
94 Motor vehicles -0.052 0.036 0.027 0.129 0,120 0.795
95 Other transportation equipment -0.045 0.020 0.013 0.083 0.076 0.542
96 Instrurnents -0.040 0.012 0.007 0.094 0.089 0.426
27 Miscellaneous manufacturing -0.018 0.028 0.022 0.128 0,123 0.573
98 Transportation and warehousing -0.061 0.111 0.004 0.941 0.150 0.435
99 Communication -0.052 0.007 0.004 0.195 0.192 0.444
30 Electrical utility -0.050 0.039 0.006 0113 0.080 0.356
31 Gas utility -0.036 0.012 0.003 0.064 0.055 0.761
32 Trade -0.087 0.048 0.044 0.993 0.218 0.377
33 Finance, insurance, real estate -0.082 0.007 0.005 0.998 0.926 0.296
34 Other services -0.090 0.025 0.021 0.943 0.238 0.380
35 Government enterprises -0.037 0,036 0.016 0.143 0.193 0416

The cost elasticity with respect to high-
way capital in Nadiri’s study was defined
as follows: .

n,, = - (9C/08) x (S/C)

Wheren_is the cost elasticity with respect
to highway capital; C is an industry’s total
production cost and dC is the change in the
total cost; and S is the total highway capital
and JS is the change in highway capital.

The transportation intensity from TSA
1992 was defined as follows:

I = T/Q

Where I, is the transportation inten-
sity of an industry, or transportation cost
per unit output; T is the transportation
cost of the industry or the industry’s use
of transportation services; and Q is the

output of the industry or the industry’s
production cost plus profit.

In Professor Nadiri’s results, the indus-
tries with the largest cost elasticities dur-
ing the 1980s, in a descending order, were
as follows:

Industry Industry Cost
Number Name ’ Elasticity
34 Other services -0.090
32 Trade -0.087
33 Finance, insurance, real estate  -0.082
6 Construction -0.073
7 Food and kindred products -0.063
28 Transportation and warehousing -0.061

1 Agriculture -0.054
99 Machinery except for electrical -0.054

The industries that had small cost elas-
ticities were coal mining (3) (-0.013),
tobacco manufacturing (8) (-0.013), fur-
niture and fixture (12) (-0.018), and mis-
cellaneous manufacturing (27) (-0.018).
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Three industries that had counterintuitive
signs for their cost elasticities were metal
mining (2) (+0.013), nonmetallic mineral
mining (5) (+0.002), and leather and
leather products (18) (+0.008). But, Pro-
fessor Nadiri notes that “much should not
be made of this result. These are very small
industries and the magnitudes of these
elasticities are very small and probably not
well estimated.”

Using TSA 1992 information, two
transportation intensity measures were
calculated for this analysis: highway trans-
portation intensity and total transporta-
tion intensity. Highway transportation
intensity is the share of highway transpor-
tation cost in total output of each indus-
try. Total transportation intensity is the
share of the sum of all mode transporta-
tion costs {e.g., highway plus rail, air, wa-
ter, and pipeline) to total output of each
industry. Since highway transportation
cost is part of total transportation cost,
highway transportation intensity is always
smaller than total transportation intensity.
However, for most industries, the differ-
ences between the two are not large be-
cause highway transportation cost is the
dominant portion of total transportation
cost. Industries that are most highway
transportation intensive, in descending
order, are as follows:

Industry Industry Cost
Number Name Elasticity
5 Nonmetallic mineral mining 0.094
6 Construction 0.073
19 Stone, clay, and glass products  0.070
1 Agriculture 0.069

The industries that were least highway
transportation intensive are gas utility (31)
(0.003), communication (29) (0.004), fi-
nance, insurance, and real estate (33)
(0.005), electricity utility (30) (0.006),
and tobacco manufacturing (8) (0.006).

Initial Hypothesis

Nadiri’s estimates of cost elasticity with re-
spect to highway capital are highly corre-
lated with TSA’s 1992 estimates of highway

transportation intensity. An industry with
large highway transportation intensity
would be expected to have a large cost elas-
ticity with respect to highway capital and
industries with low highway transportation
intensity would be expected to have a small
cost elasticity.

The underlying rationale for this hy-
pothesis is that an increase in highway
capital contributes directly to productiv-
ity growth of highway transportation ser-
vices, and higher productivity of highway
transportation services reduces the cost of
highway transportation. Other things be-
ing equal, industries with high transpor-
tation intensity would benefit more from
a reduction in highway transportation cost
than industries that use highway transpor-
tation less intensively.

Results of Testing
the Initial Hypothesis

The first test we conducted was to calcu-
late the correlation coefficient between the
35 industries’ cost elasticities with respect
to highway capital in Nadiri’s study and
the same industries’ highway transporta-
tion intensities from TSA 1992. Since cost
elasticity and highway transportation in-
tensity have different signs, we would ex-
pect alarge negative correlation coefficient
if the initial hypothesis is true. The corre-
lation coefficient resulting from our cal-
culation was 0.269. This correlation
coefficient was not only small, but also had
a wrong sign. We were forced to accept the
conclusion that there is no correlation
between Nadiri’s estimates of industry cost
elasticities and industry’s highway trans-
portation intensity estimates from TSA
1992. This result is evident in the scatter
plot presented in Figure 1.

A second test we conducted was to cal-
culate the correlation coefficient between
the 35 industries’ cost elasticities with re-
spect to highway capital in Nadiri’s study
and the same industries’ total transporta-
tion intensitieés from TSA 1992. We sus-
pected that highway transportation
intensity of an industry might not be a
good indicator of the marginal benefit of
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Figure 1:
Correlation Between Cost Elasticity
and Highway Transportation
Intensity Coefficient (0.269)

1 Highway transportation intensity coefficient
= 1981-91 average CE to highway

Figure 2:
Correlation Between Cost Elasticity
and Total Transportation
Intensity Coefficient (0.173)

4 Total transportation intensity coefficient
= 1981-91 average CE to highway

highway capital to that industry. The
reason is that highway is only one of the
transportation modes, and there is high
substitutability between highway trans-
portation and other modes, such as rail
transportation and air transportation. An
industry with a low highway transporta-
tion intensity might benefit greatly from
highway investment and increased produc-
tivity of highway transportation services,
because its total transportation intensity
is high. The industry may substitute an-
other mode with highway to fully take
advantage of increased productivity in
highway transportation. Hence, total
transportation intensity might be a better
indicator of marginal benefit of highway
capital to an industry.

However, the result of our second test
also showed no correlation between
Nadiri’s estimates of industry’s cost elas-
ticities and industry’s total transportation
intensity estimates from TSA 1992, either.
The correlation coefficient between
industry’s cost elasticity and industry’s
total transportation intensity was very
small (0.173) and not correctly signed. Fig-
ure 2 presents the result of the second test.

Modified Hypothesis

Cost elasticity with respect to highway capi-
tal is highly correlated with industry’s lo-
gistic cost. Industry with high logistic cost
would be expected to have large cost elastici-
ties with respect to highway capital and in-
dustries with low logistic cost would be
expected to have small cost elasticities.

The rejection of our initial hypothesis
was against our intuition and led us to
think deeper about the underlying
mechanism through which highway capi-
tal affects industry production. The next
idea we explored was that in addition to
increasing the efficiency of highway
transportation, and hence reducing
transportation cost, highway capital ben-
efits industry production by enabling
businesses to organize their production
in new and different ways. “Just-in-time”
inventory practices are a good example
of a mechanism through which highway
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capital benefits industry production in
.more ways than just reducing transporta-
tion cost. The “bottom line” interest of
businesses to reduce total production cost
and cost elasticities is in fact a measure of
the change in total production cost (not
just transportation cost). Therefore, more
efficient transportation may actually in-
crease rather than decrease the share of

“transportation cost in total production
cost as business substitutes transportation
for other production inputs. We asked,
within an integrated production system,
which subsystem will be affected most by
changes in transportation? Our answer
was the logistics system. Transportation
is an important link of the logistic chain.
Changes in transportation characteristics,
such as speed, reliability, and flexibility,
directly affect the way that business orga-
nizes components of the distribution sys-
tem, which in turn affects total logistics
costs. Therefore, the share of logistic cost
in an industry’s production cost might be
better than the share of highway transpor-
tation cost as an indicator of the magni-
tude of potential benefits that the industry
might receive from increases in highway
capital.

To test the modified hypothesis, we
constructed two logistic cost proxies us-
ing data from TSA 1992. In Proxy A, the
total transportation intensity measure is
augmented by the TSA cost coefficients
for the finance, insurance, and real estates
sector, the other services sector, and the
government enterprise sector. In Proxy
A, the highway transportation intensity
measure is augmented by the TSA cost
coefficients for the finance, insurance,
and real estates sector, the other services
sector, and the government enterprise
sector. The reason for these augmenta-
tions is that cost coefficients for these
three sectors capture the most logistics
costs. The cost coefficient for the finance,
insurance, and real estates sector includes
the costs of motor vehicle insurance, com-
modity broker and insurance, real estate
broker, and warehouse rents. The cost
coefficient for the other services sector
includes the costs of automotive rental
and leasing, automotive repair shops and
services, and automotive parking and car

washing. The cost coefficient for the gov-
ernment enterprises sector includes the
costs of postal services and government
passenger transit.

Results of Testing
the Modified Hypothesis

We again started our test by calculating
the correlation coefficients. The correla-
tion coefficient between the 35 industries’
cost elasticity with respect to highway and
logistic cost Proxy A was -0.46, while the
correlation coefficient for Proxy B was
-0.45. Not only did the absolute value of
the correlation coefficients increased sig-
nificantly, but, more importantly, the co-
efficients also were correctly signed. Since
Professor Nadiri’s cost elasticity estimates
for metal mining (2), nonmetallic mining
(5), and leather and leather products are
admittedly questionable, they are consid-
ered as outliers. When these three indus-
tries were removed from the data set, the
correlation coefficient for Proxy A in-
creased to -0.55 and correlation coefficient
for Proxy B increased to -0.57. The corre-

“sponding R? for the two coefficients are

0.31 and 0.32, respectively, indicating that
about one-third of the variance in cost elas-
ticity across industries reflects or can be
explained by the variance in industries’ lo-
gistic costs. These results are shown in Fig-
ure 3 and Figure 4.

The second step was to test whether the
correlation coefficients would be statisti-
cally significant. We ran a simple regres-
sion analysis between cost elasticity and
logistic cost proxies, which automatically
generated F-test results about the correla-
tion coefficients. The F value for the cor-
relation coefficient of Proxy A was 13.2.
And the F value for the correlation coeffi-
cient of Proxy B was 14.3. Both are about
two times as large as the critical value
(7.56) of F test with degrees of freedom of
(1, 30) and significance level of 0.01. In
other words, the F-test states that the
modified hypothesis can be accepted with
99 percent confidence.
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Figure 3:
Correlation Between Cost Elasticity
and Logistic Cost Coefficient
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Figure 4:
Correlation Between Cost Elasticity
and Logistic Cost Coefficient
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Conclusion

1. Highway capital affects industry pro-
duction in much broader ways than
just reducing highway transportation
cost. Faster, more flexible, and more
reliaple highway transportation en-
ables industries to organize produc-
tions in new and different ways.

2. There is no correlation between
Nadiri’s estimates of industry cost elas-
ticities with respect to highway capi-
tal and the transportation intensity
coefficients (total or highway only)
from TSA 1992. However, there is sta-
tistically significant correlation be-
tween cost elasticity with respect to
highway capital and total logistic cost.
These findings indicate that the share
of logistics cost in an industry’s pro-
duction cost might be a better object
of analysis than the share of highway
transportation cost in future re-
searches about the magnitude of poten-
tial benefits from increases in highway
capital investment.
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Table 2: Correlation Analysis of Cost Elasticity of
Nadiri Study with Industry Transportation
Intensity Coefficients of TSA 1992

Cost Elasticity Cost Elasticity of

Correlation of Nadiri study  Nadiri study**

Al transportation intensity coefficient 0.17 0.01

Highway transportation intensity coefficient 0.297 0.02
Total intermediate input coefficient 0.20 0.21

Logistic cost coefficient (Proxy A) -0.46 -0.55
Logistic cost coefficient (Proxy B) -0.45 -0.57
Industry use of all transportation services -0.66 -0.72
Industry use of highway transportation services -0.62 -0.70

**Correlation coefficients were based on a modified data set in which three industries
with positive signs for cost elasticity were removed. These three industries
were metal mining, nonmetallic mining, and leather and leather products.

Table 3: Results of Statistical Significance Test

A. Regression of cost elasticity with logistic cost cocfficient (proxy A)

Regression Statlstics

Multiple R 0.553
R Square 0.306
Adjusted R Square 0.282
Standard Error 0.016
Observations 32
ANOVA
df SS MS F Slgnificance F

Regression 1 0.00353 0.00353 13.20131 0.00103
Resiciual 30 0.00802 0.00027
Total 31 0.01155

Coefficients  Standard Error t Stat P-value Lower 95% Upper 95%
Intercept -0.01760 0.00830 212139 0.04226 -0.03455 -0.00066
X Variable 1 -0.20698 0.05697 -3.63336 0.00103 -0.39331 -0.09064

B. Regression of cost elasticity with logistic cost coefficient (proxy B)

Regression Statistics

Multiple R 0.569
WR Square 0.324

Adjusted R Square 0.301

Standard Error 0.016

Observations 32

ANOVA

df SS MS F Significance F

Regression 1 0.00374 0.00374 14.34765 0.00068

Residlual 30 0.00781 0.00026

Total 31 0.01155

Coefficients _ Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -0.01939 0.00755 -2.56836 0.01544 -0.03480 -0.00397
X Variable 1 -0.21611 0.05705 -3.78783 0.00068 -0.33262 -0.09959
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Appendix C:
Productive Highway Capital Stocks

Introduction

Capital stock information is an important
component of economic studies examin-
ing the relationship between public infra-
structure investments and private-sector
performance. In order to determine the
productivity of public infrastructure, more
broadly all forms of public capital, an ac-
curate measure of public capital is needed.
A number of studies have examined the
productivity of public infrastructure and
use capital stock as a primary input, nota-
bly those of Aschauer (1989), Munnell
(1990), and Nadiri and Mamuneas (1996).
There are other studies whose primary
focus is the estimation of highway or other
types of transportation capital stock, no-
tably those of Faucett and Scheppach
(1974), Bell and McGuire (1994, 1997),
Dalenberg and Eberts (1994). Unfortu-
nately the capital stock imbedded or con-
structed in each of these studies and the
majority of other studies suffer from at
least one of three shortcomings.

