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SUMMARY

David Alan Aschauer, who was among the earliest researchers to quantify
the sraristical relationship beraeen public infrastrucrure investment and pri-
vare sector productivicy, scanes that the slower rage of productivicy growth
since the early 1970 s—coupled with an aging population, the declining
share of workers 1o the rotal populaton, and other demographic factors—
poses a dilemma for policy-makers interested in strengthening the long-
term, relative posiceon of the U5, in an increasimngly competitive global eco-

MM ENVITTNmeEnt.

Aschaner regards public mfraseructure [comprising streets and highways,
musy transit, water and sewer systems, enc.) to be a Factor of production.
The public capiral seock, which equaled 46.1% of GNP in 1960, amoanoed
tor besd than 41% of GME in 1920, Hence, the declining pace of capical
accumubation may be regponsible for explaining both “a very subsrantial
portion of the productivity skowdown, . and cross-country differences in
productivity growrh.”

Critics charge that the ma[lpirl:ﬂn of Aschauver’s statistical correlasion
berween public capical and private sector productivity 1s implansible.
Moreover, he is accused of omitting variables that may better explain the
productivity slowdown, and dismissing the prospect of reverse canzation in
his research. Aschauer responds by stating that the mere existence of other
cuplanations does not imherently challenge the value of public capital: the
inconsistent methodologies of other researchers (e.g., various definitions of
“public capital™ and the differing geographic scope of spadics) make the
critics’ anguments less cogent.

Aschaner recopnizes thar e msst exvend his thesis mo address the oprimalicy
of the public capiral stock vis-d-vis maximizing privare sector procdactivity.
He provides evidence of the underprovision of public capiral by citing a rare
of retum on public capital in excess of thar to privare capital. In fact,
Aschaver claims that *as long as the returns to infrastructure investment
exceed the groweh rare of the economy, an increass in public investment
will tik the natinnal consamption profile townrd the future. . and raise liv-
ing standards in the next century.”



Iin contrase, Dowglas Hole-Eakin dismisses the conventional arguments for
a Federal infrastructure program. Holez-Eakin asserrs thar:

= A large-scale publie infrastrocture program has no appreciable
effect an productivity growth,

® [n the current fiscal elimate of scarce Federal resources, & Federal
infrastrmcriane 4 fot consistent with the goal of deficit reduction,

* There are betver infrastructure strategies than new spending and
MASKIVE CONSIFBCIIGN Progranms.

* Palicies aimed at increasing private rather than public investment
will have a more positive impact on 1.5, competitiveness,

Holez-Eakin cautions against a Federal infrastructure policy, stating thar
the “provision of infrastructure has been the provinee of state and local
governments, on the grounds thar local officials are better able to judee the
needs and desires of their local constituents.™ Holz-Eakins critics charge
that local deciston-makers are unable to caprore interseate productiviey
spillovers, but the authar asserts that no empirical evidence supgests the
existence of swch spi]l-::-\-ur effects.

Rather than authoree new spending programs, Holz-Eakin favoss more
etticiently pricing (e, wser feed] the existing stock of infrascrucrure, and
submirs rhat infrastrichure maintenance— not new consorsction—shookd
be our focus, Given the deficit-reduction-driven political climare of fiscal
restraing all Federal expenditures are sulgect to bemg disguised as inwvest-
ments. Holtz-Eakin beliewes the distinetion between expenditures and
investment—at least in the debare over the rerurm on public infrastructure=—
may he artificial,

Holtz-Eakin insists, though, that his results “do not imply that the large
stock of infrastructure in the United Stares provides no benefit. Instead, the
results say that a broad-based spending program for additional infraseruc-
mire & witlikely B0 augment economy-wide producrivity growth,” Hence,
Holez-Eakin would not necessarily quarrel with other jostifications (e.g.,
social good] for increased infrastructure expenditures—iust don'e cite
improved productivity as a mtonale,
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The role of public capital has been widely
discussed during the posrwar period, with the
emphasis on the cunning ability of legislators
to secure pet projects (and constimoents'
wirtes) withim thesr districes. However, the
productivity slowdown in our counery—
which began in the eady 19705—has alered
the WY mdny Americans think abowt puhli:
capital, The debate now addresses the effects
af public infrastructure invessment on privare
sectof productivity and, consequently, Ameri-
can comperitiveness in the global economy.

The seminal work of David Alan Aschaver
has been endorsed by many economists and
palicy-makers, bur recent research conducted
by scholars disputes the earlicr empirical evi-
dence. Many question the mere exisrence of &
relationship berween public capital and pro-
ductivity: scondamics mit being a science
which can duplicare laboratory conditions,
the il:i:'_p-l:i-f.'i :l.||.l:3|: that many unknown vari-
ables alver analyses which examine the rea-
sons for the LLS. declining productivity trend
(the recent gains notwithstanding), Others
simply state that thowugh a relagonship may
actually exist between public capital and pro-
dusctiviry, iv is impossible to quantify the
magnitude or cstahlish a precise level of cor-
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redanion, Implicitly, the eritics, represented in this Prblic Policy Brief by
Douglas Holz-Eakin, are suggesting that the inferences derived from the
econometric resulis of the relationships previously described by Aschauer

are not plausible,

In his first State of the Union address o Congress, Presidene Clinton
announced an economic program, which inchades a fiscal stimulus package
o aid the recovery in the near ferm. The president’s focus, however, is
cleasly on creating meaningful jobs and enhancing the level of LS. competi-
tiveness in the next century. The long-term investmens package ourtlined by
the president supports the noton that public investmenr in infrasrscrure,
iz -a‘.'ap:i[ui., Ré&D, and other 3,n:|w|:|'| channels will have signifin.’anr bene-
fits to the competitive position of the ULS, economy.

Dissenters of President Clinton®s plan believe thar althowgh public infra-
structure investment may confribute to the long-term competitiveness of
this country, the corrent fiscal climare diceates thar deficit redoetson ke
precedence over any program which may expand the Federal budget deficis.
In essence, these observers claim thar deficir reduction and public invest-

ment are mutually exclusive sirategies,

In this Pulrlic Policy Brief, bath views of the effects of public infrascoocourne
investment on the economy are presented. Our purpose ar the Jerome Levy
Econormics Institute i to present bhalanced and .iund:mi-l;.a!h.' Tigumm
rescarch which provokes serous thought about the challenges that confront
or Ao, and makes a |:|5|:i.1|.g contribution to the puHii: pnl:'u::r dehate
while minimizing the damaging effects of political philosophy and ideclogy.

Diimitri B. Papadimitrion
Executive Dhrector

Mareh 1993
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Public Capital and
Economic Growth

Diarid Alan Aschauer

Introduction

[ the Unived Seaves, there is an increasing
interest in policies aimed at accelerating the
pace of productivity growrh. This interest i
primarily due 1o two sets of fctors, Lookng
hackward in time, the bong-term rates of
growth of cutput and of productiviey have
fallen bebow that of the “golden age™ of the
19505 and 19805, Furthermore, the United
States productivity growth rate has been sub-
stantially below thar of some of its major
economic trading parmsers for moch of the
post-World War 11 period, keading to the
fear—rarional or not—that these other coun-
tries pose a threat o the economic leadership
position of the United Srates. Looking for-
ward in time, the labor-force growth rate in
the United States is eu.p-u:t-nﬂ [17] :Ji.p hebow the
population growth rate soon after the tum of
the century. In the decades ahead the number
of workers relative to the populamon wall
d:ul.'hn.-n. and the maintenanse of the histomcal
pace of improvements in living standards will
require the rypical worker to hecome steadily
mare productive.

The Jerome Lewy Ecomomics Institute of Bard College 9
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While there are many potential mechanisms to raise productivicy growrh,
mast turn on boosting the rate of capital sccumulation—either tangible
such as plant and equipment, or intangible capieal such as that generared by
research and development expenditures. Traditionally, the role of fiscal pol-
icy in this process has been to encourage private savings and private invest-
ment through tax incentives ar to rase narional savings through reductions
in the government budger deficis.

Bur the results of recent empireal research offer the possibility of a direct
channel by which fiscal policy can affect nasonal investment and national
productivity growth, Ir has been recogniceed that the public infrastrocmare—
streets and highways, mass transit, water and sewer systems, and the like—
should-be-considered as a factor of production (abong with labor and pri-
vate capatal) in the privare sector production process. It has also been
recognized that public infrastrucnare spending, as a share of total ourpur,
reached a peak in the latter half of the 19605, The results of some of the
empirical studees (e.g., Aschaver 198%a, Munnell 1990a) indicate that this
peduction in the pace of public capital accomulation is capable of explain-
ing & very substantial portion of the producrivity slowdown. And other
siudics (o8 Aschauer 198%¢, Ford and Poret 1991] sugpese thar cross-
country differences in productivity growth might also be parely explained
by differences in levels of infrastructure spending.

These empirical studies, linking movements in private sector productivity to
trends in public capiral investment, raise a number of questions which
demand further discussion, There are valid concerns about the sratisrical
reliabality of the results, Ar lease four questions are pertinent here:

1. Is the strong correlation berween public and capital productiviry
reflective of a true causal role for public investment spending?

