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From the time of the natlon's first
transportation plan — the Gallatin Report
at the beginning of the nineteenth cen-
tury — U.5. political leaders have recog-
nized the developmental and economic
benefit of investrment in transportation. As
different ports competed to be the sup-
plier of the original colonies, as different
routes competed to be the gateway to the
west, as the first national system of post
roads was designated, and as the Inter-
state Highway Systemn was designed,
states and reglons have competed for ac-
cess. Transportation facllities are more
than magnets that draw growth to one
point instead of another: they also create
economic growth that is shared by the
nation as a whole.

This national economic benefit has
been measured in a recent study by M.
Ishag Hadirl, an economist at Hew York
University. He found that there s a strong
relationship between the capital stock of
highways and the net soclal rate of return.
During the 1950s and the 1960s, the net
social rate of return of the nation's high-
way network was very high, while in the
1970s and 1980s the returns on highway
Investrnent were lower - roughly the same
as that realized on private capital in those
decades. What led to the extremely high
returns In the 1950-1970 period, and what
future public Investments In transportation
infrastructure might have similarly massive
impacts? Can public policy be targeted to
produce such high returns In the future,
and continue to benefit the nation’s eco-
nomic health, its international competitive-
ness, and its quality of life?

The Eno Foundation held a public
policy forum on July 25, 1996 to explore
these Important questions. Leaders In
government and industry, specialists on

economic development, investment ana-
lysts, and other experts came together to
examine recent research on this subject,
to discuss its possible policy implications,
and to identify ways to make such analy-
sis more useful to policy makers.

We are deeply Indebted to all the
thoughtful leaders, listed at the start of
this report, who contributed to these dis-
cussions. We are especially thankful to
Professor M. Ishaq Madirl for his stimulat-
ing analysis and his willingness to defend
this work before a diverse community of
interested professionals; to Professor Jose
A. Gomez-lbanez who chaired the forum;
to Jeffrey Madrick, who prepared the fo-
rum report; and to Jennifer Clinger, who
organized the forum and oversaw all the
arrangements. We are also grateful to the
Federal Highway Administration, the
Hational Cooperative Highway Research
Program, and the Armerican Association of
State Highway and Transportation Officials
for their financial and professional support.
Thanks are also due to the forum particl-
pants who reviewed the draft report and
made useful corrections.

The message that came through loud
and clear at the forum Is that the economic
impacts of transportation are important,
and that new findings bearing on them
deserves serlous attention, The Eno Foun-
dation is pleased that the Insights contrib-
uted by participants at our forum are now
publicly avallable, and that this report will
help to give the economic Cconsequences
of transportation the consideration that
they deserve.

Darmian Kulash
President and CEQ
Eno Transportation Foundation
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Economic productivity is key to
maintaining the nation’s global competi-
tiveness and a rising standard of living.
However, ﬁfoductivity, along with over:
all economic growth, has slowed con-
siderably in the U.5. since the 1970s.
Investments in transportation infrastruc-
ture benefit ecopomic productivity by al-
lowing more efficient processes, econo-
mies of scale, changes in distribution or
logistics patterns, and reduced costs. Al-
though the impacts of the system sur-
round us, few attempts have been made
to estimate the overall, program-wide
economic benefits of public investments
in transportation facilities.

Recently, Dr. Ishaq Madiri, an econo-
mist at Mew York University,'has found
that there has indeed been a significant
positive rate of return from public invest-
ment in highways In the United States
In recent decades, although the magni-
tude of this return tapered off in the
1980s. As the nation prepares to de-
sign highway legislation for the next five
years, the implications of this most re-
cent work on economic returns could
have major implications.

The Eno Transportation Foundation
convened a publlic policy forum to dis-
cuss the economic return on transpor-
tation iInvestment. About 35 people with
varied perspectives on this Issue at-
tended this day-long discussion on July
23, 1996.

The Federal Highway Administrator,
Rodney Slater, opened the forum by
saying that the FHWA has made foster-
ing productivity growth through Invest-
ment in highways one of its primary
goals. He emphasized the importance

of high-quality economic research to find
the linkage between highway invest-
ments and economic performance.

Professor Nadiri described that there
has indeed been a significant positive
rate of return from public investment in
highways in the United States in recent
decades, although the magnitude of this
return has tapered off in later decades.
During the 1950s and 1960s, the so-
clal return on those investments — the
total return to business less deprecia-
tion — far exceeded those earned on
private capital. During the 1980s, these
returns were roughly equivalent to the
rate of return earned on private capital
investment over the same period. In-
vestment in national systems in particu-
lar, which usually involve larger networks
of roads and highways than local
projects, had-a higher rate of return than
private capltal over this perlod.

The high rates of return in earlier
years and their rapid decline in subse-
quent years were largely the result of at
least three factors. First, in the 19505
and 1960s, transportation demand was
strong as the American economy ex-
panded rapidly. The investments in the
Interstate Highway System naturally pro-
duced high returns because the rapid
darowth in the post-war economy required
an expansion In infrastructure to accom-
modate It. Second, unlike for private
capital, the benefits of public investment
in transportation were shared by many
Industries. Third, as Initlal needs were
met and the highway system matured,
it was only natural that subsequent in-
vestments produced lower rates of re-

Summary



turn. Mevertheless, recent returns, al-
though lower, are positive and signifi-
cant.

Nadirl also concluded that Invest-
ment in highway capital made a signifi-
cant positive contribution to the
economy’s rate of productivity growth.
But the declining rate of growth in high-
way capital made only a minor contribu-
tion to the slow rate of growth in eco-
nomic productivity in the 1980s. This
refuted the conclusions of earlier stud-
ies which showed that there was a dra-
matically higher contribution to produc-
tivity from infrastructure investment than
" from private capltal investment.

While existing studies generally re-
port a positive contribution from Infra-
structure investment, there is a wide
variety of results. Rates of return on
public infrastructure investment clearly
vary slanificantly over time, place, and
according to the economic context of
the region or nation In which the invest-
ment |s made. Future research should
be directed towards determining which
kinds of infrastructure investment will
make the largest contributions to aggre-
dgate and sector productivity growth,

An overriding Issue Is how to con-
tinue to make significant investments in
transportation infrastructure In an era of
scarce public resources. The use of pub-
lic-private partnerships may be able to
make up for shortfalls In new capacity in

. the federal, state and local transporta-
tion programs. Innovative financing
methods involving both public and pri-
vate sectors may also be effective in a
tirﬁe of more limited public resources.

In general, forum particlpants agreed
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that a public awareness must be cre-
ated for thinking about how infrastruc-
ture investment can promote the growth
of the nation’s productivity. These im-
pacts are significant and of a national,
not local, character. They should be at
the center of the debate, yet public
policy discourse does not yet take Into
account these far reaching impacts. Par-
ticipants urged policy makers to apply
the results of new economic research
to their decision-making processes and
to develop new ways to present the case
to legislators and to the public that In-
frastructure investment can improve
productivity and economic growth.

While the results of the new research
analysis are powerful and promising, it
would be self-defeating to exaggerate the
new research findings. The new research
has corrected many of the flaws of ear-
lier studies, but its results need to be
presented cautiously and understandably.

Prafessor Jose Gomez-Ibanez, Chair-
man of the forum, summarized the main
points of the forum as follows:

First, the Nadiri research shows that
there have been significant returns to
public highway Investment. While these
returns have declined over time, they
are still significant. They are the equiva-
fent of returns to private capital.

Second, these returns vary signifi-
cantly, and we do not always understand
why this is s0. They vary over time. In
the 1950s and 1960s, the interstate
highways replaced the open-access
roads that came before them, which may
explain much of the decline in returns.
But they also vary according to place.
Additional highway investment may be




useful in some regions or areas and not
in others.

Returns can also appear to vary ac-
cording to where in the overall se-
quence they are made. The first roads
or highways In a region appear to gen-
erate higher returns than subsequent
ones.

Returns can also vary depending on
the institutional context. If trucking in
a nation is a manopoly, the benefits of
infrastructure investment will accrue to
truckers rather than the economy as a
whole. 5o, for the potential returns of
transportation to be fully realized, the
context must permit the interacting in-
stitutions to exploit new efficiencies.

Infrastructure investments can pro-
duce sizable returns, but only if they
are the right Investments at the right
time — Investments that create grow-
ing room. The fact that policy makers
appear to have selected such invest-
ment in the 1950s and 1960s does not
tell us much about what the best op-
portunities are today.

Third, we may never know the full
effects of highway investment on pro-

ductivity. This i5 not merely because
our statistical tools-are not perfect. New
infrastructure creates a context for fur-
ther Innovation that cannot usually be
predicted. People are enabled by the
new infrastructure to create different
ways of doing things that are subtle and
have long lead times. They are the sorts
of things that can never really be traced
out beforehand-—or sometimes even af-
ter the fact. For example, we still have
difficulty disentangling the effects the
rallroads had on 19th century America.

Finally, how can the new research be
used? To be valuable to policy makers It
must be phrased in plain English and
must not exaggerate findings, which
would undermine their credibility. It must
also communicate a vislon or story that
is credible, specific, and moves beyond
the abstraction inherent in measures llke
the rate of return. Such a vision may be
more complex and harder to communi-
cate than the case made to justify the
interstate highway system in the 1950s.
Nevertheless, the public may be prepared
for a more sophisticated vision than they
were a generation or two ago.
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Background and
Introduction

A national debate Is gathering mo-
mentum over whether the U.5. economy
can grow faster than it has over the past
two decades. During the 1970s and
1980s, the economy’s rate of growth
slowed dramatically from Its historical
average. Between 1870 and the early
1970s, the best data show that the
American ecopomy drew at an average
rate of nearly 3.5% a year. Since 19753,
the economy has grown at only 2.4% a
year.

Whether the nation is better off in
the future depends on whether the rate
of growth of productlvity can be ralsed.
Productivity Is the main source of eco-
nomic growth and a rising standard of
living. [ts growth has slowed even more
dramatically over the past two decades
than did overall growth. Labor produc-
tivity — the output of goods and ser-
vice per hour of work — grew at a rate
of more than 2% a year since Just after
the Clvil War. Since 1973, it has man-
aged to grow at only 1% a year. Total
factor productivity—the output per unit
of labor and caplital—has slowed down
to a similar degree.

Had productivity grown at Its long-
term rate since 1973, another $13 tril-
lion In national income would have been
produced by the economy. As a conse-
quence, tax revenues would have risen
so much that there would be no federal
deficit today. In fact, at current levels of
federal spending, there would be a sub-
stantial budget surplus.

Investments In Infrastructure, par-
ticularly trahsportation projects, may
have significaﬁt Impacts upon economic
productivity. Governments make invest-
ments In transportation facilities to sup-
port development, to spur economic
arowth, to alleviate existing deficlencies,
or to increase public convenience. In the
19" century, the large positive economic
value derived from investments in trans-
portation systems was taken to be self-
evident, and major investments in roads,
railroads, and canals were made on this
basis. Asthe U.5. developed, transpor-
tation investments were used to trans-
form the economic environment pro-
foundly. Similarly, historians attribute the
Industrial Revolution to varlous transpor-
tation investments that preceded it.
Today, developing nations view transpor-
tation Investments as key ingredlents for
economic development and growth.

No one living In contemporary
America can overlook the profound
changes brought about by the Interstate
Highway System on where people llve,
work, and shop. [t has expanded the

Rodney Slater discusses the rates of return from transportation investments
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range over which goods can be mar-
keted, has created opportunities for
economies of scale and for increased
specialization, and has brought the effi-
clencies of just-in-time inventory sys-
tems to businesses across the land. Al-
though the impacts of the system sur-
round us, few attempts have been made
to estimate the overall, program-wide
economic value of public Investments
in transportation facilities.

Because of the Importance of pro-
ductivity growth to the economy, and in
anticipation of the reauthorization of the
nation’s surface transportation programs

‘next year, the Federal Highway Admin-
istration (FHWA) and the American As-
sociation of State Highway and Transpor-
tation Officials (AASHTO), through the
National Cooperative Highway Research
Program (NCHRP), asked the Eno Trans-
portation Foundation to call a conference
of transportation experts and policy
makers from the public and private sec-
tors and academia to discuss whether
transportation infrastructure investment

(L to R) Jose Gomez-lbanez of Harvard University, Beth Pinkston of the
Congressional Budget Office, and Theresa Smith of FHWA
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can play a critical part in improving
America’s productivity.

In the 1950s, the rate of growth of
highway capital surged. After declining
slightly in 1950 and 1951, the capital
stock drew at an annual rate of 6.2% until
1959. But beginning in the 1960s
and on through the 1970s, the rate of
growth slowed continuously.
1982, highway capital stock has been

Since

growing at an average rate of 1.2% a
year.
This increased rate of growth has not

.kept pace with the increase in demand

for highway transportation. The siow rate
of investment has contributed to In-
creased congestion and poor mainte-
nance. It has also resulted in fewer large-
scale transportation projects, and re-
quired proportionately more funding
from state and local levels of govern-
ment for transportation improvements.

But has the lower rate of investment
in transportation infrastructure since the
1950s contributed significantly to the
general slowdown In productivity growth?
Can ralsing the rate of investment in
transportation infrastructure enhance
overall productivity for the entire nation?
The Eno policy forum addressed these
fundamental questions. _

The starting place for this discussion
was a new econometric study by M.
Ishaq Nadiri of New York Unlversity and
the Mational Bureau of Economic Re-
search and Theofanis P. Mamuneas of
the University of Cyprus. Itis a compre-
hensive analysis of how investment in
highway infrastructure affects the
natlon’s output, the commercial sector’s
costs of doing business, and private




sector productivity in general. The ex-
pert participants agreed that the Nadiri
model had corrected the most impor-
tant flaws of earlier studies on this sub-
Ject. The general consensus, among
both skeptics and supporters of this type
of analysis, was that Nadirl’s analysis was
one of the most comprehensive pieces
of work that has been done in the infra-
structure area in the last ten years, which
Is when the main growth of literature has
occurred.

Approximately thirty-five profession-
als from academia and the private and
public sectors particlpated in the forum,
including top government officials, aca-
demic leaders, and industry executives.
There were three general areas of dis-
cussion. The first concerned Professor
Madirl’s model, and an interpretation of
its results. The second concerned the
policy implications of new research, and
ensuring that investments in highway in-
frastructure are targeted to have the
maximum net benefits. The third area
of discussion concerned how to frame
public policy issues in light of the new
research, as well. as how to make the
public understand potentlal contribution
to the economy’s productivity of infra-
structure investment.

The Need for this Forum

Federal Highway Administration
(FHWA) Administrator Rodney Slater in-
troduced the toplc of the forum by ob-
serving that FHWA has traditionally fo-
cused Its attention on the direct ben-
efits to travelers and commuters of bet-

ter, faster, safer roads and highways as
well as the employment generated by
construction and maintenance. But now,
FHWA Is intensifying its focus on a third
area: the benefits that infrastructure in-
vestment has for industry, business and
the economy in general.

“Until recently, discussions about the
relationship between public capital, and
economic performance were based on
evidence that was largely descriptive In
nature,” Slater said. However, descrip-
tive and anecdotal evidence Is not suffl-
cient to support public investment de-
cisions that have significant social, en-
vironmental, and economic impacts. In
a fiscally stringent time when every fed-
eral expenditure requires justification, he
said, “the objective here is to gain the
evidence we need, and to carry forth the .
strong message.”

