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I. Introduction

The question of whether or not public capital stock significantly
affects private sector output and productivity growt h remai ns unanswer ed
and virtually untested. Although this relationship is central to a num
ber of issues of current interest, it has not been possible to estimate
directly the effect of public capital stock on economc activity.

The problemlies primarily with the | ack of conprehensive estinates
of public infrastructure that are appropriate for performng tine-series
and cross-sectional analysis. To beginto fill this gap, we have esti-
mat ed conponents of public capital stock for 38 netropolitan areas from
1958 to 1981 using the perpetual inventory nethod. This paper reports
the first attenpt to use these series to estinmate the effect of public
capital stock on regional manufacturing production. Public capital stock
is entered as an input into a translog production function. Estimtes of
mar gi nal productivities, elasticities, and returns to scal e provide
information about the effect of public capital stock on output and about

the technical relationships between inputs.

II. Backaground

CQurrent views of regional growh theory stress, the interdependent

nature of spatial investnment decisions, spatial frictions on inter-



http://clevelandfed.org/research/workpaper
Best available copy

gional capital and |abor flows, and the distinction between private
ctor capital and public sector capital. Local public capital stock can
fect econonmic activity through various channels. [t can indirectly
fect economc activity by influencing the |ocation decisions of
useholds and firns. The addition of new firns and househol ds into a
gion may, in turn, increase the region' s aggl onerati on econom es, which
ads to even greater growth potential. It can directly influence output
d productivity by entering a firm s production process as an unpaid
ctor.

Most enpirical studies of the effect of public infrastructure on eco-
m c devel opnent have estimated its indirect effects by relating various
asures of public capital to measures of regional economc devel opnent.
ra(1975f p£;;;des the nost conprehensive test of the effect of public
frastructure on regional economc growth for the US He hypot hesi zes
at the growth of regional economc activity is determned primarily by
e growth of public infrastructure and technical progress in the
gion. Interregional flows of |abor and private capital respond to re-
onal differences in social capital and technical progress as well as
ice differentials. He examnes the growh characteristics of the nine
S census regions from1947 to 1963 and concl udes that nore- devel oped
gions are grow ng because of the growh of public infrastructure, while
ss- devel oped regions are growing prinarily because of the grow h of
chnol ogy.

Hansen(1965) focuses on the potential effectiveness of public infra-
ructure across three broad categories of regions: congested, inter-
diate, and | aggi ng. Congested regions are characterized by a very high

ncentration of popul ation, industrial and comrercial activities, and
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public infrastructure. Any marginal social benefits that m ght accrue
fromfurther investment woul d be outwei ghed by the marginal social costs
of pollution and congestion due to increased economc activity in the
area. Internediate regions are characterized by an environnment
conduci ve to further activity--an abundance of well-trained | abor, cheap
power, and raw materials. In this area, increased economc activity
resulting frominfrastructure investment would |ead to marginal socia
benefits exceedi ng margi nal social costs. Lagging regions are charac-
terized by a low standard of living due to small-scale agriculture or
stagnant or declining industry. The economc situation offers little
attraction to firns, and public infrastructure investnment woul d have
little inpact.

A direct test of Hansen's hypotheses is provided by Looney and
Frederi ksen (1981). Looking at econom c devel opnent in Mexico, their
findings support Hansen's intuition: economc overhead capital has a
significant effect on gross donestic product (GDP) for intermediate
regions, but not for lagging regions; social overhead capital exhibits
the opposite effect, as Hansen predicted.

One way in which local public capital stock affects regional growh
Is through its effect on aggl onerati on economes. Public infrastructure
affects aggloneration primarily through the influence of the scal e and
spatial arrangenent of public investment on firmand househol d | ocation
decisions. Wile enpirical evidence of the direct |ink between nmeasures
of aggl omeration and economc growth is weak, it provides sonme support
for this argunent.

Enpi rical evidence of aggloneration effects takes two approaches.

One approach interprets estimtes of returns-to-scal e as evidence of
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zglomeration econom es (Shef er [1973] and Carlino (19791). This viewis
onsistent W th the Kaldor hypothesis that economes of scale in the
snufacturing sector is the source of cunul ative growh of regions
faldor [1970]). A second approach treats aggl omeration econonies as
>erating through the efficiency parameter of the production function
Aberg [1973]; Svei kauskas [1975]; Segal [1976]; Moomaw [1982]). These
tudies assune that aggl oneration econom es are independent of returns to
rale. Under this approach, Segal indirectly considers the contribution
P the public capital stock of Standard Metropolitan Statistical Areas
SMSAs) to productivity differentials between SMSAs during the md-
’60s. He attributes his estimate of an 8 percent productivity
ifferential in favor of the largest nmetropolitan areas to economes in
-ansport and comuni cati on. Unfortunately, Segal combines private and
iblic capital together within a single nmeasure of SMBA capital stock

