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1. Introduction

This paper examines the choice between private and government provision of infrastructure
capital and its consequences for the welfare and macroeconomic performance of a growing economy.*
The six decades since World War 11 have witnessed unprecedented growth in infrastructure investment
in both developed and developing countries. Infrastructure is perceived as an essential ingredient for
growth and social well-being, and remains a high priority for most governments around the world. In
East Asia and Latin America, the average annual investment requirements through 2005 have been
estimated at $150 billion and $60 billion respectively, while the annual average for developing
countries is more than $200 billion (World Bank, 2003). While the debt and fiscal crises of the 1980s
have led many countries to consciously adopt a path of strict fiscal discipline by significantly
restricting public-sector spending, the rapidly growing demand for infrastructure services and their

adequate provision has posed an increasingly daunting challenge for policy-makers.

Binding fiscal constraints and growing public disenchantment with the performance of state-
provided infrastructure services have led many governments to seek private solutions for both
financing and providing infrastructure (Dailami and Klein, 1998). The trend toward privatizing
infrastructure provision began in the 1980s with a few countries including Chile, Argentina, New
Zealand, and the U.K. Between 1984 and 1989 only 26 developing countries had allocated a total of
72 infrastructure projects for private provision, attracting a modest $19 billion in investment financing.
In contrast, the 1990s witnessed a huge boom in private-sector participation, with 132 low and middle-
income countries encouraging wide-scale private participation in previously government-controlled
sectors like transport, energy, telecommunications, and water and sewerage. Between 1990-2001,
developing countries awarded or transferred about 2,500 infrastructure projects to the private sector,
attracting investment commitments of more than $750 billion. The growing opportunities for private
provision of public goods is perhaps a reflection of the rapidly changing view of the role of the

government in the quest for economic growth and development over the last two decades.

Though economists generally agree that infrastructure capital plays an important role in the process
of development, the question of whether such goods ought to be publicly or privately provided has

been largely overlooked.?  Properties of non-rivalry and non-excludability, high production and

! “Infrastructure” refers to inputs that enhance an economy’s productive capacity, including roads, power, transport
and communication systems, dams, water and sewerage systems, etc.

2 Academic interest in the role of infrastructure began with the seminal contribution of Arrow and Kurz (1970).
However, it was Aschauer’s (1989) empirical findings that spurred the growth of a voluminous but controversial



maintenance costs, and the non-alignment of social and private benefits have led the growth literature
to predominantly treat infrastructure as a public good; see Barro (1990). Assuming that a benevolent
government can rise above the market to correct externalities, most of the theoretical literature has
relied on the assumption that infrastructure capital (henceforth referred to as “public capital”) is
directly provided by the government, while the private sector takes its stock as exogenously given in

making its investment and production decisions.

On the other hand, a growing body of research in both the public economics and development
literature has explored the possibilities of providing public goods through the private sector.® As
Besley and Ghatak (2001) point out, the mere existence of market failure does not necessarily justify
government provision of a public good. Further, in an overview of the choice between state and
private provision of public goods, Shleifer (1998) contends that incomplete contracts, non-benevolent
governments, corruption, and political uncertainty translate into strong evidence on the failures of
government provision of public goods and strengthen the case for their provision through market
forces. Though the existing literature on private provision has focused mainly on public consumption
goods, the argument can readily be extended to public investment goods like infrastructure. Further,
public capital has some characteristics of a private good too, as it facilitates the use of human and
physical capital, and consequently enhances the productive capacity of an economy. This makes the

issue of its provision even more interesting.

It is well-known that in the presence of externalities, a decentralized economy would end up
providing an insufficient amount of investment in public capital. While this provides a rationale for
government action, it does not necessarily imply direct government provision. Specifically, three
modes of government involvement can be identified in a decentralized economy: (i) direct provision of
the entire stock of public capital (which is the traditional assumption in the literature), which has been
the predominant form of public capital provision in most developing countries until the recent wave of
privatization, (ii) contracting out the task of provision to the private sector and controlling investment
by regulation, such as in the transportation and telecommunications sectors, or (iii) relying on market
forces and the private sector to make optimal choices regarding public investment, while at the same

time using corrective taxes and subsidies to bring private costs and benefits in line with social costs

empirical literature in this area. See Gramlich (1994) for a comprehensive survey of the early empirical literature.
Notable theoretical contributions include Barro (1990), Futagami, Morita, and Shibata (1993), Glomm and Ravikumar
(1994), and Turnovsky (1997, 2004).