Slater explained that this was why
the FHWA funded the Madirl study. Now
that it Is completed, the discussion
needs to focus on three questions:
“What do these findings mean? How are
Industries affected by what we discover?
And what are the Implicatlons for future
transportation policy?”

Administrator Slater said that he was
ready to use well-done research to make
the case for infrastructure investment if
it Is Justified. “If truth was self-evident,
there would be no need for eloquence,”
he sald. The job, Slater concluded, Is,
“to create a story that people can un-
derstand, buy into, and give themseives
to, much as we have glven ourselves to
creating a rall system, an aviation sys-
tem, a highway system, and all of the
transit facilities that exist around this
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Rodney Slater of FHWA

country. Many people would like to rest
on those accomplishments. Well, we are
gathered here today to examine the
question of why we cannot rest on those
accomplishments.”

New Research on the
Economic Returns from
Transportation
Investment

Professor M. Ishaq Nadiri, the Jay
Gould Professor of Economics at New

"York University and a member of the

National Bureau of Economic Research,
explained that his research in how infra-
structure investment affects economic
output was initiated by several well-
known studies in the late 1980s that
concluded that Infrastructure investment
had a dramatic impact on the rate of
economic growth. These original stud-
les were done, most notably by Profes-
sor David Aschauer, now of Bates Col-
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lege, and later by Alicia Munnel of the
Boston Federal Reserve Bank (now on
the Council of Economic Advisers). Be-
fore Aschauer, Nadiri noted, many ap-
plied economists had not estimated how
public investments affect the nation’s
productive capacity. They focused al-
most exclusively on how private-sector
decisions with respect to output, em-
ployment, and capital accumulation con-
tributed to economic productivity
arowth.

The methodology of these first stud-
ies was widely challenged by the aca-
demic community and the conclusions
were severely scaled back. An extensive
list of new research then followed. If criti-
clzed, however, the Aschauer and
Munnel work did serve as a challenging
beginning.

Aschauer’s model rested on a form
of economic analysis known as a pro-
it assumes that the
output of the economy (Gross Domes-
tic Product) is a function of the total sup-

duction function.

“We know the
relationship
between highway
infrastructure
investment and
economic
performance is of
pivotal importance
to the nation as a
whole” - rodney stater




ply of labor hours and available private
capital stock as well as the rate of tech-
nological progress. In trying to measure
the impact of infrastructure capital, a
production function can be expanded to
Include the supply of infrastructure in-
vestment as a variable as well. If the
relationship between chandes in infra-
structure investment and the economy’s
outputis close, one possible interpreta-
tlon Is that infrastructure investment is
an important determinant of economic
output.

The main criticism of this method-
ology Is that even though there may be
a close relationship between the rate of
infrastructure investment and the
economy’s output, this does not neces-

sarlly Imply a causal relationship between’

the two. There can be many other rea-
sons why the rate of change in infrastruc-
ture investment and the economy’s out-
put would rise and fall simultaneousily.
When other academic researchers fac-
tored out the possible simultaneity and
“auto-correlations,” which are especially
signiflcant when comparing investment
and growth, they concluded that Infra-
structure Investment had a much
smaller Impact on the economy’s out-
put than Aschauer Initially maintained.
To avold such ambiguities, Profes-
sor Madiri took a different approach to
the issue that bypasses the problems
usually associated with production func-
tion studies (refer to Appendix A for the
complete study). His analysls did not use
generalized production functions to rep-
resent the economy. Rather, It used a
serles of cost functions for all the indi-
vidual industries that make up the

_ economy (there are 35 industry catego-

rles in the model). This determines how
the costs of doing business are affected
by many factors, one of which is the
stock of public infrastructure capital. In
the case of this model, highway capital
is used.
research attempts to take account of all
the major factors that might potentially
affect productivity growth. It then iso-
lates the contribution made by invest-

In general, this econometric

ment in highways, covering the years of
1950 to 1989.

What are cost functions? The costs
of an industry are a function of several
key factors, including the cost of capiltal
and labor, the prices of raw materials and
other inputs, the level of the industry’s
output, and the stock of infrastructure
capital. Madiri's analysis also included the
rate of technical change and capacity
utilization rates. As each of these ele-
ments change, so do the costs of pro-
ductlon for an individual Industry.

But to avoid spurlous correlations,
the factors that affect costs are not sim-
ply taken as constants. Just as it oc-
curs in the real world, a change in one
variable in the model will affect the other
variables In the equation. For example,
If capltal stock goes up, there may be
less need for labor. The share of labor
and its cost will therefore carry less
weight in the cost function. MNadiri ad-
Justed for these Iinterrelated changes
among all the key factors that affect an
industry’s costs. In the language of
economists, cost factors are arrlved at
endogenously rather than exogenously.

The Nadiri research also estimated
Independently a demand function for
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each industry, allowing for likely changes
in the demand for the output and pro-
ductivity of a particular industry. If the
output of an industry changes, its costs
will also change.

A complex series of regression
equations were also run in several stages
to arrive at a final relationship between
the factors that determine supply and
demand. Output and cost elasticities
with respect to highway infrastructure
capital were calculated for each indus-
try. Elasticity is defined as the amount
that output would rise or costs fall for
each percent Increase in the natlon’s
. highway capitél stock. The analysis also
calculated rates of returns for total high-
way investment by relating cost reduc-
tion benefits to the opportunity costs of
. public roads. These were then aggre-
dated to arrive at results for the entire
economy, which Is called the social rate
of return. These results were checked
adainst a model for the entire economy
as well.

The analysis also broke down the
components of the nation’s productivity
garowth so that the contribution made by
highway capital could be compared to
the contribution made by other factors.
Total factor productivity (TFP) is the out-
put of the economy per factor of Input—
specifically, per hour of work and dollar
of caplital. The model decomposed TFP

growth into four basic determinants.
One is exogenous demand for goods
and services, which is a function of
changes in population and agdredate
income on the demand side. A second
is the chande in relative prices. of such
Key inputs for an industry as raw materi-
als and Intermediate products. A third
is autonomous technological change, a
residual number that Includes things that
economists usually can’t specify. The
fourth Is, the level of the highway capi-
tal stock. The analysis shows the degree”
to which each of these factors contrib-
utes to the nation’s productivity growth.
Professor Nadiri points out that his
analysis is “a work in progress.” As we
shall see, there are still certain Incon-
sistencies In results that require expla-
nations. And there is the underlying
question that all statistical studies uti-
lizing even the most rigorous regression
analysis raises: even when a relation-
ship is found between infrastructure in-
vestment and productivity, we cannot be
certain based on such techniques alone
whether more investment has caused
productivity to rise or whether rising
demand In the economy has raised the
returns on such investments.
Nevertheless, the Nadiri analysis Is
one of the most comprehensive econo-
metric studies of Its kind.  As noted,
the study circumvents many of the

Annual Rate of Return By Type of Investment

1950-89
Total Highway Capital 28%
Non-Local Highway Capital 34%
Private Capital 13%

1950-59  1960-69 1970-79 1980-89

~35% 35% 16% 10%
48% 47% 24% 16%
13% 14% 12% 11%
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problems with former studies, including
spurious correlations. It has made key
varlables endogenous rather than exog-
enous—that is, rather than being con-
stant, key variables are allowed to
change as they are affected by other
changes in other variables. This better
reflects the real world than do many
models based on productioh functions.
The study's conclusions are also
subject to a variety of checks. The study
agdredated both the demand and sup-
ply sides of his industries to be sure they
tally. Bottom-up industry agdregates
were compared to an economy-wide
model, and they were also in accord.
Statistical tests were made to avold ba-
Sic errors about spurlous correlations.
The social rates of return on public
investments in highway capital were
positive and significant throughout the
1950s to the 1980s. In the 1980s,
these returns were competitive with re-
turns on private capital. Both the re-
turns on highway capital and private capi-

“The social rates
of return on public
investments in
highway capital
were significant.
In the 1980°s they
were competitive
with returns on
private capital.”

tal averaged 10% a year In the 1980s
(see the table below). This suggests
that public highway Investment in all
classes of roads should at least be in-
creased at the same rate as total pri-
vate capital Investment.

The rate of return on highway invest-
mentin the 1950s and 1960s was much
higher than in the 1980s, averaging
about 35% a year, much higher than the
return on private capital, which averaged
about 14% a year In this period. The
average rate of return on highway capi-
tal over the entire forty-year perlod was
28%.

Madiri also estimated the effects of
highway capital invested in non-local
roads. These larger systems of Inter-
connected higher-order roads make up
the network that essentially serves com-
merclal interests. Such investments may
presumably contribute more to produc-
tivity because their benefits are shared
by so many users over a wide geodraphi-
cal area. These may be an example of

(L to R} Ishaq Nadiri of New York University and Damian Kulash of The
Eno Transportation Foundation
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network effects. The return on this capi-
tal, called non-local highway capital, was
significantly higher than it was on fotal
highway capital or on total private capi-
tal. Even during the 1980s, it averaged
16% a year.

Of the four factors that determine
the nation’s total factor productivity, the
most Importanf by a signiftcant margin
was exogenous demand for goods and
services. It accounted for more than half
the change in total factor productivity.
Highway investment Is the second most
Important contributor to productivity of
the four, ranking well ahead of either
' changes In factor prices or autonomous
technological change as a determinant
of TFP. it is noteworthy that when TFP
was growing fastest, between 1952 and
1973, infrastructure investment ac-
counted for a larger portion of the gain
than when TFP growth slowed between
1973 and 1989. 5Some Interpret this
as a suggestion, which still needs fur-
ther-corroboration, that large infrastruc-

ture programs resulting in added capac~

ity may have contributed more to eco-
nomic growth and productivity than high-
way programs focused on preservation
and maintenance. Alternatively, the dif-
ferential in TFP contribution over time
implles a synergistic effect between pub-

lic policy decisions and the general eco-
nomic condition.

Nadiri also examined the elasticity
of highway investments, but did not re-
produce the stunning results arrived at
by earlier economists. For every addi-
tional dollar of infrastructure capital
stock, the output of the economy (in
terms of physical goods and services)
rises by five percent (output elasticity =
0.051). The costs of doing business
(cost elasticity) fall by about four per-
cent in response to a 1% increase in
highway capital stock (cost elasticity = -
0.044),
cant, but they are only about one-eighth
of the elasticities previous studies esti-

These elasticities are signifi-

mated.

An important conclusion of the study
is that an increase in Infrastructure in-
vestment reduces costs in almost all
manufacturing industries and In many
service industries. In some Industries,
however, costs are ralsed, though only
slightly. This apparent inconsistency pro-
voked considerable discusslon among
the participants, as Iis amplified later in
the report. Nadlirl and most of the forum
participants agreed that this Is an area
where further research should be tar-
deted.

While the direct local and regional

Contributions of Highway Capital and Other Factors to Productivity

Annval Growth Rates
1952-89 1952-1963 1964-72 1973-79 1980-89
Total Factor Productivity .68 % 94% 1.03 % 3% A2%
Exogenous Demand - .60 30 .60 J5 84
Highway Capital A7 30 26 03 03
Price Changes .-06 -06 -10 -1.70 07
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benefits of highway investments are
immediately recognized, investments in
a network of facilities may produce pro-
ductivity gains to entire industries na-
tionwide. Are there efficiencies and pro-
ductivity gains that result from the fact
that resources are pooled by the gov-
ernment to build a broad, flexible sys-
tem of roads and highways that serves
many users simultaneously? Nadiri’s
work suggests that they do.

What would happen to costs of pro-
duction if the private sector undertook
its own infrastructure investment?
Nadiris analysis created a counter-fac-
tual situation in which each industry Is
responsible for building its own roads,
bridges, and highways. For most indus-
trles, the returns on such investment
would have been nedative. Therefore,
most industries would not have built the
infrastructure. Based on this counter-
factual evidence, the system of infra-
structure as it currently exists would sim-
ply not have been developed.

Since the large majorlty of Industries
benefited from the infrastructure system
built by government, most industries
would have lost the advantages of such
a system had it been left to themselves
to build one. Without government In-
vestment, these network benefits would
have been lost,

The forum participants generally
applauded the new research. But there
were concerns. While Naidiri's analysis
accounted for network effects, it did not
reflect the possibllity that some network
benefits can subside over time. Early in
the development of a highway system,
the second highway in a region usually

makes the first highway more valuable
by efficiently feeding it traffic from a wider
geodraphical area. In this early stage,
highway investment is usually comple-
mentary and highly beneficial. But as
new transportation investment is made,
new roads and highways eventually be-
come substitutes for rather than
complements to existing roads and high-
ways. The benefits of new investment
naturally diminish. 5o, while Infrastruc-
ture investment may well be a public
good with significant network benefits,
these benefits may diminish rapidly over
time. When making new infrastructure
investments, such dynamic network ef-
fects must be taken into account.

One of the more technical concerns
was that Infrastructure investment ap-
peared to have no positive impact on
the transportation industry itself. If any
industry benefits directly from such In-
vestment, it should be the transporta-
tion industry. Yet the model showed that
infrastructure Investment raised costs in
this industry, if only slightly. The seem-

(L to R) Ishaq Nadiri of New York University and Jose Gomez-lbanez of
Harvard University
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ing inconsistency had to be explained,
though analytic experts pointed out that
such complex models often have some
inconsistencies; indeed seasoned ana-
lysts feel if there are no such problems,
they would question whether the analy-
sis Is intricate enough. Nevertheless,
such Inconsistencies may suddest there
are Inaccuracies in the model.

In fact, infrastructure investment has
a nedative Impact on service industries
In general, according to the Nadiri model.
This is counter-intuitive, although there
may be several technical explanations
for this result. One explanation Is that
" the model is based on average slope
variables for classes of Industries. The
actual production functions of each In-
dividual industry may often differ from
this dummy variable.

In some cases these negative Im-
pacts may be sensible. For example,
some Kinds of services might suffer If
transportation was Iimproved. This is
because in service industries, the im-
pacts of transportation costs fall on the
customer rather than the business Itself,
unlike In a manufacturing Industry. In
addition, some industries do not utilize
transportation Infrastructure as intensely
as others, although this does not mean
that they do not benefit from highways
at all. For the most part, the negative
effects for service industries found by
the model are small.

Another technlical concern was that
highway capltal was not broken down
according to Its quality or the changing
nature of the Investment over the course
of nearly forty years. For example, fa-
cilities built during the 1950s and 1960s
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were bulilt using specifications that would
be considered deficient by today’s stan-
dards, such as standard lane widths,
slope dradients, and curve radii. These
standards Impact the total capacity of a
facility, especially as It reaches con-

gested levels. if highway capital could

be decomposed according to the types
of project or by quality, it could provide
more useful Information.

In general, the historical patterns of
the rates of return — high in'the 19505
and 1960s, and lower but equivalent to
private capital returns in the 1980s —
sudggest that the types and catedories
of investments undertaken may be cru-
clal. In the first twenty years covered
by Nadiri's analysis, the nation was mak-
ing major expansions in the highway
network. The question is whether the
natlon can find similarly productive in-
vestments in terms of capacity additions
in the future.

Professor Nadiri agreed that a care-
ful assessment of future Infrastructure
needs Is essential. But he concluded
that, because the rates of return on In-
frastructure and private capital were simi-
lar, the stock of public investment in in-
frastructure should at least keep pace
with the accumulation of private capital
In order to achleve balanced growth.

Methodological Issues

Dr. Randall Eberts, who has long
done economic research in this field,
pointed out that earlier studies he had
completed based on jocal rather than
national data were consistent with the




findings of the Nadiri study. In general,
he found an elasticity of 0.03.