One critical step in the argunent |inking public infrastructureto
;glomeration economes is its effect on |ocation decisions. Only a few
:udies have explored this relationship. For exanple, Helms (1985) shows
wat government expenditures on hi ghways, | ocal school s, and higher edu-
ttion positively and significantly affect state personal inconme grow h.
1 the other hand, Herzog, Schlottmann, and Johnson(1986) find that
.gh-technology workers, presumably a highly nobile | abor group, exhibit
.ttle sensitivity to public infrastructure-type amenities and services.

Eberts (1985) explores the relationship between public infrastructure
d firmlocationin a somewhat different way by considering the causa
:lationship between public and private investment. Hs premse, follow
1ig the cumulative nodel of regional growth, is that the timng of

westment indicates the role of public investnment in pronoting |oca
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econom ¢ devel opment. If public investnent precedes private investnent,
then it woul d appear that |ocal areas actively use public outlays as an
instrument to direct |ocal developnent. On the other hand, if the
sequence of events occurs in the opposite direction, it woul d appear that
local officials nerely respond to private investnent decisions. Using
public outlay and manufacturing i nvestnent data from1904 to 1978 for 40
cities, Eberts finds a significant causal relationship between public
outlays and private investrment in 33 of the 40 cases. The direction of
causation goes either way. Private investnment is nmore likely to influ-
ence public outlays incities located in the South and in cities that
have experienced above- average growh after 1950. Public outlays are
more |likely to influence private investrment in cities that experienced
much of their growth before 1950.

Looney and Frederiksen, in their study of Mexico, support Eberts
findings for older US cities--that public investnent appears to be the
initiating factor in the devel opnment process rather than the passive or
accomodat i ng factor

These results raise an interesting question: |s the growh assoc-
lated with public infrastructure a result of an overall increase in
firmlevel productivity or 8 result of an increase in the region's
attractiveness to labor and capital ? Hulten and Schwab's (1984) research
on regional productivity differentials provides sone insight into this
distinction. They test the hypothesis, that the econom c decline of the
Snowbel t was due to differences in economc efficiency relative to the
Sunbelt, by calculating regional differences in total factor produc-
tivity. They find little evidence to support this hypothesis- |nstead,

they find that these interregional differences are largely a result of
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fferences in the growth of capital and |abor input. Thus, the implica-
on fromthese findings is that regional differences in the quality and
antity of public infrastructure may have a greater effect on the
gration decisions of factors than on the productivity differentials.

These studi es raise a host of issues that can be addressed using the
blic capital stock estimates. | propose to explore a sinple question
at is basic to nmuch of this discussion: what happens when public

pital stock is entered as an input into the production function?

IITI. Public Capital Stock as a Production | nput

Fol  ow ng Meade' s (1952) classificationof public inputs, public
pital stock is treated as an unpaid factor of production that comtrib—
es independently to the firms output. Since firms, by definition, do
t pay directly for the public input, they initially earn profits or
nts according to the value of the narginal product of the public
put. Thus, firns in nmetropolitan areas wth above- average i nvestnents

public infrastructure may be nore productive than firnms in other
eas. This advantage explains why firnms in high-wage cities may be able
conmpet e successfully with firnms in [owwage cities. Also, it explains
y capital may nmove from|ow wage to high-wage areas.

The use of public capital as an input introduces at |east three com-
ications related to the efficiency conditions: (1) there are no forma
rket prices for public inputs, (2) an individual firmhas little con-
>1 over the quantity of public capital that is in place, since public
pital is determned collectively, and(3) public capital stock is used

ot hers who are not directly involved in manufacturing.
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The consequences of these public capital stock characteristics for
estimating a production function are reduced somewhat by aggregati ng
firmlevel data to the SMBA-level. At this level, the allocation of
public infrastructure becomes nore endogenous to the deci si on- maki ng
process. As proposed by Negishi (1973) and Pestieau (1976), |ocal gov-
ernments may invest in public capital with the goal of maxim zing the
profits of firms, since individual taxpayers may view the presence of
firms as beneficial to the coomunity. |In addition, firns may pursue a
"Ti ebout-1ike" process of seeking to locate within jurisdictions in which
the level of public investnment best matches their preferences. Deno and
Eberts (1986) construct and estimate a nmodel of the interaction between
private and public investnent decisions, which takes into account voters
perceptions of the effect of public investnment on | ocal econom c activity
and thus their expected income |evels. Athough such an interaction of
I nvest ment deci sions underlies the approach taken in this present paper,
| enphasi ze the technical relationships instead of the resource alloca-
tion issues.