A project recently undertaken for the
Federal Highway Administration con-
structs a highway capital stock and de-
scribes the underlying concepts and
methodologies (Fraumeni, 1999). The
three major shortcomings of other studies
are as follows:

1. The use of wealth instead of produc-
tive stocks

2. Animplicit new construction or recon-
struction assumption

3. An insufficient number of years from
stock calculation starting point or the
lack of a benchmark.

These concerns are briefly outlined in
this paper.

Use of Wealth Instead of
Productive Capital Stocks

Very few researchers are aware of the dif-
ference between productive and wealth
capital stock. Productive capital stock is
the stock which has been adjusted for the
decline in the potential productive services
of an asset as it ages. Wealth capital stock
is the capital stock evaluated at its market
value. Productive capital stock is clearly
the relevant measure for analysis of pro-
ductivity or the contribution of infrastruc-
ture to economic growth. Unfortunately,
the majority of previous studies were con-
taminated by direct use of wealth capital
stocks, use of assumptions from wealth
capital stock studies, or controlling or
benchmarking to wealth capital stock es-
timates.

Economists favor the light bulb example
to explain the difference between the two
types of stock. Assume a light bulb is ca-
pable of shining for 12 months. At any
point in time over that 12 months, until
the bulb stops shining, it is 100 % produc-
tive because the intensity of light is con-
stant. However, if one sold the light bulb
after 6 months of use, a rational buyer
would only be willing to pay approxi-
mately half of the original purchase price.
In stock measurement, at the 6 month
point, the productive capital stock of the
light bulb is about double the wealth capi-
tal stock.

Until recently, the Bureau of Economic
Analysis published estimates of wealth
capital stocks (BEA, 1993) which differed
from the corresponding productive capi-
tal stocks. Wealth capital stocks are needed
for the national income and product ac-
counts, which are produced by BEA. Al-
though BEA documentation warns users
not to use wealth stocks for productive
stocks, this warning apparently was over-
looked or unheeded by most researchers.

Barbara M.
Fraumenit

February 1999

tThis paper represents views of the author and is not an official position of the Bureau of Economic Analysis or
the Department of Commerce. The research described in this paper was conducted while the author was at

Northeastern University.
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For components of the stock for which the
concepts differ, the Fraumeni productive
stock is as much as 1.4 times the corre-
sponding wealth capital stock.! For most
assets, there is no longer a difference be-
tween BEA wealth stocks and the corre-
sponding productive stocks (Fraumeni,
1997; Katz and Herman, 1997); however
the Fraumeni FHWA study suggests
changes in the BEA highway wealth stock
methodology that would imply differing
estimates for wealth and productive capi-
tal stocks.

Implicit New Construction
or Reconstruction Assumption

The distribution of basic components capi-
tal outlays for newly constructed or recon-
structed roads are clearly different from
the distribution of basic components out-
lays for other types of capital outlays. For
example, in the 1997 Cost Allocation Study,
rural other principal arterials capital out-
lay for grading as a percentage of outlays
for pavement plus grading varied from
6.30% for resurfacing to 37.6 % for new
construction. The Faucett and Scheppach
(1974) pavement, grading, and structure
split undoubtedly reflects the distribution
of basic components outlay for new con-
struction or reconstruction. Approxi-
mately one-third of the studies surveyed
in Fraumeni (1999) use Faucett and
Scheppach (1974) distribution splits. In
1921, new construction and reconstruc-
tion was only 8.5% of total capital out-
lays on locally administered roads, in 1995
the corresponding figure is 10.4% .2 The
corresponding figure for state-adminis-
tered roads, excluding Interstates, is
25.5% in 1921 and 31.2% in 1995. Ac-
cordingly, new construction and recon-
struction splits are inappropriate for most
capital outlays.

Number of Years from
Calculation Starting Point
or the Lack of a Benchmark

Some of the components of a highway have
a very long service life, for example, com-
mouly grading is assigned an 80-year ser-
vice life and structures are assigned a
50-year life. Researchers frequently use the
perpetual inventory method to calculate
capital stocks without an initial year
benchmark. The post-World War II stock
estimates of only a few studies, notably
those of Faucett and Scheppach (1974)
and the Bureau of Economic Analysis
(1993), are unaffected by this problem as
their initial years are as early as the 1870s.
Failing to benchmark estimates can signifi-
cantly downward bias capital stock esti-
mates in studies with an initial capital
outlay year in the 20 century. The
Fraumeni 1921 benchmarked estimates
are 10 times larger than the comparable
Bell and McGuire (1994, 1997) and
Dalenberg and Eberts (1994) estimates in
1931, their initial year. Although between

1950 and 1960 the difference drops from

0.9 times to 0.08 times larger, the differ-
ence persists in the 1970s, 1980s, and
1990s, the Fraumeni estimates varying
from 0.08 times to 0.25 times larger than
the Bell and McGuire estimates. The dan-
ger of underestimation is particularly high
for state or local estimates, as the time span
for capital outlay series is typically fairly
short.

Conclusion

Prior estimates of highway productivity or
its contribution to economic growth may
be incorrect because of problems in con-
struction of the all-important capital stock
input to these studies. The extent of the
potential problem does vary by study. The
Nadiri and Mamuneas (1996) capital stock
estimates are the closest to the Fraumeni
estimates of all estimates examined.
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	Summary 
	Summary 
	Summary 

	In the early 1990s, academic research pro­posing a vital connection between public infrastructure investment and "productiv­ity growth rate" coincided with an eco­nomic recession, sparking great interest in the potential for investment in transpor­tation as a way to spur economic growth. However, the strong claims of the initial research, put forward most notably by David Aschauer, now of Bates College, and later by Alicia Munnell of the Boston Fed­eral Reserve Bank, came under attack in the research commun
	On February 23, 1999, 35 academic, government, and private-sector leaders met in Washington, DC, to discuss the importance of transportation investment for the future of the American economy. The one-day conference, sponsored by the Eno Transportation Foundation, focused on two issues: 
	• 
	• 
	• 
	Improving the tools used in the eco­nomic analysis of the relationship be­tween transportation investment and growth 

	• 
	• 
	Improving ways to communicate find­ings to policy makers and the public 


	Ishaq Nadiri of New York University and the National Bureau of Economic Re­search presented the results of his most recent national study, Contributions of Highway Capital to Output and Productiv­ity Growth in the U.S. Economy and Indus­tries. This work offers solid support for the value of transportation investment. Analyzing the costs of 35 different indus­try groups over a 40-year period, Nadiri finds that greater investment in transpor­tation infrastructure leads to lower busi­ness costs in almost all o
	Ishaq Nadiri of New York University and the National Bureau of Economic Re­search presented the results of his most recent national study, Contributions of Highway Capital to Output and Productiv­ity Growth in the U.S. Economy and Indus­tries. This work offers solid support for the value of transportation investment. Analyzing the costs of 35 different indus­try groups over a 40-year period, Nadiri finds that greater investment in transpor­tation infrastructure leads to lower busi­ness costs in almost all o
	studied. The average rate of return for these transportation investments through­out the study period is at or above the av­erage rate of return for private-sector investments. The corresponding implica­tionis that the government's expenditure oftax money on transportation infrastruc­ture has been an economically worthwhile activity. However, the most recent average returns have been the smallest of the past 40 years, indicating that the current high­way system may have reached maturity. 

	Ishaq Nadiri and the forum participants identified several areas for future research. While Nadiri's study effectively captured the national effects of building the Inter­state Highway System, the effect of such investment on a more local scale needs to be analyzed. One important area for future research is to incorporate the level of use of transportation infrastructure into stud­ies. Trucking deregulation, enacted in the early 1980s, and increases in traffic con­gestion are believed to have profound ef­fe
	Figure
	Curtis Wiley, Indiana Department of Transportation, Forum Chair 
	Curtis Wiley, Indiana Department of Transportation, Forum Chair 
	(l,eft), andishaq Nadiri, New York University 

	Summary vii 
	Participants also identified other ways to improve the tools of economic analy­sis. Several members of the group ex­pressed a desire to measure benefits from transportation investment beyond the typical cost reductions for industry. The economy also benefits when transporta­tion improvements increase the attractive­ness of tourism and passenger safety. Arthur Jacoby of the Federal Highway Administration and Charlie Han of the Bureau ofTransportation Statistics offered evidence that industries with higher pr
	Clyde Pyers of the Maryland Depart­ment of Transportation and Greg Bischak from the Appalachian Regional Commis­sion presented state and regional case stud­ies of highway investment programs. These studies showed reasonable rates of return to recent highway investments, rela­tive to promoting short-term job creation, providing construction spending benefits, reducing longer-term industry costs, and affording net travel savings to the public. A few participants questioned whether these regional investments c
	While analytical improvements to bet­ter measure the relationship between transportation and growth is a vital activ­ity, effectively communicating results to policymakers and the public is an equally important challenge. Miles Friedman of the National Association of State Devel­opment Agencies and Terrence Mulcahy 
	While analytical improvements to bet­ter measure the relationship between transportation and growth is a vital activ­ity, effectively communicating results to policymakers and the public is an equally important challenge. Miles Friedman of the National Association of State Devel­opment Agencies and Terrence Mulcahy 
	from the Wisconsin Department ofTrans­portation led the group to a number of insights. Rate of return measures of the kind generated by Nadiri's work provide justification for implementing transporta­tion investment policies. At the same time, such returns alone may notbe sufficiently compelling to the general public and legis­lators. Case studies and individual stories often provide much more effective calls to action. Effectively communicating results becomes a question ofhow to tie together local impacts

	One solution is to use stories and stud­ies in tandem. National and state studies may reinforce and provide context for lo­cal anecdotes, and they can provide a start­ing point for local discussions of the pros and cons of specific projects. Conversely, stories of successful transportation projects can provide the edge needed to generate wider appeal for infrastructure investments. 
	One solution is to use stories and stud­ies in tandem. National and state studies may reinforce and provide context for lo­cal anecdotes, and they can provide a start­ing point for local discussions of the pros and cons of specific projects. Conversely, stories of successful transportation projects can provide the edge needed to generate wider appeal for infrastructure investments. 
	Another solution is to make the results more closely address the questions that policymakers and the public want an­swered. People want to know about transportation's relationship not only with growth, but also with quality of life, com­munity development, and local commerce. Because of its role as a facilitator of activ­ity, states and regions should incorporate transportation analysis into their strategic planning and tie it into the area's economic development plan. Different regional devel­opment priori
	Overall, the conference offered several studies supporting the value ofrecent high­way investment and identified a number of ways to improve future work in this field. By continuing to refine our tools to understand the mechanisms ofgrowth and by using these tools to address a wider set of public concerns, we can more clearly illuminate the ways in which transporta­tion investments change lives. 
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	Forum Proceedings 
	Forum Proceedings 
	Forum Proceedings 

	Background and Introduction 
	Background and Introduction 
	The United States at the close of the 20century is enjoying a resurgence of eco­nomic growth and vitality that scarcely could have been imagined a decade ago. In the past few years, growth in the nation's productivity (i.e., growth that is not accounted for by increases in the amount of labor or capital in use in the economy) has reached levels not seen in 20 years, levels that many economists feared would never be seen again. Alan Greenspan, the Chairman of the Federal Reserve System, is widely hailed as a
	th 

	Transportation improvements foster improvements in the business environ­ment. Cheaper transportation increases the size of markets. With larger markets, firms can realize greater economies of scale in production. Inputs to the production process may become cheaper because of lower transport costs. The size of the la­bor pool expands. Inventory management becomes easier. New land and new re­sources can be put to productive use, and greater specialization can occur. 
	With the building of the Interstate High­way System, the nation made a huge in­vestment in transportation infrastructure during the 1950s and 1960s. As the Inter­state Highway System neared completion in the early 1970s, transportation invest­ment dropped, and it remained relatively smaller through the 1980s and 1990s. Since then, the nation's highway system. has suffered increasingly from lower main­tenance and increased traffic congestion, to which front-page stories in newspapers regularly attest. 
	The public clearly understands how much longer it takes to get to work today than it did 20 years ago. Is the public aware of the larger changes in economic activity spurred by the improvement of transpor­tation systems? The slowdown in eco­nomic productivity that started in the 1970s (and that may or may not now be over) has been a puzzle for economists and the country for the past two decades. Once upon a time, economic historians consid­ered the effect of canals and railroads on the economy. But it took 
	Aschauer found huge benefits to the economy from public infrastructure in­vestment and blamed the anemic perfor­mance of the economy in the 1970s and 1980s on the severe shortfall of such spending. His study and its clear call to action then came under intense scrutiny. Once put under a microscope, these claims lost a measure of their credibility; but the questions the study had provoked-why productivity growth had fallen and what effect public infrastructure investment, particularly transportation investme
	Three years ago, the Eno Foundation held its first forum to address this second question. The Federal Highway Adminis­tration and the American Association of State Highway and Transportation Offi­cials, through the National Cooperative Highway Research Program, asked the Eno Foundation to host a conference discuss­ing the importance of transportation in­vestment for the American economy. Transportation experts and policymakers from the private sector, public sector, and academia converged on Washington, DC,
	Forum Proceedings 
	The participants heard quantitative evidence of the importance of transpor­tation investment from several parties. Ishaq Nadiri presented the results of a na­tionwide study spanning four decades that showed solid rates of return for the Interstate Highway System. Randall Eberts of the Upjohn Institute provided corroboration with studies of the rates of return on highway investment for locali­ties. Colin Gannon of the World Bank offered estimates that World Bank trans­portation investments also had high so­c
	Three years later, the completion of a new study by Ishaq Nadiri presented an opportunity to conduct a second forum in which to revisit this important topic. The following report draws forth the most sa­lient conclusions and intriguing specula­tions from that day. 
	In the first session of the forum, N adiri presented the results of his most recent study ofthe contribution ofhighway capi­tal to economic growth and productivity. In the second session, Arthur Jacoby and Charlie Han discussed their research ex­ploring the connections between Ishaq Nadiri's cost elasticity results and other transportation-related industry character­istics. Barbara Fraumeni described her rec­ommendations for improving the quality of the highway capital stock data used by much of the empiric
	In the first session of the forum, N adiri presented the results of his most recent study ofthe contribution ofhighway capi­tal to economic growth and productivity. In the second session, Arthur Jacoby and Charlie Han discussed their research ex­ploring the connections between Ishaq Nadiri's cost elasticity results and other transportation-related industry character­istics. Barbara Fraumeni described her rec­ommendations for improving the quality of the highway capital stock data used by much of the empiric
	appendices contain the text of selected papers discussed during the forum. 

