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| nt roduction

Interest in the effect of public capital on regi onal econonm c devel opnent
has increased in recent years in light of numerous reports of the fragile
state of the nation's public infrastructure. Estimates of the shortfall
bet ween i nvest ment needed to provi de "adequate" public infrastructure and
avai l abl e revenues to fund these projects range from$17.4 billion to $71.7
billion annually over the next several years.1 A rng or concern about the
inability to meet public infrastructure needs is the possible adverse effect
on econom c grow h.

The i nportance of public capital for regional growh stems fromits effect
on the production and | ocation decisions of private industry. Follow ng
Meade' s (1952) classification of public inputs, public capital, such as
hi ghways, bridges, sewer systens, and water treatnent facilities, can be
viewed as inputs in the production process of private industry that contribute
i ndependently to output. However, unlike private inputs, which are purchased
in a market on a per-unit basis, public capital is provided by the government
sector and is financed to a large extent through taxes. Since these tax
paynments are not necessarily related to the quantity of public capital used by
private industry, public capital is essentially an unpaid input. MNoreover,
assum ng that firns have no direct control over how nuch public capital is
supplied to them public capital is an exogenous input fromthe firms
perspecti ve.

Even though public capital is exogenous to the firm its allocationis to
a large extent endogenous to the | ocal econony, since the |evel of public

outlays is determ ned through the political process. Therefore, assumng a



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

medi an vot er nodel of |ocal collective decision-naking, one can posit a
si mul taneous rel ati onship between regional incone growth and |ocal public
infrastructure investnent.

Studi es have | ooked at each side of the relationship between regiona
growth, typically neasured by personal inconme, and public investnent, but have
not conbined the two. The effect of public infrastructure on regional growh
has received relatively little attention, prinmarily because of the |ack of
reliable measures of |ocal public capital stock. Regional growth studies that
have considered the effects of public investnent typically use capital
expenditures as a proxy for capital stock, instead of estimating capital stock
directly.2 For exanple, Hel ms (1985) and Garcia-M|la and McGuire (1987) find
a positive and statistically significant relationship between highway capital
expendi tures and state personal incone.

The literature estimating the demand for |ocal public expenditures is nuch
nore extensive, tracing back to the sem nal work by Borcherding and Deacon
(1972). They found, as do nore recent studies, large and statistically
significant incone elasticities for highway and wat er-sewer expenditures.

The primary purpose of this paper is to estinmate the effect of public
capital stock on regional income. CQur study differs fromthe few studies that
have exam ned the relationship between nmeasures of public infrastructure and
personal income in several ways. First, we construct a nodel that integrates
three di mensions of the relationship between public infrastructure investnment
and regional income: public infrastructure as an input into the production

process, public investment as a construction or "public works" activity, and
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the determ nation of the level of public infrastructure as a consunption good
in the medi an househol d's utility function

Second, we attenpt to inprove the neasure of public capital stock by
constructing estimtes' based on the perpetual inventory technique for a sanmple
of metropolitan areas. This approach provides a much better neasure of the
quantity and quality of local public infrastructure than can be obtained by
sinmply using current capital outlays or adding up a short series of past
expendi t ures.

Third, in order to avoid possible simultaneity bias arising fromordinary
| east squares (CQLS) estimation of the personal income and public investment
equations, the relationship between nmetropolitan personal incone and | oca
public investment is estimated using two-stage | east squares (2SLS). In
addition, the use of 2SLS reduces the possible bias due to neasurement errors
of various key variables, such as public capital stock estinates.

For a sanple of 28 standard netropolitan statistical areas (SMSAs) during
the first half of the 1980s, we find that both public investnent and public
capital stock have a positive and statistically significant effect on per
capita personal inconme. W find that the offsetting effects of simultaneity
and errors-in-variabl es biases cause the OLS and 2SLS estinates to differ

significantly for public investnment but not for public capital stock.

11 Mbde

Thi s paper attenpts to estimate the effect of public investment, both

current outlays and public capital stock, on personal incone within
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metropol i tan areas. However, the |inkage between public investnent and
personal inconme works in two directions. Public investment influences
personal income through its effect on the narginal product of |abor. Persona
income in part determnes the' | evel of public investnent, as described by the
nmedi an voter nodel . For purposes of our sinple nodel, we assunme that the
source of personal incone is wage and sal ary di sbursenent. Under this
assunption, public investment can affect personal incone through two channels:

wages and enpl oynent.