Anot her issue is howto apportion the use of public capital stock
bet ween manuf acturing production activity and other activities. Various
sharing neasures could be used such as the percentage of the netropolitan
popul ati on enpl oyed in nmanufacturing or the percentage of |ocal persona
incone in manufacturing. These measures introduce their own problens,
however, so | prefer to enter the entire estimate of the netropolitan
public capital stock as an input into the production function.

Anot her approach is to treat public infrastructure as a quasi-fixed
input in a cost function. In the short-run, firns are assunmed to respond

to input prices of the variable inputs and the existing technol ogy sub-
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:ct to a given level of output and the existing | evels of fixed
ictors. This nmethod takes into account the possibility that public
westment IS not allocated at the level preferred by the firm An
iteresting extension of this approach is nmade by Dal enberg (1986), who
icorporates into the cost function an adjustnent process for public

wvestment based on |ocal public sector resource allocation

V. Capital Stock Estinmates

Two uni que data sets nake possible the estimation of the effect of
iblic capital stock on SMBA manufacturing: one is a public capital-
:ock series for each netropolitan area; the other is a private manufac-
iring capital - stock series-for each SMBA The perpetual inventory
:chnique is used to val ue both capital stocks. This approach is used by
e Bureau of Economi c Analysis for national -1evel estimtes of both
‘ivate and governnent assets and in nmany national and regional produc-
.vity studies. The measure of capital under this nethod is the sum of
ie val ue of past capital purchases adjusted for depreciation and
.scard.

Two assunptions are made in using this schene. First, the purchase
‘ice of a unit of capital, which is used to wei ght each unit of capital,
:iflects the discounted value of its present and future marginal prod-
:ts. The first assunptionis nmet if perfectly conpetitive capita
irkets exist. One criticismof the perpetual inventory approach for
iblic capital stock is that government is not subject to conpetitive
irket constraints and thus the price does not reflect the nargina

roductivity of public capital. As discussed earlier, this may be |ess
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of a problemfor |ocal governnments, since they conpete for househol ds and
firms. Second, a constant proportion of investnent in each period is
used to replace old capital (depreciation). Ful fillment of the second
assunption requires accurate estimates of the asset's average service
life, discard rate, and depreciation function.

To derive the stock neasures, specific retirement and repl acement or
depreciation functions are applied to the accurmul ated gross investnent
series. The investnent series nust extend back far enough in time in
order to account for all prior investnent that has contributed to the
current capital stock. Gven the average life and retirenent and depre-
ciation assunptions used to construct the series, public outlays going
back to 1904 were required for each city. The data were obtained from

dty Finances and fromother census publications for the 38 cities.

Public outlays for the SMSAs associated with these cities were avail able
from1964 to present. Per capita estimates of public outlays within a
central city and outside the central city within an SMSA are used to
construct SMVBA-|evel public outlay estimates for years prior to 1964.
SMBA- | evel estinates are constructed according to the 1977 boundary
definitions.

Public capital outlay is defined by the Census Bureau as direct
expenditure for either contract or force account construction of build-
i ngs, roads, and other inprovenents, and for purchases of |and and
existing structures. Included in total outlays are expenditures on: (a)
sanitary and stormsewers and sewage di sposal facilities, (b) roadways,
si dewal ks, and all structures and inprovements necessary for their use,
such as toll highways, bridges, and tunnels, (c) public hospitals, and

(d) public service enterprises, which includes airports and ports.
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ublic-type services provided privately are not included. Estimates of
verage asset |ives, depreciation, and discard functions are obtai ned
romthe Bureau of Economc Analysis (BEA) and other sources. The series
s converted to constant 1967 dollars by using the Engi neering
ews- Record indexes for construction. Eberts, Dal enberg, and Park (1986)
escribe the construction of the public capital stock estimates in
reater detail

Private manufacturing capital stock estimates are derived for the

ame set of SMSAs using investnent data fromthe Census of Manufactures

nd the Annual Survey of Manufactures. After adjusting the investnent

eries by national -1evel depreciationrates and discard patterns for each

wo-digit industry, a capital -stock series is obtained for the period

958 to f§78.GAAIthough t he depreciation and discard rates do not Teflect
ocal rates within industries, the rates do vary across SVM5As due to
nterregional differences in industrial conposition. Capital stock is
djusted for capacity utilization using Federal Reserve Board nationa
stimates. SMSA boundary definitions and price indexes are the sane as
hose used for public capital stock estinmates.