	The Need for this Forum 
	The Need for this Forum 
	The growth of economic prosperity in America should not be taken for granted. For more than 100 years, from the end of the Civil War to the early 1970s, the Ameri­can economy grew at a rate of nearly 3.5 % per year. In the 20 years that followed, through the end of the 1980s, the economy's rate of growth slowed by more than a per­centage point to 2.4 % annually. Economic growth can be adjusted to account for changes in the use oflabor in the economy to better measure the change in a nation's standard oflivi
	The construction ofthe Interstate High­way System in the 1950s and 1960s coin­cided with a period ofstrong growth in the American economy. The nation's highway capital stock is a dollar value measure of the infrastructure in the national road and highway system. From 1952 to 1959, the nation's highway capital stock grew at an annual rate of 6.2 % . During the past 20 years of slower economic growth, the rate ofaddition to the nation's highway system has dropped markedly. Since 1982, the rate of growth has f

	Transportation Investment: New Insights from Economic Analysis 
	Recent research shows that investment in the national highway system has pro­vided demonstrable benefits to the U.S. economy over the last several decades. However, public awareness of this ben­efit may be lacking. Part of the need for this forum is to communicate these prom­ising research results in clear terms to the public. Ultimately, the country needs a vision of transportation investment for the postinterstate era. Two questions need to be succes'sfully addressed in this forum: 
	• 
	• 
	• 
	How do we improve the tools we use to guide this vision? 

	• 
	• 
	How do we successfully present this vision within the policy arena? 


	The Contributions of Highway Capital 
	New Research on the Economic Returns from Transportation Investment 
	Ishaq Nadiri, the Jay Gould Professor of Economics at New York University and a member of the National Bureau of Eco­nomic Research, explores the relationship between infrastructure investment and economic output. Nadiri presented the results of his most recent study of this complex relationship, Contributions of Highway Capital to Output and Produc­tivity Growth in the U.S. Economy and Industries. 
	Nadiri explained that to understand re­search in this area, it is important to rec­ognize the special characteristic ofhighway capital that sets it apart from private capi­tal: Its influence is shared across firms in the economy. This special characteristic is called an externality. An externality is any kind of shared or additional effect of an activity on entities other than those who are direct parties to the activity. By cap­turing the externalities of highway capi­tal-its effect on firms throughout the
	Nadiri explained that to understand re­search in this area, it is important to rec­ognize the special characteristic ofhighway capital that sets it apart from private capi­tal: Its influence is shared across firms in the economy. This special characteristic is called an externality. An externality is any kind of shared or additional effect of an activity on entities other than those who are direct parties to the activity. By cap­turing the externalities of highway capi­tal-its effect on firms throughout the
	any private individual part ofsociety). Cal­culating a social rate of return for such in­vestments provides policymakers and the public with some ability to compare the relative value ofgovernment investment in different activities. Investments with higher social rates of return will provide more economic growth for a given amount of expenditure and benefit the nation most. 

	Figure
	Nadiri's study represents a significant advance in the field of applied economet­ric analysis. It is an important piece of evidence supporting the proposition that infrastructure investment matters eco­nomically. For years, economists have been struggling to achieve a consensus view about this relationship. Several well­known studies in the late 1980s concluded thatinfrastructure investment was crucial to the rate of productivity growth. The influential works of David Aschauer and Alicia Munnell attributed 
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	large effect on productive capacity. A num­ber of methodological issues were raised about the modeling that underpinned the Aschauer and Munnell studies, and their strong conclusions were later cast into doubt by the academic community. 
	The Aschauer and Munnell approach to estimating the relationship between public investment and economic growth focused on using a production function as the basic model of behavior. In a produc­tion function, firms in the economy use labor and capital with a certain level of technological sophistication to produce specific amounts of output. Aschauer's insight was to recognize thatfirms use both private capital and public capital (high­ways, airports, power generation and transmission facilities, sewers and
	The main problem with the approach is that the results are hard to interpret. Does investment in public infrastructure lead to economic growth, or does growth give the public sector more ability to in­vest in infrastructure? The nature of the correlation is unclear. In growing econo­mies, many of the underlying variables grow together at similar rates. The nature of the production-function approach and the aggregate nature of the data used in the Aschauer and Munnell studies did not address the issue of cau
	After taking into account the possible simultaneities and self-correlations in this model, several academic researchers con­cluded that infrastructure investment had a much smaller effect on the economy than Aschauer and Munnell concluded. Most of these subsequent studies focused on economic output in smaller geographic 
	After taking into account the possible simultaneities and self-correlations in this model, several academic researchers con­cluded that infrastructure investment had a much smaller effect on the economy than Aschauer and Munnell concluded. Most of these subsequent studies focused on economic output in smaller geographic 
	areas, usually states or regions but some­times counties or metropolitan areas. More output in a small part of the country is less likely to lead to increased local infra­structure, because the Interstate Highway System program was a nationwide initia­tive. Indeed, studies conducted at smaller geographic levels found a much smaller economic influence for infrastructure in­vestment. Unfortunately, studies per­formed on a smaller geographic scale leave open the possibility that the benefits of infrastructure 

	N adiri navigated through the problems associated with production functions by focusing on the cost of production rather than the level of productive output. Costs of production are clearer to interpret as being driven by changes in infrastructure rather than the other way around. Nadiri also focused on modeling specific indus­tries rather than all economic activity in a specific geographic location to reinforce the interpretation of a causal relationship between public infrastructure and produc­tivity. By 
	N adiri navigated through the problems associated with production functions by focusing on the cost of production rather than the level of productive output. Costs of production are clearer to interpret as being driven by changes in infrastructure rather than the other way around. Nadiri also focused on modeling specific indus­tries rather than all economic activity in a specific geographic location to reinforce the interpretation of a causal relationship between public infrastructure and produc­tivity. By 
	Nadiri's industry focus accounted for different industries using the highway capital they share very differently. Differ­ences in highway capital use among indus­tries have important implications for the way in which highway capital investment is financed. According to economic theory, those who receive most of the benefits of an investment should pay proportionally more of the costs. Nadiri's study explored these differences in the effect of highway capital on individual industries. Just as different indus
	Nadiri's study started by separately es­timating a cost function and a demand 
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	function for each industry. A cost func­tion, like a production function, is a model of firm or industry behavior. A demand function is a model of consumer behavior with respect to different goods. In the cost functions used in this study, the cost for an industry depended on relative factor prices of labor, materials, and capital; quantity of output; disembodied technical change; and public capital services. Price increases for labor, materials, or capital in­crease industry costs, as do increases in indus
	Highway infrastructure enters this system of equations by affecting each industry's cost of supply. An investment in highway infrastructure may have sev­eral different effects on the cost of supply. First, it may directly allow firms to realize lower costs of production-called the "pro­ductivity effect." Second, firms may change their use of inputs (labor, materi­als, and physical capital) in production if highway infrastructure is either a substi­tute for or complement to labor, interme­diate inputs, or ph
	Highway infrastructure enters this system of equations by affecting each industry's cost of supply. An investment in highway infrastructure may have sev­eral different effects on the cost of supply. First, it may directly allow firms to realize lower costs of production-called the "pro­ductivity effect." Second, firms may change their use of inputs (labor, materi­als, and physical capital) in production if highway infrastructure is either a substi­tute for or complement to labor, interme­diate inputs, or ph
	"output-expansion effect" is an additional benefit to the economy not captured in pre­vious research. The net effect of highway investment will be the combination of the productivity, factor demand, and output expansion effects. To ensure that the re­sults attributed to highway capital invest­ment were accurate, other kinds ofpublic infrastructure (e.g., ports, airports, water treatment plants, and sewers) were in­cluded separately in the model. In this way, significant findings for the effects ofhigh­way c
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	Nadiri used data aggregated into 35 dif­ferent industry groupings. Data were con­solidated from data on more than 80 sectors of economic activity and spanned the late 1940s to 1991. Combining such an expansive data set with the cost func­tion model provided a level of comprehen­siveness and detail unmatched by previous studies. 
	Nadiri econometrically estimated all of the industry cost and demand functions through a series of stages to generate out­put and cost elasticities with respect to high­way infrastructure. Elasticities are measures of responsiveness between two variables: changes of a measured variable associated with a single percentage change in a base variable. These output and cost elasticities measure how output and cost would change when the highway capital stock is increased by 1% . With output levels held constant, 
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	almost all (32 of 35) of the industries saw positive benefits (cost reductions) from highway capital investment. In addition to this productivity improvement, industries also realized the output expansion effect ofhighway investment. When output was allowed to vary, the drop in costs allowed industries to lower the prices of their prod­ucts. This price reduction prompted an ex­pansion of output. The net effect of highway capital on total costs for the in­dustries then became negligible because the increased
	In the course of his econometric esti­mation, Nadiri also examined the relation­ship between highway investment and the use of capital, labor, and materials by in­dustries. Looking at the interaction of high­way investment with these inputs to production, in all of the industries stud­ied, highway capital investment was found to be a substitute for labor and materials and a complement for private capital. In­creases in the highway capital stock re­duced the need for labor and materials while apparently spur
	Table 1 Annual Rate of Return by Type of Investment 
	Table 1 Annual Rate of Return by Type of Investment 
	Table 1 Annual Rate of Return by Type of Investment 

	Average 1960-1969 1970-1979 1980-1991 1960-1991 
	Highway Capital 54% 27% 16% 32% Private Capital 16% 18% 17% 17% Interest Rate 5% 8% 10% 8% 
	use ofthese inputs. This relationship may offer clues to the underlying responses by firms to changes in transportation infra­structure. 
	use ofthese inputs. This relationship may offer clues to the underlying responses by firms to changes in transportation infra­structure. 
	When the results of the model were in­spectedby industry, some ofthe industries benefited from highway investment more than others. Service and transportation industries were the chief beneficiaries of more highway capital stock, while manu­facturing industries also gained, but to a lesser degree. The result suggested that an expanding service sector in the economy might make future highway investment more important, although further work needs to be done before coming to firm conclusions in this regard. Th
	Nadiri next combined the estimated cost elasticities with calculations of the op­portunity cost of providing highway capi­tal to generate rates of return for each industry. These results were summed across industries to derive the social rate of return for the highway infrastructure investment. The effects of highway capi­tal investment were found to be very sub­stantial. A 1 % increase in highway capital stock reduced costs by 0.08 % (producing a cost elasticity of -0.08). The average so­cial rate of retur
	However, when broken down into shorter periods of time, the rates ofreturn varied. Benefits were highest during the earlier development of the Interstate Highway system, when the nation was underinvested in highway capital. After the 1960s, as the system matured and more investment was made, the rate ofreturned declined. The results for the most recent years, the 1980-1991 period, show that the rate ofreturn was roughly comparable with that of the private sector. 
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	Nadiri also analyzed the different con­tributions of changes in exogenous de­mand, prices, and highway capital to the nation's productivity growth. Total fac­tor productivity measures how output in the economy changes when the amount of labor and capital used in production stays constant. Total factor productivity is typically affected by determinants such as exogenous demand for goods and ser­vices, which depends on the size of the population and the level of income (as opposed to endogenous demand, which 
	In table 2, the main source of total fac­tor productivity growth is change in exog­enous demand. Over the sample period, exogenous demand accounts for roughly halfofthe total factor productivity change. Highway capital makes a sizable contribu­tion to total factor productivity growth as well, roughly a quarter of the total. Rela­tive price changes offer the least contribu­tion, working slightly against growth in the study sample. 
	Interpretation 
	Interpretation 
	Nadiri's study presents a clear case for the historical value of infrastructure invest
	Nadiri's study presents a clear case for the historical value of infrastructure invest
	-

	ment to the country's economic growth. The average social rate of return exceeds the average rate of return for private-sec­tor investment. The study also finds a suf­ficiently large rate of return in the later years of highway investment to justify con­tinued investment in the system, although the decline ofthe rate of return in the most recent period does raise some questions about the extent of the future benefits of highway capital. 