Wages

By considering a neocl assical production function, wages can be equated

with the value of the marginal product of |abor,

wt - Ptf(Lt. Kty EC’ Gt>’ (1)

where w, is the wage level and p, is the price level. Labor (L), private

t
capital stock (K), energy (E), and public capital stock (§ contribute
positively to production. W assune that the rents gained by the firmin the
short run through the contribution to output of public capital stock, an
unpai d factor, are returned to workers through hi gher wages (see Negi shi,
1973).

Several studies have found that public capital has a significant effect on

production decisions at the regional |evel. Eberts (1986) estinates a

production function with public capital stock, private capital stock, and



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

| abor as inputs for manufacturing within 38 netropolitan areas. He finds that
the margi nal product of public capital is positive and statistically
significant. Deno (1988), estimating a profit function, also finds a positive
rel ationshi p between public capital and manufacturing output.

The effect of public capital stock on wages nay be mtigated to some
extent if either of two cases occurs. First, if labor and public capital are
substitutes and | abor supply is upward sl oping, then an increase in public
capital stock coul d decrease wages.' Second, sone rents may accrue to factors
other than | abor, such as capital or entrepreneurship. However, wages coul d
still be positively affected by an increase in public capital in the long run.
If rents accrue to capital or entrepreneurship, then the higher returns due to
the unpaid public capital input would attract additional firnms into the area,

i ncreasing the demand for both | abor and private capital. Additional firns
nove into the region until the rents are dissipated and capital earns a

conpetitive rate of return.®

Emplovment

Local |abor market enployment is determ ned by equating | abor supply with
demand, assum ng the |abor nmarket clears each period. W also take the
l ong-run view that private capital and energy consunption vary. Consequently,
we enter the prices of these factors, rather than the | evels, into the wage

equation(equation [1]):

we = peflre, ep, Go), (1"
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where r. is the private capital price and e, is the energy price. Public
capital stock is considered to be quasi-fixed. The determ nation of the |evel
of public investment will be considered i n the foll owi ng section.

Rearrangi ng equation(1l) yields the denmand for Iabor(r1dt):

ndt - nd(wt, Pt» Tgs €¢, Gey ©), (2)

where s denotes technical production paraneters.

The | ocal |abor supply depends on the real net wage (w/p) and the size of
the | ocal popul ation (9. H gher wages, resulting froma | arger-than-average
public capital stock, may attract additional workers into the |ocal |abor
market, until the rents accrued fromthe public capital stock are dissipated
and the wages return to some equilibriumlevel across regions. Public capital
stock al so enters the | abor supply function through the household' s utility
function. Although the |abor market clears at the current wage, unenpl oyment
(U may exist due to frictional aspects of the job-search process and
intertenporal |abor supply substitution. W therefore add the unenpl oynent
rate (U.) to the labor supply equation(nst)

n®. = n®(w., pp. Sp. Up, 7, (3)

where r represents househol d preferences.
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Equating the real wages in the demand and supply equations yields the

| ong-run market-clearing enploynent |evel (n*.):

n*, = n(rt,'et, Segs» Ups Gg, 1, ©). (&)

Combi ni ng the wage (equation [1']) and enpl oyment (equation (&4)) equations

yields a real personal income equation:

Y. = Y(r., ey, S¢, U, G, 7, @), (5)

which is expressed in per capita terns to be consistent with the nedi an voter

model . °

Det erni nation of Public |nvestnent

Determ nati on of the I evel of public investnent follows the conventional
medi an-voter nodel with the additional feature that public goods enter not
only the utility function as a consunption good, but also the production
function as an unpaid input. Consequently, public capital affects the
househol d directly through the utility function and indirectly through its
ef fect on the household' s income.

Consi der a representative consumer who |ives and works in an urban | abor
mar ket and who derives utility fromconsum ng a private consunption good, X,
and public capital stock, G W consider public capital stock to be a rival

good, in the sense that |ocal public services, such as transportation and
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hi ghways, and water treatment and distribution systens, are subject to
congestion. Therefore, we express public capital in per capita terns, under
the assunption that individual household utility and firm production depend on
t he anmount of public capital services each recei ves. ©

I n each time period t, an individual chooses the consunption good (X) and
the per capita public capital stock (G/S) by maxim zing utility subject to a

budget constraint:

max U(Xy,G/S¢) s.t. Yo=pXe + 0¥, (6)

wher e Y is the individual's income, «is the local tax rate, and p . is the
price of X Public capital stock, G., is supplied by a single |oca

gover nment, whi ch enconpasses each netropolitan area. Although total public
capital stock affects production and utility, only a portion of it is

al l ocated each year. Therefore, the decision variable of the nedian voter is
gross public investment. The anount of capital stock present in year t
depends on the gross investnent in year t (g.), the amount of capital stock in
the previous year (G..1), and the rate of depreciation and discard (6 of the

capital stock:

Gy = B¢ + (1-6)G, 7. (7)

Substituting equation(7) for G, in the utility function in equation (6),

recogni zing that public investnment is funded by taxing a portion of the
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househol d' s i ncone (oY =g.), and then sol ving the nmedi an voter's naxi m zation

probl emyi el ds the denand for gross public investnent:7

8% = 8(Y¥¢, .S¢, Pey @, T), (8)

where r denotes househol d t astes.
Col l ecting the real personal incone equation(equation (5}), the public
i nvest ment equation(equation ([8]) and the investment rel ationship (equation

[7]) yields the foll ow ng systemof equations:

Y, = Y(ry, ep, Sp, Up, Gp, T, O, (5)
Ge = Bp + (1-86)G¢.q, (7)
gt = g(Yt) St) pt) o, T) (8)

Thus, from these equations, one can recogni ze the simltaneous rel ationship

bet ween public capital and personal incone.

Esti mati ne Eauati ons

As stated earlier, the primary purpose of this study is to estimate the

effect of public capital stock on regional income. Substituting equation(7)
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into equation(5) and linearizing both functions yields the followi ng tw

equations, which are estimated sinultaneously:

Y. = a, + ajgy + aoGp.1 + azZj. + e, , (9)

Br = by + byY, + boZo, + egt , (10)

where z,,. and z,,. are vectors of exogenous variabl es described in the next
section.

Previ ous studies have estimted the effect of public capital on persona
i ncome using single-equation OLS estimation. It is obvious from equations(9)
and' (10) that OLS estimates may be biased upward if the effect of incone on
public capital stock investnent (by) is significant and positive. On the
ot her hand, neasurement error in public capital stock estimates coul d bias the
estimates downward.® Therefore, the net direction of the bias is ambi guous
and depends on the relative nagnitudes of the two biases.

Since both public capital expenditures and public capital stock appear in
equation (%), this framework also allows us to conpare the separate effects of
expendi tures and stock on personal income. Expenditures affect persona
income as construction dollars are spent in the |ocal econony (a;). Capital
stock affects personal income as an input in the production process, which

enhances the marginal product of |abor (a).



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

I111. Data

Equations (9 and(10) are estimated using annual data from 28 SVBAs for
the years 1980 through 1984. The sanple of SVMBAs is constrained prinarily by
the availability of public capital stock estinmates. The time span includes
both an econom c recessi on and an expansion. A list of the SM5As used in this
study is presented in appendi x A, and a sunmary of data sources is provided in

appendi x B.

Personal | ncone Eauation

Personal incone for each SMSA was obtained fromthe Bureau of Econom c
Anal ysis and neasured in per capita terms. The incone series is deflated
using the national Consumer Price Index (). Ti me durmmy vari abl es are al so
included in the equation, since nationw de price shocks may occur to real
personal incone that are not fully reflected in the CPl. Prices also vary
anong regions. Al though CPls are available for sel ected SM5As, they are not
available for all of the netropolitan areas for which public capital stock
estimates are available. Using the available CPls woul d reduce the sanple to
a prohibitively small number of observations. Instead, we entered into the
personal income equation the medi an house val ue for each of the 28
netropolitan areas. Since nost of the regional variation in prices cones from
housi ng costs, we considered it to be a reasonabl e neasure of regional price
di ff erences. 9

Public capital stock (G.), expressed in per capita terms, is defined as

the dollar value of the total stock of public capital in the SMBA. Public
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capital includes: (a) sanitary and stormsewers and sewage di sposa
facilities, (b) roadways, sidewal ks, bridges and tunnels, (c) water supply and
di stribution systens, (d) public hospitals, and(e) public service enterprises
such as airports and ports. These estimates are constructed using the
perpetual inventory nmethod, which adjusts accunul ated gross investnment for
retirement and depreciation. This nethod is based on the assunption that
capital stock at any given tine is a function of past investnents in public
structures and equi pment. Over time, vintages of capital |ose efficiency, and
a portion are discarded each year.10 The annual capital outlay series, used
to estimate stock and to neasure gross investnent (g.), was obtained fromthe
CGovernnent Fi nance Series conpiled by the Census Bureau.

The renmining variables in the personal income equation fall within two
categories. The first group contains variables related to the production
process. Firms use various types of energy in the production process (e.g.,
electricity, natural gas). Following Carlton (1983), we use the price of
electricity for the 300 KWH to 120, 000 KWH i ndustrial classification as a
proxy for energy costs. In particular, we use the rate in the highest
continuously listed rate schedule of the largest city in the SMSA, as |isted

in the rate schedules found in Tvpical Hectric BiIIs.11

The renai ning i ndependent variables include factors that may affect the
private sector demand for and/or supply of labor. Many factors affect both
firms and househol ds, which makes a priori interpretations of the signs of the
coefficients difficult. Several measures of business climte are used.