2. Is the estimated magninade of effect too large o be plausible?

3. Is the public capatal stock merely acring as a proxy for other omitted
variables such as population shares, exchange rates, or odl prices?

4, Finally, even if it were accepted thar a strong cavsal relationship
running from public capatal to productivity exists, for public policy
purposes it would still be necessary to answer the question: Is the
public capital stock currently too low?

I begin by brisfly discussing teends in the public capital stock over the last
three decades, and then assess the potential impact of these trends on pro-
ductivity growth. Here | assume that the public capital stock does act as an
inpus to private production, and that che marginal product of public capital
equals that of the private capital stock. Nexe, | discuss the statistical con-
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cerns which [ just noted, paying particular attention to the magnimde of
effect or 1o the output elasticity of publie capital. Finally, 1 discuss the ques-
tion of the oprimality of the pablic capial spock.

Public Capital Trends and Potential Impact on Productivity

Tahle 1 shows the composition and behavior of the nonmilitary capital
stock of the federal and state and local governments over the past three
decades. [These public capiral stocks are measured net of depreciation and
in comstant 1990 dollars.) The vast majority, or abour B3%, of the nonmab-
tary public capiral stock is owned by state and bocal governments—nearly
£1.9 trillion of the wral of almost $2.2 trllion, OFf course, a large portion
of the stare and Iocal capital steck has been Funded by grants from the fed-
eral povernment. Just over half of the total public capital stock 8 composed
of a “core infrastructure™ (e.g., streets and highways, water supply, sewers,
and publicly cwned electrical and gas facilities), which might be expected o
funcrion as an inpue to the private production function more closely than
does the total public capatal stock. OF the categones of the core infrastruc-
ture, sereets and highways represent some 61%, thus being the largest single

CATEROTY.

Table 1
Trends in Public Capital 1960-1990
Percent af GHE % |killions|
1260 1970 193l 149450 1900

Tegal #i5.1 48.9 453 JiLG 2.1480.4
Federal 9.4 7.5 .4 54 2381
Care infrastmocture Q.5 .6 Lh 0.5 26.3
Highways .4 0.4 .4 03 i7.2
Srate amd Loscal 38.7 41.0 8.9 LA | 1HE2.3
I:l,n;l; |:'||:|'.;|.1.I:'|||."'|urr 1.1 57 219 1.5 1143.0
Highmays 16.8 1.9 12.4 10,6 LEEN]
Warer supply 3 13 2.1 1, 10%.4
CEwers 140 L] 3.5 15 184.1

S LS, Depaiment ol Commence, Bureaw of Boonomne Analyas

The total public capital stock rose during the 1950s and 19605, peaking in
1968, and has been falling thereafter. The public capital stock equalled

46, 1% of GNP in 1960 and 48.9% GNP in 197, but by 1950 amounted
to bess than 41% of output. As shown by Table 1, the fall-off in the ranio of

The ferame Loy Ecomvmnres Ieanitene of Bard College 11
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public capiral stock to output is concentrared in the streets and highways
companent, with water and sewer EVETETNE 5|a}-i|:||5 even with oatpst.

Table 2
Contribution of Public Capital to Productivity
Growth 1960-1989

195069 1970-74% 1580-59

[1] Growth in public capital (% per vear)
Tutal pubic capical 4,31 200 1_3%
Care infrastructure 3,59 206 1,350

[2] Redwcricn i groweh in public capital
1% per year, relatnee 1o 1960-69)

Taral public capical 2.31 2.93

Core mfrascrucmee 1.93 2,60
[3] Graweth in productivity (% per yeag) REai T

Labor productivity .90 1.31 1.18

Taral factor productiviey 1.2 0,541 0.87

|4] Reductian in growseh i |!|':H,|.|||,'||_1'i|.1r
{% per year, relacive 1o 1960-69)
Lahor producriviry 1.59 162
Tosal factar producrivicy 1.22 (95

[ 5] Canrribuirion of pible an\:iraJ oo
producrivity growthi (% per year)
Total pulslic eapiral .26 L0 005
Core infrasrucizire 13 05 0.0z

1] Reluction in coneriburion of public
capital fo producivity geowth (% per vear]
Tatal pablic capital 0a7 0.21
Core infrastrocure .08 011
[7] Produacriviny growth slowdows cxplained
by public capical {%)

Lahor produscriwiny
Toml public capéral 10,69 13.93
Care infraszrscruse .03 B 56
Tudal factar productivicy
Tutal public capizal 1294 I |

Liare nErastructure .79 11.54

 Meavmred as e product of the elaticity of ompur with respecr 1o public capital {inial and cone
mErammscrure, respectively], Ny, asd the growth rte of peblic capital. In the caleulisiors, e
retmn i public capinl is assemed to equal that of private capital, ranping from 12.73% i the
pemind froms 1960 1o 1969 1o B.11% is the periad from 1980 o 1999,

Table 2 details some standard growth accounting computations linking
l:hn"ll'l.l!.tﬁ i investment im total |1'lI|'l~]il: caputal and eore infrastructurs l;ﬂj'!il:ﬁ]
to klabor and woal factor productivity groverh, Line (1) of Table 2 shows
that the growrh rate of the votal public capital srock was 4.31% per year in

12 Public Policy Brief
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the 19&0s, 2% in the 1970s, and 1.38% in the 1980s. The core infrastruc-
ture displays similar growth rates. Line (2} shows the reduction in growth
rates in public capital for the 19705 and 1980s relative ro the high growth
rate of the 1960s. For the 19705, the fall-off in growth of both che total and
infeasrewctine capital stocks was in the range of 2 percentage podnts: for the
19508, the fall-off was increased to berween 2,67 and 3 percentage points.
Line {3} shows the growth rates of labor productivity and total factor pro-
ductiviry, and line (4} shows the percentage point reduction in productivity
growth, Relative to the 19608, labor productivity growth fell by over 1.5
percentage poinis, while wal factor productivity growth declined by
around | percenrage poinr. Most of the decline in labor productivity
growth, then, is the resule of a decline in mulefactor productiviny growth,
While a slower pace of private capital accumulation relative to the labor
force has been an important factor, it explaing bess than half of the gow-
dowm in labor prodductivity growth,

One potential factor explaining a portion of the decline in total factor pro-
ductivity growth and, thereby, labor productiviry growth is the reduced rate
of public capital accumulation. [See Appendix A for further discussion of
this issue.|

The basic conclusion of Table 2 is that a non-negligible portion, pechaps
arpund 10%, of the productivity slump can be explained by the lower rate
of public capital sccumulation during the 1970z and 1980s—even without
making use of whar some would rerm “implawsibly high™ elasticiry esri-
mates from the ®Hawed™ apEregate studes.

The calculations in Table 2 show the patential direct coneribution of pablic
investment to labor producrivity growth, Bue provided that public capical is
complementary to private capital, infraserecture investment may fndirectly
contribute to labor productivity growth. An increase in public capital accu-
mslation will raise the marginal product of private capital and, thereby,
provide the incentive for o higher rate of privare investment. The guicker
pace of private capital accumulation will then contribute o an enhanced
rate of labor productiviey growth.

Table 3 shows how the trends in public capital accumulation may con-

tribute to the movements in labor productivity in this indirect manner, [See
Appendix B for a statistical presentation of this relationship.|

The ferome Levy Ecomomies natftty of Hard Colfege 13
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Table 3
Contribution of Public Capital to Growth in
Private Capital and in Labor Productivity

19774 17H0-EY

1] Reduction in growth of privace cpical

srock] % por year, relative go 1960-69) 058 1.28
[2] Bedumicn in growth of privace capival

stock explained by public capimls

% per year...] X[ 45

[4] Imdirect comtribution of public capsal
1o redisction in labos e u]l,:q_ti'iilr
gravwth? (% per year...) {14 016

[4] Dhirect |:-.'|r|.1'nh|.|.1'i.n:|n. of public capiral m
reduction in labar productivicy growthe
1% per pear..] 17 .21

[.'-lj Total cosrsibaron |:|f ]'||||1|||.' |_'.;||r|1;|| {14]
reductian in labar |'||'\-|H.‘||||.'I:n'ir:r H_rllwlh

{% per year..,) .31 (.36
6] Labar productivicy growth slomedown
explaimed by public capial (%) 1950 1r22

Woakoubared from en evesiment sodeld where: i) the growth faie of the pravaie caguial sinck
depends positively on lagged goowth of privace capical, positively an the rate ol relurn (o privase
caparal, posicively om che capacicy unlization ra: in senulecnring, ssd negacively on the public
imvestment rase, and (6] the rate of repsm oo privare capinal depends positively on tme, nega-
tively on the privase capial-ro-labor racio, posinively on the public capitel steck, and peositsvely
o the capacity mrilirarion roe in massfaoonng. The model asumes thar ibe manging prodac
off publy caparal aguals phar of privare capiral and dhar, given dee rane of fecam oo peivate capital,
e merrsar e publs deveirrend doadwcer an egua rediciice e prasale imrenteest. e the test for
further drtadl

bideasured as che product of the clasticity ol output with cespect bo privaie capital, Ny, and the
redwctiom in E.I'\'D'ﬁ"lh in the privare |'.|||:||Ii| wock expliined by the reduction in groweh of the pub-
lic caplral smock.