Esti mates of the total amount of public and private capital stock for
a1e 38 SMBAs between 1958 and 1978 are shown in figure 1. Total public
apital stock grew by 33 percent between 1958 and 1978, while private
apital stock increased 55 percent. The ratio of public capital stock to
rivate stock averaged 1.52 but declined from1.60 in the earlier years
> 1.36 in the later years. Public capital stock is al so broken down
ato three major categories(not showy): roads and hi ghways, water
ipply, and water treatnent. Roads and hi ghways conprised 9 percent of

>tal capital stock on average, water accounted for 14 percent, and water
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treatnent another 11 percent. These proportions remained relatively con-
stant between 1959 and 1978 wi th hi ghways increasing slightly, especially
in the earlier years, primarily at the expense of water supply. H ghways
grew the fastest at 50 percent while water treatment grew at 40 percent
and water supply at 19 percent.

Public capital stock growth rates have di mnished over tine. A con-
venient way to look at the variation in growh rates over tine is to
divide the annual series into intervals that reflect as closely as possi-
ble the trough-to-trough periods of the national business cycle. Four
such periods occur between 1958 and 1978: 1958- 61, 1961- 70, 1970-75, and
1975- 78, as shown in table 1. In the first two periods, the average
annual growth rate(calculated using arithmetic nmeans) of total public
capital stock was around 1.8 percent. |In the two nore recent periods,
the growth rate has steadily fallen to 1.44 percent and 1.03 percent.
This recent decline in the growth rate of public capital stock is in
sharp contrast to the recent increase in the growth rates of output and
private capital stock. During the periods of 1970-75 and 1975- 78, when
the growth rate of public capital stock fell, manufacturing output rose
by a dramatic 6.7 percent and private capital stock increased 7.5 per-
cent. The only maj or conponent of public capital stock that exhibited an
accel erated growth rate over this period was water treatnent facilities.

Anot her interesting feature of the annual average growh rate series
of public capital stock is that, unlike private capital stock, it does
not follow the national business cycle. For instance, as one m ght
expect, the annual average growth rate of private capital stock is at the
lowest point inits cycle during the year the business cycle trough

occurs. Public capital stock, on the other hand, is at or close to its
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i ghest point during some of these years. A casual look at the growth
ate series in figure 2 fails to suggest any obvious | agged rel ati onshi ps
hat may bring the private and public capital series in line. The ob-
ious explanation is that public investnment is determned by factors that
re not tied directly to business cycle activities.

Tabl e 2 shows the level of public and private capital stock for each
MSA for 1978. The SMSAs are ordered by the size of the public capital
tock. Notice the difference in rankings of SMBAs by public capital
tock, private capital stock, population, and |and area. For example,
altimore is ranked eighth according to public capital stock, but is
anked thirteenth according to private capital stock and el eventh accord-
ng to popul ation. Houston, on the other hand, is ranked third according
0 privafé ma;ﬁfacturing capital stock, but thirteenth according to pub-
ic capital stock and eighth according to popul ation. Per capita public
nd manufacturing capital stock estimates show an even |arger disparity
n the rankings of SMBAs by these two stocks. New York, for exanple,
anks first in public capital stock per capita, while it ranks thirty-
ifth in manufacturing capital stock per capita. Houston's rankings are
he exact opposite. Cbviously, the public capital stock estimates are
ot sinply proxies for the area's popul ation si ze.

Al t hough the age of public capital stock is not considered in the

mation of the production function, it is interesting to examine the

st
ankings of the SMBAs by percentage of public capital stock put in place
ithin the last 10 years. The rankings of SMBAs are generally as expect-
d the so-called Sunbelt areas such as Atlanta, Dallas, and Houston

ave the |argest percentage of recently constructed public capital stock,

hile the ol der Snowbelt areas |ike O evel and, Newark, and Jersey Gty
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have the | east amount of newly created public capital stock. There are a
few surprises, however. Two Sunbelt SMSAsS, Los Angel es and San Fran-
cisco, are far down the list of metropolitan areas with newy created
public capital stock. Two Snowbelt SMSAs, Gand Rapids and M nneapoli s,
for exanple, rank near the top of SMSAs with public capital put in place

in the last 10 years.