Presumably, firms will be less attracted to SMSAs located in states with a
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relatively high percentage of union nenbers(UNQN, because of a perception
by managers of less flexibility in personnel matters and hi gher associ at ed

| abor costs. Thus, regions with high union representati on may have | ower
personal incone because of the negative effect of unions on | abor demand. On
the other hand, the wage conponent of personal incone may be higher in highly
uni oni zed regi ons because of the uni on-wage prem um

Anot her business-climate factor is the Right-To-Work Law (RTW), whi ch may
provide potential entrants with information on the business climte of the
region and on future wage | evels while reducing the probability of union
i nvol verent. Thus, firnms may be attracted to SMSAs that are located in states
with right-to-work laws. This variable may also affect the migration
deci sions of workers, but in a direction that reinforces the effect on | abor
demand. Newman (1983) finds that UNION and RTW have a statistically
significant effect on the growth of state manufacturing enploynment. The
growth rate is higher in states with right-to-work laws and lower in states
with a high percentage of unionized workers.

High tax rates nmay deter firnms and househol ds fromentering a regi on
given equal levels and quality of public services. Taxes are neasured as the
metropolitan area's tax liability (STAX) of the nedian-incone famly. STAX is
the ratio of state tax revenue to tax capacity as derived by the Advisory
Commi ssion on I ntergovernmental Relations (AQR. Since personal and firm tax
liabilities are likely to be highly correlated, STAX may al so capture the

effect of the overall tax structure.
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Firns' |ocation decisions may al so be influenced by the availability of
| abor. The popul ation of the SMSA is used to measure the size of the | abor
pool. The SMSA unenpl oynent rate measures the tightness of the |abor force
(UN\EWP) . Wages and thus personal incone nay al so be higher in regions with
hi gher-t han-average concentrati on of manufacturing enpl oynment, since
manuf act uri ng wages are typically higher than wages in other sectors. The
per cent age of manufacturing workers (RMFG) accounts for this effect. Al so,
human capital has a | arge influence on wages and thus personal income. A
vari abl e neasuring the average years of education of workers in each SMBA is
included to reflect the level of human capital.

Wrkers and firns may find regions with favorable clinmates nore attractive
and migrate there. The average nunber of days with tenperatures bel ow
freezi ng (FRZDAY) and above 90 degrees (T90DAY) per year are used to measure
climatic effects on firmlocation. However, the sign of the coefficient is
anbi guous si nce denmand and supply effects are conm ngl ed.

Finally, three regional dummy variables are included to account for any
unspeci fied regional factors that may affect per capita personal income

(SQUTH, WEST, and M DWEST); the Northeastern region is omtted.

Public | nvest nent Equation

The dependent variable for equation(10) is real public gross investment

per capita estimated for each SMSA. The explanatory variable of primry
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interest is real personal income per capita(LYPN. I nt er gover nment a
revenue per capita is also included to account for the incone effect of state
and federal revenue to | ocal governments(LFNI). The medi an i ncome family's
tax liability (LSTAX) is included to measure local tax effort. Since property
taxes constitute a | arge source of |ocal government revenue, property tax
rates (PRCPRATE) are also entered into the public investnent equation.

The remai ni ng expl anatory variabl es reflect differences in the preferences
of medi an voters anong SMSAs. These vari abl es i ncl ude nedi an house val ue
(LMEDVAL), percentage of owner-occupi ed housi ng (OMO0), and percentage of the
popul ati on bel ow the poverty | evel (PO/ERTY). Medi an house val ue is included
to capture variations in netropolitan price levels. Regional dummy vari abl es

and tine dunmmy variabl es are al so incl uded.

V. Estinmation

Each equation is estimated using pool ed data for 28 SVMBAs from 1980
through 1984. Followi ng Plaut and Pluta (1983), all coefficients except the
intercept are constrained to be equal over the time period. The variables are
entered in |l og-1og form except when the variabl es are expressed as
percentages.12 CLS and 2SLS estimates of the personal income and public

i nvest ment equations are shown in table 1.

Personal | ncone Eauation
Results in table 1 show that both public investnent and public capital

stock have positive and statistically significant effects on real per capita
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personal income. Hausman's (1978) test of significance shows that the OLS and
2SLS estimates are not statistically different for public capital stock but
they are for public i nvest ment . 13 Consequently, the OLS bias and the
errors-in-variable bias are either each negligible or they are offsetting in
the former case.