¥ See Bergstrom, Blume, and Varian (1986) and Dixit (2002) for a review of this literature.



and benefits, such as in water and irrigation, power generation, and in highway construction.* The
purpose of this paper is to conduct a comparative study of the macroeconomic consequences of the
above modes of public capital provision in the context of a dynamic general equilibrium model of

endogenous growth.

The starting point of our analysis is the observation of Devarajan, Xie, and Zou (1998) that, when
the government does not have access to non-distortionary financing instruments, the choice between
government and private provision of public capital matters for growth and welfare.> In their model,
the government uses a distortionary income tax to either subsidize private providers or to finance its
own direct provision of public capital. The benefits of government intervention are then weighed
against the distortionary effects of the underlying tax policy. The present contribution differs from
Devarajan et al. (1998) in several respects. First, it compares not only direct government provision
with private provision, but also different regimes of private provision, i.e., targeted investment
subsidies to private providers of public capital versus their regulation by the government. Second, it
explores the underlying determinants of the benefits and costs of government intervention in each
regime. In order to do this, we extend the basic theoretical framework of Devarajan et al. (1998) to
incorporate several features that could be crucial determinants of the choice between government and
private provision of public capital. Specifically, we focus on three characteristics absent in Devarajan
et al. (1998): the varying degree of substitutability between factors of production, borrowing
constraints in international capital markets, and installation costs for public and private capital.® We
distinguish between public and private capital by assuming that the aggregate stock of public capital is
a source of a positive externality for the private sector, which is not internalized in the absence of
government intervention. Government intervention in our model can take the form of targeted
subsidies to private providers of public capital, or their regulation by imposing constraints on their
investment decisions, as well as direct government provision. For purposes of comparison, we retain
the key assumption of Devarajan et al. (1998) that the government does not have access to non-

distortionary financing instruments like lump sum or consumption taxes.

* Kohli, Mody, and Walton (1997) and Mody (1997) present several examples and case studies of the policy shift
toward private participation in infrastructure provision in East and South Asia, Latin America, and Australia.

® Another paper in this nascent literature on infrastructure provision is by Turnovsky and Pintea (2006), who
distinguish between “public” and “private” firms in a two-sector version of the neoclassical growth model.

® Recent evidence by Duffy and Papageorgiou (2000) indicates that the elasticity of substitution in production varies
widely across countries. Kohli et al. (1997) presents extensive evidence of private-sector borrowing from
international capital markets as a significant source of financing infrastructure investment, while evidence of
borrowing constraints in international capital markets can be found in Edwards (1984).



From a social welfare standpoint, the costs and benefits of each form of government intervention
eventually determine the desirability of each regime. The central question we ask is: what determines
these costs and benefits? Given the complexity of the structural model we develop, most of our
analysis is conducted numerically. Our calibration exercises indicate that the interaction between (i)
the size of the production externality associated with public capital accumulation, (ii) the elasticity of
substitution in production, and (iii) the borrowing externality generated by capital market
imperfections crucially determine the welfare gains from a given government intervention in each
regime. In a decentralized economy, the size of the externality determines the allocation of output to
public and private investment, while the elasticity of substitution dictates the extent to which private
investment responds to a given change in public investment. Both these factors directly influence the
economy’s equilibrium resource allocation, productive capacity and hence, welfare. On the other
hand, the existence of a borrowing externality and installation costs makes the accumulation of capital
costly and, in turn, impinges differentially on the economy’s resource allocation depending on whether
public capital is being provided by the private sector or the government. Therefore, even with an
efficient government, the mode of provision of public capital is important, since the economy’s
underlying structural conditions and externalities jointly determine the desirability of each regime.

The contribution of this paper can be highlighted by evaluating its results relative to those in the
related literature, namely Devarajan et al. (1998). The two main results obtained in their analysis were
that (i) welfare under direct government provision may be lower than under laissez faire, and (ii)
subsidization of private providers is better than (in terms of welfare) direct government provision. Our
analysis shows that these results must be modified once we generalize their model to the open
economy and introduce borrowing externalities, imperfect factor substitutability in production, and
installation costs for investment. In the presence of a borrowing externality and installation costs,
welfare under direct government provision is always higher than that under laissez faire or regulation,
irrespective of the elasticity of substitution in production. On the other hand, subsidization of private
providers is the preferred outcome only when the elasticity of substitution is sufficiently low and the
production externality is sufficiently high. Otherwise, it is direct government provision or regulation
that is the preferred regime. Finally, while Devarajan et al. (1998) restrict their analysis to the long-
run balanced growth path, we focus ours on the transitional dynamics as well. Therefore, our
structural model and corresponding results can be viewed as more general, from which the results of

Devarajan et al. (1998) can be obtained as a special case.