Dr. Eberts said that we need more
research to find out “what is in the black
box.” in other words, we need to know
how Improved Infrastructure is specifi-
cally translated into higher productivity
for firms. Infrastructure investment in
general must make business inputs
more productive, For example, compa-
nies should be able to get their workers
to the workplace more quickly. Better
infrastructure should allow them to draw
from a larger labor pool. lnvento'ry can
be transported more quickly and inex-
pensively as weil. Improved infrastruc-
ture also attracts more companles be-
cause, he sald, highway infrastructure
is probably the number one attraction
in the minds of tocal economic develop-
ers. It should also be kept in mind that
infrastructure investment is a direct
stimulus to growth for most regions.
Most of the funding usually comes from
outside the community.

“We need more
research to find
out what is in the
black box”

- Randall Eberts

Companies orlent themselves spa-
tially to the infrastructure that exists. It
takes about ten years for a metropoli-
tan area to adjust fully to a large infra-
structure investment. There is evidence
that high levels of public capital can raise
productivity locally through economies
of scale due to agglomeration, through
higher land prices, and the ability to pay
higher wages.

Research on whether infrastructure
investment leads or lags economic
growth has shown diverse results. One
study found that economic growth in the
southern U.5. would have occurred any-
way even without infrastructure Invest-
ment. That is, In the south, infrastruc-
ture investment may have followed

growth. In northern states, however, it

appeared to be the other way around.
Infrastructure investment was -more
influential in raising the rate of growth.
Eberts also found a correlation between
infrastructure investment and openings
and expansions of business. Such in-

Randall Eberts of the Upjohn Institute
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frastructure investment also seems to
slow down the pace of business clos-
ings. .

Professor Charles Hulten warned
about making broad conclusions based
on what he calls “uncut econometrics.”
The new statistical analyses produce an
average constant relationship between
Infrastructure investment and productiv-
ity. But there is no reason to think that
the average relationship is actually con-
stant. In actuality, the relationship can
vary across dgeodraphical regions, over
time, and In different segments of the
economy. Depending on all these crite-
ria, infrastructure investment can pro-
duce high or low rates of return.

Dr. Hulten said that more research
must be done in these areas. He sug-
gested that public policy analysts and
economic researchers should take into
account three different mechanisms for
determining how public investment may
specifically affect productivity. The first
Is location theory. Why do companies
locate where they do? Reduced trans-

- portation costs Is one reason. There are

Forum Chairman Jose Gomez-lbanez of Harvard University

22

also economies of scale and scope that
accrue due to agglomeration. But this
might be offset if a company’s demand
is spread over a large area. It will make
sense to disperse locations under such
The rate of return on
infrastructure investment may depend
on the interaction of these three factors.

A second consideration is that in-
frastructure investments are long-lived

circumstances.

and ultimately serve users well into the
future. In other words, capacity being
built today Is partly being banked for the
future. Any correlation with contempo-
raneous growth is therefore questionable
because much of the capiltal Is not ex-
pected to be consumed until the future.
Isolating such time-dependent effects
will require more research. Also, it must
be kept in mind that public and private
Investments may have different useful
lives. This timing difference should be
factored when comparing rates of return
between the two.

The third consideration is how the
network effect works. It is difficult to as-
sess these effects. The same amount

“Professor Nadiri
appears to have
solved the
essential problem
associated with
production
function studies”

- Jose Gomez-Ibanez




of capital devoted to two different loca-
tions may well result in vibrant network
effects in one area and almost none In

another. Early on in the development of

such a system, as noted earlier, the
network effect may provide large returns
on investment as new roads make ex-
But
there will often come a point when capi-
tal merely involves a substitution of new
or different roads for older ones. At this

Isting roads even more valuable,

point, returns can fall dramatically or
even turn nedative.

Professor Jose Gomez-lbanez noted
that Professor Nadiri appeared to have
solved the essentlal problem associated
with production-function studies. He
observed that for the study to be pralsed
even by skeptical and vociferous critics
of previous studies, Professor Nadiri ap-
pears to have done an excellent job. But
he also noted that this was nonetheless
a ploneering effort, with some unexplaln-
able features such as negative returns

“In general, there
has been a high
social value from
transportation
investment”

- Colin Gannon

to service industries. Additional research

in the following areas could further sub-

stantiate Nadiri's analysis:

¢ Disadgregating total infrastructure in-
vestment by the quality of invest-
ment to determine whether some
Kinds of projects, perhaps those that
are larger in nature, are likely to pro-
vide bigger economic payoffs than
others projects,

¢ Adjusting for the longer time spans
of infrastructure investment to deter-
mine the degree of long-term pay-
offs that may now be mismeasured.

* Assessing the many ways in which
network effects can build upon each
other and the duration of network
benefits as regional economies ma-
ture.

* Micro-level assessments of how
transportation affects productivity uti-
lizing location theory, assessing
economles of scale, and other fac-
tors.

Morgan, Angel and Associates
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Historical and
International Experience

The World Bank has been involved
in more than 1,000 transport projects
throughout the world totaling about $50
billlon of Investment. For the most part,
the World Bank assesses these projects
on a “micro” rather than a "macro” ba-
sls. The objectives are to reduce trans-
portation costs for the distributlon of
products, to improve access to the work-
place for workers from a wide geographi-
' cal area, and to improve access to the
site for materials and other Inputs. The
World Bank also finances projects that
specifically develop links from the farm
to the factory, ports and onto interna-
To the World Bank,
transportation investment Is a key en-
glne of economic development.

Colin Gannon, a senlor transport
economist at the World Bank, provided
a table (shown below) of the rates of
return on World Bank transportation in-
vestments that have been completed.
“In general, there has been a high soclal
value from transportation Investment”,
he concluded. The projects documented

tlonal markets.-

below were largely undertaken in the late
1970s and early 1980s and the dis-
bursement of funds was completed by
1994. The annual rates of returns are
calculated at the time the project was
completed, and then brought forward by
making a forecast of supply and demand
and the expected rate of return in the
future. '

The average annual return for all
transport projects was 22%, similar to
that reported by Nadiri. This was higher
than the average annual return of 15%
for all World Bank projects (within all
sectors) over this period.

In many countries the role of gov-
ernment is shifting from being the pro-
vider of infrastructure to being an en-
abler of infrastructure development.
Creating too many governmental insti-
tutions can be Inefficient. Maintenance
is being badly neglected. The best route
to the improvement of instltutions may
be carefully managed participation by the
private sector with appropriate regula-
tions. The role of the private sector as
a partner or Initiator of projects was
embraced by several forum participants.
In recent international research, the ef-
ficiency of local institutions appears to
be highly Important in determining the

Estimated Returns from World Bank Transportation Projects

Type of Project Number of Projects Annual Rate of Return
Airports 8 n%
Highways 306 26 %
Rail 7 14%
Ports 96 20%
All Transport Projects 482 22%
All Sectors n/a 15%
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rate of return on infrastructure projects.

Looking backward in time, transpor-
tation investment was a key determinant
of economic growth In the 19th and 20th
centuries. During these formative years,
transportation investment contributed
significantly to growth. However, history
also reveals many instances in which the
nation made poor transportétion invest-
ments. The most rewarding transporta-
tion projects were often the first and
most innovative ones, such as the first
canals and the early railroads. In retro-
spect, however, there has probably
never been any one optimal transporta-
Many combinations of
roads, canals, highways and rails lines
may have worked as well or better than
what was eventually bullt (Appendix B
contains a bibliography of key historical
works. Y

tion scheme.

An overview of International research
on the effectiveness of transportation
Investment since the 1940s shows that
these investments have often had sub-
stantial economic Impact. This research
was carrled on in the U.5. and in a vari-
ety of countries. The use of production
functions dominated the older research,
but cost functions were occasionally also
used. The standard measure of results
were cost and output elasticlties. Within
the U.5., research was done on an ag-
gredate nationwide basis as well as on a
state-by-state basis. Similarly, research
overseas was done on both a national
and regional basis. Total public capital,
transportation and highway capital, and
other varlations of Infrastructure Invest-
ment were the variables most frequently
measured in these studies.

Statistical research was done as
early as the mid-1940s to determine the
influence of infrastructure investment on
a nation’s growth. The Initial studies
found that infrastructure was a positive
catalyst for economic development in
Eastern Europe and Third World coun-
tries. In the early 1970s, research done
in Japan was the first to show that pub-
lic infrastructure investment could con-
tribute to a natlon’s productivity. This
study concluded that the elasticity of
output was high. The first study to find
that public capital contributed to produc-
tivity In the U.5. was undertaken in the
early 1980s. The elasticity of output was
0.05, similar to that reported by Madiri.
Aschauer’s, and simllar studies, such as
those based on state-by-state research
done by Alicia Munnel, were undertaken
in the late 1980s. They concluded that
elasticities were as high as 0.4 and 0.5.

The critical reaction to the Aschauer
and Munnel studies has been intense,
but has also provided positive results.
Some of the critical studies yielded sig-

Edith Page of Bechtel Corporation addresses forum participants
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nificantly lower cost and output elastici-
ties, as well as lower rates of return than
those found by Aschauer and Munnell.
Nevertheless, many of these showed
that Infrastructure investment made a
posltive contribution to productivity. In
sum, a wide variety of research shows

that infrastructure investment is produc- .

tive at the margln. Studies in other coun-
tries relnforce this suggestion.
Nevertheless, the wide range of dIf-
ferent results for rates of returns and
elasticities tends to diminish the confi-
dence in this research. Dr. T.R.
Lakshmanan of the Bureau of Transpor-
"tation Statistics summarized this wide
variation in previous studies conducted
internationally. Appendix C contains a
table which summarizes this information,
part of which Is included in the exhibit
below.

Some, but probably not all, of these
varlations might be explained by such
effects as spill-overs from state to state
and reglon to region. One of the contri-
butions of the Madiri model has been to

T.R. Lakshmanan of the U.S. Bureau of
Transportation Statistics
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resolve some of the fundamental con-
cerns of earlier studies. Dr. Lakshmanan
predicted, based on his reading of the
new study, that “from now on there Is
going to be a fundamental distinction of
before Nadiri and after Nadirl” In the lit-
erature on economic impacts of infra-
structure investments.

Investments Must Fit The
Context and Create
Room for Growth

Forum participants were eager to get
beneath the broad, agdredate Impacts
and to determine how specific infrastruc-
ture investment decisions may affect the
economy today. More complex times
today stand in stark contrast to the sim-
pler, more straightforward decislon-mak-
Ing of the 1950s that was required to
build the interstate highway system.

One major problem in applying the
results of econometric research Is that

“From now on
there will be a
fundamental
distinction of
‘before Nadiri’ and
‘after Nadiri’ in the
literature on the
economic impacts
of transportation
investments.”

- T.R. Lakshmanan




Variation of Elasticities Among International Studies

Country Sample Type of Capital Range of Elasficities
United States Aggregate All Public Output: .0510.39

By States Highway Output: .19 1026

By States All Public Qutput: .19 to .26
Jupan Regions Transport, Communications Output: .35 to .42
India Aggregate Rouds, Rail, Hlectric Cost: -.01 t0 -47

even rigorous regression analyses can-
not unequivocally determine the nature
of cause and effect. As noted by Rob-
ert Gallamore of Union Pacific Rallroad,
the ancient Greek philosopher
Democritus said, “l would rather discover
a single causal connection than win the
throne of Persia.” The question the fo-
rum faced is whether investment causes
productivity to rise or Is fulfilling exist-
ing demand that is generated by other
forces, even though the research has
demonstrated a clear-cut relationship
between Infrastructure Investment and
Clting the
Princeton economist Albert Hirschman,

economic productivity.

Dr. Hulten noted that the rate of return

“Democritus once
said, ‘T would
rather discover a
single causal
connection than
win the throne of
Persia’” - Bob canamore

is not necessarily what matters most in
determining how important investment
is for economic growth. What may mat-
ter most Is whether investment “leads
arowth or follows it.”

A good example is the high socdial
returns on Infrastructure investment In
the 1950s and 1960s. Dr. Hulten said
that the time may have simply been ripe
for such investment as the American
economy expanded rapidly towards the
west and the south. How does one de-
termine whether the same Kinds of op-
portunities exist today? The forum
agreed that more research into the value
of specific proJects and how they im-
prove productivity is necessary. There

Bob Gallamore of Union Pacific Railroad
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Charles Hulten of the University of Maryland

was also widespread agreement that
what should be avoided Is a “field-of-
dreams” approach — that is, just be-
cause we construct a fadility does not
mean that people will automatically
come to use it to its full capacity.

Tests and studies can be undertaken
to try to isolate the question of cause
and effect. For example, Dr. Eberts has
conducted additional economic research
to try to determine whether infrastruc-
ture investment leads or lags economic
garowth. 5o far, the research has found
the effect can work both ways. Accord-
ing to one study, the growth in America’s
south would have occurred without in-
In the north,
however, it appeared that Infrastructure
investment did produce more growth,
His research has also found a significant
correlation between Infrastructure in-
vestment and more openings of new
business as well as expansion of exist-
ing businesses. He found evidence of
the opposite relationship as well. Such
infrastructure investment seems to slow

frastructure investment.
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down the pace of business closings. In
general, however, research aimed spe-
cifically at isolating the cause-and-effect
issue has found evidence that infrastruc-
ture investment both leads and lags eco-
nomic growth, and may be both a cause
and an effect.

[t should be clear that the same
guestions about cause and effect also
apply to other types of Investment, in-
cluding private capital Iinvestment.
Those who claim today that America
does not invest enough in plant and
equipment, for example, face the same
Issue. Is private capital investment a
cause of growth or a consequence of it?
One significant difference between In-
frastructure investment and private capl-
tal investment, however, is the time span
of economic payoffs. Infrastructure In-
vestment creates conditions for growth
that can extend well into the future. To
measure the true pay-off of such capltal
investment is difficult. But it Is clear
that more than private capital spending,
infrastructure Investment, as Professor

“What matters
most is whether
infrastructure
investment leads
growth or follows

it.” - charles Huiten




Madiri noted, creates room for future
arowth,

What must be analyzed is whether
Creating conditions for future growth will
be necessitated by demand. The Inter-
state Highway System is a successful
example. It was underutilized initially,
but created room for rapid future arowth.
But we do not truly know what would
have happened had there been no such
system. Further complicating these
questions [s the increasing role of ser-
vices and telecommunications in the
economy. This may reduce the need in
the future for traditional means of trans-
portation. Yet, an argument can also be
made that they might Increase demand
more than expected.

The forum participants generally
agreed that this Is where the debate
about economic returns centers. How do
we utilize transportation best? Which
transportation investments fit the “grow-
Ing room” of today? This need should
be coupled with the need to Invest in
new technolodies — what Stanford
economist Paul Romer has called
“wetwear”. One example of wetwear is
the groundbreaking spreadsheet pack-
age Lotus 1-2-3. Another is intelligent
transportation systems (ITS) technology.
These new tools create whole new fields
of economic opportunity. Many argue
that privatization may be the best way
to maximize the benefits of infrastruc-
ture investment.

Transportation shares many of the
It has
enabled corporations to take advantage
of their existing technologies, as well as
new technological developments. So

characteristics of new software.

Investing in it is much like investing in

wetwear — such impravements have the
potentlal to have widespread impacts on
many sectors of the economy.