“Frem Table 2, lirs {7}

Meanwhile, the rate of return to private capital=which feeds inmo the
imvestrent equation—depends:
A posinvely on time (proxying for technological progress)
B. negatively on the private capital-labor ratis (due to a diminishing
marginal product of private capral)
C. positively on the public capital svock, and
1. positively on capacity wrilization {capruring eyclical effecs).

Consastent with previous set calcolations, the model™s PACAMETETS ANG ST

such thar the marginal product of public capital equals that of the privace

14 Public Podicy Brigf
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capital. The maudel also assumes thar given the rare of retarm 1o private cap-
ital, a one-dollar increase in public investment induces a one=dollar reduc-
tion in private investment, Only over rime, as the rate of return to privane
capital rises with increase in public capiral stock, does a higher rate of pub-
lic capital investment bring forth an increase in national (public plus pri-
vate) investment, [See Appendix C for a statistical discussion.]

Reverse Caisation?

i reason for guarded optimism about the aggregate time serics resulr is
the problem of reverse camsation. Certainly, a logical case can be made thae
public investment may well be responding to changes in private economy
instead of initiating them. For instance, one could argue that slower growth
in productivity, per capita income, and tax revenue induced the government
at all levels to reduce spending on public capital projects, Pushed to its Logi-
cal exareme, this suggests thar the fall-off in public invessment in the 1970s
and 1980 was a result, nor a cause, of the slamp m productivity ducing the
same period. Srared differently, it could be said that the correlation berwesn
public capital and productivicy is reflective of a demund-side rather than a
saipply-side causal relationship.

Of course, there is nothing special about public capiral in terms of the pos-
sibility of reverse cnusasion; simdlar concern has been raised with respect
private capital. This hasn't stopped others from meaking use of the correla-
tion for the purpose of making policy recommendarions, For example, in
their book Productivity and American Leadership, William Baumol, Sue
Anne Batey Blackman, and Edward Wolff cantion that the well-known
cross-country relationship between growth in the private capital stock and
output and productivity can mon both ways. Mevertheless, in their policy
conclusions, the authors assert that it seems facfetched o discount alvo-
pether the association so tight as that between investment and sconomic
proarh., . ™ and they subsequently estimate how it would ke possible o
achieve a parmicular productivity target—parity with major international
competinors to the United Seates theough the year 2020—<by boosting the
rare of growth of the privare capatal stock. Similarly, it would seem far-
ferched to discount, at least completely, the efficacy of lifting labor produc-
tivity growth through public capital accomulation.

Further, ar a heuristic level, the demand-side reverse cansarion argument
has its own problems. There are seme economists whe argue that in the
United States the productivity growth slowdown began as early as 1965,

The Jeroms Leey Evamies Iustitute of Bard College 15
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There are even some (e.8., Darby 1984) who take the position thar the pro-
ductivity slowdown is & result of @ mismeasurement of Facror inputs or of
carput. But these sconomists represent 4 distinet minority i the profession.
Indeed, it seems safe to say thar the consensus view of the economic profes-
sion is that the productiviey growth slowdown ia real and thae & began in
the garly 1970z, But as seen from Figure 1, public nonmilitary investment
spending, relative to gross national product, reached 4 peak in the period
between 1965 and 1968. So while it is possible, perhaps even likely, thar in
the lamer part of the 1970s and in the 19805 slow productiviey growth
hampered investments in public capital, it is unlikely thar shaggish produc-
tivity growth represented the matial cause of decline in public investment
expenditare,

Figure 1
Public Investment Trends

(4]
1950 1955 1940 1945 1970 1975 1980 1985 19510

Ara more formal level, there are a number of reasons to believe that the
correlation between public capital and productivity is indicative of 5 true
causal rode for public mvestment. There is evidence that thase functional
categorics of public capital which one would expect, on an a prior basis, o
benefit the private economy the most—specifically, a core infrastructure of
transporcarion facilities and of water and sewer sysrems—ourns out to be
the most important in the aggregate production funcrions. [See Appendix D
for a rechnical discussion of these issues.]

16 Public Polley Brief
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Henoe, the question arses: if these correlations are indicative of a reverse
CaAUSaLio, \'ﬂh}- 1& ot the case that the =|n=tici11,r SETIMERTES ATE stmuﬂr pu_-u;i-
tive for core infraseructure categories but negligible or even negartive for
other public capital? Specifically, why should the productivicy slowdown
have caused a reduction in capiral invessments in highways, warer supply,
and sewer systems but not in other capital such as office buildings, hospi-
tals, and schools? Scemingly, this is an odd set of demand elasticities. [See
Appendix E for a review of other relevant studies of reverse causation. |

Another strategy to minimize the likelihood of the estimated elassicises
merely picking up a demand-side linkage berween public capital and pro-
ductivity would be to estimate cost functions rather than production fune-
tions, The purpose would be to obtain an estimare of the shadow value of
public capital, a measure of the reduction in cost of production resulting
from a given increase in public capital. The poine [ want ro make is chat the
estimate of the shadow value of public capital will not directly involve any
relationship beeween output and the public capital stock; instead, ourpur is
allowed to have a separave, distinet influence on costs of producrion, Here,
the finding of & significant shadow value of public capstal in the private sec-
o would seem o undermine the demand-side argument. Specifically, if we
are to helieve that the corrclation berween public capital and private ouspur
meerely evidences a demand-side budgerary link, then why is it that, when
we hold fixed the level of outpur, an increase in the public capital stock
rédlisoes Fll.'\l:h'Jl.Il.‘ﬁl:ll'l costs?

[See Appendix F for technical presentarion of the public capital-production
costs relationship.]

Too Large an Impact?

Even if one accepts, on theoretical and empirtcal grounds, that public infra-
structure partly determines privare sector sutput, productivity, and costs of
production, the concern remains thar the estimated impact is too large. For
example, the results in Aschawver (198%a) and Munmsell {199%0a) imply that a
1.0% increase in the public capital stock will increase private sector output
by as much as or more than (,33%—an amount which is ssen by @ number
of well-respected economists as being “implausible” (Aaron 1990}, “grossly
inflared™ (Schule 1990}, or which “strains creduling™ {Montgomery
1990).

The ferome Levy Ecovmomive Institwie of Bard College 17
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0 course, lacking alternative evidence on the impact of public capital on
productivity and costs, it is difficult to say whar is plassible or implaosible.,
Indeed, those who argue that the estimated effect of public infrastructure is
ton large rarely, if ever, provide direct evidence ro support their position.
Those who do present such evidence refer to the results of cost-benefit stud-
wes which imply much lower average returns to public capiral investments.
But these low returns could just as conceivably be due to deficiencics in
cost-benefic mechods which tend 1o understate the true return to public cap-
ital accumulation. | have detailed these potential defects elsewhere, Among
other factors, they involve the use of inappropriately high discount rares
and the inherent difficulties in capoaring general equilibrium effects in con-
ventional partdal equilibrinom cosr-benefit frameworks.

Oehers arempt o undermine che credibility of the agprepate sstimates by
arguing that while many empirical studies “have found statistical evidence
that public capital influences private outpur,” the magnitude of public capi-
tal's impacr is “quite small* (How Federal Spending for Infrastructre and
Other Prblic Trvesiments Affects the Ecomomy, 1991), However, what
these analysts wsually fail o recognize, or ar least to communicate, is that
adjustments often must be made 1o perform a proper comparison. After
such adjustments are made, the vardons estimates turn out oo be moch
closer in magnitude than a cursory view may suggest.

Thiree sorts of adjustment are necessary. First, it is not typically the case
thar the definition of the public capital stocks is the same across studices, In
some cases, the public capiral stock is limived vo highways (Garcia-Mila and
Meliuire 1990, while in athers it is more inclusive—perhaps a core infras
strucrure of highways but also mass transir, airpomns, and water and sewer
systems (Aschauer 198%a). It is mappropriate o follow the lead of
Jorgenson (1991) and compare elasticities of different types of public capa-
tal. If, instead, one were to correctly compare, say, the ougpur elasticity of
highway capital alone, one finds much closer estimares; for example,
Garcia-Mila and McoGuire (1990) estimate the highway elasticity to equal
0.04 while Munnell {1990b) estimates it to equal 0,04,

Second, it is necessary ro adjust for differences in the geographic scope of
the studies. The estimates of the ourpur elasticities of public capital arising
fram production function studies using a similar definition of public capital
show a Eairly syseematic relanonship with the level of government. In par-
ticular, the estimates tend to be larger at the federal level than at the state
lewel, and larger at the stane level than the mumicipal level, This is o ke
expected since, to a certain extent, the benefits of infrastructure are likely m
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spill over jurisdictional lines, Munpell (1991) makes this point by stating
thar “because of leakages, one cannot capture all the payoff to an infra-
srrwcrure investment by looking ar 4 small geographic area.”