V. Production Function Estination

To explore the effect of public capital stock on regional manufactur-
ing output and the technical relationships between public capital and the
ot her inputs, a production function is specified and esti mated using data
fromthe 38 SM5As between 1958 and 1978. Consider a production function

aggregated to the SVMBA-1evel in which

(1) - Q = £(X,H,G,T)

where Qis the output of the manufacturing sector of each SM5A; K, G and
H are private capital stock, |abor, and public capital stock in the SV5A
and T is technical change. By enploying H cks' theoremof aggregation,
returns to scale for acity as a whole is the weighted average of the
returns of individual firms, corrected for the positive and negative
externalities they confer on one another (Tolley and Smith, 1979). The
wei ghts are the shares of total income generated by each firm assum ng
relative prices of goods produced in different SVMSAs are constant across

SMVBAs .

The two variabl es not yet discussed are price-deflated val ue added
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Q) and worker hours (H) in manufacturing. Value added defl ated by the
roducer price index is used as a neasure of nmanufacturing output. How-—

ver, val ue added reported in Census of Manufactures includes the val ue

f purchased services. Since the capital and | abor estinates do not
efl ect the inputs used to produce these services, including services in
he out put measure would | ead to overestimation of the narginal physica
roducts of the three inputs. Value added is thus adjusted to correct
or purchased services by using the ratio of GDP from N PA to census
alue added for US manufacturing as described in Beeson (1986).

Hour s wor ked by production and nonproducti on wor kers obt ai ned from

he Census of Manufactures are used as a neasure of |abor.

A variant of the translog specification of a VES production function

S chosen t0 estimate the production relationships. Thus, equation (1)

S respecified as:

2) 1nQ = b, + brlnT + bglnK + bylnH + bglnG +
brxu(1nK)(1nH) + bxe(lnK)(1nG) + bus(lnH)(1lnG) +

b[(zanz + szlnHz + b(;zlﬁGz + e

n adopting equation (2), it is assuned that technical change is H cks
sutral and that the production technol ogies are simlar across cities.
1e production function in equation(2) is estimated with and w thout
iblic capital stock as an input using the Park's method of correcting
>r di sturbances that are both serially and contenporaneously correl ated
{menta [1971]).

Three separate nodel s were estimated. The first nodel is a translog

inction Without public capital stock as an input. The second nodel
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includes capital stock estimates for roads and hi ghways and water treat-
ment and supply as a way to control for differences in conposition of
public capital stock across netropolitan areas. The third nodel includes
a measure of the total public capital stock in the SMSA, as defined
earlier. Estimates of the coefficients are displayed in table 3, and
estimates of marginal elasticities, marginal physical products, and econ-
omes of scale are reported in table 4.

Each input has a positive and statistically significant direct effect
on manufacturing output. The estinates of the narginal elasticities of
| abor and private capital are very sinilar across the three models. Wen
public capital stock is entered as either measure, the narginal elastic-
ity of labor falls slightly, while the marginal elasticity of private
capital remains the same. The fall in the nmarginal elasticity of |abor
is offset by an increase in the nmagnitude of the marginal elasticity of
public capital so that both nodel s exhibit constant returns to scale.

Si nce each measure of public capital stock yields virtually identica
results, the remaining di scussion makes no distinction between the two
nodel s.

The magni tude of the marginal elasticity of public capital is quite
smal | conpared with estinates of the marginal elasticities of the other
two inputs. This lowestimate nay be related to the fact that public
capital stock is shared not only by manufacturing firnms within an SMSA,
but also by firms in other sectors and by households. e can see the
potential effect of this public good aspect on the marginal physica
product of public capital by conducting the follow ng conceptual experi-
ment. Suppose that the per unit prices of public and private capital

stock are equal, presumably due to perfect capital markets. In this
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ase, one woul d expect the nmarginal physical product of the two capital
tocks to be equal. Yet, the estimate of the margi nal physical product
f private capital is 5 to 10 times greater than that of public capital,
ependi ng upon the measure of public capital stock. If one were to
ttribute this difference to the fact that we are observing the use of
ublic capital by manufacturers much further down the nmarginal product
chedul e than is the actual case, then we woul d concl ude that only one-
eventh or 14 percent (taking the mdpoint of the two estimates) of the
otal public capital stock is used on average by the nanufacturing sec-
or. In fact, a crude sharing neasure, the ratio of manufacturing
mployment to metropolitan popul ation, comes very close to this percent-
ge at 11 percent. Using the size of the |abor force instead of popu-
ation woul d rﬁcrease this percentage to sonething closer to 14 percent.

Anot her way to interpret these results is to consider public capital
tock to be a pure public good. Assumng that |ocal governnments conpete
or households and firns and thus allocate resources efficiently, the
alue of the margi nal product of public capital stock reveals the manu-
acturing sector's valuation of the total stock of public investnent in
lace in the SVBA  Since the production function exhibits constant
eturns to scale, the output elasticity of public capital equals the
hare of total revenue paid to the public sector for the use of public
spital. It is not unreasonable for a typical firmto pay around four
sarcent Of its total income to state and |ocal taxes, which is the esti-
ate of the output elasticity of public capital.