The complementary relationship
between fransportation and communi-
catlons, as noted, als0 needs to be bet-
ter understood. Many of the benefits of
infrastructure improvements have come
from Its complementarity with the infor-
mation infrastructure. Looking to the fu-
ture, particularly to the potential of In-
telligent transportation systems, this link
could be crucial.

How do you select those invest-
ments that offer the most growing room
for the economy? Looking to past expe-
rience, some government investments
have been quite rational, but others not
at all. Participants identified numerous
examples which they felt were IlI-timed.
Econometric research cannot yet distin-
guish between perlods of rational public
infrastructure investment and irrational
periods when specific investments are
not fruitful. There were many similar mis-
takes made In the 19th century, often
provoked by pork-barrel decision-mak-
ing but also simply by duplicating what
had already existed or once seemed to
work. For example, many of America’s
early canals proved to be poor invest-
ments.

Ms. Gloria Jeff, the associate admin-
istrator for policy in the FHWA, pointed
out that sometimes we do know what
the alternatives would have been had the
government not made the kind of invest-
ments It did. We don’t always have to
speculate about field-of-dréams exer-
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Gloria Jeff of FHWA and Clyde Pyers of the Maryland Department of

Transportation

cises that are fictitious in nature, “There
are living, breathing examples of alter-
natives,” she pointed out. The south-
east Michigan area and the metropoli-
tan Toronto area were almost “twins” unti!
after World War [l.  But Toronto did not
invest in highway Infrastructure to the
extent Detroit did. Rather it Invested in
public transportation. “We know the re-
sults”, she said.

The participants noted, however,
that what might be right for one envi-
ronment is not necessarily right for an-
other. Detroit may have suffered from
highway investment, but Seattle has
thrived because of its highway system.
What might be right for Phoenix is not
necessarlly right for Philadelphia. Solu-
tions must be tallored to the local con-
ditions that exist.

The World Bank tries to take such
local considerations into account when

determining what Kind of infrastructure
investment to make in developing coun-
tries. Citles in developing countries are
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growing rapidly and putting in durable
infrastructure capital. But will they grow
like Los Angeles or like Amsterdam?
These are difficult issues to sort out, and
only time will tell the results. '

The distinction between visionary
targeting of “growing room” and wishful
“field of dreams” targeting may be even
more difficult to make in advanced In-
dustrial nations. Transportation decisions
have become extraordinarily complex In
Western Europe, where roads are now
crowded with trucks. -Should these na-
tions encourage short-sea shipping to
reduce this congestion? More than at
any other time in history, participants be-
lieved that vision is now required to make
the right investment choices.

Obviously it Is not always possible
to accurately predict future conditions,
but economists are typlcally very con-
servative, one participant noted. They
want to know exactly what Is going to
happen. Nevertheless decisions must be
made in real time, and In a different

“There are living,
breathing
examples...

Detroit invested in
highways and
Toronto invested
in public
transportation. We

know the results.”
- Qloria Jeff
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framework now than in the past. There-
fore some level of uncertainty must be
accepted as policy-making proceeds.

Industry Examples

Private Industries must also make
projections about where transportation
Investments are most needed and most
ltkely to occur. As a manufacturer of
enzymes, QGenencor International must
analyze carefully where to place its dls-
tributlon centers, for example. As the
company has grown this has increasingly
become an international question. There
are four criteria the firm applies when
seeKing a location. The first and most
pertinent is the quality of the infrastruc-
ture that is already In place in the area.
Genencor situates distribution centers
only In locations with a highly dense
transportation infrastructure. The other
criteria are the abllity and avallability of
the work force, the sophistication of in-
formation systems, and taxes, customs
and other trade regulations.

One reason Genencor placed a dis-
tribution center in Rotterdam, for ex-
ample, was that it was able to find
enough information to give confidence
that the infrastructure was adequate. The
company could judge the density of In-
frastructure, Including the number of
seaports and activity In those seaports,
measured for example by the number
of containers that go in and out. Infor-
mation regarding the freight tonnage
handled by the alrport allowed Genencor
to make an “educated decision” rather
than merely a guess about the merits

of the location. In sum, Genencor will
only locate where infrastructure is cur-
rently adequate, not where it must await
further development.

General Motors spends about $4
billion a year in direct outlays to trans-
portation companies. GM utilizes about
15,000 vehicles dalily, many of them
tractor-trailers, to handle GM products
In the fifty states. Speed of delivery is
now the driving force behind many of
GM's declsions because of the empha-
sis the industry places on inventory con-
trol and the resuiting need “to synchro-
nize transportation with manufacturing
cycles.”

Highway congestion is becoming an
ever-bigger problem for GM as a major
shipper. GM is trying to encourage rail-
roads to Improve thelr efficiencles in or-
der to create competition for motor car-
rlers and also to relieve congestion on
the road. Currently, shipments to GM
vla rall average a speed of only about
six miles per hour on some links. GM
would like to increase that to twenty five

Jeff Madrick and Joe Clapp of Roadway Services (refired) discuss how
transportation investments affect business
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miles per hour.

On the other hand, GM makes highly
efficient use of motor transport to meet
their just-in-time Inventory require-
ments. One truckload of materials now
travels between Windsor, Ontario and
Detrolt eight to ten times a day. A truck
can make the trip across the Ambassa-
dor Bridge and through Windsor and
Detroit in only forty minutes. This Is re-
markable given the density of bath
Windsor and Detrolt. One main reason
for the efficiency are the improvements
that have been made to the Ambassa-
dor Bridge. GM is working with the city
and state to improve further the access
to the highways that serve the bridge.
This will not only improve speed, but also
increase safety by reducing the number
of tight turns.

Another example of how Important
transportation Infrastructure is to mak-
ing locatlon decisions for plants in the
auto-manufacturing Industry is Toyota’s
declslon to build In Indlana and West Vir-
dainla. These decislons were probably

driven by transportation considerations.

Intermodal transportation promises
to be increasingly important for the auto
Industry In the future. GM has a joint ef-
fort underway with the three U.5. auto
companies to put up a facility that can
coordinate rail and motor vehicles,

QM Is not putting more effort Into -
trying to relleve congestion on the roads
because It belleves that congestion is
inescapable. For example, some fore-
casts predict that Dayton, Ohio will be
completely gridlocked by the year 2000
or 2010. The ensulng discussion
pointed out that new railroad lines may
still be stuck with local congestion to and
from the rall head.

Some investment firms are working
with private companies to build their own
infrastructure. Lehman Brothers has
teamed up with Walt Disney Co. in
Florida, for example, to put up Infrastruc-
ture rather than the local government.
GM has long put in lanes and bought
property around their plants to ease ac-
cess, although the company has notyet
looked Into private investment in order
to reduce bottlenecks along the deliv-
ery lines.

The results of some of the research
suggest that the use of general obliga-
tion bonds to finance local and regional
projects makes sense. The research
implles that there are significant network
benefits, as noted earlier. An entire com-
munity benefits from such pooled invest-
ment. However such investments are
usually financed through revenue bonds.
These bonds are often backed by toll

(L to R) Eric Beshers of Apogee Research, Edith Page of Bechtel Corp., Bob
Gallamore of Union Pacific Railroad, and Jose Gomez-lbanez of Harvard
University

revenue or other user fees. But given
that they may have broad benefit for the
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community, as the new econometric
research suggests, other ways to finance
them may be practicable. New financial
tools such as Section 1012 loans and
state infrastructure banks can be used.
One important new trend is to get pri-
vate industry involved, show them how
they will benefit, and encourage them
to pool together to make a p}oject work.

The Stark County Intermodal Facil-
ity In Ohio is an example of such a pub-
lic-private partnership. One company in
this area threatened to move out of the
community if it couldn’t get a $35 mil-
llon intermodal service facility built. But
this company alone could not provide
sufficlent demand to convince the rail-
roads that they should make the invest-
ment. A droup of companies was ulti-
mately combined to guarantee to the
railroads that demand was sufficient to
make a $24 million Investment in the
project. The remaining $11 million was
borrowed from the state DOT. Every
time a box moves through the
intermodal facility, the state DOT is now
paid a dollar.

One concern expressed at the fo-
rum was that much of the discussion
focused on the manufacturing Industry
whlle the U.5. economy is now domi-
nated by services Industries. Partici-
pants noted that service companies
might well assess a location decision
differently than a company such as GM
would,

But others inditated that because
services industries require large num-
bers of workers, or often serve many
customers, efficlent transportation could
be even more important to them than

to manufacturers. In fact, many ser-
vices companies have benefited from
better transportation systems. Walmart,
for example, has become the world’s

“largest retaller in part because of its

transportation loglstics. The stow growth
in consumer price inflation in the
economy In general may partly be the
consequence of Improved loglstics at
retail outlets,

Indeed, logistics costs as a percent-
age of GNP have fallen from 17.2% in
1980 to 10.4% In 1995, This has re-
sulted in a $68 billion a year savings to
the economy. What accounted for this?
Much of it may have been attributable
to the deregulation of trucking, accord-
ing to one participant. But participants
pointed out several other contributory
factors. Logistics costs were driven
down by the building of hundreds of in-
dustrial parks across the country with ef-
ficient transportation systems. High In-
terest rates in the 1980s especially mo-
tivated businesses to seek more efficient
transportation in order to keep inventory

Dick Mudge of Apogee Research and Cameron Gordon of the University
of Southern California
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costs low. There are many other ex-
amples of how industries have changed
the way they do business to accommo-
date their transportation needs, includ-
iIng new transportation systems, as well
as new technologies involving everything
from electronic Just-in-time inventory
controls to high-speed coordination
between suppliers and manufacturers.
Nevertheless, different kinds of
transportation systems might be nec-
essary for services industries. The FHWA
has recently initlated a program to Im-
prove the estimates of service sector
total factor productivity. This may im-
prové future research in this area.

Implications For Future
Policy

While participants agreed that there
Is more research to be done, there was
widespread agreement that the new
research has important implications for
future policy. Does the research change

Gloria Jeff of FHWA and Ron McCready of the Transportation Research
Board
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the emphasls the government should
place on its own transportation objec-
tives? How can the government ensure
that the right kinds of infrastructure In-
vestments are being promoted? Fin_ally,
how can the importance of infrastructure
investment to the economy as a whole
be articulated to a larger audience, es-
pecially as we face the reauthorization
of ISTEA?

The new research doesn’t only Im-
ply that new infrastructure investment
can promote economlc< growth and pro-
ductivify. It also implies that if capital
stock in infrastructure falls, productivity
will be reduced. The cost and output
elasticities Imply that a doliar less capi-
tal stock will reduce output, income and
consumption as much as a dollar of in-
creased investment will raise it.

The FAWA finds that demand Is
vastly exceeding additions to highway
capacity, even though this capacity Is
rising by 3% a year. Capacity is also
being raised by the addition of HOV lanes
and local projects. Nevertheless, Ms.
Gloria Jeff of FHWA polnted out that we
don’t know what will happen If the na-
tion doesn’t invest more in capacity but
simply concentrates on maintenance
and improving efficiency.  Other par-
ticlpants noted that we are not thinking
about requirements in fifteen or twenty
years, not to mention in Just five years.

The FHWA has made economic pros-
perity one of Its flve maln principles for
future transportation policy. These ob-
Jectives are:
¢ Improving the quality of life
¢ Enhancing the environment

e Ralsing the level of safety
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* Ensuring national security
¢ Promoting economic prosperity

In determining how to meet the last
objectlve, many participants agreed that
it Is not necessarily aggregate demand
that is most important. The key ques-
tion is whether transportation invest-
ments are targeted In the rig‘ht locations
and times In order to achleve the high-
est returns within their respective con-
texts. Another participant urged the gov-
ernment to keep economic research in
“context, context, context.” In the cur-
rent environment, he polinted out, main-
tenance and managerial issues are what
keep coming up. Rather than more in-
vestment, people are increasingly talk-
Ing about dislnvestment.

"~ Ms. Jeff noted that the FHWA tradi-
tionally has taken a “micro” view of the

Impact of infrastructure investment. This -

has usually involved a cost-benefit
analysis of specific projects and their
iImmediate effects on localities. In the
past, FHWA asked how highway system

“Congressional
Leaders are
beginning to ask
how productivity
can be improved
by highway
investment.”

~ Frank Francois

users would benefit directly from trans-
portation systems. MNow, the agency
must take a more macroeconomic point
of view. The agency asks not only how

. a transportation system can help com-

panies and workers live better and safer
lives, but also how It affects their eco-
nomic well-being in general.

How can the advantages for the gen-
eral economy of infrastructure invest-
ment be better communicated both to
lawmakers and the public? One example
of the difficulty Is that transportation did
not appear as an issue in the Presiden-
tlal primarles nor has It appeared In the
Presidential election race, either. One
reason Is that transportation Issues
rarely if ever appear on national polls.
This stands in. stark contrast to the In-
terests of local communities, where
transportation issues do often rank high
In the polls. New roads, widenings, truck
traffic volumes, congestion and related
issues come allve and are concrete at

local levels. Localities often vote to fi-
nance such projects. When they are
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Ishaq Nadiri of New York University and Rodney Slater of FHWA

ralsed to a national level, however, these
concerns become deneralized, abstract,
and vague.

This wasn't true historically. In the
1920s, for example, people knew what
they wanted from roads. We had to get
America out of the mud. In the 1950s,
America knew it needed highways. To-
day, with the Interstate system com-
pleted, It Is more difficult to explain why
Investmenf in highways makes sense.
Safety and congestion are two issues
that carry welght with people in general,
but little else does.

On the other hand, some partici-
pants said there Is a demand for more
information that would demonstrate the
impact of infrastructure investment on
economlc growth. Frank Francois of
AASHTO reported that his ordanization
belleves economic returns should be
part of the argument. He has found that
Congresslonal leaders are bedinning to
ask how productivity can be improved
by highway Investment.

This most recent research, and the
work of others, can be used to fill this
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dap. In the Nadiri model, Sociél returns
for non-local highway Investments aver-
aged well above returns on private capi-
tal investment, as noted, In general,
even though returns have fallen over the
past forty years, they are the equivalent
of returns on private capltal.

For all thelr encouragement, how-
ever, participants urged that the results
of the new research should not be over-
played. Credibillty is very important. The
results should be neither over-simplifed
nor exagdgerated.

Conclusions

After 'several years when research
about the effects of infrastructure Invest-
ment on U.5. economic growth, produc-
tivity, and rates of return had little cred-
ibility, new research has now reinforced
the view that infrastructure Investment
plays a significant role In the nation’s eco-
nomic health. The new work by Profes-
sor Ishaq Nadirl, In addition to a wide range
of historical and international studies,

“The analytic
challenge is to see
whether the
quality of services
provided by this
type of
infrastucture is
adequate to meet

future needs.”
- Ishaq Nadiri




finds that sodial rates of return on infra-
structure investment are significant and
positive, They were very high In the
1950s and 1960s, and comparable to
returns on private investments in later
decades. The research concludes that
infrastructure investment has helped
raise the nation’s productivity and reduce
its costs of doing business.

The impacts of transportation vary
widely from time to time and from place
to place. Rates of return and cost elas-
ticities that come from economic analy-
sis represent average relationships that,
In fact, usually vary over time. Most no-
tably, social rates of return have fallen
rapidly during the period under study.
These returns also vary according to place
and the economic environment. The first
roads in a region may provide especially
strong returns, for example, but eventu-
ally new roads are merely substitutes for
older ones as localities mature. Re-
turns naturally fall. To maximize the posi-
tive economic Impacts of transportation
Investments, we must examine how and
when this effect is likely to occur.