Fimally, while some studies invoelve the total privare economy, others, such
as Morrison and Schwartz (1991, involve only the manufacturing secror,
and still ochers, such as Nadiri and Mamuneas (1991), involve only a sub-
ser of manufacruring industries. As the benefits of infrastrucrure can be
expected to fall not just on manufacturing but across all industries, it is nec-
essary to gross up the marginal benefits of public capital found in manufac-
turing in some fashion. For example, assuming that (cn average) the rates
of return to public capatal in other sectors of the economy are the zame as
in the manufacturing sector, it would be appropriate to multiply the esti-
mirted returns in manufacturing by the ratio of total private business output
to manufacturing output to compare the manufacturing estimate with the
pational esrimates. As of 1991, manufacruring represented approsdmarely
20% of privare output so that, v a first approxirsaton, this adjusement
would require multiplication of the return o public capital in manofacowe-
ing by a factor of five, Thus, upon appropriate adjustment, rather smeall
effects may, in facr, represent quite high aggregare remarns,

Omitted Variables?

Another concern is that the correlation berween public capital and produoc-
ervity 1% actually due to poblic capital proxying for other varables. Econo-
mists at the Congressional Budget Office argue that one such data series
would be a I.iEmllEl‘..lFlhiL' variable such as the percentams of the pu-pu]al:lun
berween five and fifteen vears of age. As Figure 2 indicanes, this population
variable, v, “lollows the same smooth path as the public capieal seocks,
rising through 1268 and falling rhereafter.™ Furcher, these ecomomists asser
that when this serics is used i place of—nor i additioss to—the public cap-
ital stock, “it appears to “explain” private owtpurt in as statistcally signifi-
cant & fashion as does public capital.™ Since there is no reason to expest
that the relationship reflects anything more than coincidence, it follows that
“the association berween privare output and stocks of public capital may
also be coincidental.™ Aaron (1990] makes use of 2 different datn series—
the ven'dodlar exchange rate—to make esentially the same paine.
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Figure 2
Relationship Between Private Output and Young People
a5 a Percentage of the Total Population, 1951-1985
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I'the method of argument employed by these researchers is clearly anti-sci-
entific. It is my understanding that good empirical science procesds by con-
structing a good rheoretical model with refutable hypotheses—such as thar
the public capital stock positively influences private secror productivity—
and then testing the theory by confronting the hypothesis with the available
data. The method vsed by these researchers, on the other hand, i to search
for data series which will amenuare the relationship berween public capital
and output without providing any theoretical justification for the relevance
of such variables. Indeed, the lack of thearetical motivation is viewed as
something of a virtue. Yet, withour any theoretical rationale, @y dara
series becomes admissible, and the ability of such researchers ro find one ar
more data series o accomplish their goal will be constrained only by the
extent of their desire to debunk a particular theory.

That having been said, it is alse true thar these researchers overssate their
reapective cases. It is crue thar various demographic variahles —by them-
selves—perform n a manner similar vo public capital in the staristical mod-
els. Bur whar is also true is thar when both the public capital and the demao-
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Eraphu.' sersed are included m the models, the F||.1|1|i|: r.n|1-:irn| series inevitably
dominares; indeed, the demographic variables have no additional starisi-
cally signifscane explanatory power for cutput once public capital is
included, Tt is also rrue that the yen/'dollar exchange rate seems to “cause”
producrivity. But in order to eliminate the importance of the public capatal
stock for productivity, Aaron finds it necessary 1o not only include the
ven'dollar exchange rare bor also to convert to growth raves (therehy
switching the focus from the long man to the shorr run) aad 1o add dummy
variables for 1966 and for 1974, It is hardly surprising that with this much
effort it is possible to overturn a particular empirical result,

Other researchers have taken a berrer approach. Tatom (1991) argues that
miovements m the [price af ENETEY should he »::l:[hpnﬁl to have had an impcl-;r-
rant impact on productivicy over the pose-World War 11 period: thas, be
adlds the real price of oil as an additional explanatory variable in che aggre-
gate prodluctiviey mexdel. Tatom presents empirical resuls which seem
indicate that the addition of the oil price variable completely eliminates the
mnportance of public capatal in the statmssical model.

Yer a closer, rechnical look ar Tarom's methodology reveals a contradiction
within his theorerical model, The basic problem is thae be uses a value
added measure for his ounpar variable, so thar energy should not directly
influence productivity, While there are other, indirect reasons why changes
in energy prices might impact on productivicp—such as induoced capical
ohsolescence—he disallows those reasons by the constrained manner in
which he introduces energy into his empirical model, If one recognizes the
contradiction and relaxes the relagive CONSCTaineg one findds thar the J'ru'h-lir:

capital siock sall carmies importans explanatory power for pmduniu:iq.r.

Finally, most researchers who bring up the question of omirted vanables
s b0 belicve that the inclusion of other variables will work to eliminate
the importance of public capital. Yet this i mot always the case. Hulten and
Schwab (1991 b) use stane-level data for manufacturing and fimd liethe role
o groweh in the public capital stock in determining growth in total factor
productiviy, Yer Madiri and Mamuancas [1991) find that when the capacizy
utilizarion rate and growth in the sock of research and development capital
are added inro the emipirical model, the elasticity of outpur with respect o
public capital is estimared at (.29 and is staristically significant. The addi-
tsan of the capaciry utilization rate s IMPRITANT SICE i CAPMITGS Move=
IS i ]}:l'uﬂm:liri!] cver the business |::|rdu. Mloreover, the Hn:rw:h in the
stock of research and development spending has been shown to be an
impartant determinant of productivity growth in a large number of studies.
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An Optimal Level of Public Capital?

Let’s suppose that vou're convinced of a strong causal relationship bepween
public capital investment and productiviey and output. From a policy per-
spective, it would still be necessary 1o go further and answer the question:
Is the public capital stock at a level which maximizes private sector produc-
tivity? The ame seres results suggest thar, ar the aggregate bevel, there is
underprovision of public capital, with the implied race of retumm o public
capital in excess of that ro private capital. Yer, as discussed above, many
would find the results in these studies unreliable, Hence, it is prodent wo
consider the results of other studies as well.

Munnell estimates an output elasscity of public capatal of 0,15, while the
output elasticity of private capital is 0.31; as the private capital stock is
abaut twice the size of the state and local public capiral stock, these resules
imply roughly equal remurns to both types of capital, and it would appear
that there is a nearly oprimal level of public capital provision. Yet Munnell
atresses that the existence of external effects—in particular, that the total
benefits of a state highway will not be caprured by thar state's economy bat
will also spill over on adjacent and other states—*sugpests that the United
States has underinvested i public capiral.™ Further research is called for to
gauge the full extent of this type of spilbover effect and see if it is large
encugh to explam a substantive portion of the difference between the stare-
lewel resules and the national-level resules,

15ce Appendix G for a technical discussion of the relationship between pub-
tic capatal and mamsfacring.)

There are grounds for believing thar the rate of return on public capital
may be as high or higher in other industrics than it has been found o be in
manufacturing. For example, in a soody of the rrucking industry, Keeler and
Ying (1988) estimate that as much as three-guarters of the Federal Aid
highway investments during the 19505 and 19605 can be rationalized on
e basis of reductions in trecking costs alowne,

Conrad and 5eirz [ 1992) find that the rate of recurn 1o infrasrrucoure is
roughly equal in the manufacturing and trade and transport industrics
{056 and 0055, respeetively] and, while somewhat bower, is still substan-
mal i the construction industry as well (ar 0031},

Panring these results together, it appears thar the agpregace rate of return o
infrasrrocrure capitil—once one adjusts for the inclusiveness of the pablic
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capiral stock, for geographic spillover effects, and for the industry cover-
age—ie at least as high as thar of private capital. In my opinion, the returns
te public capital are probably higher chan that.

Finally, [ want 1o address the commonly accepred notion thar in recent
decades the Unired Seates has been consuming oo musch and saving too lit-
tle. In terms of the neoclassical growth model, the capital stock is well
below the Golden Rule level, with the ner marginal product of private capi-
tal in excess of the average growth rate of real outpur. Back-of-the-envelope
calbeulations yield an estimate of the net marginal product capital of about
8%, compared to an average cconomic growth rate of around 2.5-3% per

year.

In this setting, it is not necessary for the returns to public capiral o be
Ercater than—or even equal to—those of private capiral in order 1o rato-
nalize increased public investment, As long as the returns to infrastructre
investment exceed the growth rate of the economy, an increase in public
investmient—financed through a reduction in either public or privare con-
sumption—will favorably tilt the national consumption profile roward thse
future. So, if ir is trwe that the United Stares doesn™ save and invest endugh,
then one way to partly overcome this deficiency is through appropriare
mvestments in our infrastructure. A reorientation of public spending away
from consumption toward investment is just as advisable ag a reduction in
the budget deficit to raise living standards in the next cenrury.

