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ABSTRACT

In this paper we examine the effects of publicly financed infrastructure and R&D
capital on the cost structure and productivity performance of twelve two-digit U.S.
manufacturing industries. A general framework is developed to measure contribution of
demand, relative input prices, technical change, as well as publicly financed capital on total
factor productivity growth. The magnitude of the contribution of these sources vary
considerably across industries: in some changes in demand dominates while in others
changes in technology or relative prices are the main contributors. Publicly financed
infrastructure and R&D capital contribute to productivity growth. However, the magnitudes
of their contribution varies considerably across industries and on the whole they are not the

major contributors to TFP in these industries.
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I Introduction®
Several recent studies have examined the role of public infrastructure investment

which consists of highways, airports, mass transit, etc. in increasing private sector
productivity growth. The subject has been very controversial; some, like Aschauer (1989),
have argued that infrastructure capital contributes significantly to the growth of output and
productivity, while others, such as Hulten and Schwab (1991), have denied any significant
role for it in this regard. Eisner (1993) has presented evidence based on aggregate
economic data in support of the role of public infrastructure investment as a significant
contributor to productivity growth.

Aside from the question of whether there is a strong correlation between public
capital and productivity, there is the question of the magnitude of the effect of
infrastructure capital. The reported elasticities of output and labor productivity with respect
to changes in public infrastructure capital formation are very diverse. Using time-series
data at the national level, Aschauer (1989), Munnell (1990a), and Holtz-Eakin (1988)
report output elasticities with respect to public infrastructure capital that range from 0.30
to 0.40. At the international level Ford and Poret {1991}, using cross-sectional data of
nine OECD countries, estimate the average elasticity of TFP with respect to changes in
infrastructure to be about 0.45. On the other hand, the estimates presented by Hulten and
Schwab (1991) and Tatom (1991) suggest there is no statistically significant relation
between the growth of infrastructure capital and output growth at the aggregate business
sector and total manufacturing levels. Estimating a cost function, Berndt and Hansson
(1991) have found significant effects of changes in infrastructure capital on labor
requirement at both the level of total manufacturing and the aggregate business sector of
the Swedish economy.

At the state level, the output elasticity of infrastructure capital is shown to be
smaller. The elasticities reported by Munnell (1990b), Costa et al. (1987), and Mera
(1973) range from about 0.15 to 0.20 while Eberts (1986) and Garcia-Mila and McGuire
(1992) report estimates ranging from 0.040 to 0.045. Finally, in a regional study Hulten
and Schwab (1991b) find no statistically significant relationship between growth of total
factor productivity and growth of public capital. These differences between estimates

based on aggregate data and more disaggregated state data may reflect the fact that it is




not possible to capture all the payoffs to public sector capital formation at the
disaggregated level.

All of these studies are at high levels of aggregation, using national, regional, or
state data. A major beneficiary of any services of public sector capital is the production
sector of the private economy. There are, however, very few studies exploring the impact
of infrastructure capital on cost and output at the disaggregate industry level. Nadiri and
Mamuneas (1993) and Conrad and Seitz (1992) provide evidence for the positive
contribution of infrastructure services on productivity growth at the two digit industry level
in the U.S. and West Germany, respectively. Their estimates imply lower elasticities than
those at the aggregate level. Also infrastructure investment is not the only type of public
sector capital that would affect private sector productivity. Another potential candidate is
the stock of R&D capital financed by the US government. There is considerable evidence
that labor and total factor productivity are influenced by R&D investment, particularly
when it is financed by the private sector. The effect of public-sector financed R&D on the
growth of output and productivity at the industry level has not been extensively or properly
examined. Many of the studies at the industry level provide inconclusive evidence of the
effect of federally financed R&D performed by the industries. On the contrary, Nadiri and
Mamuneas (1993), Mamuneas and Nadiri (1993), and Mamuneas (1993) have estimated
that aggregate federally financed R&D, when treated as a public input, contributes
significantly to the private cost reduction of U.S. manufacturing industries.

In this study we analyze the effect of public sector financed capital on total factor
productivity growth (TFP) in the context of a general framework. Our analytical framework
following the previous work of Nadiri and Schankerman (1981a,b) distinguishes between
the contributions of output demand, relative input prices, technical change and publicly
financed capital. Analyzing the relative contribution of these types of capital in the context
of a comprehensive framework may provide reasonable answers to policy questions. More
specifically:

(1) We disaggregate the public sector capital into two components: infrastructure
and R&D capital. Our primary objective is to see whethér any of these types of public
capital stocks affect the level and rate of growth of private sector productivity.

(2) We estimate the effects of the two types of public sector capital at a much

more disaggregated industry level. We use twelve two-digit U.S. manufacturing industries
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as the base of our analysis and examine how the various types of public capital stock
influence the structure of the production in these industries and affect their total factor
productivity growth.

(3) Unlike the prevalent approach in productivity studies, we look at both the output
demand and cost functions together to trace the effect of changes in the demand and
structure of costs on productivity growth of various industries.