Network benefits are especlally hard
to measure. The new research strongly
suggests that they exist — that Is, that
Industries benefit from shared capital in-
vestment. But there are dynamic effects
that are difficult to assess. One of the
most important of these Is that infrastruc-
ture investment, more than most other
types of Investment, creates conditions
for future growth well into the long run.
Mot only are these benefits espedially hard
to estimate: because the total payoffs for
such public investment are rarely imme-
diate, they also do not receive much at-

tention from the political system. But
they are the key to making successful
transportation investments.

In sum, transportation investments
have had broad poslitive impacts upon the
economy in general. Future Infrastructure
investments can also produce sizable
returns, but only if they are the right in-
vestments at the right time — invest-
ments that create growing room; Invest-
ments compatible with the institutional
context. The fact that policy makers ap-
pear to have selected such Investment
In the 1950s and 1960's does not tell
us much about what the best opportuni-
ties are today. ' The challenge facing the
nation now is to determine how to choose
the best infrastructure projects to en-
hance our growth and productivity.

There are several implications
of these results for future transporta-
tion policy. First, the objective of public
investment in Infrastructure is not sim-
ply to solve a locality's immediate trans-
portation problem — be It potholes or
congestion. Rather, itis to enhance the
deneral prosperity of a region and the
nation as a whole. Neglecting public in-
vestment In infrastructure can retard
economic growth and diminish the
nation’s productivity. Second, more
analysis should be undertaken about
the specific condltions needed to maxi-
mize the value of Investment projects.
Third, new means of financing can be
linked to the broader economilc payoffs
of such Investments. Finally, these con-
cluslons need to be phrased In a cred-
Ible, specific vision to gulde future
transportation policies and Investment
declslons.
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- Appendix A

HIGHWAY CAPITAL AND
PRODUCTIVITY GROWTH

by

M. Ishaq Nadiri, New York University and NBER
Theofanis P. Mamuneas, University of Cyprus
June, 1996

Recent discussions have empha-
sized inadequate growth of infrastructure
capital as a cause of the slowdown In
productlvity at the aggredate and indus-
try levels. Numerous studies have been
undertaken to clarify the relationship
between productivity growth and public
Infrastructure capital. These studies can
be broadly classified as those which es-
timate a neoclasslical prodUction func-
tion augmented to include the publicly
financed Infrastructure capital stock as
a factor of production, and those which
utilize the dual approach to production
function analysis by estimating cost or
profit functions. The level of aggregation
used in estimating production and cost
functions varies considerably among the
different studles. Some studies use
highly aggregate national or international
data and others use reglonal or state
level data. Some studies use cross-sec-
tlon-time series data covering metropoli-
tan SM3As, while othersvemploy indus-
try-level data: Studles often differ In their
coverage of industrles, geographic re-
glons, modeling methodology and use
of econometric estimation techniques.
Because of such analytical differences
and data limitations, the statistical re-
sults reported in the literature measur-
ing the effects of Infrastﬁ.ucture capital

on the economy are often qulite diverse

and sometimes contradictory. Clearly, no

consensus has yet emerged on the pre-
cise causes of the productivity growth
slowdown and the specific contribution
of public infrastructure capital in this pro-
cess.

To provide a context for this study,

a literature review Is Included In the fol-

lowing section. The analytical framework

used In this study possesses several ad-
vantages over existing models reported
in the literature:

s The effect of aggregate demand on
the productivity growth of Iindividual
industries is explicitly taken Into ac-
count. Thatis, the effects of changes
in agdgregate income and population
on Industry demand and, conse-
quently, on its productivity growth are
estimated.

¢ Account Is taken of the contribution
of changes in real factor prices, in-
cluding wages and capltal rental
prices, on productivity growth;

¢ The direct and indirect effects of an
increase in highway capltal on total
and industry output and productivity
arowth are estimated;

* The Impact of highway capital, both
total stock and the MLS subset, on
demand for Inputs such as demand
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for employment and private sector
physical caplital are estimated.

* The industry level estimates are ag-
dregated up to obtain the determi-
nants of aggregate productivity
arowth.

A unique feature of this study is its
comprehensiveness.! This study esti-
mates a model which encompasses both
demand and supply factors that may in-
fluence Industry and total economy pro-
ductivity growth and uses data on 35
industries that covers the entire U.5.
economy for the period 1950-1989. The
focus of the study is to identify the con-
‘tribution of highway capital to produc-
tivity growth. Two measures of highway
capltal are used: total highway capital
including roads under federal, state, and
local government jurisdiction; and the
stock of upper level roads excluding lo-
cal government investments in roads

and streets.? Since the results of our

J study did not change much except with

respect to the magnitude of some elas-

ticities whichever of these two measures
of highway capital are used, the discus-
slon here after will focus on total high-
way capital. The major changes Iin the
results when non-local highway system

(NLS) capltal stock Is used as a mea-

sure of highway capital will be noted at

the concluding section.

The relevant policy questions ad-
dressed In this research are as follows:
¢ What is the productivity of highway

capital and what is its overall social
rate of return?

* |s there any evidence of over- or un-
der-supply of this caplital in the post-
war period?
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¢ |fashortage of highway capital is evi-
dent, can it explain some of the de-
cline In the adgregate productivity
growth? If so, by how much?

¢ What is the optimal level of highway
capital from the perspective of the
private production sector and how
does it compare to its actual level?

¢ What s the effect of highway capital
on the private sector cost of, and de-
mand for, labor, capltal, and interme-
diate Inputs?, and

¢ Whatare the marginal benefits to the
private sector of an increase in high-
way capital and how do they differ
across Industries?

Literature Review

A brief revlew of the literature on the
contribution of public infrastructure
(highway) capital suggest that:>
1. Early estimates based on aggredate

production function analyses are
likely to have overstated the magni-
tude of the effects of public infrastruc-
ture capital on output and productiv-
ity growth;

2. Estimates based on state level data
Indicate a relatively smaller contribu-
tion of Infrastructure and that the
composition of infrastructure capltal
matters; some types of infrastructure
may have a greater effect on produc-
tivity than others;

3. There are serious estimation prob-
lems in both agdredate national level
time serles studies and state and
reglonal level studles that lead to
highly disparate results; and
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4. Overall, It seems that the recent stud-
ies point to a positive but lower elas-
* ticity of output with respect to public
infrastructure capltal of about 0.20 to
0.30 at the national level and possi-
bly a lower range at the regional level.
Similarly, from the view of cost and
profit function studies* the following
statements may be in order:

1. There is a preponderance of evidence
that suggests that infrastructure capi-
tal contributes significantly to growth
in output, reductions in cost and In-
creases Iin profitability. The magni-
tude of these contributions, however,
vary considerably from one study to
another because of differences in
econometric methodology and level
of data aggredation.

2. There appears to be a convergence
toward a much lower estimate of the
magnitude of the contribution of In-
frastructure capital to output and pro-
ductivity growth than suggested In
earlier studies. Output elasticity es-
timates of Infrastructure capital at the
national level in the range of 0.16 to
0.25 appear to be in order. Estimates
based on state and metropolitan level
data sudggest elasticities of approxl-
mately 0.06 to 0.20.

3. Most studles Indicate an under-In-
vestment in public Infrastructure capi-
tal, the degree of which varies among
different studies. Most of the cost
function studies suggest a substitu-
tional relationship between private
capital and infrastructure capltal, al-
though some studies report a
complementary relatlonship.

4. The available studies are elther too

aggaredate or partial in their coverage
of the economy. Most of these stud-
ies, particularly those at the national
level, use real GDP, a value added
measure, as the dependent variable.
However, the appropriate measure for
an analysis of the contribution of in-
frastructure (highway) capital Is gross
output. Gross output includes pur-
chases of intermediate inputs, along
with primary inputs privaté capital and
labor. Because highways are used
to transport intermediate inputs, the
relationship between public capital
and intermediate purchases can be
taken into account.®
5. Studies at the industry level are gen-
erally confined to the manufacturing
sector or a specific subset of this sec-
tor. Infrastructure capital, however,
may have important effects on other
industries outside the manufacturing
sector as well. Itis very important to
undertake a comprehensive study
that includes all sectors of an
economy in order to study the role
and degree of externalities generated
by publicly financed infrastructure
capltal such as highway capltal.
Most of the studies of both produc-
tion function or cost function have been
challenged on conceptual and econo-
metric grounds.®

Estimation Framework
and Descriptive Data

The approach developed in our
study explicitly incorporates demand and
supply forces, including the contribution
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of highway capital, that may affect in-
dustry productivity performance. For
each industry, cost and demand func-
tions are estimated separately and the
parameter estimates of the mode} used
to decompose Total Factor Productivity
(TFP) growth. The critical estimates for
decomposition of TFP are the price and
Income elasticities of output demand
and the degree of scale and Input sub-
stitution derived from the cost function.
In formulating industry output demand,
changes In quantity demanded in an in-
dustry are related to its own price move-
ment in comparison to the GNP deflator
‘and changes In the level of aggregate
income and population of the economy.
The estimates show that the price elas-
ticlty of output demand is negative and
statistically significant in almost all in-
dustries, and with few exceptions, less
than one.

The parameters of the underlying
" cost function are estimated by using a
system of input-output equations which
Include a labor to output equation, a
capital to output equation and an inter-
mediate Input to output equation. These
input-output ratios functionally depend
on private Input prices, level of Industry
output, industry’s capaclty utillzation
rate, time trend, and level of total high-
way capital stock. In order to capture
industry specific effects we introduce
industry specific Intercept terms and a
limited number of slope dummy vari-
ables.” There are of course other more
elaborate ways to take account of inter-
Industry differences that could be un-
dertaken in future research.®

Previous studies have been critl-

cized on modeling and econometric es-
timation issues. This study has re-
sponded to these criticisms by account-
ing for several estimation problems in
the estimation process. We examine the
possibility of spurious correlation by es-
timating our model in first difference
form. A flexible form for the cost func-
tion Is used to allow interaction between
highway capital and private sector out-
put and inputs. Mo a priori restrictions,
such as constant returns to scale are
imposed, on the parameters of the cost
function. The Issue of simultaneity is
addressed by estimating the model us-
ing appropriate econometric estimation
techniques. Extensive hypothesis test-
ing was also carried out to test the spedci-
fication of the model and the stability of
its results.

The data used Iin this study covers
the entire U.S. economy for the period
1947-1989. The industry coverage is
derived from a detailed 80 industry clas-
sification that Jorgenson, Gollop and
Fraumenl carefully aggregated into 35
larger categories.® Data for the value of
dross output and costs of labor, capital
services and intermediate Inputs as well
as their price indices for all industries
are from Jorgenson, Gallop and
Fraumenl.!° Data on capacity utilization
rate for the manufacturing industries for
the period 1950 - 1966 have been ob-
tained from Klein and Summers (1966)
and for the period 1967 - 1989 from
the WEFA group (1992). Data on real
GNP and population, used to estimate
the demand functlons, are obtalined from
the Bureau of Economic Analysis and the
Bureau of the Census, respectively.!!
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Data on net highway capital stock
are from Apodee Research, Inc., which
was constructed using Federal Highway
Administration’s investment expenditure
data on highways from 1921 to 1990.
Total net highway capital and non-focal
net highway capital (NLS) are con-
structed using the perpetual Inventory
method with an assumed economic rate
of depreciation of 0.9. Capital expendi-
tures are distributed in the following way;
52 percent to paving, 26.5 percent to
garading, and 21.5 percent to structures.
The average lives of paving, grading, and
structures are assumed to be 14, 80,
and 50 years, respectively.

An examination of the data indicate
substantial diversity among the 35 in-
dustries examined in the study. The size
of the industries, measured by total cost,
vary considerably among industrles. Fac-
tor cost shares also vary considerably
across industry sectors. For example,
labor’s share ranges from a low of about
0.06 in petroleum refining to a high of
0.51 In trade. Capital's share of total
cost ranges from 0.04 in apparel and
other textile products to 0.38 in crude
pétroleum and natural gas. Generally,
capltal’s share in total cost, with few ex-
ceptions, is less than labor’s share.
Materlal inputs, on the other hand, have

Figure 1

Growth Rate of Highway Capital (%)

1950-1989

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

1950 1952 1954 1956 1958 1960 1962 1964 1966 1968Y1970 1972 1974 1976 1978 1980 1982 1984 1986 1988
ear

43




Table I: Cost Function Elasticities
Averages: 1950 - 1989

ndustry Cost Elasticities

Code Industry Title h, i b
| * Agriculture, Forestry and Fisheries  0.0531 0.9573 1.0122
1 Metal Mining 0.0458 0.8049 0.8484
3 Coal Mining 0.0488 0.9271 0.9775
4 Crude Petroleum and Natural Gas  0.0615 0.9302 0.9953
§ Nonmetallic Mineral Mining 0.0591 0.9231 0.9843
6 Construction 0.0683 0.8280 0.8889
1 Food and Kindred Products -0.1611 0.9204 07911
8 Tobacco Manufactures -0.2245 0.9801 0.8040
9 Textile Mill products -0.1502 0.9742 0.8494
10 Apparel and Other Textile Products  -0.1463 0.9743 0.8521
I Lumber and Wood Products -0.1640 0.9758 0.8401
12 Furniture and Fixtures -0.1585 0.9639 0.8334

13 Paper and Allied Products ~ ~ -0.1678 0.9642 0.6273
14 Printing and Publishing -0.2024 0.9562 0.7972
15 Chemicals and Allied Products -0.1558 0.9557 0.8295
14 Petroleum Refining -0.1740 0.9480 0.8096
17 Rubber and Plastic Products -0.1625 0.9585 0.8262
8 Leather and Leather Products 21676 0.9095 0.7805
19 Stone, Clay and Glass Products ~ -0.1771 0.9607 0.8174
20 Primary Metals -0.2164 0.9166 0.7544
2 Fabricated Metal Products -0.1728 0.9561 0.8169
n Machinery, Except Electrical -0.1553 0.9464 0.8206
3 Electrical Machinery -0.1520 0.9534 0.8297
L} Mator Vehicles -0.1897 0.9341 0.7812
25 Other Transportation Equipment  -0.1658 0.9599 0.8248
26 Instruments -0.1876 0.8941 0.7528
A Miscellaneous Manufacturing -0.14¢69 0.9686 0.8464
28 Transportation and Warehousing ~ 0.0287 0.9318 0.9593
b3 Communication 0.0264 0.9607 0.9870
30 Electric Utilities 0.0354 0.9559 0.991¢
3l Gas Utilities 0.0209 0.9452 0.9672
E)) Trade 0.0209 0.7303 0.7431
3 Finance, Insurance, and Real Estate  0.0242 0.7530 0.7689
34 Other Services 0.0315 0.7548 0.7762
35 Government Enterprises 0.0240 0.9698 0.9940

the largest share in total cost in almost
all sectors or industries, ranging from
0.86 In petroleum refining to 0.25 in
other transportation equipment.

The growth rate of total highway capi-
tal is shown in Figure 1. After an inltial
decline between 1950 and 1951, the
growth rate of highway capital surged,
growing at the average rate of 6.2 per-
cent during 1952-1959. From 1960
onward, the growth rate declined continu-
ously until 1979. It grew very little dur-
ing 1979-1981. Since 1982 the high-
way capltal stock has been growing at an
average rate of 1.2 percent per annum.