Appendix A

Line (5] of Table 2 calculates the potential contribution of public capiral to
productivity growth, It is assumed that the marginal product of public capi-
tal is equal ro that of privare capiral, Although some [maybe Paul Craig
Roberts) would argue that this assumption overstates the renams 1o roral
public capital—and perhaps even to infrastructure capital—this represents a
low rare of rerurn when compared o some empirical results in the area. For
now, my intent is oaly to provide a reasonable benchmark calculation and
bypass the controversy about the larger aggregare elasticity estimates. As
line {5} of Tahle 2 shows, by this type of calculation the contribution of the
total public capital stock was just over 0.25% per year during the 1%960x,
just under 0.10% during the 1970s, and only 0.05% during the 19804, The
contribution of growth in the cone infrastructure was over 0.10% per year
during the 19605, 0.05% during the 1970g, and negligible during the
1580s. Line (6] of Table 2 translates these results into percentage-paint
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reductions in public capital's contribution during the 1970 and 19805 rela-
rive to the 1960, The contribution of total public capital stock fell by
argund 0,20%, while thar of core infrastructure declined by about 0.10%:
in both cases, there was a somewhar larger decline during the 19805 than in
the 19705,

Line {7} of Table 2 shows thar depending on the definition of productivity
and public capital, between 5% and 22% of the productivity decline can be
explained by the slowdown in public capital accumulation. Toral public
capital tends to explain more of the slowdown because of the larger implied
output clasticity coupled with similar rates of growth of toral and infea-
structure capital. And more of total factor productivicy is explained
becanse, in percentage-point terms, the fall-off in labor prrﬂ\l:ﬁu:il::,-‘grn:.w[h
excesded that of roral Rctor productivity growth.

Appendix B

Line (1) of Table 3 shows the percentape-poine reduction in the growth rate
of the private capital stock of equipment and non-residential structures of
over .50 per year i the 19705 and over 1.25% per year during the
1980s—both relative to the 19605, Line (2) of Table 3 shows that for both
decades, about 0.40-0.50% per vear of chis reduction can be explained by
the slowdown in public capital accumulation. Thes: amounts are calculared
from & model which assumes that the groowth rate of private ca piral stock
depends:
A. positively on the rate of return to private capital and on the capaciny
utilization rare in manufactunng (as in Feldstein 1982), and
B. holding fixed the return to private capital, negatively on the public
investment rane.,

Appendix C

Lime {3) of Tabkle 3 caloulates the indirect contriburion of the redisction in
public investment to the dlowdown in labor prodoctivity growth, This is the
reducrion in the growth rate of povate capital of line {2) of Table 3 multi-
plied by the curpue elastciey of private capital of berwesn 0,30 and 0,35,
This vields an indirect contriburion of public capital of just under 0,17%
per year for both the 19705 and che 1980s, The direct contributions of
neacly 0.20% in line (4] of Table 3 are raken from Table 2; when added
togethes, the ditect and mdirect contnibutions are capable of explaining
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about 0.33% of the drop in productivity growth. By line (6) of Table 3,
about 20% of the labor productivity slowdown in the 1970s and 1980 can
thus be explained by the direct and indirect contribution of the reduction in
growth in the wotal pablic capatal stock.

By these calcularions, then, the potential role of public capital in the pro-
ductiviry slowdown is certainly non-negligible. But if the results of the
agmregate rime series studies are to be believed, public capital may play an
EYVED |:;||_'g[-|_- riale in the andm:[ivi,[y slwdown, For instande, in my own
work the output elasticity of public capiral is as high as 0.39, so thar the
direct comtribution of public capital could be some six tinses larger than
that of Table 2 and explain as much as 60% of the slowdown in productiv-
ity growth. As stared before, thowgh, there are a number of valid statstcal
comcerns which need 1o be addressed.

Appendix D

For instance, Munnell (1990b) employs the data for the forty-eight contigu-
pus states over the period 1970 to 1986 and estimates separate outpur clas-
ticities for highways, water and sewer systems, and other public capiral
such as office buildings, hospitals, and schools. Table 4 presents her resulrs.
For the Cobb-Douglas production function, the output elasticity of high-
ways equals 0.06, of water and sewer systems (.11, and other public capital
0,01 For the transbog production function, the direct outpur elasticity of
highways equals 0.04, of water and sewers 0.15, and of other capital a neg-
ative 0.02. In a comment on Munnell's paper, Eisner (1991) provides sup-
porting evidence along both the time series and cross-ssctional dimensons,
His direct elasticiry estimares can be seen to range berween 0.046 and 0.08
for highweays, berween 0,08 and 0.11 for warer and sewers, and between a
statistically insignificant (.01 and a negarive 0,12 for ather capital.
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Tahle &
Disaggregated Public Capital and Oulput
Muannell Fisier
Time Serics Crass Sechan
ch T o T on T
Highwavs 0.0 .04 .04 0,08 006 Ol
(3.8) 27 @25 (2.4) 391 {38
Water and Sewers  0.12 0,15 008 0.07 012 o1
(96 (109 {52} (4B 9.3 {107
Oher M 002 012 008 001 003
(LA -1.1} [=&.F) [-4.6] (0. [-2.5)

0 s Cobb-Dhosglas prodacion functisn
T = wasslng production funcrion
T-statstics in parenthees

Appendix E

Duffy-Deno and Eberts (1991) arrermpl o resolve the reverse causarion
argument in a different manner, They confront the issue by explicitly mod-
eling the simultaneous relarionship berween public capital investment and
economic growth for a sample of owenry-eight metropolitan areas in the
United States during the first half of the 1980, Although they make use of
personal income data and do not directly estimare production function
coetficients, their results indicate that a 1% increase in the public capital
stock induces a 0.094% increase in personal income per capita.

Others have tried to determine the direction of causation berween public
capital and productivity by Gramger-cansation techniques. Using roughly
the same aggregare dara sets as in Aschawer (198%a), Holz-Eakin (1988)
loaked at the association berwesn public capital sccumularion and privare
sector productivicy growth and found that 1o a significant extent public
investment spending Granger-causes a productivity growth, Holtz-Eakin,
though, did find evidence of causation in the opposite direction as well,

Appendiz F

Table 5 lists a number of recent studies which have used this approach o
estimate the impacr of public capital on costs of production, Morrison and
Schwarte (1991) use U5, stare-level data for the rotal manufacturing sector
over the period 1971 to 1987, and find a significant shadow share of public
capital. Madiri and Mamuneas (1991) use aggregare data on twelve manu-
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bt 1986, and find positive social
sing anmueal data over the period

} estimake an agprepate oSt Fuuome-

tron for Sweden and obtain positive shadow share estimates. Conrad and
Seitz [1992) find significant shadow values of publie capital for three bduws-
trics—manufacturing, construction, and trade and rranspornn—in Germsany
ower the period 1960 1o 1988, Lynde and Richmond (1991) find rhar pulilc
capiral sipnificantly redwoss average costs of production in the Unired
Kingdom's manufactring indwsirics over the period 1%66.1 10 1990.2
{quarrerly data). Shah [1992) estimares a positive shadow value for pablic
capiral in a smody of twenry-six Mexican manufacroring industries using
data from 1970 to 1987, Finally, Takahashi and Maki (1992) use annoal
aggregare dara for Japan's manufacturing sector, and find a significant
shadow value of toral and core infrastructure capital stocks,

Table 5

Public Capital and Costs of Production

Researchers Crevgrraphical seope

Industrial scope

Marrizon & Schwamz Scare-level (LA

Madirl & Mamuineas Blare] [ Swedei)

Total manufacturing

Privare husiness
Toral manufacruring

Bermedt B2 Harmasion Mlational (Sweden)

Canrad & Seinx

Mational (Germany
Lynde & Fichnsond Mational (U.EK.)
Maricmal (3 exscn)

Shak

Takahashi & Maki Maticmal {Japan]

Appendix G

Also ssing seacc-level dara bur focusing on

Privare business
Teakal rrulll.:f:u.'hlrnlu

| Manutacturing

Construction
Trade and transport

Total manufacturing
& eanufscrusing secrore

Tatal rll;|||.1||:.;|.;_t||r|||lL

manufacruring, Morrisen and

Schwarz (1991) generate an analogue ro Tobie's @ measure for privare

capital to assess the oprimality of the prov

EOVErTImeEnts.

ision of public capitn] by state
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Morrison and Schwartz find thar their q variable—the shadoe valie of
pribilic capital divided by the social cost of capitel—almost always exceeds
unity over the period from 1971 to 1987, They conclude char “it appears
that infrastructure investment has almost invariably been oo low for secial
optimization.” And as the authors recognize, these computations may sig-
nificantly underestimate the social benefits of public capital since the
shadow value pertains only to the manufacturing secror and ignores the
benetits o other industries,

Madiri and Mamunecas {1991}, who consider the aggregate impact of public
investment on twelve reo-digit manufacturing induostries, estimare a social
rate of return to infrastrocoee capital of 0068, While this is kower than the
rates of return to private capital in these industries, they note that “these
publicly financed capital services provide benefits to other producers in the
economy. .. " and that “when appropriarely measured, the economy-wide
rates of return on these public capital services are likely to be larger.™
Indeed, the output of the rwelve rwo-digir industries in their sample consti-
tutes approximately three-quarters of tocal manufacturing output and only
oic-saxth of total private sector outputs thus, if the reuens vo other manu-
facruring and other industries were, on average, equal to those in their sam-
ple, the social rave of return would equal 0091 and 0,408 respectively. The
tormer estimate would be cather chose to the implied social rate of return in
Morrison and Schwaree (1991 ), while the latter would be in the same range
as the aggregate estimarnes in my own and Munnell’s aggregate studics.
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New Federal Spending
for Infrastructure:
Should We Let This
Genie Out of the
Bottle?