	One participant wondered ifthe smaller marginal benefits of more recent highway capital investment could be the byproduct ofsmaller proportional increases in invest­ment spending in recent years. Ifso, larger levels of investment might generate higher returns. What remains unclear is whether appreciably larger investments could be made in the current U.S. highway system. Most believe that the system is mature enough thatfurther large expansions would lead to smaller and smaller returns. The first highways i
	Participants also speculated what the relationship should be between the rate of return on highway investment and the rate of return on private capital. If the rate ofreturn on highway investment falls below the private rate of return, should that end most highway investment? Con­versely, realizing an average rate of return lower than the private rate of return calls into question the advisability of invest­ing tax dollars that could possibly be kept in private hands. One rejoinder is that the private rate 
	Table 2 

	Contributions of Highway Capital and Other Factors to Productivity 
	Contributions of Highway Capital and Other Factors to Productivity 
	Average 
	Average 
	Average 

	1951-1960 
	1951-1960 
	1961-1970 
	1971-1980 
	1981-1991 
	1951-1991 

	Total Factor Productivity 
	Total Factor Productivity 
	0.64% 
	0.88% 
	0.10% 
	0.30% 
	0.48% 

	Exogenous Demand 
	Exogenous Demand 
	0.40% 
	0.63% 
	0.18% 
	-0.06% 
	0.29% 

	Price Changes 
	Price Changes 
	-0.01% 
	0.01% 
	-0.04% 
	0.01% 
	-0.01% 

	Highway Capital 
	Highway Capital 
	0.35% 
	0.30% 
	0.07% 
	0.04% 
	0.19% 
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	investment may be justified in its comple­mentary role even at lower calculated rates of return. 
	One qualification to the results offered by Nadiri is that changes in consumer welfare are left unmeasured. Investing in public highway infrastructure may benefit consumers in a number ofways. Personal vehicle operating costs are likely to be lower as a result of more direct-trip rout­ing and better-quality road surfaces. Simi­larly, drivers have faster commute times to work and better travel times to nonwork places. Highway users may enjoy an ex­pansion in opportunities for recreational activities, a great
	Areas for Improving Research 
	The group proposed several areas for im­proving research. One suggestion involved incorporating more geographic detail into the estimates. Since the Nadiri study iden­tified the effect of infrastructure invest­ment on individual industries, without regard to location, all of the spillover ef­fects oflocation-specific construction were captured in the model. Individual states or regions also need tools to help them gauge how such consequences are related to transportation investment. But because states and r
	The group proposed several areas for im­proving research. One suggestion involved incorporating more geographic detail into the estimates. Since the Nadiri study iden­tified the effect of infrastructure invest­ment on individual industries, without regard to location, all of the spillover ef­fects oflocation-specific construction were captured in the model. Individual states or regions also need tools to help them gauge how such consequences are related to transportation investment. But because states and r
	come partly at the expense of a loss in some other area. Economic growth, as measured by N adiri, is the national effect ofthis pro­cess, and in effect it nets out the gains and losses of individual areas. But the redis­tribution of economic activity within the nation may be an important consequence of transportation investment as seen by a state or region, and better tools for this purpose are also needed. 

	The ability to estimate rates of return for highway investment in different areas or places within the country, or even for different industries in different places, is desirable. Such estimates would be valu­able for two reasons. First, public officials have an interest in how they would be af­fected by transportation changes. Second, a comparison of local benefits estimates with similarly computed national ones would shed light on the size of any spillover effects. While the spillover effects of highway i
	The ability to estimate rates of return for highway investment in different areas or places within the country, or even for different industries in different places, is desirable. Such estimates would be valu­able for two reasons. First, public officials have an interest in how they would be af­fected by transportation changes. Second, a comparison of local benefits estimates with similarly computed national ones would shed light on the size of any spillover effects. While the spillover effects of highway i
	Investment in transportation may im­prove international competitiveness by making transportation costs, logistics costs, or the costs of other inputs of production less expensive relative to these costs in other counties. The theoretical underpin­ning for studying U.S competitiveness needs further elaboration. An empirical 
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	exploration might best be grounded in a particular industry or region. 
	The changing nature and intensity of transportation infrastructure use also pose conceptual challenges for measuring the infrastructure's benefit. Highways that initially carry little traffic often fill over time as they are used more. Highways that face too much demand may see their use fall because traffic congestion diminishes their service. Trucking deregulation clearly altered the transportation environ­ment and the use of infrastructure. Tech­nological innovations, such as smart highways, could change
	The participants made several other points during the discussion. Some noted that the benefits generated by highway capital investment have not come without additional costs to the environment. The costs of additional pollution, urban sprawl, loss of natural habitat and envi­ronment for plants and animals, and other environmental damage should be incorpo­r~ted into future work. Other participants pointed out that policymakers and the pub­lic often desire more up-to-date results than the ones presented. In r
	Nadiri's research has verified the value ofthe expansion ofthe Interstate Highway System over the past four decades. These refinements will help future work define the best kinds ofinvestment for the future. 
	Figure



	Further Methodological Issues 
	Further Methodological Issues 
	The forum highlighted several other ques­tions to explore and new refinements for future research projects. Using Nadiri's cost elasticities for individual industries, ArthurJacoby ofthe Federal Highway Ad­ministration and Charlie Han of the Bu­reau of Transportation Statistics analyzed the correlation of these cost elasticities with statistical measures to explore pos­sible explanations for the difference in im­pact of infrastructure on industries. Barbara Fraumeni of the Department of Commerce, Bureau ofE
	Searching for the Mechanisms of Cost Reduction 
	Ishaq N adiri found thatlower costs ofpro­duction for industries correlated with in­creases in the highway capital stock. Searching for more information about the 
	•mechanisms through which highway capi­tal investment reduces industry costs, Jacoby and Han tried to link the industry cost elasticities estimated in the Nadiri 
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	Charlie Han, Bureau of Transportation Statistics, Arthur Jacoby, Federal Highway Administration, Dennis Lebo, Pennsylvania Department of Transportation, and]ames March, Federal Highway Administration (left to right) 
	Figure
	study with other industry characteristics. Starting with the premise that improve­ments in highway systems reduce the cost oftransporting goods and the time it takes to deliver them,Jacoby and Han concluded that the responsiveness of industry costs to highway capital should be related to industry expenditures for transport. 
	Jacoby and Han first tested the hypoth­esis that industries that were extensive users of transportation spent large sums and were most likely to benefit from im­provements to highway systems. However, using 1992 data on industry transportation use from the new Trans­portation Satellite Accounts developed jointly by the Bureau of Transportation Statistics and the Bureau of Economic Analysis, as well as Nadiri's 1981-1991 cost elasticity estimates, they found no significant relationship between the two variab
	This result led them to refine their study. Highway capital investment can lower not only the cost of transport, but also the time oftransport. Therefore, ben­efits might have accrued to industries not only according to their transportation use, but also according to the importance of the whole logistics process for the in­dustry. The logistics function manages the movement ofproducts over space and 
	This result led them to refine their study. Highway capital investment can lower not only the cost of transport, but also the time oftransport. Therefore, ben­efits might have accrued to industries not only according to their transportation use, but also according to the importance of the whole logistics process for the in­dustry. The logistics function manages the movement ofproducts over space and 
	time, procuring the raw materials of pro­duction, keeping any necessary invento­ries, and delivering the final product to the customer. With this insight, their hy­pothesis evolved: The more important that logistics are to an industry, the more siz­able the cost elasticity with respect to high­way infrastructure would be. 

	A good piece ofevidence supporting the importance oflogistics costs to firms is the rise of just-in-time inventory practices. Just-in-time inventory practices demand speed and reliability in freight transporta­tion. Using a suitably constructed proxy for industry logistics cost intensity, Jacoby 0 tive relationship between their proxy and Nadiri's cost elasticity estimates. Sizable production cost reductions stemming from highway investment identified by Nadiri were associated withindustries that had a grea
	A good piece ofevidence supporting the importance oflogistics costs to firms is the rise of just-in-time inventory practices. Just-in-time inventory practices demand speed and reliability in freight transporta­tion. Using a suitably constructed proxy for industry logistics cost intensity, Jacoby 0 tive relationship between their proxy and Nadiri's cost elasticity estimates. Sizable production cost reductions stemming from highway investment identified by Nadiri were associated withindustries that had a grea
	and Han indeed found a significant nega

	This work by Jacoby and Han points out that the evolution ofthe logistics func­tion within businesses may offer impor­tant insights into the benefits gained from highway capital investment. It also serves as a guidepost for future research into the mechanisms by which transportation sys­tem improvements are transformed into productivity benefits. Insights into the behavior of firms may provide us with a better ability to forecast the kinds oftrans­portation investment that will be most beneficial in the fut
	Improving the Data 

	Used in Analysis 
	Used in Analysis 
	Used in Analysis 
	As mentioned earlier in the discussion of Nadiri's research, one of the difficulties fac­ing studies of highway investment effects is the question of how to capture the level of service provided by the stock of highway capital. Investment dollars must be trans­formed into transportation infrastructure. These physical networks need to be trans­lated into a flow of transportation services. 
	Barbara Fraumeni has been leading an effort to produce a quality-adjusted 
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	public highway capital stock for the Fed­eral Highway Administration. Her work has examined the different components that make up the transportation capital stock and how they fit together as a sys­tem to provide transportation services. In her presentation, Fraumeni recommended three major ways to improve highway capi­tal stock measurements: 
	1. 
	1. 
	1. 
	Use productive capital stocks instead of wealth capital stocks. 

	2. 
	2. 
	Accurately account for changes in highway construction component expenditures over time. 

	3. 
	3. 
	Properly benchmark capital stock estimates. 


	The difference between a productive capital stock and a wealth capital stock is perhaps best illuminated by the example of a light bulb. A light bulb gives off acer­tain amount oflight while it works. That amount of light is constant as long as it works. However, the light bulb has a lim­ited working lifetime and failure is all at once. Say that the light bulb is expected to work for 12 months. The productive stock value of the capital good light bulb is con­stant at any given point during the year. Until i
	Wealth stocks, such as those compiled by the Bureau ofEconomic Analysis, take into account the depreciation ofthe wealth stock value. Therefore, they can be mis­leading when trying to capture the produc­tive effects of highway capital stocks. Fraumeni calculates that her productive stock estimates for highways can be as much as 40 % higher than the Bureau of Economic Analysis wealth stock estimate. 
	Fraumeni's second recommendation for improvement addresses the difficulties of assuming the degree to which highway capital stock investment takes the form of 
	Fraumeni's second recommendation for improvement addresses the difficulties of assuming the degree to which highway capital stock investment takes the form of 
	new construction or rehabilitation. These different kinds of investment activities have differently weighted component ex­penditures for grading, pavement, right­of-way, and structures. Typically, expen­ditures for grading and acquiring right-of­way will constitute a larger proportion of new construction costs. These construc­tion items will have much longer produc­tive lifetimes than, for instance, the pavement surface. Historically, capital ex­penditures have been for new construc­tion. In the last two de

	Figure
	Fraumeni's final recommendation for improving the quality of highway capital stock data is to develop a benchmark for capital stock estimates. Because some com­ponents of capital stock have very long lifetimes, using a perpetual inventory cal­culation without a benchmark (or very long time horizon) can lead to underesti­mates. The problem is most likely to af­fect state and local estimates, for which the time span covered by the data usually tends to be short. 
	All of these refinements lead to the de­velopment of a better measure of the po­tential productive services that the highway capital stock could provide. 
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	Barbara Fraumeni, Bureau ofEconomic Analysis 
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	Gregory Bischak, Appalachian Regional Council 

	Ideally, this improved capital stock measure would be converted into an actual flow of productive transportation services. Conges­tion and road usage influence the amount of productive services produced by the capi­tal stock, as does the location of the facil­ity. The value of the physical inventory of highways needs to take into account which parts are heavily used portions of the net­work and which are not, and this varies sharply from one part of the network to another. For example, some heavily used rou
	their level of service has deteriorated be­cause of congestion. Other underused routes may have a low value because they are not generating a high flow of produc­tive transportation services based on low utilization. Incorporating the degree of highway use into capital stock measures would clarify the value of the transporta­tion services that our infrastructure system provides. That is, measuring the value of the light instead of the light bulb would help to dispel the shadows surrounding the fu­ture of hi
	State and Regional Analyses 
	State and Regional Analyses 

	Clyde Pyers of the Maryland Department of Transportation and Gregory Bischak 
	Clyde Pyers of the Maryland Department of Transportation and Gregory Bischak 
	from the Appalachian Regional Commis­sion offered state and regional analyses of highway investment programs. Both stud­ies found reasonable rates of return on recent investments, pointing to both short­termjob creation and construction spend­ing benefits and longer-term industry cost reductions and net travel savings. The dis­cussion afterward reemphasized points made in the discussion of Ishaq Nadiri's study and offered a few additional insights. 

	Figure

	Presentation ofthe Studies 
	Presentation ofthe Studies 
	Presentation ofthe Studies 
	The Maryland State Highway Administra­tion conducted a study to quantify the contribution of highways to the Maryland economy. The analysis measured both the short-term effects ofhighways on employ­ment and output and the long-term pro­ductivity gains that accrue to individual industries throughout the state. 
	The effects of Maryland highways on employment and output in the state were calculated using an input-output model of the regional economy over the 1991 to 1996 period. An estimate of the state's economic output without the benefit ofthe highway investment was compared with the level of output with the investment. Spending was broken down by industry to allow calculation of the resulting changes in employment. These results were linked to a model of the Maryland economy, prepared by RESI, a research institu
	The long-term productivity effects were calculated using cost functions for nine industry groups from 1982 to 1996. Simi­lar to the Nadiri study, annual industry costs were taken to be a function ofwages, the price ofcapital goods, the stock ofhigh­way capital, and a proxy for technological progress (the functional form used was different). Savings in industry costs asso­ciated with increases in the highway capi­tal stock were estimated econometrically. 
	The findings of the Maryland study were reasonably large and of a magnitude generally consistent with Nadiri's nation-
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	wide estimates. In the short term, the study found that the roughly $1 billion annual highway system investment from 1991 to 1996 yielded 23,000 additional jobs and roughly a $2. 7 billion increase in the out­put of Maryland goods and services. Most of the jobs created were estimated to be in the construction sector. From this greater business activity, the increase in state tax revenues alone recovered about one-fifth of the initial outlay. Over the long haul, the study estimated an annual rate of re­turn 
	The Appalachian Regional Commission also examined the economic development effect of its highway system additions, known as the Appalachian Development Highway System (ADHS). The ADHS is a planned, 3,000-plus-mile network of highways extending through 13 states from Mississippi to New York. To date, nearly 80 % of the system has been com­pleted. Wilbur Smith Associates per­formed the analysis for the commission, identifying 165 counties with 1,400 miles ofhighway as likely to be most affected by the system.
	The Wilbur Smith study estimated changes in population, employment, wages, and value-added in the region as a result of the ADHS, using a regional eco­nomic model developed by Regional Economic Models, Inc. The study also ex­amined the travel efficiency benefits ofthe highway system, such as, reduced travel times, lower vehicle operating costs, and fewer accidents, as well as the broader eco­nomic development effects from increased roadside business, tourism, and an over­all improvement in competitiveness i
	The Wilbur Smith study estimated changes in population, employment, wages, and value-added in the region as a result of the ADHS, using a regional eco­nomic model developed by Regional Economic Models, Inc. The study also ex­amined the travel efficiency benefits ofthe highway system, such as, reduced travel times, lower vehicle operating costs, and fewer accidents, as well as the broader eco­nomic development effects from increased roadside business, tourism, and an over­all improvement in competitiveness i
	region. Results were generated by compar­ing data from the historical record with an estimate of traffic volumes without the ADHS. 