2. The Analytical Framework
2.1. A Decentralized Economy

Consider a representative household-firm that maximizes intertemporal utility, U, by choosing its
rate of consumption, C, from a private consumption good over an infinite horizon using an

intertemporal isoelastic utility function
0 1 _a
uzj—cye dt, —o<y<1. (1)
07

The household-firm (henceforth the “private agent”) produces the economy’s output, Y, using two
inputs: the stocks of private and public capital. Private capital, K, can be thought of as encompassing
both human and physical capital, while public capital is identical to the economy’s stock of
infrastructure. The crucial distinction between the two types of capital is that while the effects of
private capital are all privately appropriable, the productive effects of public capital are split into a
privately appropriable part, K., and a positive externality generated by its economy-wide aggregate

stock, K, which is not internalized by the private household-firm.” Production takes place through

the use of a Constant Elasticity of Substitution (CES) production function
Y = A[aKg” +bK ™ +nK” T’p (2)
O<a<l 0<b<l a+b<l n=1-a-b, 0<n<a,

where o =(1/1+ p) is the intratemporal elasticity of substitution between private and public capital.

The constants a and b represent the output elasticities of public and private capital, respectively, while

n (=1-a—b)represents the production externality associated with the aggregate stock of public

capital, i.e., the marginal contribution of public capital to output that is not internalized.

The accumulation of each type of capital is costly and involves adjustment (installation) costs,

given by the following quadratic (convex) functions

" The social benefits generated by the aggregate stock of public capital, IZG , can be rationalized as a Marshallian

externality, similar to the role played by private capital in Romer (1986). One can think of a firm appropriating the
benefits of a subset of the economy’s infrastructure (local roads, highways or airports), but its productivity also being
influenced by the aggregate stock of available infrastructure (the aggregate highway or airport network in the
country), which it takes as exogenously given.  Other examples of such externalities include universities and
healthcare. The production function has constant returns to scale in all the factors of production, thereby enabling it to
support an equilibrium of ongoing growth with each factor being paid its respective marginal physical product.
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P(I/K) =1+ Q(G/Ks) =G+ (3)

G
I represents the flow of investment in private capital, and G represents the flow of investment in public

capital. The net rates of accumulation of each type of capital are given by
K=1-6,K; Ks =G-5.Kg (4)
where 6, and o denote the rates of depreciation for private and public capital, respectively.

Financing investment in the two types of capital is enabled by access to an international capital
market. However, the key factor we wish to take into account is that the creditworthiness of the
economy influences its cost of borrowing from abroad. Essentially, we assume that world capital
markets assess an economy's ability to service debt costs and the associated default risk, the key

indicator of which is the country's debt-capital (equity) ratio. This leads to an upward sloping supply
schedule for debt, expressed by assuming that the borrowing rate, r(N/K; ), charged on the stock of

(national) foreign debt, N, relative to the economy’s total stock of capital, K; = K + K, is of the form
r(N/K;)=r"+o(N/K;); >0 (5)

where ™ is the exogenously given world interest rate, and @(N/K;) is the country-specific

borrowing premium that increases with the nation's debt-capital ratio.® In making its allocation
decisions, the private agent takes the borrowing rate as given, even though it is determined
endogenously from the macroeconomic equilibrium. A borrowing externality is thus generated,
because the interest rate facing the debtor nation is a function of the economy's aggregate debt-capital

ratio, which the individual agent assumes he is unable to influence.
2.2. The Government

The externality associated with public capital accumulation provides a rationale for some form of
government intervention. We will assume that the government can adopt any one of the following
three strategies: (i) indirectly support the private provision of public capital by subsidizing the total
cost of public investment, (ii) regulate private provision by imposing constraints on the private sector’s

choice of investment in public capital, or (iii) directly provide public capital without any direct

8 Equation (5) represents a reduced-form specification that is supported by empirical evidence; see Edwards (1984),
who finds a significant positive relationship between the spread over LIBOR (r”) and the debt-GNP ratio. For
alternative formulations, see Obstfeld (1982) and Aizenman and Turnovsky (2002).



participation from the private agent. In this case, the private agent makes its investment decisions by
taking the stock of the publicly provided capital as given.