Estimates of the marginal productivities of each of the three inputs
spend upon the coefficients of the interaction terns in the production

anction and the input and output |evels. Consequently, as these |evels
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change over time, narginal products al so change. For exanple, the mar-
ginal product of labor continually increases over time as |abor declines
relative to private and public output. The narginal product of capita

i ncreases throughout the 1960s and then renains relatively constant. The
mar gi nal product of public capital continually falls throughout the
20-year period as public and private capital increase. This decline
results partly fromthe negative second partial derivative of public and
private capital. Thus, allow ng output to vary but fixing |abor, an
increase in public capital is associated with a decrease in private capi-
tal productivity. In this respect, the levels of public and private
capital could be considered to nove in the sane direction.

Technol ogi cal rel ati onshi ps between inputs can al so be described as
substitutes or conplements. The definition of conplenents and substi -
tutes is based upon the input demand rel ationship, which assunes that
costs vary but that output is held constant. A pair of inputs are
conpl ements if the cross-price effect is negative and substitutes if the

cross-price effect is positive. It can be shown that

8x1/8pj = —C_ji/D,

where Cj; is the co-factor of the element in row j and colum i of the
bordered Hessian, which is derived fromthe cost minimization problem D
is the determnant. Therefore, the relationship between inputs can be
derived fromtechnical relationships without estimating input prices.
Since the determnant is negative, inputs are conplenents if the co-

factor is negative and substitutes if the co-factor is positive.
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Cal cul ation of the co-factors based on estinmated coefficients indi-
tes that public and private capital are substitutes, |abor and private
pital are substitutes, while public capital and | abor are conpl enents.
e finding that public capital and | abor are conplenents is consistent
th Deno and Eberts' (1986) study, which estinmated i nput denand
uations for labor and private investment. One interpretationof this
lationshipis that public capital stock provides a base for the future

pansion of manufacturing enpl oynent.

VI. Concl usi on

The production function estimates yield three basic results. First,
blic capital stock makes a positive and significant contribution to
nufacturing output in the sanple of 38 SMSAs. Second, its contribu-
on, unadjusted for the public good characteristics of public capital,

much less than that of private capital and labor. Third, public
pital and | abor are conplementary i nputs, whereas private capital and
olic capital, and private capital and | abor, are substitutes.

As nentioned at the begi nning of the paper, public capital stock is
cortant to issues related to regional economc growth. Public infra-
ructure is considered to be an inportant el enent of aggl oneration
>nomies. Fol | ow ng previous work using popul ation as a proxy for
zlomeration, one woul d expect public capital stock to yield increasing
turns to scale, which is not the case here. However, the results here
2 not directly conparable to the results of other studies on agglomera-
on. In this paper, public capital is entered as an input; in the other

’ers, H cks-neutral technical change is regressed agai nst popul ati on.
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Therefore, the results are merely suggestive of future research

Previ ous work suggests that, in many respects, public capital stock
nmay be considered the foundation of regional economc devel opnent. The
finding that public capital and manufacturing enpl oynent are conpl enen-
tary inputs into the regional production function indicates that public
capital stock is necessary for future expansion in the manufacturing
sector. However, the overall effect of public capital investnent on
manuf acturing output is relatively small. Previous research suggests
that specific types of public infrastructure may have nore noticeabl e
effects on the output of specific sectors inregions with differing char-
acteristics. Future work should | ook at nore di saggregated nunbers for
manuf acturing and for public capital stock and take into account regional
di f f erences.

Finally, Hulten and Schwab suggest that regional growth differences
are due not to productivity growth differentials, but to input growh
differentials. A though we do not address this question directly, our
results, by showi ng a positive and significant relationship between
public capital stock and manufacturing output, indicate that regional
growth differences are influenced by the growth rate of a third input,

public capital stock



http://clevelandfed.org/research/workpaper -20-
Best available copy

Ref er ences

>erg, Y. "Regional Productivity Dfferences in Swedi sh Manuf acturing, "
Regi onal and U ban Econom cs, vol. 3, no. 2 (1973), pp. 131-56.

zeson, Patricia E "Productivity Gowh and the Decline of Manufacturing
in Large Metropolitan Areas: 1959-1978," Working Paper 8607,
Federal Reserve Bank of O eveland, July 1986.

airlino, Gerald A "Increasing Returns to Scale in Mtropolitan
Manuf acturing,” Journal of Regional Science vol. 19, no. 3
(August 1979), pp. 363-74.