	The study estimated that, from its be­ginning in 1965, the ADHS generated 16,000 additional jobs in the region, with a net increase of 42,000 jobs forecast by 2015. By sector, employment increased most for the construction industry in the first 10 years. However, by 1995, the em­ployment gains were felt most heavily in retail trade and services, a pattern that was forecast to continue through 2015. In gen­eral, all sectors of employment showed some level of employment benefit. On a return basis, a dollar's 
	Discussion of the Results 
	Discussion of the Results 
	The magnitude of the results from both studies is consistent with the results of Nadiri's national study, demonstrating the value of highway infrastructure invest­ment at the state and regional level as well. The main concern about the interpreta­tion of these regional study results was the extent of any negative spillovers not cap­tured in the model. Did regional highway investments create benefits for one area at the expense of other areas? Several par­ticipants generally held that these improve­ments did
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	However, more work needs to be done to better identify these interrelationships be­tween localities and the extent to which local highway projects represent economic gains or merely result in shifts in the loca­tion of economic activity-transfers from one area to another. 
	A related issue for area or regional stud­ies is the difficulty in assessing the influ­ence of changes in the area not under study. While the transportation system within the area can be controlled for, changes outside the area may also affect the region's infrastructure. Transportation investments may complement or substi­tute for those in different areas. A more complete understanding of exactly how individual firms are affected by changes in highway infrastructure may help solve this outstanding issue. 
	As with the Nadiri study, these two studies most likely underestimate the ac­tual rates ofreturn for their investments. Including consumer benefits from cheaper, faster, and safer highway travel would certainly drive the estimates higher. Ideally, studies also would cap­ture other economic effects such as ben­efits from improved accessibility to an area, the substitution of products pro­duced locally for goods that would oth­erwise be imported, and increases in the economies of scale of production. While th
	Several participants raised questions about the implications of the rates of re­turn found in area studies. If such a study finds a rate of return a few percentage points below the typical private-sector rate of return, does it mean that the highway investment should not have been made? Ishaq Nadiri was quick to point out that highway investments are complementary to private investment. 
	Others questioned the kind ofrelation­ship that should be expected between es­timates from the national study and 
	Others questioned the kind ofrelation­ship that should be expected between es­timates from the national study and 
	regional studies. Should the regional stud­ies be lower because they are not able to capture benefits from the infrastructure investment that accrue outside their area? Different areas are home to different kinds of industries. Gaps of a few percentage points between regions or between a re­gional and a national estimate are to be expected, since different industries benefit differently. 

	Trying to compare the two regional studies highlights the need for consistent data. If data could be collected in a consis­tent manner from state to state, states or regions could use a common framework for their analyses. The necessary research methodology could be developed and then shared, drastically reducing the time and cost of producing this sort of study for lo­calities. It would also provide a better ba­sis for comparing the benefits ofinvesting in different areas. 
	Trying to compare the two regional studies highlights the need for consistent data. If data could be collected in a consis­tent manner from state to state, states or regions could use a common framework for their analyses. The necessary research methodology could be developed and then shared, drastically reducing the time and cost of producing this sort of study for lo­calities. It would also provide a better ba­sis for comparing the benefits ofinvesting in different areas. 
	After all the attention given to pouring pavement in these research studies, par­ticipants in the discussion also wanted to discuss ways in which highway invest­ments other than construction can lead to greater transportation system capacity and efficiency. For example, the great changes in freight transportation that followed the deregulation of trucking demonstrate the importance of highway system manage­ment. 
	The use of technology may also be nec­essary to increase the capacity and safety of highways. Developing and implement­ing intelligent vehicle highway systems (smart highways) is a promising possibil­ity for the future. Even investing more in the thickness of the pavement itself may generate additional benefits that outweigh the costs. 
	Nor should attention be limited solely to highways. Rail, sea, and air transportation continue to play vital roles in the nation's transportation system. These modes and their interconnections could become even more important in the future. Ultimately, more research and creative thinking will be needed to uncover new ways to make the best use of our existing transportation sys­tems and highway capital stock. 
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	Communicating Results to Policymakers and the Public 
	After much of the forum focused on re­cent studies of the relationship between highway investment and economic growth and how to improve future work, a spirited session addressed the impor­tance of communicating these results to policymakers and the public. Miles Fried­man of the National Association of State Development Agencies and Terrence Mulcahy from the Wisconsin Department of Transportation-drew the group into a wide-ranging discussion of the role that economic analyses play in the decision­making pr
	(1) the difference between developing new programs and implementing addi­tional local projects, (2) specific groups to target for communication and out­reach, and (3) the roles of state and local transportation agencies. 
	Friedman discussed the evolution tak­ing place in state economic development agencies and the effect that change has on the role of transportation investment in state development. State development agen­cies are reaching out to encompass wider geographical areas and are branching out to take on a wider range of development activities (to which the rise in regional de­velopment groups, both multistate and multicounty, attests). Development agen­cies no longer target just heavy industry. They also spur techno
	To illustrate his point, Friedman told the story of a town in Kansas that decided to revive its sagging downtown economy by advertising and promoting a historic 
	To illustrate his point, Friedman told the story of a town in Kansas that decided to revive its sagging downtown economy by advertising and promoting a historic 
	fort located nearby. After hiring a profes­sional marketing company to publicize the fort, the number of tourists visiting the fort soared. The downtown, however, re­mained empty. Upon further reflection, the town leaders realized that the trans­portation system needed to be part oftheir solution. They widened the 10-mile high­way between downtown and the fort, of­fered a shuttle service between the two areas, and promoted special events down­town. Only after they considered all ofthe different facets of th
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	The larger political context in which transportation projects are presented be­comes much more important as strategic planning becomes broader and more in­terconnected. New challenges will arise as transportation investments face the real­ity of competing with social programs. En­vironmental concerns and perceptions of favoritism to business can also be stum­bling blocks for new projects. At the same time, the bigger picture surrounding trans­portation investment can provide new opportunities. Good transpor
	Forum Proceedings 
	Terrence Mulcahy, Wisconsin Department of Transportation (left), and Madeleine Bloom, Federal Highway Administration 
	Terrence Mulcahy of the Wisconsin Department of Transportation reinforced the need to view transportation in context. The chief concerns of communities in Wis­consin are the effects of transportation on local businesses, economic development, and the quality of life in the state. Roads, railroads, and airports are built to achieve important economic and social objectives, and transportation agencies are respon­sible for ensuring that these facilities serve the needs of citizens and businesses. In Mulcahy's 
	How do research studies influence the public and policymakers? The reasonably good recent rates of return estimated in Nadiri's study provide some justification for implementing new transportation in­vestment policies. Studies that show evi­dence of huge benefits from particular kinds of new programs, such as the Aschauer and Munnell results, may be readily apparent to the public or key beneficiaries. At the same time, when the 
	How do research studies influence the public and policymakers? The reasonably good recent rates of return estimated in Nadiri's study provide some justification for implementing new transportation in­vestment policies. Studies that show evi­dence of huge benefits from particular kinds of new programs, such as the Aschauer and Munnell results, may be readily apparent to the public or key beneficiaries. At the same time, when the 
	benefits are not dramatic, information about returns alone may not be suffi­ciently compelling to the general public and legislators. With many competing interests in the public arena, gaining at­tention for transportation investment may be difficult. 

	Figure
	The importance ofsuccess stories-an­ecdotes that vividly and succinctly con­vey the effect of a specific transportation project in a particular place-cannot be overstated. Linda Thelke of the Wiscon­sin Department of Transportation pro­vided the group with a powerful example. The Harley-Davidson Company is an im­portant employer in her home state of Wis­consin, providing high-quality, good paying jobs to local workers. In meetings with government officials, the president of Harley-Davidson has emphasized th
	The importance ofsuccess stories-an­ecdotes that vividly and succinctly con­vey the effect of a specific transportation project in a particular place-cannot be overstated. Linda Thelke of the Wiscon­sin Department of Transportation pro­vided the group with a powerful example. The Harley-Davidson Company is an im­portant employer in her home state of Wis­consin, providing high-quality, good paying jobs to local workers. In meetings with government officials, the president of Harley-Davidson has emphasized th
	Case studies and individual stories of­ten prove to be effective calls to action. Sto­ries of successful transportation projects can provide the edge needed to generate wider appeal for larger programs. How­ever, the group did not fully resolve whether studies and stories have different influences on national programs, state pro­grams, and local projects. One tendency is to argue for programs using studies and to offer anecdotes to facilitate local projects, partially as a result ofbetter data availability 
	Either studies or stories can provide a starting point for discussions of the pros and cons of projects or programs. In the 
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	current transportation environment of moderate benefits from investment, the question of how to effectively communi­cate results really becomes a question of how best to tie together these local anec­dotes and program-wide estimates. 
	One solution is to use stories and stud­ies in tandem. One participant likened the relationship between the use of national studies and anecdotes to using logic and emotion-a successful combination of both makes for the most compelling argu­ment. National and state studies may pro­vide a context for focal anecdotes and at the same time reinforce them. 
	Another solution is to make the results more closely address the questions that policymakers and the public want an­swered. People want to know about transportation's relationship not only with growth, but also with quality of life, com­munity development, and local commerce. Because of its role as a facilitator of activ­ity, transportation analysis should be in­corporated into the strategic planning of a state or region and tied into its economic development. Different regional develop­ment priorities will
	Not only the style and content, but also the vehicle of a transportation agency's message, mustbe considered. Groups such as the press and the business community are worth particular attention because of their influence. Miles Friedman found that thorough briefings with the press facili­tated better coverage and a better ability to carry the messages to the public. The business community is also viewed as a vital group with which to communicate. The business community has a general level of influence with t
	Not only the style and content, but also the vehicle of a transportation agency's message, mustbe considered. Groups such as the press and the business community are worth particular attention because of their influence. Miles Friedman found that thorough briefings with the press facili­tated better coverage and a better ability to carry the messages to the public. The business community is also viewed as a vital group with which to communicate. The business community has a general level of influence with t
	visible individual as a proponent. Better outreach to the press and the business community will help the effectiveness of whatever kinds of studies and anecdotes transportation agencies use. 




	Conclusion 
	Conclusion 
	The next wave of transportation research must move outward from the center cre­ated by Ishaq Nadiri's work. In one direc­tion, new research needs to delve further into the effects of transportation invest­ment on businesses, examining firms' re­sponses to changes in transportation systems. Research also must better under­stand the geographic variation in the return to transportation investment, grap­pling to measure the spillover effects and interrelationships between investment in different locations. Such
	In a second direction, though, research needs to move beyond the realm of infra­structure investment to consider the full range of transportation policies that could be used to improve the nation's produc­tivity. Policies that can bring new technolo­gies to bear on the problem of congested highways or other new approaches to the management and operation of our infra­structure may ultimately prove more at­tractive than infrastructure expansion. 
	Transportation researchers should not forget to reach out to the public and seek to embrace a whole range of rela­tively new concerns: competitiveness, job access, tourism, and the environ­ment. Policymakers and the public are the ultimate consumers of transporta­tion research, and the most effective re­search efforts will be those that discuss the kinds of issues in which these con­sumers are most interested. Effectively communicating new transportation re­search means being sophisticated in us­ing the rig
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	Appendix A: A Summary of Contributions of Highway Capital to Output and Productivity Growth in the U.S. Economy and Industries 
	Background 
	Background 
	A number of research studies by and for the Federal Highway Administration (FHWA) Office of Policy Development document the effects of public highway capital on logistics system and commercial sector economic performance. A notable example is Professor M. Ishaq Nadiri's 1996 study,which examined the contributions of total highway capital and nonlocal high­way capital to the output growth and pro­ductivity of 3 5 industry sectors comprising the U.S. economy. His 1996 econometric analysis provides empirical e
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	(1) evaluates the effects of highway capital investment on the production sector's de­mand for labor, private capital formation, and materials; (2) estimates the marginal commercial benefits of road system invest­ments; (3) calculates the net social rate of return on highway infrastructure spending; and (4) identifies the contribution of high­way capital and other economic factors to the productivity growth rate in the U.S. economy between 1950 and 1989. 
	The Current Study 
	The Current Study 
	Professor N adiri's most recent effort reflects several extensions and improvements to his 1996 study.First, underlying economic data are extended to include the period 1947 to 1991 and take into account recent revisions in national income accounting industry reclassifications. Second, other types of public infrastructure capital are introduced into the analysis to address con­cerns about the effects of omitted explana­tory variables. Third, assessments of highway capital's impact on the private sector's de
	Professor N adiri's most recent effort reflects several extensions and improvements to his 1996 study.First, underlying economic data are extended to include the period 1947 to 1991 and take into account recent revisions in national income accounting industry reclassifications. Second, other types of public infrastructure capital are introduced into the analysis to address con­cerns about the effects of omitted explana­tory variables. Third, assessments of highway capital's impact on the private sector's de
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	subperiod 1981 to 1991 are provided to enhance contemporary policy discussions. 