Policy regimes (i) and (iii) require that the government have some financing instruments at its
disposal. In the absence of lump-sum or consumption taxes, the government must levy a distortionary
tax on private income. In either case, the government maintains a balanced budget by using the
income tax revenue to finance the subsidy or its own expenditure on public investment. In regime (ii),
taxes are unnecessary, and government policy simply represents a constraint imposed on private

allocation decisions.
We will now consider the allocation problem for each regime of public capital provision.
2.3. Private Provision with a Government Subsidy

In this regime, the private agent is responsible for providing both types of capital. For the sake of
exposition, all variables in this version of the model will be indexed by a superscript “L.” The agent’s

flow budget constraint is then given by
N =r(N/KP)NE+CH+ P (147K )+ (1-55)Q(G! /K )~ (1-7y )Y* (6)

where 7, is the income tax rate, and s" is the rate of subsidy tied to the cost of installing public

capital. Equation (6) asserts that to the extent that the private agent’s expenditures on consumption,
private and (subsidized) public investment, and interest payments exceeds its after-tax flow of income,
it will accumulate debt from international capital markets, using an internationally traded bond. The
government plays a passive role in this economy and continuously balances its budget by financing the

subsidy to public investment through income tax revenues
s' (G /KS) =7y Y" ©)

The private agent chooses its rates of consumption, investment in the two types of capital, and
debt accumulation to maximize (1), subject to (2), (6) and (4). The objective of government
intervention is to enable the private agent to internalize the aggregate production externality.
However, the benefits of this intervention must be weighed against its costs, which comes from three
sources: the distortionary effects of the underlying tax increase, the cost of installing public capital and

the cost of financing public investment through borrowing which, through the borrowing externality,
raises the economy’s debt-servicing costs. In the absence of government intervention, z; =s" =0, and

the equilibrium allocation represents that of a pure laissez-faire economy.



2.4. Private Provision with Government Regulation

In this regime, rather than collect income tax revenues and grant subsidies, the government
regulates the private agent, imposing an additional constraint on its investment decisions regarding
public capital. Indexing all variables with the superscript “R,” the corresponding flow budget

constraint can be expressed as:
N® =r(NF/KFINF+CR+w(17/KR)+Q(GR/KE ) -YF (8)

The government requires the private agent to allocate a specified proportion g of output to

public investment:
G*=g"Y® 0<g® <1 (9)

In this case, g" is a policy variable for the government, which it can use to regulate public investment

decisions made by the private agent. The private agent’s optimization problem is now subject to the
additional constraint (9), which it must satisfy in equilibrium. However, the benefits of this action

must be weighed against the resource cost of exogenous regulation.
2.5. Direct Government Provision

Under this regime, the economy still operates in a decentralized fashion, but public capital is
directly provided by the government and, as before, is financed through distortionary taxation of
private income. The private agent thus takes the stock of the government-provided public capital as

exogenously given. We will denote all variables in this model with a superscript “D.” Since the
government directly provides public capital, we set K =K in (2). Consequently, the output
elasticity of public capital, a=1-b, and n=0. The flow budget constraint for the private agent in

this version of the model is
N® =r(N°/KP)NP+C%+¥(1°/K®)—(1-70)Y°® (10)

Note that the installation cost function for public capital, Q(.), does not appear in (10). The private
agent’s optimization problem entails maximizing (1) subject to (10) and the accumulation equation for

private capital, as given in (4).

The government uses income tax revenues to finance its expenditure on public capital:



Q(GP /K )=7Y" (11)

Also, to maintain an equilibrium of ongoing growth, the flow of public investment must be tied to the

scale of the economy:
G°=9¢°P,0<g"<«1 (12)

By directly providing the stock of public capital, the government bears the entire cost of its
provision and, consequently, the tax burden on the economy is generally higher. On the other hand,
direct government provision frees up resources for the private agent by reducing its investment
borrowing needs and installation costs. However, the private agent, treating the stock of public capital
as exogenously given, does not internalize the effect of its private investment decisions on the shadow
price of public capital. This imposes an externality on resource allocation along the transition path to
the steady state equilibrium. In contrast, under private provision, the endogenous shadow price of
public capital (to be defined in the subsequent section) plays a crucial role in ensuring its provision by

the private agent by equating private marginal benefits to costs.
3. Macroeconomic Equilibrium

We will express the macroeconomic equilibrium and dynamics in terms of the following
stationary variables: z =K, /K, the ratio of public to private capital, c=C/K, the consumption-
private capital ratio, n= N /K, the debt-private capital ratio, and y =Y /K , the output-private capital
ratio. The equilibrium dynamics also depend on the shadow price of private capital, q,, and the

shadow price of public capital, q,, both denominated in terms of the (unitary) price of the foreign
bond. The steady-state equilibrium is one of sustained balanced growth, denoted by ¢, and is attained
when z=n=c¢=4q, =, =0.