Resu_lts at the Industry
Level

The model used in this study builds
up from industry-level estimates to ob-
tain appropriate results for the economy
as a whole. Therefore, the careful esti-
mation of the structure and properties
of the disagaregated industries plays a
critical role in the deslign of this research.
The following sections present some of
the basic Industry-level results before
describing the contribution of highway
capital to the aggregate economy. These
results include the Impact of highway
investments on 'lndustry cost reductions
and economies of scale; effects upon
labor, capital and material inputs; the
marginal benefits of highway capital to
industries; and the analyslis of growth In
total factor productivity (TFP).

Cost Reduction and Degree of Scale
- The first column In Table 1 shows the
elasticity of cost with respect to high-

Py
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way capital (h_). The magnitudes of the
cost elasticities vary among the indus-
tries. The cost elasticities in manufac-
turing industries range from -0.146 to -
0.220 while In the non-manufacturing
Industries they range from +0.02 to
+0.06. Positive cost elasticities Imply
that the demand for highway capital ser-
vices in these industries is less than the
avallable supply at the price the indus-
tries are wliling to pay. This does not
mean that these industries do not de-
mand highway capital services. What s
implied Is that these industries face “ex-
cess capacl'ty“ in highway capital, a situ-

ation similar to the notion of excess ca-

pacity in private capital stock In a pri-
vate firm. If the firm cannot freely dis-

- pose of this capacity and Is Instead re-
. quired to keep its capital stock fully uti-

lized, regardless of changes in demand
for Its product, the cost to the firm will
rise. In the case of highway capital, the
entlre capital stock enters the cost func-
tion of each industry. The optimal level
of these services can be estimated from
the model which Is the level at which
the marginal benefit of highway capital
Is equal to an industry’s marginal cost
or willingness to pay. As noted later,
these estimates imply a set of national
subsidies and taxes that would allow In-
dustries to use the optimum amount of
highway capital services.

The cost elasticities h and h* shown
In column 2 and 3 of table 1 have a re-
turns to scale interpretation. The inverse
of h represents internal returns to scale,
or the effect on output of an equal pro-
portlonal Increase in all inputs except
highway capital. Similarly, the inverse of

h* represents total returns to scale,
meaning that an equal proportional in-
crease in all Inputs, Including highway
capital, yields a 1/h* proportional in-
crease in output. The results show that
both 1/h and 1/h* are greater than one
for all industries except agriculture, In-
dicating Increasing internal and total re-
turns to scale. The dedgree of Internal
returns to scale in each industry is
smaller, as expected, compared with the
degree of total returns to scale which
accounts for the contributlon of highway
capital.

Effects on Labor, Capital and Mate-
rials - Highway capital has both direct
and indirect effects on the productivity
of the private sector. The direct effect of
infrastructure capital is measured by the
magnitude of the cost reduction due to
an increase In highway capltal. The indi-
rect effect is given by the magnitude of
its effect on the demand for private sec-
tor factors of production.

Condltional Input demands refer to
the demand for labor, capital, and inter-
mediate Inputs holding output constant.
Elasticitles of employment, private capi-
tal and intermediate Inputs with respect
to hlghway capltal vary considerably
across Industries.'? The general conclu-
sion that arises from the emplrical re-
sults Is that changes In total highway
capltal have signlificant effects on the
demand for private sector inputs In all
industries. The conditional demand for
labor, private capital and material Inputs
in the manufacturing industries will de-
cline when investment in highway capl-
tal Is increased. In the non-manufactur-
Ing Industries, however, demand for la-
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Table 2: Marginal Benefits (MB) of Highway Capital
Mean Values 1950 - 1989

Code Industry MB Tax(+) / Subsidy(-)
[ Agriculture, Forestry and Fisheries -0.01174 -0.01518
1 Metal Mining -0.00041 -0.00061
3 Coal Mining -0.00125 -0.00163
4 Crude Petroleum and Natural Gas -0.00483 -0.00681
5 Nonmetallic Mineral Mining -0.00071 -0.00092
6 Construction -0.03465 -0.04384
1 Food and Kindred Products 0.04464 003936 .
8 Tobacco Manufactures 0.00339 0.00295
9 " Textile Mill products 0.00735 0.00639
10 Apparel and Other Textile Products 0.01059 0.00927
H Lumber and Wood Products 0.00816 0.00721
12 Furniture and Fixtures 0.00414 0.00367
13 Paper and Allied Products 0.01309 0.01168
14 Printing and Publishing 0.01624 0.01448
15 Chemicals and Allied Products 0.02228 0.02007
16 Petroleum Refining 0.02052 0.01858
17 Rubber and Plastic Products 0.0130i 0.01178
18 Leather and Leather Products 0.00200 0.00164
19 Stone, Clay and Glass Products 0.00904 0.00791
20 Primary Metals 0.02850 0.02413
2 Fabricated Metal Products 0.01887 0.01667
n Machinery, Except Electrical 0.02582 0.02308
3 Electrical Machinery 0.02073 0.01870
u Motor Vehicles 0.02711 0.02382
25 Other Transportation Equipment 0.01726 0.01519
26 Instruments 0.01016 0.00919
n Miscellaneous Manufacturing 0.00398 0.00353
28 Transportation and Warehousing -0.00718 -0.01080
2 Communication -0.00348 -0.00472
30 Electric Utilities -0.00468 -0.00627
3l Gas Utilities -0.00275 -0.00400
) Trade -0.02178 -0.03594
33 Finance, Insurance, and Real Estate -0.02331 -0.03530
34 Other Services -0.02805 -0.03873
35 Government Enterprises -0.00219 -0.00328

bor and material is increased while de-
mand for private capital is decreased in
response to an increase in highway capi-
tal. However, if the level of output is free
to change, the demand for employment,
capital and materials inputs in each in-
dustry will increase as a consequence
of an increase in highway capital. This
arises because the direct cost reduction
effect of highway capital will in turn lead
to the expansion of output. This expan-
sion in output will require more inputs
which will likely offset the substitutional
effects at a glven level of output.!3
Marginal Benefits - Table 2 reports
the average marginal benefit (MB) of
highway capital In current dollars for each
industry over the sample period. The
mardinal benefits indicate how much
each industry is willing to pay for an ad-
ditional unit of highway capital services.
The magnitudes of the marginal benefits
vary considerably across industries and
over time. After taking into account price
changes, however, the marginal benefits
in real terms appear to Increase from
1950 to 1969 but decrease from 1970
to 1989 in each industry. Another inter- 7
esting feature is that all manufacturing
industries have poslitive marginal ben-
efits, i.e., they would be willing to pay a
positive amount for additional highway
caplital services, the amounts ranging
from 0.002 in the leather and leather
products industry to 0.029 in primary
metals. Mon-manufacturing industries,
on the other hand, are willing to pay
negative amounts, I.e., require a sub-
sldy, to use the entire stock of highway
capltal. Thatis, the estimated demand
for highway capital services in these In-
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Table 3: Decomposition of Total Factor Productivity Growth

Mean Values: 1951 - 1989

ndustry Industry Exogenous Refative Highway Adjusted TP
Code Title Demand  Input Price Capital TP
| Agriculture, Forestry and Fisheries 0.002 -0.052 -0.107 [.510 1.353
1 Metal Mining 0.234 0.058 -0.060 0432 0200
3 Coal Mining 0.030 0.010 -0.098 1.120 1.060
4 Crude Petroleum and Natural Gas  0.015 -0.021 -0.123 L4300 -13n
5 Nonmetallic Mineral Mining 0.098 -0.005 -0.105 0.883 0.85¢
6 Construction 0.453 0.162 -0.158 -0.345 0.092
1 Food and Kindred Products 0399 -0.169 0430 - -0.126 0577
8 Tobacco Manufactures. 0.117 0.022 0.558 -0.421 0.209
9 Textile Mill products 0292 -0.103 0353 0.746 1.293
10 Apparel and Other Textile Products  0.082 -0.141 0.390 0.841 1.282
I Lumber and Wood Products 0.330 -0.321 0.406 0.206 0.621
12 Furniture and Fixtures 0.409 -0.341 0.503 0.035 0.639
13 Paper and Allied Products 0.589 -0.426 0.420 0300 0.280
t4 Printing and Publishing 0.684 -0.562 0.649 -0.808  -0.048
5 Chemicals and Allied Products 0129 -0.592 0.384 0.386 0.904
16 Petroleum Refining 0.518 -0.121 0.427 0.111 0933
17 Rubber and Plastic Products 0.827 -0.508 0429 0.173 0.938
18 Leather and Leather Products -0.441 0.137 0474 0.258 0.537
19 Stone, Clay and Glass Products 0419 -0.268 0.445 0287 0310
20 Primary Metals 0.19% -0.146 0.667 0956 -0.285
1| Fabricated Metal Products 0.444 -0.246 0.440 072 0460
n Machinery, Except Electrical 0.792 0427 0.400 0.298 1.072
B Electrical Machinery 0.752 -0.409 0.406 0.2 £.512
" Motor Vehicles 0.635 -0.35% 0.645 -0.748 0368
25 Other Transportation Equipment ~ 0.973 -0.480 0420 0364 0548
26 Instruments 1.543 -0.750 0.469 02719 0989
n Miscellaneous Manufacturing 0.263 -0.196 0412 0.824 1.280
28 Transportation and Warehousing 0.105 0.056 -0.043 0.927 1.060
19 Communication 0.075 0.356 -0.038 1079 1451
30 Electric Utilities 0.056 0.041 -0.048 1.168 1222
31 Gas Utilities 0.125 -0.208 0.014 -0.188  -0.256
n Trade 1.071 0.301 -0.026 -0.386 1.005
3 Finance, Insurance, and Real Estate  1.033 0.118 -0.028 -0.894 0.218
34 Other Services 0.768 0.086 -0.098 -2.169  0.091
35 Government Enterprises 0.034 -0.802 -0.044 0330 -L14

47




dustries at a price they are willing to pay,
falls short of the available supply.

The implied taxes and subsidies for
various Industries are shown in Table 2.
These refer to the differences between
the amount an industry is willing to pay
for highway capital services and the ac-
tual price requlred to use the entire
amount of available capital. These esti-
mates are calculated at the optimal level
of highway capital services demanded
for both manufacturing and non-manu-
facturing industries. The magnitudes of
taxes and subsidies vary considerably.
The largest taxes in manufacturing are
'in food and kindred products, chemicals
and chemical products, primary metals,
machinery (except electrical), and mo-
tor vehicles. Construction, trade, fi-
nance, Insurance, real estate, and other
services require relatively large subsi-
dies to encourage them to use the en-
tire highway capltal. Those that would
“pay” the lowest taxes are tobacco
manufacturing and leather and leather
products. The lowest subsidies are in
three Industries: metal mining, coal
mining and nonmetallic mineral mining.

More careful analysis is required to
examine further the size and pattern of
these implled taxes and subsidies. It [s
Important to note that the benefits of

highway capital vary across industries.
Demand for highway services are likely
to diverge over time and the degree of
benefits of any new highway capital ex-
pansion may differ considerably among
industries. That is, there is an impor-
tant distributional effect of the public
highway capltal across industries

Industry TFP Growth Decomposi-
tion- The decomposition of TFP growth
estimates at the industry level are pro-
vided in Table 3. These estimates re-
flect the effects of;

Exogenous Demand: This refers to
increased demand due to growth of real
national Income, aggregate population
and chandes in the utilization rate.

Relative Input Price: This factor cap-
tures the growth of input prices.

Highway Capital: This factor captures
the combined direct and indirect effects
of the growth of highway capital.

In general, changes in exogenous
demand contribute over half of TFP
growth, mainly in the manufacturing in-
dustries. Its contribution in agriculture,
extractive and mining industries and gov-
ernment enterprises are rather small. in
construction, instruments, transporta-
tlon equipment and trade and finance,
the contribution of an increase in de-
mand is relatively large. The contribu-

Table 4a:
Effect of Total Highway Capital, S, on Cost and Factors of Production,

Sum of Marginal Benefit, Cost Elasticities

Average Values

F
Total Highway Capital h h h h h h* sz
4] Y M E-1
“Aggregated” -044 -083 013 862 826 8
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tion of relative input prices could be
positive or negative depending on
whether industry factor price changes
exceed those of the general economy,
When an industry’s rate of Input price
inflation exceeds the national inflation
rate, productivity growth is hampered.
Generally, growth in relative input prices
contributes negatively to TFP, and the
magnitude of its effect varles across In-
dustries. Compared to the contribution
of exodenous demand, the effects of
relative input prices on TFP growth are
small.

The contribution of highway capital
to TFF growth Is positive in all the manu-
facturing industries. In some of these
industries its contribution is relatively
large, accounting for almost one-third of
TFP growth. In non-manufacturing sec-
tors, growth In hlghway capital contrib-
utes negatlively to productivity growth.
As explained earlier, this indicates that
the supply of highway capltal exceeds
the demand at the prices these indus-
tries are willing to pay. When the ef-
fects of exogenous demand, relative In-
put price changes, and highway capltal
are accounted for, the rate of techno-
logical changde is much smaller than con-
ventionally calculated. In general, the
main causes of TFP growth In the manu-

facturing Industrles are exogenous shifts -

in demand, relative price changes, and
highway capital, while in the non-manu-
facturing industries the dominant factor
Is the scale effect, or exogenous tech-
nological change. Highway capital plays
only a minor role in the acceleration or
deceleration of TFP growth at the indus-
try level.!* The evidence supportsvthe
notion that total highway capital contrib-
utes atvarying degrees to the long term
growth of TFP in different industries, and
its contribution to the short run accel-
eration or deceleration of Industry TFP
arowth over the sub-periods is negligible.

Contribution of Highway
Capital at the Total
Economy Level

To calculate the contribution of high-
way capital stock to the total productiv-
ity of the agdregate economy, we ex-
plored two different approaches: (1) the
individual industry elasticity estimates
were averaged (using Industry input and
output shares as weights) to obtain the
“adggregated’ estimates; (2) the indus-
try level data were summed to the na-
tlonal level and the model was re-esti-
mated with the aggregate data to ob-
taln the “aggregate” estimates for the

Table 4b:
Output Elasticities of Factor Inputs, Total Highway Capital, Utilization Rate,

Rate of Technical Change

Model Labor Capital Materials Highway Utilization Technology
capital output rate
“Aggregated” 384 185 .605 051 141 001
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cost and demand equations. The results
wére quite stmilar. In what follows we
present the results based on the “ag-
dregated” estimates.

Aggregate Output and Cost Elas-
ticities - Table 4 presents the effect of
the total highway capital stock, respec-
tively, on aggredate private sector cost
and aggregate input demand functions.
The “aggregated” cost elasticity is about
-.044, which is considerably smaller than
estimates from previous studies. The
elasticity of labor with respect to high-
way capital is nedgatlve, which suggests
that any increase in highway capital Is

labor-saving at the aggregate economy

Figure 2

level when the level of output Is held
constant. The elasticity of private capi-
tal with respect to total highway capital
Is also negative and slightly higher than
that of labor. The elasticity of interme-
diate inputs with respect to total high-
way capital is negative and very small.
Cost elasticities (h and h") suggest in-
creasing returns to scale and the sum
of marginal benefits (SMB), shown in last
column is approximately 0.18. The out-
put elasticities of Inputs, the utilization
rate, and the rate of technlcal change at
the aggregate economy level show that
the output elasticity of material inputs
is large (around 0.60 to 0.70), followed

Net Rate of Return of Highway Capital, Private Capital,
and Private Interest Rate (1951-1989)
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by that of labor (approximately 0.40 to
0.45), and private capital (approximately
0.20). The rate of autonomous techni-
cal change is comparatively small (about
0.001). The output elasticity of high-
way capital is also relatively small com-
pared to materials, labor, and private
capital, averaging 0.051 for the period
as a whole. /

Compared to the results reported in
the literature, this estimate of output
elasticity of highway capital is very small.
In fact, the elasticity estimates originally
reported in Aschauer (1989), Holtz-Eakin
(1991) and Munnell (1990) are about
elght times as large as our estimates
for the national economy. Our estimates
are more comparable to output elastici-
ties of public capital reported In Duffy-
Deno and Eberts (1989) and Eberts
(1986) for the highly disaggregate level
of the Metropolitan Area. In particular,
the output elasticlty of private sector

capltal is clearly larger than the output
elasticity of highway capital. The results
indicate that a one percent change in
private capital stock contributes almost
four times as much to economic output
as a one percent chande in highway capl-
tal stock to growth of output of the
economy.