	The main goal of this research is to measure the historical impacts of publicly provided highway capital on the produc­tion sector of the U.S. economy. Empiri­cal assessments of the relationships between highway investment spending and industry economic performance are aggregated to produce national economic measures. It is important to note that the benefits ofinfrastructure to the consumer sector are not considered in the current work. Although some interactions be­tween the producer and consumer sector b
	The sophisticated nature of the analysis, the relatively large number of interrelated economic measures, the comprehensiveness of the industry sectors considered, the long time frame of the study, and the variations in empirical estimates across industries and over time make a succinct statement of re­search findings in a nontechnical manner very difficult. Therefore, this summary of Professor Nadiri's 1998 research for the FHWA is organized in the form ofbrief an­swers to several basic questions about the 
	1. What are the effects ofhighway capital on private-sector produc­tion costs; level ofoutput; and demand for labor, capital, and intermediate goods? 
	A principal conclusion of this research is that an increase in the stock of U.S. high­way capital has an initial direct produc­tivity effect on business: It reduces the total cost of producing a given level of out­put in almost all industries. The cost­reducing "productivity effect" of highway capital varies in magnitude across indus­tries and over time. The size of the high­way capital productivity effect on each of the 35 industry sectors that make up the 
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	U.S. economy is indicated by the "cost­elasticity" measure.Cost reductions due to highway capital investment are rela­tively large (i.e., cost elasticities greater than -0.08) in such industries as agricul­ture, food and kindred products, trans­portation and warehousing, trade, construction, and other services. In most manufacturing industries cost elastici­ties range between -0.04 to -0.06. 
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	To obtain a national-level estimate of the initial cost-reducing impact of high­way capital investment, industry cost­elasticity measures are weighted by the industry's share of total national output and summed. The average cost elasticity with respect to total highway capital for the U.S. economy during the period 1950 to 1991 is about -0.08. This is approxi­mately double the -0.04 estimate reported in Nadiri's 1996 study. 
	The economic impact of highway in­vestment on the various industry sectors does not stop with the direct productivity effect. Cost reductions permit products to be sold at lower prices, and lower prices can be expected to lead to output growth. This is termed the "output effect" ofhigh­way capital investment. The size ofindus­try output expansion depends on the nature of the demand for products and, therefore, varies across industry sectors. Of course, at higher production levels, a producer's total costs w
	Given the cost-reducing and output-ex­panding impacts of highway capital, it is not surprising that road investments have a significant effect on the production sector's demand for labor, capital, and materials. The magnitude of the effect, which is termed conditional factor de­mand, varies among the three inputs (labor, capital, materials) and across in­dustries, and depends on whether we are examining industry's demand for resources in the context of the "productivity effect" 
	Given the cost-reducing and output-ex­panding impacts of highway capital, it is not surprising that road investments have a significant effect on the production sector's demand for labor, capital, and materials. The magnitude of the effect, which is termed conditional factor de­mand, varies among the three inputs (labor, capital, materials) and across in­dustries, and depends on whether we are examining industry's demand for resources in the context of the "productivity effect" 
	alone (i.e., when output level is held fixed) or after allowing for the "output effect" (i.e., when the level of output is allowed to increase in response to the cost-saving/ price-reducing effects of highway invest­ment). 

	The study indicates that highway capital's initial "productivity effect" re­sults in a reduction in the demand for la­bor and materials but an increase in the demand for private capital in all industries. However, the current work also evaluates changes in the production sector's demand for labor, capital, and materials when in­dustry production levels vary (increase) due to the "output effect" ofhighway capi­tal. While the direction of the impacts on business demand for labor, capital, and materials remain
	The study indicates that highway capital's initial "productivity effect" re­sults in a reduction in the demand for la­bor and materials but an increase in the demand for private capital in all industries. However, the current work also evaluates changes in the production sector's demand for labor, capital, and materials when in­dustry production levels vary (increase) due to the "output effect" ofhighway capi­tal. While the direction of the impacts on business demand for labor, capital, and materials remain
	2. What are the marginal benefits to industry sectors and the aggregate economy ofan increase in highway capital? 
	The marginal benefit of highway capital is measured in terms ofits initial cost-reduc­ing impact (i.e., the productivity effect). The magnitude of cost reduction depends on the industry's elasticity of cost with re­spect to highway capital and the industry's total costs of production relative to the size of the highway capital stock. The current research indicates the marginal benefits of 
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	highway capital are positive in all but three fairly small industries. Marginal benefit estimates can be interpreted as a measure of producer's "willingness to pay" for an additional unit ofhighway capital and vary considerably across industries and over time. For most industries, particularly manufacturing industries, the marginal benefits of a $1.00 increase in highway capital range between 0.2¢ and 0.6¢. In­dustry marginal benefit estimates can be translated into a dollar value of cost re­duction in each
	The calculation of the marginal benefit of highway capital investment at the na­tional economy level assumes that the use of the road system by one industry does not preclude or reduce the value ofits use by any other industry (i.e., we assume nonrival consumption ofthe highway pub­lic good). Therefore, industry marginal benefits are additive across the 35 sectors. The average sum of marginal benefits across all industries is about 0.294. That is, a $1.00 increase in the net capital stock generates approxim
	3. What is the contribution to productivity growth ofhighway capital, and what is the overall social rate ofreturn on road investments? 
	The contribution ofhighway capital to pro­ductivity growth is positive in all industries. 
	In the previous study, highway capital increased productivity mainly in manufac­turing industries but not in nonmanufac­turing industries. Although the current results show a more pervasive influence of highway capital on industry productiv­ity growth, the magnitudes of the contri­bution of highway capital vary across industries. In some industry sectors, the effect can be quite large. At the aggregate economy level, highway capital's contri­bution to total productivity growth is about 25 % . This contribut
	Nadiri calculates the net social rate of return to total highway capital as the sum of industry marginal benefits divided by the cost of highway capital, minus the de­preciation of public capital. The estimated cost of highway capital is adjusted to ac­count for the price distortion effect of taxes levied to finance highway capital, which effectively raises the cost ofhighway capi­tal approximately 46 % above the com­bined government long-term bond rate and highway capital depreciation rate. As in the previ
	The declining rates of return on high­way capital investment since the 1970s are likely to be an important concern of policymakers. No doubt the rates ofreturn on highway capital during the 1950s and 
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	1960s were very high indeed. These high returns can be interpreted as signaling a severe shortage ofhighway capital during the early stages of the Interstate highway construction era. One view of the declin­ing rate ofreturn trend since the late 1970s is simply that as interconnective, upper­level roads were put in place, commercial transportation needs were addressed, and subsequently the rates of return on high­way capital from the production side of the economy declined to more normal and sustainable lev
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	4. What evidence is there ofover-or under-supply ofhighway capital in the postwar period? 
	An important public policy question is whether public highway capital is over-or under-supplied. Economic efficiency re­quires an amount of publicly provided highway capital such that the sum of the marginal benefits to producers and con­sumers from one more unit of highway capital is just equal to the marginal cost of providing the additional unit of highway capital. Since consumer marginal benefits are not known at this time, an alternative 
	An important public policy question is whether public highway capital is over-or under-supplied. Economic efficiency re­quires an amount of publicly provided highway capital such that the sum of the marginal benefits to producers and con­sumers from one more unit of highway capital is just equal to the marginal cost of providing the additional unit of highway capital. Since consumer marginal benefits are not known at this time, an alternative 
	method for determining whether public capital is optimally provided is used. That method is to compare the rate ofreturn to highway capital with the rate of return to private capital for the whole economy. If the rate of return on highway capital in­vestment is higher than that of private capital, highway capital is under-supplied. Anincrease in public highway investment is therefore desirable when the economic benefit of an additional unit of highway capital exceeds its cost and the rate of re­turn thatis 

	•In the current study, net social rates of return for total highway capital are com­pared to those of private capital for sev­eral time periods. Although the average rate of return for the entire analysis pe­riod (1950-1991) is 32 % , as previously noted, it has declined continuously since the 1970s. For example, the average net rate ofreturnfellfrom 54% in 1960-1969, to 27 % in 1970-1979, and to 16 % for the period 1980-1991. The net social rate of return in the 1980s is approximately equal to the average 
	•In the current study, net social rates of return for total highway capital are com­pared to those of private capital for sev­eral time periods. Although the average rate of return for the entire analysis pe­riod (1950-1991) is 32 % , as previously noted, it has declined continuously since the 1970s. For example, the average net rate ofreturnfellfrom 54% in 1960-1969, to 27 % in 1970-1979, and to 16 % for the period 1980-1991. The net social rate of return in the 1980s is approximately equal to the average 
	5. How do results for the 19801991 period differ from those for earlier decades and the entire 1950-1991 analysis period? 
	-

	Examination of industry economic data for the 1980s indicates a pattern of input usage, output growth rates, and costs that are similar to previous periods. The effects on industry output from additional amounts of labor, private capital, and 
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	materials are basically of the same magni­tude as the averages for the entire study period. However, it is noticeable that in­dustry internal and total returns to scale for the 1980s are larger in most industries than the modest increasing returns to scale observed over the entire 40-year analysis period. 
	The pattern of the distribution of high­way benefits across industries for the 1981-1991 subperiod is also similar to that for the entire analysis period. The initial effect of an increase in highway capital investment on producer's demand for in­puts is similar to that observed in earlier periods-highway capital substitutes for labor and materials, but private capital and highway capital are complements (i.e., the demand for private capital increases when investment in highway capital rises). 
	When an accounting is made for the output expansion effect induced by the productivity gains from highway capital, we also see ostensibly similar results. In the 1980s, the induced increase in total costs associated with higher output levels is approximately of the same magnitude as the cost reduction or "productivity ef­fect" of highway capital. This phenom­enon, which is observed at both the industry and aggregate economy levels, is due to the size of the output cost elastici­ties ( the reciprocal ofthe d
	The most significant change in analy­sis results between the 1981-1991 period and the rest of the study period involves the elasticity of cost with respect to high­way capital. The average percentage change in producer total cost associated with a 1 % change in the net highway capi­tal stock for the 1981-1991 is much smaller. The average cost-elasticity value is about -0.039 in the 1980s, compared to an average value for all periods of about -0.08 (see above). Furthermore, the economic impact of highway cap
	The most significant change in analy­sis results between the 1981-1991 period and the rest of the study period involves the elasticity of cost with respect to high­way capital. The average percentage change in producer total cost associated with a 1 % change in the net highway capi­tal stock for the 1981-1991 is much smaller. The average cost-elasticity value is about -0.039 in the 1980s, compared to an average value for all periods of about -0.08 (see above). Furthermore, the economic impact of highway cap
	rate of return on highway capital for the period 1981-1991 is about 16 % , the rate of return declines to approximately 10 % by the end of the period (i.e., in 1991). 


	Concluding Comments 
	Concluding Comments 
	In this study, Nadiri concentrates on cal­culating the commercial benefits ofhigh­way capital to the production sector of the economy. The welfare benefits of highway capital to consumers are not addressed. However, the magnitude of consumer benefits, including employ­ment-related trips that are not directly included in the production-sector analy­sis, are likely to be significant. Efforts to account for the total effect of highway capital on the economy will require mod­eling the consumption-sector impacts
	A careful analysis of the size and pat­tern of industry marginal benefits is needed. The needs of different industries for highway services diverge over time and the degree ofbenefits ofnewhighway capi­tal differ considerably across industries. Because public highway capital creates important distributional effects across in­dustries, further analysis of the sign and magnitude of industry marginal benefits at a more desegregated level is highly desirable from a transportation policy standpoint. 
	Finding measures to account for qual­ity changes in the highway capital stock and intensity of use of the capital stock are another consideration for future re­search. Efforts to differentiate between wealth-and productivity-based assess­ments of the public capital stock are now under way in collateral research. Never­theless, the challenge to find ways ofcon­verting productive potential capital stock measures into service flow measures re­mains. This requires adjustments for uti­lization of highway capital
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	different industries, and the overall level of business activity. Your comments and inquiries are 
	welcome and should be directed to 
	Dr. Arthur Jacoby 
	Dr. Arthur Jacoby 

	Office of Policy Development, HPP-10 
	Federal Highway Administration 
	400 Seventh Street, SW 
	400 Seventh Street, SW 
	Washington, DC 20590 
	Phone: (202) 366-9248 
	Fax: (202) 366-7696 

	e-mail: 
	arthur.jacoby@fhwa.dot.gov 
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	Nadiri, M. Ishaq and Theofanis Mamuneas, Contributions of Highway Capital to Industry and National Produc­tivity Growth, September 1996, Final Re­port, FHWA Work Order BAT-94-008. See recommendations in Directions for Future Research, pp. 116-118. Also, the main re­sults of the 1996 study are presented in section III of the current work to provide a context for evaluating new modeling techniques and the effects ofextended and revised data. 
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	In Nadiri's 1996 study, industry out­put levels were held fixed when calculat­ing the productivity benefits of highway investment. The overall substitution of highway capital for private inputs initially produces a "productivity effect" in firms and industries by reducing the cost ofpro­ducing a given level of output. However, highway capital investment can also be expected to induce an output expansion effect that will further affect producer de­mand for labor, capital, and materials. That is, the downward
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	At the lower price, more of the product is demanded. The resulting increase in the quantity of the product demanded is termed the "output effect" of highway capital. Firms require greater quantities of labor, capital, and materials to produce the additional output. Therefore, the total im­pact ofhighway capital investment on the private sector's demand for labor, capital, and materials must reflect both the initial productivity effect and the subsequent out­put effect. Changes in industry output due to an i
	At the lower price, more of the product is demanded. The resulting increase in the quantity of the product demanded is termed the "output effect" of highway capital. Firms require greater quantities of labor, capital, and materials to produce the additional output. Therefore, the total im­pact ofhighway capital investment on the private sector's demand for labor, capital, and materials must reflect both the initial productivity effect and the subsequent out­put effect. Changes in industry output due to an i
	Industry measure of "cost elasticity with respect to highway capital" is one basic empirical result ofProfessor Nadiri's econometric model. Econometric studies can generate a number of different cost and output elasticity measures. This can be a source of confusion. The simplified term "cost elasticity" is used in this sum­mary when the source of the effect on to­tal production cost is unambiguously attributable to highway capital investment. The cost-elasticity value indicates the per­centage change in the
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	See, for example, Fragile Foundations: A Report on America's Public Works, 
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	National Council on Public Works Im­provement, February 1988, and High Per­formance Public Works, U.S. Advisory Commission on Intergovernmental Rela­tions (ACIR), Report SR-16, November 1993. 
	The Quality Adjustment of Public Capital Stock research is under the direc­tion of Professor Barbara Fraumeni, Northeastern University. A pro forma "productive" highway capital stock assess­ment for use in future econometric stud­ies was produced in February 1999. 
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	A Preli111lnary Assess111ent of the Sl111llarlty 
	Between Nadiri's Industry Cost Elasticity and TSA's 