The coefficients of public investnment and public capital stock reveal two
separate effects of public infrastructure on personal incone. The effect of
public investment on personal incone results prinarily fromthe construction
of public capital stock, either replacement or net additions. Public
i nvest ment i ncreases personal income by increasing enploynment and wages in the
construction industry. The coefficient may al so account for the multiplier
ef fect throughout other sectors of the |ocal econony, if the response is quick
enough to occur within a year. A 10 percent increase in public outlays
i ncreases personal income per capita by 0.37 percent using OLS estinates and
1.1 percent using 2sLs. The coefficient-on public investment |agged one year
was insignificant (not shown), suggesting that nost construction projects |ast
| ess than a year and the mulciplier effect dampens very quickly.

The public capital stock coefficient reflects the effect of public
i nvestment as a production input and as a househol d' s consunption good, since
the "public works" aspect of public investnent appears to last less than a
year and the public capital stock variable is |agged one period. A 10 percent
increase in public capital stock is associated with a 0.94 percent increase in
per capita personal income using OLS and a 0. 81 percent increase using 2SLS.

The OLS point estimates, which can be read as el asticities, suggest that the
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effect of public capital as an input has nearly twice the effect on persona

i ncome as does public capital as a construction activity. Wen 2SLS is used,
the effect of public capital stock on personal incone is nuch smaller relative
to the effect of gross investnent. However, one can conclude that the
contribution of public capital stock to economic growh clearly outlasts its
initial construction phase.

The remaini ng variabl es, which were statistically significant at the 95
percent |evel using either QLS or 2SLS, have the expected signs. High tax
liability is associated with | ow per capita personal incone, presumably due to
its deterrent effect on firmentry, which | owers | abor demand. Areas with
hi gh unenpl oynment rates, indicating a slack | abor narket, have | ow per capita
personal income, primarily through the depressing effect on wages. The
popul ation of the netropolitan area is positively correlated with real per
capita personal incone. One explanation of this relationship could be the
beneficial effects of aggl omeration economies on firmlocation. The
proportion of manufacturing enploynent in a metropolitan area is also
positively correlated with per capita personal income, presunably due to wage
prem unms enj oyed by manufacturing workers over conparabl e workers in other
industries. Education also positively affects earnings, as evidenced by the

positive coefficient on average years of education

Public | nvest ment Egquation

Al though this equation is included only to control for possible

simltaneity between per capita income and public investment, sone of the
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results are interesting to highlight. For instance, as shown in table 2, per
capita real pefgahar']ncone has a positive and statistically significant

cont enpor aneous effect on |local public investnent. The income elasticity
estimate differs considerably depending on the estimation technique. Using
OLS, the estimate is close to unity; wusing 2sLS, the estimate is close to 2.
The second elasticity estimate is still consistent with results found by

Bor cherdi ng and Deacon(1972) for sone forms of infrastructure. W also find
that federal and state grants have a positive effect on public investnent

The 2SLS estimates reveal that a 10 percent increase in intergovernmental
revenues per capita raises public investnment expenditures by 0.25 percent.
The QLS estimate is virtually identical. Both OLS and 2SLS estimates are
statistically significant at the 10 percent I|evel.

The other variables are included to account for differences in preferences
across netropolitan areas. For instance, areas wi th higher-than-average
poverty rates spend a | ower-than-average amount on public investnent,
presumably using their tax dollars to fund social programs instead of economc
devel opment. The negative rel ationship between the percentage of
owner-occupi ed housing and public investment may al so refl ect preferences for
ot her | ocal governnent prograns. However, one can only specul ate on the
tradeoff within the |ocal governnent budget, w thout expanding the system of

equations to include other government expenditures.
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V. Summarvy and Concl udi ng Renarks

The purpose of this study is to estimate the effect of public
i nfrastructure on regi onal econom c devel opnent, as neasured by per capita
personal incone. The paper nakes two contributions. First, we use public
capital stock estimates instead of sinply using expenditures. Second, we
construct a sinple nmodel of both the effects of local public infrastructure on
personal income and the effect of personal income on the allocation of |oca
public outlays. The resulting systemof equations highlights the potenti al
si ngl e-equation estimation bias if public investment is considered exogenous,
as is the case with other studies.

Resul ts derived fromannual data for 28 netropolitan areas from 1980
through 1984 reveal that public capital stock has positive and statistically
significant effects on per capita personal incone. The effects cone through
two channels. The first is through the actual construction of the public
capital stock. The second effect comes through public capital stock as an
unpaid factor in the production process and a consunption good of househol ds.
This second effect is twice as large as the first effect using OLS, but the
rel ative magnitudes of the two effects are roughly reversed using 2SLS.