Droeplas Holrz-Eakin

I abank D I:.'rﬂ'r.d* arid Mardwlle Harier _ﬁlr
tasaile commmments oo gw earlfer draff, and Estber
Coray for Ber sl swperl banditng of the muar-
sertpr. Thae opiméars expressed beredn ane thase of
it aurhor, ard do nod mecessarily reflect b pienes
af the instittions wilth wiich be is affilioted.

I. Introduction

Federal programs to increase spending on
infraseructure figured prominently during the
1992 presidential campaign, attention which
culminates a remarkable transformation in
the debate over public capiral spending. For
the bulk of the postwar period, discussion
about government capital budgeting decsims
largely focused on their pork-barrel punch. In
1992, however, the public ssctor capital
stock emerged as a potent force for improved
macroeconamic pecformance. Proposents of
large-scale infrastructure programs now
argwe that Amcrica’s foundarions are crom-
Hing, impeding its ability ro compere interma-
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tromally, reducing the attractiveness of investments in the United States, and
Il.'n.'r'vr:m'l.gthe EATTIETES of LS. workers.

A careful reading of the evidence suggests, however, four truths thar are at
odds with the newly conventional wisdom: 1) a large-scale infrastrucoure
spending program will not have auy appreciable effect on producrivity
growth; 2) a Federal infrastructure program is at odds with the efficiens use
of sCarce h-i.ldg{'[ dallars; 3) there are better infrastrocture ]m|ii:'u:= than new
spending programs; and 4) policies to increase private sector investment
have a bemer chance o improve 115, competitiveness, Understanding of
these four realities should goide the development of infrastructure policies
in the United States, and will argue against massive new Federal involve-
ment. Stepping back a bit, it is worth noting thar the currently fashionahle
emphasis on the productivity and competitiveness effects of public capital is
misplaced. Given the size of the Federal budger deficit, one can underssand
the pressure to relabel any expenditure as an invessment, Moreover, there
are equally strong incentives to address ULS, trade performance. But infra-
structure spending should not be decided by its public-relations value;
instead it should be driven by the traditional principle of careful benefir-
cogr analyses for each proposed project.

1. A large-scale infrastrictire spending program will mot beve any appre
cighle effect on productivity groth.

Recent interest in the productivity impact of public sector capital stems
from the influential work of David Aschawver (Aschaver 198%a, 1989h). In
hig, and much of the subsequent, research, the cenrer of amention is che
relationship between productive inputs—privare capiral and labor, public
capital—and economic activity, or outpar. These studies summarize this
relationship with a “production function,” [See Appendix A for a discus-
sion of this statistical relationship. |

In early studics of the productivity effects of public capital, Aschaner
{198%a), Holrz-Eakin (1288, 1989 and Monnell (1990a) examined annual,
postwar dara for the Unived States to estimate the parameters of such a pro-
duction function, The results seemingly arpue in favor of infrastructure
accumulation as a key determinant of productivity growth. Unfortunately,
the natare of the data makes it impossible 1o place faich in dhe estimates.
Druring the 19505 and 19605, the economy fared well and, &5 a result of
programa like construction of the interstate highway system, public capical
prew rapidly. In che sacly 19704, however, productivity growth slowed dra-
matically, In the absence of large projects and with the maturaton of the
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baby-boom generation, so did government capatal spending. Mechanical
application of statistical rechniques might trempt one w conclude thar there
was a canzal relationship ronming from slower public sector capatal growth
tor shower productivity growth, More likely, however, is the reverse soe-
nario. Deteriorating economic conditions tightened government budgers
and reduced growth of the public capital stock. The result was simikar
movements in the reng series. Indeed, almese every broad-gauged indicator
of economic activity conrains this sharp break in the early 19708, and the
underlying causes of the slowdown remain unclear.

Searching for convincing evidence, analysts moved to the “narural laboraro
roes™ af the U5, the states and their ﬁtmnununls.l |:|L'i|!i.a|.|:|-. hionwever, these
studies largely pmdml;l controversy. On ane hand, Munnell (1990k) and
Garcia-Mila and McGuire (forthcoming) concluded thar differences in the
amount of stare and local government capital was an imporant source of
differences in states’ economic performance. On the other hand, Hulven and
Schwab (1978, 19%%1) found that *residual” state growth—that not
aceounted for by growth in firms” capital and labor—could not be
attributed o state-local highways, roads, sewers, and other parts of public
capital. Indeed, the residual was at odds with regional patverns of public
sector investment.

In the past, | have argued that the apparent contradiction s easily recon-
cilesl. In making comparisons across states, one again runs the risk of
rewerse causality: successful stanes have greater resources available for all
wses, including government capital ontdays, leading to a positive association
hetween government capital and productivity. If this were taken at face
value, one might again mistakenly conclude that greater state and local gov-
emment capital caused superior economic performance. Thus, statistical
techniques used to investigate the productiviry effects of infrastrocture must
be tailored to avoid this pitfall. The approach of Hulten and Schwab
(1991] is eantamowt b using such a technique, Moreover, direct applica-
tiom of the correct statistical approaches vields results that suggest no magic
from public sector capital spending programs in boosting productivity
growth. The third row of Table 2 shows estimates of the productivity effect
of puhblic capiral. The first column repeats the conventional analysis {and
finds a large, positive effect), while the remainder of the columns show cor-
rected estimates {which are small or negarive), [See Appendix B for a more
derailed discussion of these issues.)

[ hasten to stress thar these results do not imply that the large stock of
infeastructure in the United Seates provides no benefns. Iastead, the resulrs
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say that a broad-based spending program for additions! infrascoucrure is
unlikely o augment economy-wide productivity growth. This should hardly
b !IJl'Pﬁ-":i-ﬂg. Cin AVETARE, the LLS. has a mp:':l: system of highwm.‘; amgl
raads, modern utilities, and advanced telecommunications systems. The
productivity effect of building, say, another interstate highway system could
hardly be very great, and cerainly not worth the expense.

Further, the very nature of the sratistical analyses is to ereat all public
investments in all locations equally, In this way, they answer the hypothet-
cal question: “What i the effect of randomly dropping another $1 of infra-
structure, of any type, anywhere in the sconomy?™ Por an infrastructure-
starved economy, the answer would be ® A log,™ but this is hardly the
situarion in the United States as a whole,

There is an old saying that there are three kinds of lies: lics, damn lics, and
statistics, Skeptics may be tempted to relegate the argument thus far 1o the
third caregory and push forward with a broad-based expendirure program
aimed at the U5, infrasiructure. But even the most optimistic scenarios
vield only marginal improvements in economic growth. Imagine that the
LL5. devotes an additional 530 billion per year to infrastrocture mvestment,
an enormous commitment of resources in the current context: the poblic
capital stock would grow just under 2 percentage points faster. At the
extreme, one might guess thar GDP growth would rise by one-quarter of
this amount. Thus, even this large investment yields under one-half a per-
cemuyge point increase in economic growth,

Mow, over several decades, a one-half a percentage point increase in growth
can make a large difference in living standards. The point is, however, thar
it takes decades for the effect to cumulate—there will be no dramatic turn-
around in just a vear of so—and that the underpinnings of even this calcu-
lation are extraordinarily optimistic,

2. A Federal infrastructure program is af odds with the efficient wse of
arce hnd';.:-r .-I._-.L!.m,

The preceding section argued against funncling significant new budgee allo-
cations toward infrastructure, As emphasized, however, the aggregate evi-
dence does not mean that there are no capital expenditure projects that
waonld survive a riporous benefit-cost examination. When identified, how-
ever, these infrastructure projects should not be a Federal government pol-
icy concern. Provision of infrastrociure has traditionally been the province
of state and local governments, on the grounds thar local efficials are bester

34 Public Policy Brief



Wene Federal Spending for Infrastrncture

able 1o judge the needs and desires of cheir local constituents, There is
growing evidence that these governments react sensibly to the economic
environment, both in their employment decisions {e.g., Freeman 1987,
Holtz-Eakin and Rosen 1991} and in avoeding irrational swings m thear
capital spending {Holtz-Eakin and Rosen, forthcoming). Thus, additional
resources will be bess likely to be wasted if we adhere to the traditen of

reliance on local decision-making.

Further, there is strong evidence thar stare noeds differ greatly. Table 1 i
drawn from Holez-Eakin (fomhooming). Iv shows the ranking of states on
the basis of the averape annual groweh race of their public capinal sock
from 1961 to 1974, the value of the growth race over that period, and the
subsequent growth rate berween 1975 and 1988, The table drives home the
range of diversity in the stares’ experience. It is true—as has been widely
noted=—thar there was a sharp decline in the rare of capiral accomulation
beraeen the early and larer years in the sample; a decline thar the evidence
presented above suggests is the result of poorer aggregate econamic perfor-
mance. |he l'e11|:|.e:|1|:_|.' tor Focus on the nation as a whole, however, hides the
rather pronounced differences in the rate of capital accumulation across the
states, with the highess [Alaska) exceeding the bottom end (California) by a
factor of roughly 20, Even more interessing, there is lieele relationship
between growth in the cacly period and growth in recent years. The notion
that all parts of the UL5. have been subject to a uniform deeline in bfra-
structure does not sguare with the faces.