3.1. Private Provision with a Government Subsidy

The steady-state equilibrium under this regime is characterized by the following conditions:

Gs-(1-5") g1
_~—L_5G =
(1 § )h2 h,

~5, (13a)



L sl 1 = g
r(At,z )+ﬁ—L ¢+ o + 2(1—~L)2h2 —gt = ; 5, (13b)
r(i2") -4 gt -1
=K 5, 13
i) 0 (13c)
(1—TY) bﬁp(y ) (~K _i) 5, :r(ﬁL,ZL) (13d)
G 2h, gy
(1—TY )(1—b—;zzA-p(Y/ 1z ) +{qc_(}_§ N)} 5, :r(ﬁL,ZL) (13e)
a 2(1-5")h,q5
e (-sY)
o W][y—j -
where, r(ﬁL,ZL)=r*+w( ﬁL~L
1+7

Equation (13a) equates the equilibrium growth rates of public and private capital. It can easily be
seen from the left-hand side of (13a) that the investment subsidy plays a dual role in enabling the agent
to internalize the production externality: on the one hand, it increases the shadow price of public
capital, and on the other, it reduces the cost of its installation. Equations (13b) and (13c) equate the
growth rates of debt and consumption to that of private capital, respectively. (13d) and (13e) equate
the net private marginal returns on private and public capital to the cost of borrowing, respectively. In
computing the private rate of return on public capital, the agent fails to take into account the social

benefits of such investment, as measured by the externality coefficient . (13f) describes the
equilibrium allocation of output to public investment, §-. The choice of g" is time-varying along the
transition path to its steady-state value §".

Equations (13a)-(13f), and the government’s flow budget constraint (7), jointly determine the five
dynamic variables z*, A, ¢, gy, G5, the equilibrium allocation of output to public investment, §",

and the government’s subsidy to the private agent, §", given the income tax rate z,. The linearized

10



local dynamic system around this steady-state equilibrium can be shown to be saddle-path stable and is
defined explicitly in an appendix, available upon request from the author.

3.2. Private Provision with Government Regulation

The steady-state equilibrium conditions with government regulation of the private sector are:

O —h\7R 15 - qihl—l_ 5 (15a)
>
~R 2_ { q“R—VR 2—1}ZR -1
L s — s
>
R 5R) R
=5t 0
~R R p( aR\P <R 1)
(1+V g )qb?”(y ) +(q2|<hlq]F;) 5, :r(ﬁRjR) (15d)
K K
GRARY(1 o (R 15RY? (&R R _1)?
(1+V g )(1 b qZ)A "(y /Z ) +(q(32thR 1) — 5, =r(ﬁR,ZR) (15€)
G PRe
R
® = §f —1—thR(;’—R] (15)

The interpretations of the steady-state equilibrium conditions are analogous to (13a)-(13f). However,
there are a number of differences in the equilibrium allocations in the two regimes. Note thatg®, the
allocation of output to public investment is a policy variable for the government and a constraint on the
private agent’s choice of public investment. Therefore, it is arbitrarily set and not endogenous as
under the subsidy regime. As a result, regulation of the private agent thus leads to a resource cost, v°,
which is the shadow value of allocating an extra unit of output to new public investment, measured in
terms of the (unitary) price of the foreign bond. The shadow price of public capital must then be
adjusted for this resource cost, as shown on the left-hand side of (15a). Also, note from (15d) and
(15e) that the marginal product of both types of capital reflect the fact that since investment in public

capital is now subject to the regulation constraint (9), an increase in public capital will also induce an

increase in private investment, the contribution of which is measured by the term vig®. Equations

11



(15a)-(15f) then jointly determine the five dynamic variables Z%, A%, ¢, G, G5, and the resource

cost of regulation *, for an announced level of g® by the government.