Al t hough singl e-equation estimation bias is a potential problemwhen
estimating the effect of public capital stock on personal incone, it is not
possi bl e to determ ne the nagnitude of the probl em because of the potenti al
errors-in-vari abl es bi as.

Recent studi es have concluded that the nation's public infrastructureis

inserious disrepair. These findings take on added inportance when consi dered
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together with the findings of this study. Decaying public capital appears to
be one factor that can retard regi onal econom c devel opnent, as measured by
per capita personal incone. Qur results showthat the positive effect of
public capital on a region's econony cones fromnore than sinply a surge in
construction activity. Public capital stock is shown to be an inportant input
into the regional production process, which has | ong-run consequences for
enhancing a region's productivity, and thus its conpetitive advant age.
Therefore, wel|l-naintained public infrastructure shoul d be an inportant
conponent of any policy package designed to pronote regional econom c

devel oprent .
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FOOTNOTES

1. The study by the Associated General Contractors of America estimates the
| argest gap, while the Congressional Budget O'fice comes in with the |owest
estimate.

2. One notabl e exception is the series of studies done by Mera (1975)

consi dering the effect of public infrastructure on regional devel oprment in
both the United States and Japan. Mera devel ops a capital stock measure for
the nine census regions and four prefectures inJapan. In the U S study,
Mera concentrated primarily on the effect of infrastructure on manufacturing.
Costa, Ellson, and Martin(1987) also construct capital stock neasures for
states and use these to exam ne effects on manufacturing.

3. Estimates of the relationship between public capital stock and | abor
depend on whether or not output is held constant. Eberts (1986), estimating a
production function, and Dal enberg (1987), estimating a cost function, find
public capital and | abor to be weak conditional substitutes. On the other
hand, Deno (1988), estimating a profit function, finds public capital stock
and | abor to be unconditional conplements. Costa, Ellson, and Martin(1987)
construct estinates of public capital stock for the state level. Using a
three-i nput translog production function, they find that public capital and

| abor are conditional conpl enments.

4. Eberts(1989) shows that |ocal public capital stock has a positive and
significant effect on the openings of firns in metropolitan areas. C her
studi es, including Charney (1983) and Bartik (1985), which use public outlays
rather than public capital stock, find simlar results.

5. For conveni ence, we assune that the inconme distribution is such that
nmedi an i ncome equal s mean i ncone.

6. One could also foll ow the approach used by Borcherdi ng and Deacon (1972)
to specify and estimate a congestion parameter, such that G'=G/N2. Estinating
the congestion paraneter, a, would be an interesting extension. However, we
feel that the assunption that a=l will not alter the main thrust of the paper.

7. By reformulating the maxi m zation problemin terns of output, one can
derive the standard result that the sumof the marginal rates of substitution
equal s the narginal rate of transfornation, but in this case the latter is
adj usted for public capital stock's contribution to output. Pestieau(1976)
provides the optimality conditions within an nedian voter framework for

al l ocating public inputs, when public goods enter the production function but
not the utility function. Furthernore, as shown by Atkinson and Stiglitz
(1980), the condition for the existence of an interior solution when the
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nunber of workers varies depends upon the elasticities of consunption and
production. W assune that the elasticities are appropriate to achi eve an
interior solution.

8. At least two possible sources of errors in variables are pertinent.
First, the capital stock estinmates may not include all the public capital
stock in place in each SM5A. .W tried to include public outlays fromall

| evel s of government that were spent in the SMBA. Nonet hel ess, some sources
coul d have been m ssed. Second, our assunptions about depreciation and

di scard rates coul d introduce some bi as.

9. It could be argued that house val ues are al so endogenous, si nce nmovenent
of firme into the area in order to capture the rents fromthe public capital
stock could bid up land prices. W abstract fromthis possibility at this
time.

10. Faucett (1977) discusses the perpetual inventory nethod in detail.
Construction of the public capital stock estimates is discussed by Eberts,
Dal enber g, and Park (1986).

11. Property tax rates were also included in the equation to capture their
effect on the price of private capital. However, the estinmates were
statistically insignificant and onmtted fromthe equati on so they m ght be
used in the public investnent equation to help identify the personal incone
equat i on.