Net Social Rates of Return - Past
literature has questioned whether pub-
lic capital is over- or under-supplied. One
way to determine whether public capital
Is provided optimally is to compute the
rate of return to highway capital and com-
pare it with the rate of return to privafe
capltal for the whole economy. The op-
timal provision of public capltal requires
that the rates of publicly provided and
private capital be equalized. Thus, If the
rate of return of highway capital is higher
than that of private capital, highway capl-
tal Is under-supplled and an increase of
public Investment is necessary. The net

Table 5
Net Rate of Return from Total Highway Capital,
Private Physical Capital, and Interest Rates

Net Social Rate of Retutn 1950-1959 19601969 1970-1979  1980-1989  1950-1989
Total Highway Capital 352 348 A6l 100 281
NLS Capital A1 414 238 161 338
Private Capital Stock 134 140 120 10 33
Interest Rate 04 05 .08 d10 0
Table 6
The Ratio of Optimal to Actual Stock of
Highway Capital (S*/S)
Ratio of §*/§ 1950-1959  1960-19¢69 1970-1979  1980-1989  [950-1989
Total Highway Capital 3.087 1.678 1112 0.995 1710
NLS Capital 3.831 1.851 1186 1.043 1.978
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social rate of return of highway capital
can be derived as the ratlo of the sum
of Industry marginal benefits to cost
minus the depreciation rate of highway
capital. This calculation assumes that the
user cost of highway capital includes the
acquisltion price, the relative discount
rate, the depreciation rate of highway
capital, and the price distortion effect of
taxes levied to finance highway capltal.’>

Table 5 presents the net social rate
of return to total highway capital, the net
rate of return to private capltal stock and
interest rates for four different sub-peri-
ods. The social rate of return on total
highway capital was very high during the
1950's and 1960's, reflecting the short-
age of highway capital stock during the
1950’s when the Interstate Highway
This
rate has dedlined continuously since the
late 1960’s and in 1989 It is barely above
the level of the long term interest rate.

System was under construction.

The time profile of the net social rate of
return for total highway capital is pre-
sented in Figure 2. The rate begins ata
relatively high level, rises to its maxi-
mum level in 1955, and fluctuates
around 37 percent untll 1968. Thereaf-
ter, the rate starts to decline and falls
from 10 percent in 1985 to about 5
percent in 1989. When the net rate of
return is compared to the long-term in-
terest rate on government securities
from 1950 to 1989, the gap between
the two is very large until the 1970s.
The gap narrows considerably and al-
most disappears In the 1980s. The net
rate of return on private capital averaged
approximately 14 percent from 1950 to
1969, and then declined in the 1970s
and 1980s. However, it exceeded the
interest rate over most of period, as
shown in Figure 2.

Our estimates of the rate of return
on highway capital are much lower than

Table 7
(]
Aggregate TFP Decomposition
Total Highway Capital Mean Values

TP Exogenous Relative Highway (apacity Adjusted
Demand Price Capital Utilization TP
6783 5960 -0571 1761 0069 -.0484
[ ]
Aggregate TFP Decomposition
NLS Capital Mean Values
TFP Exogenous Relative Highway Highway Capacity Adjusted
Demand Price Capital g Capital g Utilization TP
| 1

0.6783 0.6029 -0.0571 0.1649 0.018 0.0069 -0.0411

g = highway capital stock NLS
g = ather than NLS highway capital
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reported in previous literature. Recently,
Fernald (1992) estimated the rate of
return to investment In roads using es-
sentially the same set of data as used
in this study. He concluded that “a con-
servative statement — Is that the data
strongly supports the view that roads
investments are highly productive, of-
fering rates of return of 50% to 100%,
perhaps more.” '® Our results suggest
rates of return well below Fernald’s lower
Our
average rate of return for the period of
1950 to 1989 is 28 percent, about half
of his rate of return of 50 percent. The
rate of return over the postwar period
has still been quite impressive, although
In recent years the returns to highway

bound estimated rate of return.

capltal are more similar to those esti-
mated for private capital stock.
Optimal Highway Capital Stock -
The optimal level of highway capital is
obtained by comparing the industry mar-
dinal benefits for each year to the actual
level of highway capital. The average
ratio of optimal highway stock to actual
highway capital Is reported in Table 6.
The striking result that emerges from
this comparison is that the ratio Is very
high during the 1950s, then declines
dramatically thereafter until 1989, when
the ratio is approximately one. This sug-
dests that theré was significant under-
investment in highway capital Immedi-
ately after World War |l but the gap be-
tween optimal and actual capital stocks

Figure 3

Ratio of Optimal to Actual Highway Capital

1950-1989

Ratio of S*/S

1950 1952 1954 1956 1958 1960 1962 1964 1966 196§ve1aQr70 1972 1974 1976 1978 1980 1982 1984 1986 1988
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narrowed between 19539 and 1969 as
the Interstate Highway System and other
road systems were completed. The ra-
tio of optimal to actual stock of highway
capital declined by about 50 percent
from 1960 to 1969 and further de-
creased from 1970 to 1979. Interest-
ingly, in the 1980s there is no signifi-
cant evidence of overall under- or over-
investment in the highway capital stock.

The decline in the ratio of optimal to
actual highway capital shown in Figure 3
is due in part to public investment deci-
sions and to economic and demographic
changes. Growth in the stock of high-
ways and streets, as shown in Figure 1,
rose sharply from 1955 to 1975, the
period when the U.5. Interstate Highway
System was under construction, and lev-
eled off since that time as construction
of the Interstate slowed and previously
built highways depreciated. The net
stock of total highway capital arew at an
. annual rate of approximately 5 percent
from the mid-1950s to the late 1960s.
It began to decline in the 1970s, reach-
ing a minimum growth rate of 0.7 per-
cent In 1983. Since then it has gradu-
ally increased, but the growth rate of 2.3
percent in 1993 is still less than half the
average growth rate of the mid-1950s
to late 1960s period.Y?

Decomposition of Aggregate Total
Factor Production (TFP) Growth - The
results in Table 7 indicate that growth In
exogenous demand is the most impor-
tant contributor to aggregate TFP growth
between 1950 and 1989, as almost 87
percent of TFP growth is accounted for
by changes In aggregate demand. In-
put price movements contribute nega-

tively to TFP growth (about 8 percent)
while highway capital contributes posi-
tively (about 25 percent) to TFP growth.
The contribution of the capacity utiliza-
tion rate is very small (about 1 percent).
Table 8a and 8b demonstrate that the
same patterns are evident over differ-
ent sub-periods. The contribution of
highway capltal to TFP growth was much
larger in the early periods, but has de-
clined significantly since 1972. This
reflects two sets of factors: the pattern
of marglnal benefits of highway capital
stock; and, more importantly, the growth
rate of highway capital stock exhibited
in Figure 1. Highway capital’s contribu-
tion to TFP growth was less than 0.18
until 1953 when the investment in In-
terstate Highway System started; its
contribution rose to almost twice as
much during the period of 1954 to
1967. After 1967, the contribution de-
clined considerably until reaching about
.001 in 1981. After 1981, the contri-
bution of highway capital to TFF growth
grew to about 0.06 in 1989.

A central issue in the debate on the
role of infrastructure or highway capital
Is its contribution to the deceleration of
TFP growth in the period 1973-1979.
Aschauer (1989), Munnell (1990a) and
others claim the decline in this perlod
was mainly, If not exciusively, due to the
decline in growth of infrastructure capi-
tal. Hulten and Schwab (1991a),
Gramlich (1994) and others have argued
for minimal contribution of infrastructure
capital to productively slowdown.

When TFP growth Is decomposed
into trend and deviation from the trend,
the trend TFP growth is highly correlated
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with the trend contribution of highway
capital, trend exogenous demand and
trend in relative factor prices. The de-
viation from trend of TFP growth is cor-
related with deviation of the exogenous
demand and relative prices from their
trend. The conclusion to be drawn is that
highway capital stock contributes to
growth of total factor productivity; its
contribution is much smaller in compart-
son of the contribution of exogenous
demand.’

Most of the contribution of highway

capital to productivity growth occurred
in the 1950s and 1960s. Since 1973,
highway capital has made a small con-
tribution to trend TFP. Highway capital,
whether measured by total highway capi-
tal or NLS (non-local system) capital,
does not contribute much to the accel-
eration or deceleration of TFP growth.
These results stands in contrast to
those reported by Aschauer, Munnell and
other proponents of large contributions
to Infrastructure and also to those re-
ported by researchers who have denied

Table 8a:
®
Average growth rate of TFP and contributions of exogenous demand, total highway capital and relative prices
- 1952-1989 and sub periods

I fl Il IV
1952-1989 1952-1963 1964-1972 1973-1979 1980-1989
iz 68 9 103 13 a
EXD 40 30 60 15 84
166 A1 30 26 0 0
PEP -.06 -06 -10 =11 07
Table 8b:
Average growth rate of TFP and contributions of exogenous demand, NLS highway capital,
other highway capital and relative prices
1952-1989 and sub periods
I It n ]
1952-1989 1952-1963 1964-1972 1973-1979 1980-1989
1 0.6783 0.9402 1.034 0.1321 0.4255
EXD 0.6029 0.3185 0.5945 0.7392 0.8563
161 0.1649 0.2966 02463 0.0195 0.0353
160 0.0118 0.0188 0.0121 0.0080 0.0058
PFP -0.0571 00566 -0.1089 -0.1698 0.0678

EXD: Exogenous Demand
TGI: NLS Highway Capital

TGG: Total Highway Capital
TGO: other than NLS Highway Capital

TEP: Relative Input Prices
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any role for infrastructure in enhancing
the growth rate of productivity. Our analy-
sis suggests that highway capital stock
has contributed to the expansion of the
productive capacity of the economy. [t
has contributed to total TFP growth of the
US economy, although its contribution
has been much smalier than has been
claimed in the production function re-
search. Expansion of highway capltal has
had significant effects on the pattern of,
and demand for, labor, capital and mate-
rial Inputs in different industries.

Summary and Policy
Implications

Summary of Main Results - The spe-
cific quantitative results of this report
can be briefly summarized as follows:
¢ TJotal highway capltal and NLS capiltal

contribute significantly to economic
growth and productivity at the indus-
try and national economy levels.
Thelr contribution varles across In-
dustries and over time. The magnl-
tude of the elasticlty of output with
respect to total highway capltal at the

adgdredate level is about 0.05, which

Is much smaller than comparable es-
timates reported in previous litera-
ture,

* The contribution of highway capital to
TFP growth Is posltive in almost all in-
dustries, except In some non-manu-
facturing Industries. In these non-
manufacturing Industries, the supply
of capital exceeds that which the in-

dustries are willing to pay at that price.
The madnitudes of the contribution
varies among industries, although the
most significant contribution of high-
way capital Is to the productivity of
manufacturing industries. At the ag-
dredate level, highway capital contri-
bution to TFP growth is about .17.

¢ There is some evidence of increas-
ing returns to scale In most indus-
tries and at the national level. Both
at the industry and national levels,
the contribution of private capltal to
economic output dominates that of
total highway capital or NLS capltal
by almost four times. This is in sharp
contrast to the results reported in the
literature.

* Total highway capital and NLS capital
have a significant effect on employ-
ment, private capital formation and
demand for materials inputs in all in-
dustries. For a given level of output,
an increase In highway capital and
NLS capital can lead to a reduction in
demand for all inputs In manufactur-
ing, while in non-manufacturing in-
dustries the pattern is mixed. The
magnitude of these effects varies
among the three inputs In a given
industry and among the industries,
and does not consider output expan-
sion aspects of lower costs.

¢ The marginal benefits of total high-
way capital and MLS capital at the in-
dustry level were calculated by using
the estimated cost elasticities. De-
mand for highway capital services

56




varies across industries as do the
marginal benefits. The marginal ben-
efits are negative for all non-manu-
facturing industries, but their magni-
tudes are small suggesting that the
demand for highway capital services
at the price these industries were
willing to pay (if free disposal condi-
tion was operative) is-slightly less
than the available supply. This issue,
however, requires further research
(Appendix B includes a summary of
important issues that require future
research).

The results indicate that net social

rate of return on total highway capi- -

tal was high (about 35 percent) in
the 1950s and 1960s, then declined
consliderably until the 1980s to about
10 percent. The same pattern holds
for MLS capital although the net so-
clal rates of return are higher for NLS,
approximately 16 percent. In the
1980s the rates of return on total
highway capital and private sector
capital seem to have converded, and
are baslcally equal to the long term
rate of interest.

The ratio of optimum to actual high-
way capital, measured by either total
or NLS highway capital, was high in
the 1950s and then declined
throughout the 1960s as construc-
tion of the Interstate Highway Sys-
tem neared completion.

The maln contributor to productivity
both at the Industry and agaregate
level is aggregate demand. Relative

prices, the capacity utilization rate
and technical change also contribute
to the growth of TFP, but their contri-
butions are generally smaller and vary
across industries. The contribution of
highway capital Is to fong run trend
TFP growth and only minimally to its
acceleration or deceleration over dif-
ferent periods such as the period
1973-76.

Policy Considerations - The results

of this research suggest a number of
policy implications:

To have high and sustalined TFP
growth both at the Industry and na-
tional level it Is very important that
agdregate demand be sustalned and
sectoral input price inflation rates are
keptin check. This would require ap-
propriate fiscal and monetary policies
to maintain growth rate of the aggre-
date demand in conjunction with pub-
lic Infrastructure policy.

The analytical challenge Is to see
whether the quantity and quality of ser-
vices provided by this type of infra-
structure is adequate to meet future
needs. Two sets of policles are
needed: one is to look specifically at
the quality of services and potential
utilization of the existing highway capl-
tal network. To achleve this alm a more
Intensive look at quality adjustment
of highway capital stock and construc-
tion of a more appropriate index of
utilization of this capital. The other
challenge is to elaborate the future
needs for highway capital to potential
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arowth of the econcmy and the spa-
tial distribution of economic activities,

The distinction between gross and
net investment in highway capital re-
quire proper estimation of the depre-
clation rate of the capital stock. If the
depreciation rate is under estimated,
the net expanslon of highway capital

“for the future will be understated. Ad-
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equacy of investment allocations can
be best evaluated if the replacement
investment for highway Is correctly
determined first. This would require
an evaluation of existing and future
policies for repair and maintenance
of the highway network.

Since the benefits of highway capital
services differ across industries, one
policy conslderation is the need of
the industries in planning of future
highway services.