3.3. Direct Government Provision

When the government directly provides public capital, the private sector treats its stock as
exogenous in performing its optimization. The equilibrium allocation is therefore independent of the

shadow price of public capital, g, . The steady-state equilibrium can be described as follows:

o V2| ¢ _Ge-1_
g (ZDJ 5(5_ hl 6;( (16a)
~D =D 1 ~D ql? 2_1 h2 D 2 (~D)2 D ~D qE _l
I‘(n i )+ﬁ_D C +%+E(g )[yT]—(l—g )y = hl _5K (16b)

= ~5, (16¢)

(e ore ()" (@)
il 2hGy

-5 =r(n°,2°) (16d)

Conditions (16a)-(16d) determine the steady-state equilibrium values of z°, i®, ¢°, G2 and, given the
government’s flow budget constraint (11) and a pre-announced level of public expenditure g°, the

appropriate income tax rate 7, necessary for its financing.

4. Providing Public Capital in a Decentralized Economy: A Numerical Analysis

Owing to the complexity of the models in sections 2 and 3, we will compare their qualitative and
quantitative implications numerically. The table below describes the structural parameters that are

used to calibrate these models.

Preference parameters: y=-15 f=0.04

Production parameters: A=04,b=038, h =15 h, =15
Externality coefficient: n=0-0.19 = a=0.20-0.01
Elasticity of Substitution: o =0.25-1.50

Depreciation Rates: o, =0.05, 6, =0.05

World interest rate: r'=0.06

Borrowing externality: a=0.1

12



The benchmark values for the structural parameters are calibrated to their corresponding empirical

estimates. The preference parameters £ and y imply an intertemporal elasticity of substitution in

consumption of 0.4, consistent with the findings of Ogaki and Reinhart (1998). We shall allow the
size of the externality (77) to vary from 0 to 0.19. Therefore, the contribution of public capital that is

internalized by the private sector (a) varies from an upper bound of 0.20 to a lower bound of 0.01,
while that of private capital (b) is set at 0.8, consistent with corresponding empirical evidence (see
Gramlich, 1994). The elasticity of substitution in production (o) is allowed to vary from 0.25 (low
substitution possibilities) to 1.50 (high substitution possibilities), with o =1 represents the Cobb-
Douglas case. The motivation for varying the elasticity of substitution in production comes from

Duffy and Papageorgiou (2000), who find that this parameter varies significantly across countries.

The world interest rate r” is set at 6 percent, while the borrowing externality (« ) is chosen to be 0.1 to

ensure a plausible equilibrium debt-output ratio.” The adjustment cost parameters h and h, are
consistent with Ortiguera and Santos (1997), and their equality, along with that of the depreciation
rates, serves as a plausible benchmark.

The strategy we adopt for our calibration can be described in the following manner. The
benchmark equilibrium in the regime with private provision represents the laissez faire case where
there is no government intervention and consequently, ryL =s" =0. Given the equilibrium allocation

of output to public investment, ", in the laissez faire economy, we note that the corresponding

allocations under regulation, g°, and direct government provision, g°, represent arbitrary policy
choices. Because the government can always allocate at least as much output to public investment as
the private agent in a laissez faire economy, we set g® =g® =§" for our benchmark calculations.
This ensures that each regime allocates the same amount of output to public investment, thereby
enabling us to compare their equilibrium resource allocations, growth rates and welfare.
4.1. Benchmark Equilibrium and the Size of the Externality

Table 1 illustrates the benchmark equilibrium in each regime for different values of the externality
coefficient 7. To isolate the effect of the production externality, the experiments in table 1 control for

the elasticity of substitution by setting o =1 (Cobb-Douglas production function).

® The functional specification of the upward sloping supply curve of debt that we use is: r(n,z) =r* +e*”®? 1.
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In the absence of subsidies and taxes, the laissez faire and government regulation of the private
sector equilibria coincide, since g* = §-. However, the equilibrium under direct government provision

is different, since a distortionary income tax is required to finance the needed investment in public

capital. In the laissez faire economy (7 =0, table 1A), the equilibrium ratio of public to private

capital is 0.25, while the private sector allocates about 5.7 percent of output to public investment (G").