12. The log-log formappears to fit the data better than other functional
forms. Mbreover, this functional formreduces the |ikelihood of

het eroscedasticity (Theil, 1971). The procedure described in Kmenta (1986)
was used to correct for possible heteroscedasticity and autocorrel ati on.
Estimates using this procedure were very sinlar to the estinates using OLS.
Unfortunately, a simlar correction procedure is not available for 2SLS, so
the reported estinates do not correct for heteroscedasticity and

autocorrel ation. W used Hausman and Taylor's (1981) rmethodol ogy to test
whet her the systemof equations is properly identified. W found that the
exogenous vari abl es excl uded from the personal incone equation and entered in
the public investnment equation were not correlated with the 2SLS residual s of
the personal incone equation, which satisfied their test.

13. Hausman (1978) shows that if (B,g;c-Bore) (026 s-0201c) L ]

great er than( chi -)square with one deg‘]zrsé'es of 11 eedozr%Lst hen” Gne cgﬁzﬁéfectolisﬁe
hypot hesi s of no statistically significant specification bias. For public
investment, the test statistic is 7.46, which is greater than the 95 percent
chi-square value of 3.84. For public capital stock, the test statistic is
1.17, which is less than 3.84. Thus, we can reject the null hypothesis of no
significant bias for the public investnent estimate, but we cannot reject the
hypot hesi s of no bias for public capital stock.

is
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Table 1: QS and 2SS Estimates of Personal Incone Equation

Vari abl es MEAN as 29L.S
LCAPI NV: log(public investnent 4. 06 .037* .113%
per capita). (.019) (.034)
LCAPTOT: log(public capital stock 7.63 .094% .081%
per capita; |agged) (.029) (.031)

RVFG: rati o of manufacturing .21 .L80* .508%

to total enpl oyment (.118) (.126)

UNI ON: per cent age of workers .22 .190 .170
uni oni zed (.179) (.190)

LPE: log(electricity price) 7.51 .003 .010
(.016) (.018)
LSTAX: log(state tax liability) 4.62 -.277% -.274%
(.042) (.044)

LFRZDAY: log(number of freezing 3.96 .017% .008
days) (-008) (.009)

LT90DAY: log(number of above 90 2.59 -.013 -.003
degree days) (.012) (.013)

UNEMP: unenpl oynent rate 8.14 -.009* -.003
(.004) (.004)
LSVMBAPCOP: log(SMSA popul ati on) 7.63 .044* .033+
(.009) (.011)
IMEANED: 1log(average years of 2.56 1.026% .953%
educat i on) (.338) (.360)
LMEDVAL: log(median house val ue) 10. 92 .255% .256%
(.032) (.034)

RTW: -1 if right-to-work .19 -.021 -.034
state (.026) (.028)

SQUTH: -1 if SMBA in South .21 -.017 -.051
(.030) (.034)
VEST : -1 if SMBA in Wst .25 -.099% -.123%
(.025) (.027)
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MDWEST: -1 if SMSA in M dwest . 36 -.089% -.099%
(.017) (.019)
Y81: -1 if year-1981 .20 -.001 -.005
(.013) (.014)
Y82: -1 if year=1982 .20 .009 -.005
(.018) (.020)
Y83: -1if year-1983 . 20 .034 .029
(.020) (.021)
Y84: -1 if year=1984 . 20 .049% .060%
(.018) (.020)
I nt ercept :3.01% -3.05%
(.805) (.855)
Adj usted R? .82 .81

Not e: Dependent variable is the log of real per capita personal incone,
deflated by CPI. Standard errors are in parentheses. Asterisk (*) denotes
statistical significance at the 95 percent confidence |evel. The omtted
regi onal dummy variable is the Northeast, and the omtted time variable is
1980. See text for data sources.
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Table 2: QS and 2SLS Estimates of the Public Investnent Equation

Best available copy

Vari abl es MEAN as 29L.S
LYPN log(real per capita 2.40 1.197* 1.976%
per sonal income) (.300) (.387)

LFINT:  log(intergovernmental 6.24 .236 .248
revenue) (.128) (.131)
ILMEDVAL: log(median house val ue) 10. 92 -.727% -.962%
(.157) (.176)

PRCPRATE: property tax rate 3.45 .007 .008
(.005) (.006)

LSTAX. log(state tax liability) 4.62 .084 .131
(.169) (-174)
OMCC.  percentage owner occupi ed 60. 92 -.029% -.027%
housi ng (.004) (.004)
POVERTY: percentage bel ow poverty 8.34 -.117% -.099%
(.015) (.017)
SQUTH =1 if SMBA in South .21 . 643% .687%
(.085) (.088)
VEST: -1 if SVBA in Vst .25 .301%* .LO7*
(.090) (.097)
MDWEST: =1 if SMBA in M dwest . 36 .125 .205%
(.071) (.077)