1lenberg, Douglas. "A Dynamc Factor Denand Mddel for Public
Infrastructure,” D ssertation Proposal, University of O egon,
Departnent of Econom cs, 1986.

:no, Kevin, and Randall W Eberts. "The Inpact of Public Investnent on
Net Private Investrment and Labor Demand: A Dynamc Analysis,"
M neo, 1986.

verts, Randall W "The Role of Public Investment in Regional Econonic
Devel opnent, " Presented at the Association for Public Policy
Analysis and Management, WAshington, DC, Cctober 15, 1985."

>erts, Randall W, Dougl as Dal enberg, and Chul Soo Park. "Public
Infrastructure Data Devel opnent for NSF," Mimeo, University of
O egon, 1986.

msen, Nles M "Unbal anced G owt h and Regi onal Devel opnent," Wéstern
Econom c Journal, vol. 4 (Fall 1965), pp. 3-14.

:lms, L Jay. "The Effect of State and Local Taxes on Economc G ow h:
A Time Series-Qoss Section Approach,” Review of Economcs and
Statistics, vol. 67, no. 4 (Novenber 1985), pp. 574-582.

:rzog, Henry W, Alan M Schlottnann, and Donald L. Johnson.
"H gh- Technol ogy Jobs and Wrker Mbility," Journal of Regional
Sci ence, vol. 26, no. 3 (August 1986), pp. 445-60.

ilten, Charles R, and Robert M Schwab. "Regional Productivity Qowh
in US Mnufacturing: 1951-78," American Econom c Review, vol. 74,
no. 1 (March 1984), pp. 152-62.

tldor, N cholas. "The Case for Regional Policies," Scottish Journal of
Political Econony, vol. 17, no. 3 (Novenber 1970), pp. 337-48.

ienta, Jan. Henents of Econonetrics. New York: Macmillan, 1971.

sven, Charles, John Legler, and Perry Shapiro. An Analytical Franmework
for Regional Devel opment Policy. Canbridge, MX The MT Press, 1970.




-21—

http://clevelandfed.org/research/workpaper
Best available copy

Looney, Robert, and Peter Frederiksen. "The Regional |npact of
Infrastructure Investnent in Mexico," Regional Studies , vol. 15, no.
4 (1981), pp. 285-96.

Meade, J. E "External Economes and D seconomes in a Conpetitive
Stuation," Economc Journal, vol. 62 (March 19521, pp. 54-67.

Mera, Keoichi. |Incone D stribution and Regi onal Devel opnent. Tokyo,
Japan: University of Tokyo Press, 1975.

Moomaw, Ronal d. "Productive Efficiency and Region," Southern Economc
Journal, vol. 48, no. 2(Cctober 1981), pp. 344-57.

Negi shi, Takashi. "The Excess of Public Expenditures on Industries,"
Journal of Public Econonics, vol. 2, no. 3(July 1973), pp. 231-40.

Pestieau, Pierre. "Public Internediate Goods and Myjority Voting," Public
Fi nance, vol. 31, no. 2 (1976), pp. 209-17.

Segal, David. "Are There Returns to Scale in Aty Sze?" The Review of
Econom cs and Statistics, vol. 58, no. 3(August 1976), pp. 339-50.

Shefer, Daniel. "Localization Economes in SMSA's: A Production Function
Anal ysis," Journal of Regional Science, vol. 13, no. 1(April 19731,
pp. 55-64.

Svei kauskas, Leo A "The Productivity of Gties," Quarterly Journal of
Economcs, vol. 89, no. 3 (August 1975), pp. 393-413.

Tolley, George S., and B Smth. "Scale Economes, Externalities, and
Gty Size," in Tolley, Gaves, and Gardner, eds., Wban Gowh Policy
in a Market Econony. New York: Academc Press, 1979, pp. 37-49.




—99_

http://clevelandfed.org/research/workpaper
Best available copy

Table 1. Average Annual G owth Rates of Manufacturing Qutput
Labor, Private Capital, and Public Capital for the 39 SMSAs

sriable 1958- 61 1961- 70 1970- 75 1975- 78
ut put 2.62 4. 32 1.08 6.70
sbor . 64 1.62 -1.88 3.06
rivate Capital Stock 134 3.01 .77 7.35
>tal Public Capital

St ock 1.80 1.81 1.44 1.04
>ad and H ghways 4.57 2.85 .99 .77
aste Treat nent 3.04 1.91 1.36 1.92
ater System 3.72 1.89 - .20 .07

ste:  Time periods correspond to the trough-to-trough intervals of the
nati onal busi ness cycl e.
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Table 2 Rankings of SMSA's by S ze of Public Capital Stock, Private
Capital Stock, Popul ation, Area, and Age of Public Capital Stock