The allocations to private investment and consumption are 22.7 percent and 49.6 percent, respectively.
The private agent’s investment financing needs lead to long-run current account deficit and an
equilibrium interest rate of 8.69 percent, suggesting a borrowing premium of 2.69 percent above the
world rate. The long-run equilibrium growth rate is about 1.87 percent. In comparison, under direct
government provision, financing an identical level of public investment (the allocation under laissez
faire), requires an income tax of about 8.5 percent. The lower after-tax marginal product of private
capital leads the private agent to allocate a smaller fraction of output to private investment than under
laissez faire. This causes a substitution toward consumption, reflected in a consumption-output ratio
of 0.55, higher than under laissez faire. The lower private investment, coupled with the fact that the
government provides the entire stock of public capital lowers the private sector’s borrowing needs for
investment, leading to a lower debt-output ratio and equilibrium interest rate compared to laissez faire.
However, the bias towards consumption yields a lower equilibrium growth rate compared to laissez
faire, of 1.57 percent. The last column of table 1A reports the benchmark welfare level under direct
government provision relative to laissez faire. In the absence of a production externality, benchmark
welfare under direct government provision is 10 percent higher than under laissez faire.  This is in
contrast to the result obtained by Devarajan et al. (1998), where welfare under laissez faire is higher
than under direct government provision. However, it must be noted that their result was derived under
the assumptions of a closed economy and perfect capital markets. In our framework, the equilibrium
resource allocation under laissez faire is biased towards investment due to the borrowing externality.
Moreover, installation costs also divert resources towards investment, thereby lowering consumption
and welfare. On the other hand, under direct government provision, the benefits of the tax rate
outweigh its distortions not only by shifting the cost of public investment to the government, but also
by restricting borrowing and consequently, private investment. This leads to a bias towards
consumption, and thereby higher welfare. Therefore, even in the absence of a production externality,
capital market imperfections can play an important role in determining the desirability of private or

government provision of public capital.
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As the size of the externality increases (tables 1B-C), the allocation of output to public investment
in the laissez faire economy declines, while that to private investment increases. This is also reflected
in a decline in the ratio of public to private capital. The private sector’s borrowings needs
consequently decrease, leading to lower debt-output ratios and interest rates. Substitution towards
consumption and the lower productivity of private capital causes the long-run growth rate to decline.

In fact, when the externality is very large, (7 =0.19, table 1C), the economy becomes a net creditor to

the rest of the world with a negative equilibrium growth rate. In comparison, as g° = §"- declines, the

tax burden under direct government provision also decreases, and so do the benefits. As fewer
resources are devoted to public capital, consumption in the two regimes gradually converges,
consequently leading to a convergence of the benchmark welfare levels. However, irrespective of the
size of the externality, equilibrium growth under laissez faire is unambiguously higher than under

direct government provision.
4.2. Benchmark Equilibrium and the Elasticity of Substitution

Table 2 illustrates the effect of the elasticity of substitution on the benchmark equilibrium
allocations under each regime of public capital provision. We vary o from 0.25 to 1.50, and control

for the size of the production externality by setting 7=0.

As in table 1, we see that irrespective of o, growth is always higher under private provision,
while benchmark welfare is higher under government provision. However, as o increases, the
differences between the two regimes narrow. When the elasticity of substitution is low, a large amount
of public investment is required for any given level of private investment. This comes at the cost of
low private investment, high consumption, and low growth. The corresponding tax rate under
government provision skews resource allocation away from investment and toward consumption,
leading to lower growth than under private provision. As o increases, the required increase in public
investment becomes smaller for any given level of private investment. The corresponding tax burden

under government provision also declines, narrowing the gap in welfare levels between the regimes.
4.3. Government Intervention and Macroeconomic Performance

The objective of an intervention by the government is to enable the private sector to internalize

the externality to some extent and stimulate investment in public capital.'® Under private provision,

19 The design of optimal fiscal policy in the present framework will be time-inconsistent due to the absence of non-
distortionary sources of taxation; see Kydland and Prescott (1977). However, introducing lump-sum taxes it can be
shown that optimal government intervention will differ across regimes: while the optimal subsidy under private
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government intervention takes the form of a targeted investment subsidy tied to the cost of public

investment. We shall assume that this subsidy is financed by a small increase in the income tax rate,

ryL, from its benchmark rate of 0 to 5 percent. The amount of subsidy that is financed is then

determined from equilibrium. To enable a comparison across regimes, a similar intervention in the

economy where the government regulates private providers takes the form of an increase in g~ , such
that g% = §" and Ag® =Ag"-. Under direct government provision, we calculate the increase in the

income tax rate, AryD, required to finance an increase in government expenditure on public capital that

mimics the government intervention under private provision, i.e. g°=g§" and Ag® =Ag"-. Two

potential determinants of the efficacy of government intervention in each regime are the size of the
externality and the elasticity of substitution in production. The corresponding results are presented in
tables 3 and 4 and in figures 1 and 2.