(4) Finally, we use duality theory to specify a cost function dual to a production
function, which allows us to treat the cost and input shares to be determined
simultaneously. We treat the public sector capitals as unpaid inputs affecting the

production process in the private sector.’
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. The Model

Let the production function of an industry be given by
(1) Y=F(XG,T

where Y is the output of the industry, X is a vector of traditional inputs like labor, capital,
and intermediate factors, G is a two-dimensional vector of public capital stocks, and T is
the disembodied technology level.

The traditional measure of Total Factor Productivity growth (TFP) is defined by the

path-independent Divisia index:

(2) TFP = Y- Y S X, i=LKM

where X denotes the rate of growth and S; = P, X; / P, Y is the value share of the ith
private input.

Differentiating (1) with respect to time, and dividing by the output, we obtain

. oF X oF G, - 1 oF
@ VY vl wmvetyer
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Assuming cost minimization of all inputs, public included, and letting P, be the price of ith

private input and Q, the shadow price of public input s, we get the following first-order

conditions:
oF P,
4 —_ = L Yi
(4) X 7
_a_F. = O’ Vs
oG, Y7,

where u is the Lagrangian multiplier, together with the envelope conditions

oc* _
r s
(5)
_oc* _ . OF
T YT

where C* = Y PX, + ¥ Q,G, = C* (Y, P, Q, T) is the total cost function which
includes the shadow cost of the two types of public capital. Eliminating ¢ from (4) and (5)

and substituting (4)-(5) in (3), we get

_ ack

7 = Pi Xi v Qs Gs . 6T
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oy oY oy

Firms, however, do not adjust the public capital stock. They are exogenously given. What
actually is observed is that firms minimize their private production cost subject to the

production function (1). Let the optimal private cost of production, given the output level

and public capital, be C = E P.X; = C({Y, P, G, T). Then the marginal benefit of an




increase of public capital at equilibrium will be given by

_aC

3, - @

(7)

It is not difficult to show by using comparative statistics that the total cost elasticity, n*,

is given by

« - OInC* _ aInC /g _ 5
n aInY oY / n /

where B = 1 - (ZdInC)/(dInG,) = 1-Zn, and n, is the private cost elasticity with respect
to public inputs, and n is the private cost elasticity. And the cost diminution due to

technical change is

: aInC* oinC
- = B
T oT oT /

Following Caves et al (1981), the total return to scale of the production function is defined

as the proportional increase in output due to equiproportional increase of all inputs (private

and public, holding technology fixed), and is be given by the inverse of n*. The private
returns to scale, i.e, the proportional increase in output due to equiproportional increase of
private inputs holding public inputs and technology fixed, is given by the inverse of n.
Thus, we identify two scale effects in our study, one internal and the other total, which is
the sum of internal and external scale effects. Substituting (7) in (6) and then in (2) we

have

K K

. - K - n* . _ 1 . _ 1 .
(8) TP = (2T V - ): nuG, - BT




where x = (P, Y)/C* = P,/AC* is the ratio of output price, Py, to average total cost,

AC* . According to equation (8), TFP growth can be decomposed into three components:
a gross total scale effect given by the first term, a public capital stock effect given by the
second term, and the technological change effect given by the last term.

The next step is to further decompose the scale effect. We assume that the price

of output is related to private marginal cost according to

oC
= 0) o~
Py = (1 + 6) 5y

where 6 is a markup over the marginal cost. The markup will depend on the elasticity of
demand as well as on the conjectural variations held by the firms within an industry. Using

the definition of the output elasticity, n, along the private cost function, we obtain

C

= +0)n =

(9) P, = (1 )n v
Time differentiating (9), the pricing rule implies

(10) Py=(1+0)+q+C-Y

where ( -) denotes growth rate. Differentiating private cost function with respect to time

and using Shephard's lemma, we have

(11) C=nY+ESiPi+En“GS+T

P, X,

where S, = is the share of the ith input in private cost, C.

In order to obtain the equilibrium of Y we assume a log linear demand function (see
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Nadiri and Schankerman (1981a)) in the growth rate form
(12) Y=A+aP,+BZ+(1-B)N

where Z and N are the growth of aggregate income and population, respectively, and A

reflects a demand time trend. Substituting (11) in (10) and the result in (12), we obtain

the reduced form function for the growth rate of total factor productivity.

TFP = Aloan + afl +0) 1+ AaY SP+ A[A + bZ + (1 - b)N |

(13)

. 1 . . 1 .
+ Aa;ncs Gs - E‘ggncsGs + AGT - K_BT

where A = X ‘K"' /11 -ain-1)1

Equation (13) decomposes TFP into components:

(i) a factor price effect AaY S,P;
i

(ii) an exogenous demand effect A[ A + bZ + (1-b)N I;

(iii) a public capital effect [ Aa - ?1§ 1Y n,, G,; and

(iv) disembodied technical change [ Ao - KLB

17T.

The underlying model is an equilibrium model in which there is minimization over all
inputs, the level of public capital is adjusted at its optimal level by the government until it
earns its social rate of return. The public capital and disembodied technical change effects
can be further decomposed into direct and indirect effects. The direct effect of

infrastructure, for instance, is given by (ng/xB) Gi while the indirect effect is given by

Aang G;. Thus an increase of public infrastructure initially increase total factor