Ranki ng of SMBA by:

Publ i c Private Popula- Area Per Capita

SMVBA Capi t al Capi t al tion Public Private Age
New Yor k 1 5 1 32 1 35 3
Los Angel es 2 4 2 9 7 24 31
Chi cago 3 1 3 11 13 13 18
Detroit 4 2 5 10 9 4 23
San Franci sco 5 11 6 19 2 29 27
Phi | adel phi a 6 6 4 13 18 21 28
Pi tt sburgh 7 7 10 17 11 7 26
Bal ti nore 8 13 11 22 10 22 9
M nneapol i s 9 13 11 22 10 22 7
d evel and 10 8 16 28 8 6 29
Seattle 11 22 17 7 5 26 21
Dal | as 12 14 7 1 33 32 2
Houst on 13 3 8 2 35 1 4
M | waukee 14 15 20 29 6 14 30
Atlanta 15 21 13 65 24 33 1
St. Louis 16 9 9 3 32 20 25
Newar k 17 10 14 34 22 9 34
Buf f alo 18 12 23 27 3 3 15
ad ncinnati 19 18 19 23 17 19 22
Kansas Gty 20 20 21 15 15 23 10
San Diego 21 36 15 8 36 36 12
Menphi s 22 33 28 21 4 25 19
Denver 23 23 18 4 26 30 3
New O | eans 24 35 24 25 19 34 33
Por t| and 25 29 22 12 23 31 8
Rochest er 26 17 27 18 14 5 24
I ndi anapol i s 27 19 25 16 29 15 14
Col unbus 28 30 26 20 30 28 13
Louisville 29 27 29 31 20 17 20
Dayt on 30 26 31 26 25 16 17
Bi r m ngham 31 24 30 14 A 12 6
Akr on 32 28 32 35 21 8 16
Jersey Aty 33 32 35 36 16 10 36
R chnond 34 34 33 24 27 18 11
G and Rapi ds 35 31 34 30 31 11 5
Youngst own 36 25 36 33 28 2 35

Note: FErie, Canton, and Readi ng were not included in these rankings, although
they were included in the rest of the analysis. Age of the public
capital stock is neasured as the percentage of public capital put in
pl ace during the last 10 years. Definitions of the other variables are
described in the text.
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Table 31  Production Function Estimates with and wi t hout
Public Capital Stock

Vari abl e Model A Mdel B Mdel C
tercept L1142 -.754 -1.23
(1.19) (7.37) (10.29)
(time) .136 127 .130
(135.60) (202.56) (117.56)
(hours ) 1.24 .956 .650
(33.69) (39.59) (13.59)
(prvcap) .130 429 .555
(2.62) (12.86) (13.93)
(pubcap) .155 .354
(7.20) (9.13)
(hours )* -.077 -.020 -.051
Ln(prvcap) (5.31) (2.82) (3.01)
(prvcap‘)'* o =.046 —.l42
Ln( pubcap) (11.58) (14. 89)
(hours )* .031 .109
Ln(pubcap) (3.98) (6.46)
(hours )? .010 -.064 -.215
(.64) (6.76) (8.22)
(prveap)? .078 .042 ' .075
(4.92) (4.49) (5.20)
(pubcap)? .007 .017
(.77) (1.15)

te:  Mdel A does not contain public capital stock; Mdel B
contains public capital stock neasured as water treatnent,
wat er supply, and hi ghways and roads; Mdel C contains
public capital stock measured as total public capital stock
defined in the text. Park's nethod of correcting for auto-
correlation and heteroskedasticity is used. T-statistics are
in parentheses. The Park's procedure in SAS does not report
an R-square.
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Table 4 Estinates of Marginal El asticities, Marginal Physical Products,
and Returns to Scal e

Char acteristic Mbdel A Mbdel B Model C

Val ues of;

Marginal El asticity of:

Labor .79 .66 .66

Private Capital .22 .32 .31

Public Capital .03 .04
Returns to Scal e 1.01 1.01 1.00
Mar gi nal Physi cal Product of:

Labor 5.08 4.21 4.27

Private Capital .23 .32 .30

Public Capital .07 .03
Signs of:

Second Partial Derivative between:
Private and public capital - -

Private capital and | abor + + +

Private capital and
private capita

Public capital and | abor + +

Public capital and
public capital - -

Labor and | abor - -

Co- factor between:
Private and public capital + +

Private capital and | abor + + +

Public capital and | abor - -

Note: El asticities and marginal products are cal cul ated from
estimates displayed in table 3
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