	Transport Intensity Measure 
	Transport Intensity Measure 
	Introduction 
	Introduction 
	The U.S. Transportation Satellite Ac­counts (TSA) for 1992 were jointly devel­oped by the Bureau of Transportation Statistics (BTS) of the U.S. Department of Transportation and the Bureau of Eco­nomic Analysis of the U.S. Department of Commerce. The primary purpose ofthis project was to add11ess the under-represen­tation of transportation activities in na­tional economic accounts. The magnitude of transportation services has long been underestimated in national economic data used by government and private-s
	The publication of TSA 1992 in April 1998 provided, for the first time, much more complete and accurate estimates of transportation activities in the U.S. economy and their contributions to Gross Domestic Product. More important, the TSA 1992 provides this information on an industry basis. Detailed data on the use of transportation services at the industry level reveal several important features concern­ing the role of transportation in industry production, and transportation intensity coefficients from the
	Contribution ofHighway Capital to Out­put and Productivity Growth in the U.S. Economy and Industries, by Nadiri and Manuneas, analyzed and measured the con­tribution of highway capital to private sec­tor productivity growth. Using disaggregated data for 35 industry sectors, Nadiri's model identified the determinants of productivity 
	Contribution ofHighway Capital to Out­put and Productivity Growth in the U.S. Economy and Industries, by Nadiri and Manuneas, analyzed and measured the con­tribution of highway capital to private sec­tor productivity growth. Using disaggregated data for 35 industry sectors, Nadiri's model identified the determinants of productivity 
	growth for each industry, including the contribution of public highway capital. The cost elasticities with respect to highway capital for each of the 35 industry sector in N adiri's study indicated that an increase in highway capital reduced cost in all but three industry sectors. There is a fairly wide range in the magnitudes of the cost elasticities across industries. Why is this so? Nadiri speculated that industries with large negative cost elasticities were probably intensive users ofthe highway network
	-
	-
	-
	-


	The goal of this research note is to test Nadiri's speculation through correlation analysis ofthe cost elasticities with respect to highway capital reported in Nadiri's lat­est study and the transportation intensity coefficients from TSA 1992. 

	Match Industry Classification of TSA 1991 with that in Nadiri's Study 
	Match Industry Classification of TSA 1991 with that in Nadiri's Study 
	The first step of our analysis was to match industry classifications used in TSA 1992 with the 35 industry sectors used in Nadiri's study. In TSA 1992, the industry classification is much finer, consisting of about 500 industry classifications. Hence, the natural choice to bring the industries in the two projects to a comparable basis is to aggregate the 500 industries in TSA 1992 into the 35 industries. Since indus­try classifications in both Nadiri's study and TSA 1992 were based on Standard Industry Clas
	Table 1 presents the 35 industry classi­fications used by Professor N adiri, their average cost elasticities with respect to highway capital for the period 1981-1991, and their corresponding aggregated trans­portation intensities from TSA 1992. 
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	A Preliminary Assessment ofthe Similarity Between Nadiri's Industry Cost Elasticity and TSA's Transport Intensity Measure 
	Table 1: Nadiri's Cost Elasticity Estimates and TSA's Transportation Intensity Estimates by Industry Sector 
	Industry 
	Industry 
	Industry 
	1981-1991 average CE to highway Infrastructures 
	Total transportation Intensity coefficient 
	HW transportation lntonsily coefficient 
	Lotistlc cost per$ output (Proxy A) 
	Lotlstic cost per$ output (Proxy B) 
	Total Intermediate Inputs per$ oUlput 

	1 Agriculture, forestr;, fisher; 
	1 Agriculture, forestr;, fisher; 
	-0.054 
	0.080 
	0.069 
	0.173 
	0.159 
	0.637 

	2 Metal mining 
	2 Metal mining 
	0.013 
	0.060 
	0.051 
	0.118 
	0.108 
	0.626 

	3 Coal mining 
	3 Coal mining 
	-1.279 
	0.089 
	0.052 
	0.148 
	0.111 
	0.445 

	4 Crude petroleum and natural gas 
	4 Crude petroleum and natural gas 
	-0.041 
	0.021 
	0.016 
	0.220 
	0.214 
	0.542 

	5 Non metallic mineral mining 
	5 Non metallic mineral mining 
	0.002 
	0.102 
	0.094 
	0.156 
	0.148 
	0.457 

	6 Construction 
	6 Construction 
	-0.073 
	0.077 
	6.976 
	0.190 
	0.186 
	0.584 

	7 food and kindred products 
	7 food and kindred products 
	-0.063 
	0.Q38 
	0.027 
	0.101 
	0.090 
	0.702 

	8 Tobacco manufacture products 
	8 Tobacco manufacture products 
	-0.013 
	0.009 
	0.006 
	0.128 
	0.125 
	0.360 

	9 Textile mill products 
	9 Textile mill products 
	-0.029 
	0.028 
	0.020 
	0.076 
	0.068 
	0.663 

	10 Apparel and other rextile products 
	10 Apparel and other rextile products 
	-0.031 
	0.021 
	0.017 
	0.104 
	0.099 
	0.657 

	11 Lumber and wood products 
	11 Lumber and wood products 
	-0.031 
	0.048 
	0.036 
	0.100 
	0.088 
	0.642 

	12 Furniture and fixtures 
	12 Furniture and fixtures 
	-0.018 
	0.051 
	0.045 
	0.118 
	0.111 
	0.571 

	13 Paper and allied products 
	13 Paper and allied products 
	-0.041 
	0.052 
	0.036 
	0.108 
	0.091 
	0.622 

	14 Printing and publishing 
	14 Printing and publishing 
	-0.Q45 
	0.029 
	0.021 
	0.130 
	0.122 
	0.458 

	15 Chemical and allied products 
	15 Chemical and allied products 
	-0.052 
	0.036 
	0.022 
	0.144 
	0.130 
	0.582 

	16 Petroleum refining 
	16 Petroleum refining 
	-0.047 
	0.048 
	0.009 
	0.096 
	5.757 
	0.868 

	17 Rubber and plastic products 
	17 Rubber and plastic products 
	-0.043 
	0.048 
	0.035 
	0.117 
	0.104 
	0.607 

	18 Leather and leather products 
	18 Leather and leather products 
	0.008 
	0.037 
	0.033 
	0.111 
	0.107 
	0.641 

	19 Stone, clay, and glass products 
	19 Stone, clay, and glass products 
	-0,028 
	0.095 
	0.070 
	0.157 
	0.133 
	0.535 

	20 Primary metals 
	20 Primary metals 
	-0.048 
	0.056 
	0.036 
	0.115 
	0.095 
	0.695 

	21 fabricated metal products 
	21 fabricated metal products 
	-0.041 
	0.028 
	0.021 
	0.094 
	0.087 
	0.582 

	22 /v\achinery, except electncal 
	22 /v\achinery, except electncal 
	-0.054 
	0.021 
	0.Q15 
	0.082 
	0.077 
	0.582 

	23 Electrical machinery 
	23 Electrical machinery 
	-0.050 
	0.016 
	0.010 
	0.084 
	0.079 
	0.539 

	24 Motor vehicles 
	24 Motor vehicles 
	-0.052 
	0.036 
	0.027 
	0.129 
	0.120 
	0.795 

	25 Other transportatton equipment 
	25 Other transportatton equipment 
	-0.045 
	0.020 
	0.013 
	0.083 
	0.076 
	0.542 

	26 Instruments 
	26 Instruments 
	-0.040 
	0.012 
	0.007 
	0.094 
	0.089 
	0.426 

	27 Miscellaneous manufacturing 
	27 Miscellaneous manufacturing 
	-0.Q18 
	0.028 
	0.022 
	0.128 
	0.123 
	0.573 

	28 Transportation and warehousing 
	28 Transportation and warehousing 
	-0.061 
	0.111 
	0.004 
	0.241 
	0.150 
	0.435 

	29 Communication 
	29 Communication 
	-0.052 
	0.007 
	0.004 
	0.195 
	0.192 
	0.444 

	30 Electrical utility 
	30 Electrical utility 
	-0.050 
	0.039 
	0.006 
	0.113 
	0.080 
	0.3S6 

	31 Gas utility 
	31 Gas utility 
	-0.036 
	0.012 
	0.003 
	0.064 
	0.055 
	0.761 

	32 Trade 
	32 Trade 
	-0.087 
	0.048 
	0.044 
	0.223 
	0.218 
	0.377 

	33 Finance, insurance, real estate 
	33 Finance, insurance, real estate 
	-0.082 
	0.007 
	0.005 
	0.228 
	0.226 
	0.296 

	34 Other services 
	34 Other services 
	-0.090 
	0.025 
	0.021 
	0.243 
	0.238 
	0.380 

	35 Government enterorises 
	35 Government enterorises 
	-0.037 
	0.036 
	0.016 
	0.143 
	0.123 
	0.416 


	The cost elasticity with respect to high­way capital in Nadiri's study was defined as follows: 
	'Ile, = -(aC/aS) x (SIC) 
	'Ile, = -(aC/aS) x (SIC) 

	Where 'Ilesis the cost elasticity with respect to highway capital; C is an industry's total production cost and ac is the change in the total cost; and S is the total highway capital and as is the change in highway capital. 
	The transportation intensity from TSA 1992 was defined as follows: 
	Sect
	Figure

	Where Iis the transportation inten­sity of an industry, or transportation cost per unit output; Tis the transportation cost of the industry or the industry's use of transportation services; and Q is the 
	Where Iis the transportation inten­sity of an industry, or transportation cost per unit output; Tis the transportation cost of the industry or the industry's use of transportation services; and Q is the 
	1 

	output of the industry or the industry's production cost plus profit. 

	In Professor Nadiri's results, the indus­tries with the largest cost elasticities dur­ing the 1980s, in a descending order, were as follows: 
	In Professor Nadiri's results, the indus­tries with the largest cost elasticities dur­ing the 1980s, in a descending order, were as follows: 
	Industry Industry Cost Number Name Elasticity 
	34 Other services -0.090 32 Trade -0.087 33 Finance, insurance, real estate -0.082 6 Construction -0.073 7 Food and kindred products -0.063 28 Transportation and warehousing -0.061 1 Agriculture -0.054 22 Machinery except for electrical -0.054 
	The industries that had small cost elas­ticities were coal mining (3) (-0.013), tobacco manufacturing (8) (-0.013), fur­niture and fixture (12) (-0.018), and mis­cellaneous manufacturing (27) (-0.018). 

	Transportation Investment: New Insights from Economic Analysis 
	Three industries that had counterintuitive signs for their cost elasticities were metal mining (2) ( + 0.013), nonmetallic mineral mining (5) ( + 0.002), and leather and leather products (18) ( + 0.008). But, Pro­fessor Nadiri notes that "much should not be made of this result. These are very small industries and the magnitudes of these elasticities are very small and probably not well estimated." 
	Using TSA 1992 information, two transportation intensity measures were calculated for this analysis: highway trans­portation intensity and total transporta­tion intensity. Highway transportation intensity is the share of highway transpor­tation cost in total output of each indus­try. Total transportation intensity is the share of the sum of all mode transporta­tion costs (e.g., highway plus rail, air, wa­ter, and pipeline) to total output of each industry. Since highway transportation cost is part of total 
	Industry Industry Cost Number Name Elasticity 
	5 
	5 
	5 
	Nonmetallic mineral mining 
	0.094 

	6 
	6 
	Construction 
	0.073 

	19 
	19 
	Stone, clay, and glass products 
	0.070 

	1 
	1 
	Agriculture 
	0.069 


	The industries that were least highway transportation intensive are gas utility (31) (0.003), communication (29) (0.004), fi­nance, insurance, and real estate (33) (0.005), electricity utility (30) (0.006), and tobacco manufacturing (8) (0.006). 
	Initial Hypothesis 
	Nadiri's estimates ofcost elasticity with re­spect to highway capital are highly corre­lated with TSA's 1992 estimates ofhighway 
	Nadiri's estimates ofcost elasticity with re­spect to highway capital are highly corre­lated with TSA's 1992 estimates ofhighway 
	transportation intensity. An industry with large highway transportation intensity would be expected to have a large cost elas­ticity with respect to highway capital and industries with low highway transportation intensity would be expected to have a small cost elasticity. 