The externalities of highway capital
services to the production has been
well documented but two further
policy issues require attention. They
are the benefits of highways to gen-
erate public (consumers) and the
geodraphlcal distributlon of these
benefits among different states and
localitles. The contribution of high-
ways to local and regional areas is an
important issue for policy decision
process because of the rate of this
type of infrastructure to regional eco-
nomic development.

Finally, policies for investment allo-
cation and financing of highway capi-

tal require closer attention. Such as-
sessments require that highway capi-
tal Investment be compared in terms
of importance and rates of return to
long term private sector capital in-
vestment.

Future Research

This study raises a number of impor-
tant issues which should be addressed
in future research. These Issues include:
adjustments for additional varlables not
included in this research; examining the
productivity effects of highway capltal
under varying levels of output; estimated
depreciation rates; further detail about
Industry types; and the welfare benefits
of highway capital to groups other than
private sector industries.

Omitted Variables - One of the most
Important Issues to consider in .future
research s the effect of omitted variables
onour results. Two types of adjustments
are desirable: one related to quality
changes in highway capital stock and the
other is the contribution of infrastructure
capltal other than highway capital. The

‘quality adjustments can take different di-

menslons. For example adjustments are
needed to account for the effects of con-
gestion and other environmental factors
such as noise, smog, etc. The highway
capltal stock needs to be adjusted for
quality of roads, degree of maintenance
and Intensity of use. Besides these types
of adjustments, the effects of infrastruc-

- ture capital other than highway capital

should be spedifically Introduced in our
model. Clearly there is considerable evi-




dence that other types of public infra-
structure contribute to growth of output
and productivity. Including the “other” in-
frastructure capital may affect the mag-
nitudes and even sign of the elasticities
and marginal benefits of highway capital
(or NLS) reported in this study.
Allowing Output to Vary - In this
study we have evaluated the productiv-
ity effect of highway capital and its ef-

fect on demand for labor, capital and’

materials under the assumption that the
level of output is given. This assump-
tion needs to be relaxed to take account
of output expansion induced by invest-
ment in highway capltal.' Highway capi-
tal investment reduces costs, I.e. the
average cost shifts downward (produc-
tivity effect). Thisin turn, given a down-
ward sloping output demand curve, leads
to a decline in output prices and an In-
crease in quantity demanded. The In-
duced output expansion leads to In-
créases Iin demand for each of the pri-
vate sector inputs. This indirect expan-
sion effect of highway capital investment
will likely to offset any potential substi-
tution effects on demand for labor, capi-
tal and materials. This issue Is an Im-
portant challenge to be taken up also in
future research.

Depreciation of Highway Capital. -
Another Issue is to examine more
closely the depreciation rate estimates
that are used to generate the total high-
way or NHS capital. If the depreciation
rate is not an accurate measure of the
decline In production services then the
results on marginal benefit, net social
rate of return and productivity contrlbu-
tlon of highway capital reported here will

be affected. Analytical models are avail-
able to estimate the depreciation rate
from available investment data. Also,
availabllity of data on maintenance ex-
penditures and other relevant data may
allow estimating a more precise mea-
sure of the depreciation rate and thus
better measures of total highway and

-MHS capital stocks.

Further Industry Detail - In this

‘study, industries were divided into three

broad categories. A more reflned clas-
sification such as that used by Fernald
may be necessary to capture the Indus-
try varlations in demand for highway capi-
tal services. As a result, our measures
of industry marginal benefits, soclal rate
of return and contribution to productiv-
ity at the industry and agdregate level
are likely to be affected. Also, we need
to improve our estimation of the output
Furthermore, the
demand and cost functions are esti-
mated separately. What is required is
to jointly estimate the two functions and
allow for the effect of highway capital on
the demand for output of an industry.
Benefits to Other Groups - Finally,
in this study we have concentrated on
the beneflts of highway capital to private
sector industrles. The welfare benefits
of highway capital services to the con-
sumers have not been addressed. To
do so requires modeling the consump-
tlon sector of the economy and intedrat-
Ing It with the production sector in a gen-
eral equillbrlum model. 5Such an at-
tempt, though extremely important, at
present remains outside the scope of

demand function.

our current research.

59




REFERENCES

Aschauer, David Alan (1989), “Does Public Caplital Crowd Out Private Capltal?” Journal of Monetary
Economics 24, 171-188.

Duffy-Deno, K.T. and R.W. Eberts (1991), “Public Infrastructure and Reglonal Economic Develop-
ment: A Simultaneous Equations Approach,” Journal of Urban Economics30, 329-43,

Eberts, Randall W. (1986), “Estimating the Contribution of Urban Public Infrastructure to Regional
Growth,” Federal Reserve Bank of Cleveland Working Paper 8610, December,

Fernald, John (1992) “How Productive Is Infrastructure” Distingulshing Reality and lllusion with a
Panel of US Industrles.” mimeo.

Gramlich, E. (1994) “Infrastructure investment: A Review Essay,” Journal of Economic Literature,
September, 1176-1196.

Holtz-Eakin, D. (1991), “New Estimates of State-Local Capital Stocks by State,” Syracuse Unlversity,
mimeo.

Jorgenson, D., F. Gollop and B. Fraumeni (1987) Productivity and U.5. Economic Growth, Cam-
bridge, MA: Harvard Unlversity Press.

Jorgenson, D. (1990) “Productivity and Economic Growth,” In Berndt, E. and J. Triplett, (eds) Fifty
~Years of Economic Measurement, NBER 5tudies in Income and Wealth Volume 54, Chicago: The Unlver-
sity of Chicago Press.

Jorgenson, D.W. and Kun-Young Yun (1990) “The Excess Burden of Taxation In the U.S.,” Harvard
Unlversity DIscussion Paper #1528,

Klein, L. and R. Summers 91966) “The Wharton Index of Capacity Utilizatlon,” Studies in Quantitative
Economics, No. 1, University of Pennsylvania.

Munnell, A. H. (1990), "Why Has Productivity Growth Declined? Productivity and Public Investment,”
MNew England Economic Review, Jan./Feb., 3-22.

Madilri, M. Ishaq and Theofanis P. Mamuneas (1993), “The Effects of Public Infrastructure and R&D Capital
on the Cost Structure and Performance of U.5. Manufacturing Industries,” C.\V. Starr Center RR #91-57.

REFERENCES

(1996), “Contribution of Highway Capltal Infrastructure to Industry and Adgregate Productivity
Growth,” March, a report prepared (Apogee Research Inc.) for the Federal Highway Administration
Office of Policy Development, Work Order No. BAT-94-008. WEFA Group, (1990), Industrial Analysis
Quarterly Review, July.

! For a full description see Nadirl and Mamuneas, “Contribution of Highway Capital Infrastructure to
Industry and Aggregate Productivity Growth,” March 1996, a report prepared (Apogee Research Inc.)
for the Federal Highway Administration Office of Policy Development, Work Order No. BAT-94-008.

2The latter Includes the federal-aid highway system, with the exception of expenditures on second-
ary rural roads, and represents approximately 70 percent of total highway capital stock. It Is referred to
In this paper as the non-local highway system, or NLS.

35ee Nadirl and Mamuneas, (1996) *Contribution of Highway Capital to Industry and National Produc-
tivity Growth,” opt. cit, for a more comprehensive survey of substantlve and technical Issues.

“Opt. cit.

Use of value-added data can be Justifled If there Is no substitution between Intermediate inputs
such as materials and energy and the primary factors of production like capltal and labor. If intermedi-
ate Input prices are relatively stable, the use of value added In productivity analysis can be justified on
practical drounds. However, oll price shocks substantlally affected the course of the U.5. economy In
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- ECONOMIC RETURNS FROM
TRANSPORTATION INVESTMENT:
NINETEENTH CENTURY
, EXPERIENCES AND
CONTEMPORARY ISSUES

Charles David Jacobson, Morgan, Angel & Associates

Views expressed here are not necessarily those of Morgan, Angel & Assoclates

This short bibliography represents a
sample of some of the more important
works In what Is a vast economic and
historical literature on nineteenth cen-
tury transportation infrastructure. More
recent scholarship on post World War |l
infrastructure development is not in-
Cluded.

Fishlow, Albert, American Railroads
and the Transformation of the Ante-
Bellum Economy (Cambridge: Harvard
University Press, 1965

In this volume, Fishlow attempts to
“quantify the social savings of the rail-
roads and their impact through forward
and backward linkages on the various
branches of the economy...”* Whereas
Fogel’s Railroads and American Eco-
nomic Development (published at about
the same time) was concerned with
whether US could have developed with-
out the railroad, Fishlow asks “How much
stimulus did the rallroad afford to the
economy of the United States and by
what means??” Fishlow identifies three

major ways in which transportation in-
novation can be expected to benefit
other areas of the economy:

- 1) innovations have direct conse-
quences In lower costs of carriage.
When costs are lower, resources can
be applied to other tasks.

2) Increased size of markets affects
production decisions of manufacturers
and farmers, by making possible greater
specialization and abllity to explolt
economies of scale elsewhere,

3) Resource demands of building
and operating transport systems can
themselves stimulate other areas of
economy. These in turn might create
benefits elsewhere.

Fishlow concludes that before 1859
the direct advantages of the raliroad were
falrly modest because of the prior de-
velopment of the canal and the steam-
boat. These Innovations lowered trans-
port costs far more than did the railroad
in Its turn. But even during this early
period, Fishlow concludes railroad invest-
ment paid off In social terms.

63

Appendix B



*... railroad returns to capital, in the
shape of net earnings and trans-
port cost savings alone, fully justi-
fled the investment even before
1860. Fifteen percent per annum
on the investment despite the ar-
bitrary time horizon, and the lim-
ited calculation of returns is im-
pressive. |t is difficult to imagine
the country doing much better
than that In any reasonable alter-
native. >’

Fishiow concludes that railroad de-
velopment played a role in stimulating
adricultural expansion and specialization.
Demands on the part of railroads them-
selves, Fishlow concludes, also played
a role In disseminating industrial skills
through out the economy and afforded
stimulus to the development of iron and
steel industry. 4 However, these effects
were limited.®> MNor did rallroad develop-
ment stimulate ante-bellum industrial-
[zation In the South despite hopes that
it do so.

Overall, Fishlow concludes, railroads
can not be sald to have caused eco-
nomic growth. Indeed the benefits of
rallroad development were so great in
some cases only because other human
and geographical and institutional con-
ditions for growth were already present.
Fishlow also concludes that government
subsidy and competition amongst rail-
roads themselves tended in some cases
toward over-bullding and wasteful expen-
diture of resources. ©

Fogel, Robert William Railroads and
American Economic Growth: Essays in

Econometric History (Baltimore: Johns
Hopkins, 1964)

This is a controversial and influen-
tial book. Fogel evaluates the claim that
railroads were essential to economic
growth in the nineteenth century by set-
ting forth a hypothetical world in which
railroads do not exist. Fogel concludes
that while rallroad development and rates
structures could determine the destinies
of Indlvidual firms and even entire cities
and regions, rallroads were not Indis-
pensable to the economy of the United
States during the nineteenth century.
Other forms of transportation could and
would have been developed more inten-
slvely in the absence of railroads. More
broadly, Fogel asserts that economic
growth can best be understood not as
the product of any single kind of tech-
nology but of knowledge applied to de-
velopment of multitude of innovations
in a broad range of domains.

Emphasis on the multiplicity of op-
portunities does not mean that the par-
ticular nature of the solutions society
selects are without significance. Cheap
inland transportation was a necessary
condition for economic growth . Satis-
faction of this condition did not entall a
specific form of transportation. The form
by which the condition was In fact satis-
fled did effect, however, particular fea-
tures of the observed growth process.
In other words, the fact that the condi-
tion of cheap transportation was satis-
fled was satisfied by one Innovation
rather than another determined, not
whether growth would take place, but
which of many possible growth paths
would be followed.?
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Goodrich, Carter, Canals and Ameri-

can Economic Development (New York:
Columbia University Press, 1961)

Goodrich's collection, first published
in 1961, was the product of Columbia
University’s Graduate workshop on the
Economic Development of the Industrial
Countries, Tr}e aim of the workshop was
to reexamine the economic history of
developed industrial areas of the world
in light of contemporary concerns with
Third World development. The essays
conclude that, overall, development of
canals did make a significant contribu-
tion to economic growth in the United
States. While the Erie Canal was a spec-
tacular success, many other canals were
almost certainly failures no matter how
evaluated. Causes of fallure included IlI-
conceived and poorly designed projects
and rallroad competition.

Hoy, Suellen and Michael C..
Robinson, Public Works History in_the
United States: A Guide to the Litera-
ture (Nashville, TN: American Associa-
tion for State and Local History, 1982)

This annotated bibliography Is an
indispensable resource. The work does
not cover railroads but contains a good
selection of entries on the history of
roads, streets, and highways In the
United States.

Lee, Susan and Peter Passell, A
Hew Economic View of American His-
tory (New York: W.W. Norton, 1979)

This textbook written for advanced
undergraduates contains good overview
on debates amongst economic historl-
ans concerning nineteenth century

transportation and economic develop-
ment. The book also contains exten-
sive bibliographical material.

Rostow, Walter, The Stages of Eco-
nomic Growth (Cambridge: Cambridge
University Press, 1960).

Rostow suggests that largely be-
cause of demand for materials, rallroads
played a leading role in propelling indus-
trial take-off in the United States during
the 1840s. The book Is largely impor-
tant as a foll for subsequent scholars who
found that elements of the chronology
do not fit. Much industrial development
took place in the United States, for ex-
ample, before rallroads were slgnificant
as either a source of demand for mate-
rials or as a form of transportation Itself.

Rauch, James E., "Bureaucracy, In-
frastructure, and Economic Growth:
Evidence from U.S. Cities during the
Progressive Era” American Economic
Review Vol. 85, No. 4 September 1995.

On the basis of a regression analy-
sis, Rauch finds that investment in road,
water, and sewer systems in early twen-
tieth century American cities was sta-
tistically correlated with growth in manu-
facturing employment.

Rose, Mark H. Interstate: Express

Highway Politics, 1941-1956
(Lawrence: The Regents Press of Kan-
sas, 1979)

This Is a detailed historical account
of the political maneuvering that culmi-
nated in passage of laws establishing the
Interstate Highway System. Rose de-
scribes tensions amongst engineers
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concerned with moving the traffic, eco-
nomic and regional interest groups, and
those who viewed highways as means
to realize broader plénnihg and urban
redevelopment objectives.

Scheiber, Harry N. , The Ohio Canal
Era: A Case Study of Government and
the Economy, 1800-1861 (Athens:
Ohio University Press, 1969)

This is a richly detailed account
written by an historian of the devel-
opment of a major system of canals
in Ohlo before the Civil War, The book

‘contains much discussion of the ef-

feécts of canal and later raliroad devel-

opment on patterns of trade.
Scheiber finds that the Ohio and Erie
Canal completed in 1827 was a “spec-
tacular success” in its cortribution to
population growth and economic de-
velopment in the region served.
Population and land values increased,
farmers enjoyed higher prices for
grains and turned to commercial ag-
riculture, and development of manu-
facturing was stimulated due to lower
prices for raw materials and develop-
ment of water powers from the canal
itself. Canals completed in other parts
of the state, Schelber maintains, had
similar effects.
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Appendix C

REVIEW OF
INTERNATIONAL STUDIES OF
THE PRODUCTIVITY EFFECTS

OF HIGHWAY INFRASTRUCTURE

by
Dr. T.R. Lakshmanan, Director, Bureau of Transportation Statistics
U.5. Department of Transportation
July 1996
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