Table 1 is persuasive evidence thar a single national policy voward infra-
strucrare accumubation would be unwarranted. Proponents might argues, of
couirse, that a *Federal™ policy need not imply a simplistic, equal-division
approach. The politics of a large Federal program, however, certainly
would lead ro carmarking—in cither an explicir or disguised fashion—some
part of the budges for each state, This would be rantamount to implement-
inj; thie hymth:riﬂ| exXperimens envisioned above: r.anl:lnmh.' raining infra=
strucrure funding everywhere in the economy, o little effece. The Federal
government could fund additional state-local spending, of course, via
grants-in-aid. To be effective, however, such a program need necessanly
avoad restrictions on the use of Federal dollars. Thae is, an efficsent Federal
program must leave room for lecal officials e eicher cut local gases or
spend the aid o meet other abjectives, and it is hard to imagine thar these
abpectives—howesver sensible they oy seem from a local perspective—
would be well received in Washingron.
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Tahle 1
Growth Rate of State and Local Government Capital Per Capita
(percent per year)
Anmual Growth Hate

Hark Srate 1961-74 1975-08

1 Alaska o 964 L
2 Driserict of Coluenbes 6.8% L) |

i Kentucky 584 080

4 lzelu'n.lu.rr_ 5.68 a2

5 Wiaming .01 218

& South Dakora s I k3

7 Mebraska 481 1.64

3 Mississippi 465 0.0

¥, Tennessee 463 0.2&

10 Wear Virgink -4.5_5" o8

11 Muorth Dakom 4,47 75
12 Sonzans oo 4.0 {1 5%

13 Hawais 4,08 0.5

14 .‘I.||i|?LII|1:I 404 0.54

15 Maryland i 40 1.44

l& i) Arkarsas 198 0,3

17 Vinginga _ Awm 037

18 Souch Casaling 391 1.30

1% lexan 3,54 1.20

Llr Missouri 380 .33

21 _ Gcongia 37 160

1z lowm 1.59 1.15

13 hlinessaia : ELL 0,80

24 Karmas APl 3.54 0,85

Fi Wisconsin 3.52 .05
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Rank Stare 1961-74 1975-58
25 Varmans 1.3% ._1:_||?|__
27 Washiogion 138 0.57
i% Lezh N 3.34 1.57
9 Conmecticut S _ 3,33 = (e i
10 Lousiana 3l {.73
1 B Mew Yok 313 52
32 Mew Mexico i 091
LE Illirois: 303 _1?4-__
14 Marth Caralima .00 1.08
35 Penmsylvania 196 005
13 klake L84 0.54
7 "Lrl_:inm_ i 14
.E__ Indiana 178 0.2a
9 Rhode Bsland 1.7 -,35
40 (lhin L.57 {146
41 Mlichipan L 003
42 Ollghama .31 1.00
- Nevada 2.18 0.5
44 Calliformia g 212 -1.40
45 Iudesr Jersey 204 0nr:
A Massachiscars 05 N E]
47 Oregon 202 0,1
48 Florida 1.93 1.3
44 Maine 1.9z -0.14
50 Mew Hampshire _La7 -0, 57
k! Calorado 1.65 1w
Uniees Seates 3.08 .46
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One common objection to reliance on local decistons for infrastructure
spending is the notion thar infrasorecruee benefits “spill over™ from one
state or region to its neighbors, Operating in isolation, policymakers Fail to
recognize these extra benefits, leading ro underinvestment. The Federal gov-
erument, the argument continues, is uniquely positioned to solve the prob-
lem of uncounted, external benefits by coordinating the investment activi-
tis of the sub-Federal governments.

The argument is one part of the textbook tension berween the efficency of
a federalist system and the benefits of centralized policics. Unfortunately,
when confrointed with the data, the textbook argument gets cut short early:
there is no evidence of large interstare productivity spillovers. Specifically,
in the work discussed earlier (Holtz-Eakin 1992) I repeated the analysis
summarized herein in Table 2, using instead data for eight 1.5, regions. In
the presence of sgnificant cross-state spillover cffeces, one would expect
thar moving from the state level to the regional level would permit one to
capture these benefits, thereby resulting in larger effects from public
capital.? Instead, the estimates are virmually identical to those obtained at
ithe state bevel, negating the impartance of external effeces.

Most recently, a new argument has been raised in favor of a Federal mfra-
structure spending program: that it would provide sfimuliss seeded to
recover fnoan the maost recent recession. This argument has sothing to do
with the virtues of infrastructure per se. Instead, it relics solely on the mer-
its of directly stimulating aggregate demand and employment, A full
appraisal of the virtues of using fiscal policy for stabilization purposes
would lead this discussion toc far aficld. However, it is waorth noting that
using infrastrocture spending for such objectives will be inefficient. At the
close of such a stabilization epasode—regardless of its shorr-run stimulative
success—ihere is the virtual guarantes of having wasted significam invest-
ment funds on the wrong types of capital in all the wrong places.

3, There are better tnfrastructure policies thaw new spending progranes.

The newly conventional wisdom hinges on anecdotes of ourdaned infra-
structure that is badly in need of repair and overly congested. Of course,
one might argue that this is exactly what to expect when infrastrocture—or
anything ¢lse—is free to use, and when there is no incentive 1o maineain
past investments appropriately. From this perspective, the best infrastese-
ture program docs not focus on new spending. Instead, the top priority
should be to “ger the prices right™ where feasible by charging user fees for

mfrastruchare services, Lser fees would serve to reduce excessive demands
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on the infrastructure and at the same time would provide & secare flow of
founds for purposes of maintenance and modernizarion.

User fees are nok the answer to all infrastracmase problems, but are the most
promising path in the most high-profile of problems: airpors, warer supply,
port facilities, landfills, waste reearment, bridges, and highways. Techno-
logical advances in scanners and sensing mechanisms have elimanated the
concern that user fees are impractical and have served to make user fees
administratively feasible, Tt is no longer the case, for example, that charging
tolks to control peak congestion antomatically backfires by causing endless
delays at woll booths. There also has been concern that reliance on user fees
would be unnecessarily hard on the poor, but the “fairness™ of user fees
should be comparsd to the alternative. Small {1983} poines our thar high-
way tells can make all income classss better off, if the revenves are used 1o
lower property taxes, or replace registration and fuel raxes.

Pricing the use of our existing nfrastrucrare efficiently is best viewed as an
essensial pare of any infrastructure spending program, To determine che
appropriate size of a project, one must forecast use of the facilicy, and this
is integrally related 1o the price charged. By revealing the intensity of
demand for services provided by public capital, user fees may improve the
planning process. Further, when user fees are dedicated to maintenance and
modernization, funds will be available for repairs at the appropriate time 1n
the life-cyele of roads, bridges, sewers, and other faclities.

I the past, there has been little or no accounting made for maintenance
expendinores, making it impossible to reward simely maintenance, which is
rypically more cost-effective than new construction. Even worse, for much
ol the poETwWan pl:rind, Federal |_:||:||.'i|.':|r {via r|:|:|.l.:;'|1.i|:'||5 Erants, ﬂpﬁ:iﬂﬂﬁ" far
highways and water treatment plants) subsidized new investment relarive o
maintenance. Local governments responded predicrably ro these perverse
incentives with insufficeent maimtenance and excessive construction plans,
While there has been progress on this front in recent vears (in, for sxample,
the recent Federal surface transpostarion bill), a widespread miove toward
the wse of efficient infrastructure prices remains a promising avenue for
reform.

4, Policies to increase private sector irvestment bave o better chance fo
imrprrope ULE, competitiveness.

At ome level, the argument is simple. If addirional infrascrucore will have
negligible productivity effects, privare investment simply has to be better,
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Indeed, public investment is even mose costly than it might appear because
by transferring $1 of investmenn from the private sector o the public sec-
tar, one gives up a productive privare investment for nothing in return.
Viewed from this perspective, a case can be made for “budgeting” addi-
tional investment by reducing the Federal deficic and thereby frecing up
addirional capigal for use by privare firms, rather than by spending on
Federal programs. Importantly, the ®zero effect™ discussed above is not the
key to this argument. Instead, the guiding rule is thar the returm on privane
investment excesds that on public investment, a resule consistent wirh all
but the mose extreme studies of infraseructure effeces. [See Appendix C.

Il. Conclusion

The chreads of the argument may now be spun topether. First, the statissical
foundations cannot suppor the claim thar public capiral is the key to faster
productivity growth in the United Staves. Second, 1o the exvent that there
are infrascructure needs in the 1.5, they differ grearly across the country.
Such nesds are best addressed in the traditional fashion by stare and local
governments, and o the extent chat the Federal government provides aid, it
waould be wasteful to embody mandares or other restrictions on its use.
Indeed, the most appealing policy toward infrastrscture does not focus on
new :'p-rnd.ing at all. [rln'ﬂd, it would focus on che efficient use of oor exisg-
ing public capital stock through user fees and other pricing schemics,
Finally, most of the evidence suggests that private investment spending
wioaih] have more benefical productivity effects than new public capital
spending. Indeed, even some of the evidence ueed in favor of an infrastruc-
Twre progeam is best interpreted in this way. In sum, the case for a bag, new
Federal program for infrastructure is weak.