	The underlying rationale for this hy­pothesis is that an increase in highway capital contributes directly to productiv­ity growth of highway transportation ser­vices, and higher productivity of highway transportation services reduces the cost of highway transportation. Other things be­ing equal, industries with high transpor­tation intensity would benefit more from a reduction in highway transportation cost than industries that use highway transpor­tation less intensively. 
	Results of Testing the Initial Hypothesis 
	The first test we conducted was to calcu­late the correlation coefficient between the 35 industries' cost elasticities with respect to highway capital in Nadiri's study and the same industries' highway i-ransporta­tion intensities from TSA 1992. Since cost elasticity and highway transportation in­tensity have different signs, we would ex­pect a large negative correlation coefficient if the initial hypothesis is true. The corre­lation coefficient resulting from our cal­culation was 0.269. This correlation co
	A second test we conducted was to cal­culate the correlation coefficient between the 35 industries' cost elasticities with re­spect to highway capital in Nadiri's study and the same industries' total transporta­tion intensities from TSA 1992. We sus­pected that highway transportation intensity of an industry might not be a good indicator of the marginal benefit of 
	A Preliminary Assessment ofthe Similarity Between Nadiri's Industry Cost Elasticity and TSA's Transport Intensity Measure 
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	Figure 1: Correlation Between Cost Elasticity and Highway Transportation Intensity Coefficient (0.169) 
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	Figure I: Correlation Between Cost Elasticity and Total Transportation Intensity Coefficient ( 0.173) 
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	highway capital to that industry. The reason is that highway is only one of the transportation modes, and there is high substitutability between highway trans­portation and other modes, such as rail transportation and air transportation. An industry with a low highway transporta­tion intensity might benefit greatly from highway investment and increased produc­tivity of highway transportation services, because its total transportation intensity is high. The industry may substitute an­other mode with highway 
	highway capital to that industry. The reason is that highway is only one of the transportation modes, and there is high substitutability between highway trans­portation and other modes, such as rail transportation and air transportation. An industry with a low highway transporta­tion intensity might benefit greatly from highway investment and increased produc­tivity of highway transportation services, because its total transportation intensity is high. The industry may substitute an­other mode with highway 
	However, the result of our second test also showed no correlation between Nadiri's estimates of industry's cost elas­ticities and industry's total transportation intensity estimates from TSA 1992, either. The correlation coefficient between industry's cost elasticity and industry's total transportation intensity was very small (0.173) and not correctly signed. Fig­ure 2 presents the result ofthe second test. 
	Modified Hypothesis 
	Cost elasticity with respect to highway capi­tal is highly correlated with industry's lo­gistic cost. Industry with high logistic cost would be expected to have large cost elastici­ties with respect to highway capital and in­dustries with low logistic cost would be expected to have small cost elasticities. 
	The rejection of our initial hypothesis was against our intuition and led us to think deeper about the underlying mechanism through which highway capi­tal affects industry production. The next idea we explored was that in addition to increasing the efficiency of highway transportation, and hence reducing transportation cost, highway capital ben­efits industry production by enabling businesses to organize their production in new and different ways. "Just-in-time" inventory practices are a good example of a m

	Transportation Investment: New Insights from Economic Analysis 
	capital benefits industry production in more ways than just reducing transporta­tion cost. The "bottom line" interest of businesses to reduce total production cost and cost elasticities is in fact a measure of the change in total production cost (not just transportation cost). Therefore, more efficient transportation may actually in­crease rather than decrease the share of transportation cost in total production cost as business substitutes transportation for other production inputs. We asked, within an int
	capital. 
	To test the modified hypothesis, we constructed two logistic cost proxies us­ing data from TSA 1992. In Proxy A, the total transportation intensity measure is augmented by the TSA cost coefficients for the finance, insurance, and real estates sector, the other services sector, and the government enterprise sector. In Proxy A, the highway transportation intensity measure is augmented by the TSA cost coefficients for the finance, insurance, and real estates sector, the other services sector, and the governmen
	To test the modified hypothesis, we constructed two logistic cost proxies us­ing data from TSA 1992. In Proxy A, the total transportation intensity measure is augmented by the TSA cost coefficients for the finance, insurance, and real estates sector, the other services sector, and the government enterprise sector. In Proxy A, the highway transportation intensity measure is augmented by the TSA cost coefficients for the finance, insurance, and real estates sector, the other services sector, and the governmen
	washing. The cost coefficient for the gov­ernment enterprises sector includes the costs of postal services and government passenger transit. 

	Results of Testing the Modified Hypothesis 
	We again started our test by calculating the correlation coefficients. The correla­tion coefficient between the 35 industries' cost elasticity with respect to highway and logistic cost Proxy A was -0.46, while the correlation coefficient for Proxy B was -0.45. Not only did the absolute value of the correlation coefficients increased sig­nificantly, but, more importantly, the co­efficients also were correctly signed. Since Professor N adiri's cost elasticity estimates for metal mining (2), nonmetallic mining
	-
	2 

	0.31 and 0.32, respectively, indicating that about one-third of the variance in cost elas­ticity across industries reflects or can be explainedby the variance in industries' lo­gistic costs. These results are shown in Fig­ure 3 and Figure 4. 
	The second step was to test whether the correlation coefficients would be statisti­cally significant. We ran a simple regres­sion analysis between cost elasticity and logistic cost proxies, which automatically generated F-test results about the correla­tion coefficients. The F val.ue for the cor­relation coefficient of Proxy A was 13.2. And the F value for the correlation coeffi­cient of Proxy B was 14.3. Both are about two times as large as the critical value 
	(7.56) ofFtest with degrees of freedom of (1, 30) and significance level of 0.01. In other words, the F-test states that the modified hypothesis can be accepted with 99 percent confidence. 
	Figure 3: Correlation Between Cost Elasticity and Logistic Cost Coefficient (Proxy A, -0.458) 
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	Figure 4: Correlation Between Cost Elasticity and Logistic Cost Coefficient (Proxy B, -0.44 7) 
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	Conclusion 
	Conclusion 
	1. 
	1. 
	1. 
	Highway capital affects industry pro­duction in much broader ways than just reducing highway transportation cost. Faster, more flexible, and more reliable highway transportation en­ables industries to organize produc­tions in new and different ways. 

	2. 
	2. 
	There is no correlation between Nadiri's estimates of industry cost elas­ticities with respect to highway capi­tal and the transportation intensity coefficients (total or highway only) from TSA 1992. However, there is sta­tistically significant correlation be­tween cost elasticity with respect to highway capital and total logistic cost . These findings indicate that the share of logistics cost in an industry's pro­duction cost might be a better object of analysis than the share of highway transportation cos
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	Table Ii Correlation Analysis of Cost Elasticity of Nadiri Study with Industry Transportation Intensity Coefficients of TSA 1991 
	Cost Elasticity 
	Cost Elasticity 
	Cost Elasticity 
	Cost Elasticity of 

	Correlation 
	Correlation 
	of Nadiri study 
	Nadiri study** 

	All transportation intensity coefficient 
	All transportation intensity coefficient 
	0.17 
	0.01 


	Highway transportation intensity coefficient 
	Highway transportation intensity coefficient 
	Highway transportation intensity coefficient 
	0.27 
	0.02 

	Total intermediate input coefficient 
	Total intermediate input coefficient 
	0.20 
	0.21 

	Logistic cost coefficient (Proxy A) 
	Logistic cost coefficient (Proxy A) 
	-0.46 
	-0.55 


	Logistic cost coefficient (Proxy B) 
	Logistic cost coefficient (Proxy B) 
	Logistic cost coefficient (Proxy B) 
	-0.45 
	-0.57 

	Industry use of all transportation services 
	Industry use of all transportation services 
	-0.66 
	-0.72 

	Industry use of highway transportation services 
	Industry use of highway transportation services 
	-0.62 
	-0.70 


	**Correlation coefficients were based on a modified data set in which three industries with positive signs for cost elasticity were removed. These three industries were metal mining, nonmetallic mining, and leather and leather products. 
	Table 3: Results of Statistical Significance Test 
	A. Regression of cost elasticity with logistic cost coefficient (proxy A) 
	Regression Statistics Multiple R 0.553 RSquare 0.306 Adjusted R Square 0.282 
	Standard Error Obse,vations ANOVA Regression Residual Total Intercept XVariabie 1 
	Standard Error Obse,vations ANOVA Regression Residual Total Intercept XVariabie 1 
	Standard Error Obse,vations ANOVA Regression Residual Total Intercept XVariabie 1 
	0.016 32 df 1 30 31 Coefficients -0.01760 -0.20698 
	ss 0.00353 0.00802 0.01155 Standard Error 0.00830 0.05697 
	MS 0.00353 0.00027 t Stat -2.12139 -3.63336 
	F 13.20131 P-value 0.04226 0.00103 
	Slgnlflcance F 0.00103 Lower95% Upper95% -0.03455 -0.00066 -0.32331 -0.09064 


	B, Regression of cost elasticity with logistic cost coefficient (proxy B) 
	Reqression Statistics Multiple R 0.569 RSquare 0324 Adjusted R Square 0.301 Standard Error 0.016 ObseNations 32 
	ANOVA 
	df ss MS F Significance F Regression 1 0.00374 0.00374 14.34765 0.00068 Residual 30 0.00781 0.00026 Total 31 0.01155 
	Coefficients Standard Error t Stat P-value Lower95% Upper95% Intercept -0.01939 0.00755 -2.56836 0.01544 -0.03480 -0.00397 XVariabie 1 -0.21611 0.05705 -3.78783 0.00068 -0.33262 -0.09959 
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	Appendix C: Productive Highway Capital Stocks 
	Introduction 
	Capital stock information is an important component of economic studies examin­ing the relationship between public infra­structure investments and private-sector performance. In order to determine the productivity ofpublic infrastructure, more broadly all forms of public capital, an ac­curate measure ofpublic capital is needed. A number of studies have examined the productivity of public infrastructure and use capital stock as a primary input, nota­bly those of Aschauer (1989), Munnell (1990), and Nadiri an
	structed in each of these studies and the majority of other studies suffer from at least one of three shortcomings. 
	A project recently undertaken for the Federal Highway Administration con­structs a highway capital stock and de­scribes the underlying concepts and methodologies (Fraumeni, 1999). The three major shortcomings ofother studies are as follows: 
	1. 
	1. 
	1. 
	The use of wealth instead of produc­tive stocks 

	2. 
	2. 
	An implicit new construction or recon­struction assumption 

	3. 
	3. 
	An insufficient number of years from stock calculation starting point or the lack of a benchmark. 


	These concerns are briefly outlined in this paper. 
	Use of Wealth Instead of Productive Capital Stocks 
	Very few researchers are aware of the difference between productive and wealth capital stock. Productive capital stock is the stock which has been adjusted for the decline in the potential productive services of an asset as it ages. Wealth capital stock is the capital stock evaluated at its market value. Productive capital stock is clearly the relevant measure for analysis of productivity or the contribution ofinfrastructure to economic growth. Unfortunately, the majority ofprevious studies were contaminate
	-
	-
	-
	-
	-

	Economists favor the light bulb example to explain the difference between the two types of stock. Assume a light bulb is ca­pable of shining for 12 months. At any point in time over that 12 months, until the bulb stops shining, it is 100 % produc­tive because the intensity of light is con­stant. However, if one sold the light bulb after 6 months of use, a rational buyer would only be willing to pay approxi­mately half of the original purchase price. In stock measurement, at the 6 month point, the productive
	Until recently, the Bureau ofEconomic Analysis published estimates of wealth capital stocks (BEA, 1993) which differed from the corresponding productive capi­tal stocks. Wealth capital stocks are needed for the national income and product ac­counts, which are produced by BEA. Al­though BEA documentation warns users not to use wealth stocks for productive stocks, this warning apparently was over­looked or unheeded by most researchers. 
	Barbara M. Fraumenit 
	Barbara M. Fraumenit 
	February 1999 

	tThis paper represents views of the author and is not an official position of the Bureau of Economic Analysis or the Department of Commerce. The research described in this paper was conducted while the author was at Northeastern University. 
	Productive Highway Capital Stocks 
	For components ofthe stock for which the concepts differ, the Fraumeni productive stock is as much as 1.4 times the corre­sponding wealth capital stock.For most assets, there is no longer a difference be­tween BEA wealth stocks and the corre­sponding productive stocks (Fraumeni, 1997; Katz and Herman, 1997); however the Fraumeni FHWA study suggests changes in the BEA highway wealth stock methodology that would imply differing estimates for wealth and productive capi­tal stocks. 
	1 

	Implicit New Construction or Reconstruction Assumption 
	The distribution ofbasic components capi­tal outlays for newly constructed or recon­structed roads are clearly different from the distribution of basic components out­lays for other types of capital outlays. For example, in the 1997CostAllocationStudy, rural other principal arterials capital out­lay for grading as a percentage of outlays for pavement plus grading varied from 6.30% for resurfacing to 37.6% for new construction. The Faucett and Scheppach (1974) pavement, grading, and structure split undoubted
	2 

	25.5 % in 1921 and 31.2 % in 1995. Ac­cordingly, new construction and recon­struction splits are inappropriate for most capital outlays. 
	Number of Years from Calculation Starting Point or the Lack of a Benchmark 
	Number of Years from Calculation Starting Point or the Lack of a Benchmark 
	Some ofthe components ofa highway have a very long service life, for example, com­monly grading is assigned an 80-year ser­vice life and structures are assigned a SO-year life. Researchers frequently use the perpetual inventory method to calculate capital stocks without an initial year benchmark. The post-World War II stock estimates of only a few studies, notably those of Faucett and Scheppach (1974) and the Bureau of Economic Analysis (1993), are unaffected by this problem as their initial years are as ea
	th 

	0.9 times to 0.08 times larger, the differ­ence persists in the 1970s, 1980s, and 1990s, the Fraumeni estimates varying from 0.08 times to 0.25 times larger than the Bell and McGuire estimates. The dan­ger of underestimation is particularly high for state or local estimates, as the time span for capital outlay series is typically fairly short. 
	Conclusion 
	Prior estimates ofhighway productivity or its contribution to economic growth may be incorrect because of problems in con­struction of the all-important capital stock input to these studies. The extent of the potential problem does vary by study. The NadiriandMamuneas (1996) capital stock estimates are the closest to the Fraumeni estimates of all estimates examined. 
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	A light bulb's pattern of decline in effi­ciency or potential productive services is a polar case. 
	1

	In the case of Interstates, it is assumed that all capital outlays are for new con­struction or reconstruction from 1956 to 1975 and that all capital outlays beginning in 1976 are for other than new construc­tion or reconstruction. 
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