Y81: =1 if year=1981 20 -.016 -.015
(.054) (.056)

Y82: =1 if year=1982 20 -.027 -.018
(.055) (.056)
Y83: =1 if year=1983 .20 -.172% -.179%
(.055) (.057)
Y84 : =1 if year=1984 .20 -.276% -.313%
(.058) (.060)
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i ntercept 9.81% 9.87%
(1.62) (1.66)
Adj usted RZ .59 .59

Not e: Dependent wvariable.is the log of real gross public investnent per
capita. Standard errors are'in parentheses. Asterisk (*) denotes statistica
significance at the 95 percent confidence level. The omtted regional dummy
variable is the Northeast, and the omtted time variable is 1980. See text
for data sources.



EAST REG ON

Buf f al o, NY

New Yor k, NY
Newar k, NJ

Phi | adel phia, PA
Pi ttsburgh, PA

M DWEST REGQ ON

Akron, CH
Chicago. IL

G ncinnati, OH
Col unbus, H

d evel and, OH
Detroit, M

I ndi anapolis, IN
Kansas City, MO
M | waukee, W

M nneapol i s, MN
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APPENDI X A©  List of SMSAs

SQUTH REG ON

Atl anta, GA

Bi rm ngham AL
Bal ti nore, D
Dal | as, TX
Houst on, TX
New O | eans, LA

WEST REG ON

Denver, CO

Los Angel es, CA
Portl and, OR

San Diego, CA
San Franci sco, CA
Seattl e, WA

Best available copy
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APPENDI X B Vari abl e Sour ces

LYPN. LoOG(PER CAPI TA PERSONAL | NOOVE), U.S. Departnent of Commerce, Bureau of
Econom c Anal ysis, "Survey of Current Business," advance
tabl es and unpubl i shed materi al .

LFI NT: LOG(REAL INTERGOVERNEMTAL REVENUE), U.S. Departnent of Conmerce, Bureau
of Census, Survey of Governnent Fi nance and Census of
Gover nnment Fi nance, books and tape files.

LMEDVAL: LOG(MEDIAN HOUSE VALWE), U.S. Department of Conmmerce, Bureau of the
Census, County and City Data Book, various years.

LSTAX: LOG(STATE TAX LI ABILITY), Tax revenue divided by tax capacity, Advisory
Commi ssi on on Intergovernmental Rel ati ons, Measuring

State Fiscal Capacity, 1987.

OMICC. PERCENT OANER OCCUPI ED HOUSI NG, U. S. Department of Commrerce, Bureau of
the Census, County and Gtv Data Book, various years.

LMEANED: LOG(AVERAGE EDUCATI ONAL ATTAI NVENT), U.S. Departnent of Commerce,
Bureau of the Census, Qurrent Popul ation Survey tapes

LCAPINV: LOG(PUBLIC REAL GROSS | NVESTMENT PER CAPI TA), Unpublished data series
derived fromU. S. Department of Conmerce, Bureau of the
Census, Qurrent Popul ation Reports, various years.

LCAPTOT: LOG(PUBLIC CAPI TAL STOCK PER CAPI TA; LAGGED), Unpublished data
series, see text.

RVFG RATI O OF MANUFACTURI NG TO TOTAL EMPLOYMENT, U. S. Departnent of Labor,
Bureau of Labor Statistics, Emplovment and Ear ni ngs.

UNI ON:  PERCENT OF WORKERS UNI ONI ZED, U. S. Departnent of Commerce, Bureau of
the Census, Qurrent Popul ation Survey tapes.

LPE: LOG(ELECTRICITY PRICES), U.S. Departnent of Energy, Typical Electric
Bills.

UNEMP: UNEMPLOYMENT RATE, U. S. Departnent of Commerce, Bureau of Labor
Statistics, COSTAT and Local Area Unenpl oyment Statistics
t apes.

LTFRZDAY and LT90DAY, average nunmber of days with bel ow freezing
tenperatures and with tenperatures above 90 degrees,
Boyer, Richard and David Savageau, Pl aces Rated Al manac,
Rand McNally, 1985.
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RTW: RI GHT-TOWORK STATE (=1), U S. Departnent of Commerce, Bureau of the
Census, Statistical Abstract, various years.

POVERTY Per cent age of popul ati on bel ow the poverty | evel, 1980,
Bureau of the Census

LSMBAPOP: Log(SMSA POPULATION), Bureau of the Census, various years.
PROPRATE: Property tax rate, conputed by dividing total property

tax revenue by true assessed val ue (assessed val ue tines
the assessnment rate), Census of Governments, 1982.