At the same time, the current fixation with the productivity and competi-
tiveness effects of public capiral is misplaced. Should the government pur-
sue paoflicies conducive to more rapid cconomic growth, improved interna-
tional competitiveness, and higher real eamings for workers? Where
possible, of course, Should these goals be the metric by which we judge the
desirability of each and every dollar of capiral spending by our govern-
ments? No, of course not. It i an axiom as old as the field of pablic finance
fself that public sector projects should be judged by companmg their bene-
:rﬂ o thear coats, I the difference i pus:il:i.w:, the pr\-uizl.'l: 1% woarthwhile and
merits funding.
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Measuring benefits appropriately is very difficult. Investment projects are
by definition long-lived, so benefits in both the present and future must be
counted. Infrastracture projects affect the population as a whole, so bene-
fits received by many individuals and firms must be calcalared and added
up on a consastent basis, The list of pitfalls goes on and on. Ir is safe to say,
herwever, that no ene would argue in favor of drawing the line at greater
productiviey. If subways are safer and cleaner, and the public happier as a
result, this oo should count as a benefit, IF berer roads reduce commuting
times aid the result is the some work but more leisure, this should count as
a benefit, In general, the comsunnption value of the services produced by
infrastrucrare and other capital should count just as much as increased pro-
ducriviry.,

Thus, some projects may be worthwhile even though public capital spend-
ing is a poor candidate o resolve the productivity problem in the United
Srates. Projects of sufficient value will pass a routine examination of the
pros and cons. With equal force, a great many projects will fail reasonable
benefit-cost comparisons. Each capital project should undergo such scrutiny
by those best equipped to evaluate it.

In their haste to get on with spending, proponents of the “infrastructure ori-
gls™ view of the productivity slowdown will likely circumvent this rype of
detailed policy analysis. The outcome will be unnecessarily large and (by
definition) wasteful expendinares. In the end, a large infrastruceure spending
program at the Federal level is not the magic sellution to LS. cconomic
woes. It is a genie best left in the bole.

Appendix A
The production funcrion is written:

Equarion 1
gy = Py + Pyl + Baly + Pog, + &

where q, is the logarithem of private output, &, is the logarithm of privare
capital inputs, [, is the logarithm of labor inputs, g, is the logarithm of pub-
lic sector capatal, and g, is vhe residual, unexplamed ourpur, The parameters
of the production functien (B, B, Bz) measure the contribution of each of
the inputs ro the productive process. For example, if f; = 0, then invess-
ments in public capital have no effect on output or productivity. Further, by
entering the variables in bogarithms, the f's may be interpreted as elastici-
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ties. To give anather example, if fi; = 0.05, a 10 percent increase in govern-
ment capital would resulr in 4 one-half percent increase in privare ourpur.
Arthe heart of the claim thar infrascructure spending is the key o faster
productivity growth is the notion thar f; is both positive and large,

Appendix B

To see the argument clearly, modify Equation 1 ro keep track of states (1]
and permit each state 1o have a different underlyving productive abiliey (f).
These differences stem from such natural sources as location, climate, and
mineral endowments, as well as such inherited fearures as the pamern of
industrialization. The result is 4 slightly modified production funcrtion that
looks like:

Equarion 2
Fur= By + By + By + P+, + £,

Consider now Table 2, which is drawn from Holrz-Eakin 199217 Column
(1) containg the results of the conventional [ordinary least squares) statisti-
cal approach o estimating the s in Equation 1. For purposes of this dis-
cussion, the key resulr is that the estimated B, is 0.20, Thus, boosting the
growth of the public capital seock by § percentage poings would increase
productivity growth by a full percentage poine. However, this result is an
artifact of using inappropriately simple tachnigues.

The problem stems from ignoring the f: staves with a “big™ f, will have
more output and greater incomes {directly from [2]). They are also likely o
spend more public programs, leading to a greater g, (They are alsa likely
0 be berver places to live and invest, affecting k,, and [, ar the same rime. )
What one “sees” is the positive association berween g, and g,,, which is
mistakenly transformed into a prescription for spending on g, in onder to

FRAISE g

The remainder of the columns of the table are devored o derermining how
well this result stands up o closer scrutiny by tryving different means to cic-
cumvent the presence of the f; in Equation 2. Column (2) shows the resuls
of focusing on charges in both sides (2) berveeen 1969 and 1986, MNogice
thar by using changes, the f, are eliminared, That is, changes aver time in
each stare depend only on the growth of inpurs and the parameters, and are
independent of (unchanging) differences across states. To the cxent that
public-sector capital is an imporrant determinant of long-run producriviry

42 Public Policy Brief



Mew Erderal Spending for Infrastractive

growth, it seems reasonable to expect that it manifest iself over a period of
nearly two decades. Whar is the result? Looking at column (2), the sstimare
of the impact of public capital (B4 is mow negative. However, because of
the large standard error, one is best lefr with the conclusion thae [i; is essen-
tially zero,

Columns {3} through [6) aim progressively greater extremes of staristical
firepower roward the goal of discerning the correcr value for By, Without
helaboring the derails, rwo important conclusions emerge. First, a formal,
statistical test strongly supports the presence and importance of the f—
states really are different, and these differences complicare the analysis of
their economies. Second, and more 1o the heart of the debare, the single
best estimate of the productivity impact of public capital is zero, Indeed,
another way to look at the results in this rable is chat there is only ome way
o get the “big effect™ answer, Any other cur ar the data suggests thar any
“smoking gun” in the death of productivity growth does not lie in the
hands of infraserschore pn|||:g,'-

Appendix C

Muose studies of infrastructure focus only on whether public capial has pro-
-Ill-ll-'ti'l-'il'}' effects at Ell. nat whether these effects are |:'-|.rg;¢r than those for
private capital. In terms of the production fusction i (1], the ratio of the
productivity effect of public versus private capital is given by:

Egquation 3
Public Capital Output Effect _ r Private Capital

Public Capital Ontput Effect P, 1| Private Caprital

In the rescarch discussed eardier, | estimare that the mean ratio of non-resi-
dential fixed capiral 1o stare-bocal capital in the stares is in the viciniey of 2.
This implies thar the estimate of B; need be ar least one-half thar of [, for
the pure productivity effect of public capital to be larger than thar of pri-
vate capital-* Notice thar even the upward-biased estimare of i, just barely
makes the grade, Thus, for the dars to reveal a need for grearer increasing
infrastructure, it is not enowgh 1o show a positive productivicy effect,
Instead, the estimated value of [y must meet this more stringent rest, which
is likely fer only the most implavsibly oprimistic estimares,
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Table 2*
Estimates of Siate Production Function

Dependent Varable:
Lawg Private Gross Seate Froduct
Varzhle 1] i2) {3 () (%) (6]
LS LOMG  FIX GLS 1Y HMR
Liog Labar 0457 0Lg43 0691 {LESY (542 0911

(0.0144) (DC137) (U022} (O.0CEE) (00747 (D530

Lesg Private Capital 0,359 (L504 0301 361 472 0106
[CLTNZY (0043} (O30Z) (00233 [0.0653) (0.0233)

Log Pablsc Capital 0.203 0115 00517 000770 00150 0002
{00190 {0126 (Du026T) (OLOE3IE) (O0.0860) [0.0606)

Log Provane
CapiralLab —_ _ — — =

or

Log Public
CapitaliLab e L i . 2

W

Time Effects Yea M Yien (5] Yes Yes

Srate Effects Mo Mo Fioseedd Randoen Mo 'I'.:lifl‘ermm_

*Far defiriiors of weriables, see Holre-Eakin [1992) *(H5" i erdinary beast squares, “LOMG™
= lonp-differences: 1986 valoes miaus 1969 valoes, *FIX™ i comenticaal fizol cfects cvtima-
ek, *GLS" & convemional remsdom effeces ewimarion, *[Y" & &8 msirumental vardables extima-
enr waing ooher staes’ daca as mecremenes, and *HNE" 5 e msrrumental vamables egimmber of
a fArst-differenced equation.

Notes

1. Other studies lookeed at cross-nanonal comparisons of productiviey growth {e.g.,
Aschawer 198%b), but the difficulty in finding comparable dars and cossecring for
wast differences in governmental stroctures has made for racher anssable parameer
eatemakid [56¢ Tanzi 1934,

L It is alza possible for the effeces oo be smaller ag ane books at langer geagraphic
areas. One pitfall of local development seraveppes 5 that they may actract buss-
nesses and workers largely ac the excpense of neighbonng jursdictom, The ripht
measure of the elect on overall economic growth is the dyffireree in productivity
in the two jurisdictions, not just the economic growth experienced in the chosen
jarisdiction. There have been many careful snadies using regicanal and municipal
data (3o, o, Duffy-Deno and Ebents 198% and Ebers 1986, 19900, 1990k, O
must be carcful in interpreting in these studies in ooder o avoid everstaring the
impact of public capital at the national level.

3. See Hohz-Eakin {1992} and Hole-Fakin Ifnfli‘mﬂllullg:l fare a0 miare extensive dis-
cussson of the underlying data and stariszicsl eechaigues.

4. The test, dse o Hassman and Taylor (1781}, compares the parameter estimates
from che Fixed effects esimaror 1o those froen the rasdom effects, or peneralized
least sgmares | GLS), estimarne.
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5. This overstanes apy preference for public invesmment becanse i ignones the disor-
tionary costs of raising revenues to finance public capital outlays.
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