4.3.1. The Size of the Externality

Tables 3A and 3B present the effects of a government intervention in the three regimes in two
cases: (i) 7 =0.01(table 3A), and (ii) » =0.19 (table 3B). In each case, we control for the elasticity of

substitution by settingo =1.

Government intervention in each regime is generally expansionary: the higher allocation of output
to public investment increases the ratio of public to private capital, the productivity of private capital,
and the long-run growth rate. This leads to an increase in the flow of output that is proportionately
larger than the increase in consumption and private investment. The higher investment demand
worsens the economy’s current account, as agents increase their borrowing to finance capital
accumulation. The magnitude of the economy’s response increases with the size of the externality.
While the net effect on the growth rate is always positive, the resultant change in welfare depends on
the size of the externality. When the externality is small, government intervention may reduce welfare
by distorting resources towards investment, while large welfare gains accrue to the economy from the
same government intervention when the externality is large (last column of tables 3A and 3B). Also
note that, when the externality is small, the long-run welfare gains are the highest under direct

government provision. On the other hand, a subsidy to private providers in a laissez-faire economy is

provision would be time-invariant, the optimal tax rate under government provision would be time-varying, tracking
the evolution of the shadow value of public capital, which is not internalized by the private agent. The formal results
of this extended version of the model are presented in the appendix, available from the author on request.
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the preferred regime when the externality is large. Section 5 presents a more detailed discussion of

welfare gains.

An interesting feature of table 3 is the effect of the production externality on the equilibrium
subsidy, the resource cost of regulation and, under government provision, the income tax rate. When
n=0.01, a 5 percent tax increase in the laissez-faire economy finances a subsidy equal to 33 percent
of the cost of public investment. On the other hand, when 7 =0.19, the same tax increase translates
into a subsidy equal to 90 percent of the cost of public investment. Similarly, the resource cost of
regulation, v®, also declines as the size of the externality increases. The tax increase under direct
government provision required to maintain Ag® = AG" also increases with the size of the externality.

The differential effect of the externality on subsidies, resource costs, and tax rates in the three regimes

lead to differences in their long-run responses from a given intervention by the government.
4.3.1.1. Transitional Dynamics

Though the long-run response of a government intervention is expansionary, the dynamic
adjustment path is very sensitive to the size of the externality. Figure 1 illustrates the dynamic

response when private providers receive a tax-financed subsidy from the government.

Figures 1A and 1B correspond to the two cases considered in tables 3A and 3B,

i.e.,7=0.01and n»=0.19, respectively. Since the subsidy is tied to investment in public capital,

its instantaneous effect is to raise the shadow price of public capital, thereby inducing an increase

in the flow of public investment. In figure 1.1A, when 7 is small, the shadow price of private
capital, g, (we drop the indexing for the sake of exposition), jumps down instantaneously on

impact of the shock and then gradually increases over time to its higher long-run level. On the

other hand, in figure 1.1B, when 7 is large, the response of q, is exactly the opposite: it jumps up

instantaneously, overshooting its long-run equilibrium and then declines for a while before
adjusting to its long-run equilibrium level. When the production externality is small, a tax-
financed subsidy is distortionary, since it induces an unwarranted reallocation of resources in favor
of public capital. This reduces the after-tax marginal return from private capital, leading to an
instantaneous decline in its shadow value, as shown in figure 1.1A. However, when the
externality is large (figure 1.1B), the expected long-run benefits of public capital accumulation

increase, and when the externality is very large, g, actually jumps up as the expected long-run
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gains more than outweigh the short run decline in its marginal return. Thereafter, it declines
slightly in the short run due to the small initial amount of public capital. As the stock of public

capital increases, the decline in q, is reversed.

The size of the production externality also leads to contrasting responses for the private

investment-output and public investment-output ratios. When 7 is small, the fraction of output

allocated to private investment (I /Y)falls and undershoots its (lower) long-run equilibrium (figure
1.2A), while that allocated to public investment (g = G/Y) rises and overshoots its (higher) long-run

equilibrium (figure 1.3A), as the agent substitutes away from private investment in favor of public
investment. As the size of the externality increases, the initial substitution away from private
investment toward public investment declines. This is because the magnitude of the subsidy is
positively related with the size of the externality. The larger the externality, the cheaper it is for the
private agent to invest in public capital. In fact, when the externality is large, the subsidy finances 90
percent of the cost of public investment. This frees up resources for private investment, causing an

upward jump in 1/Y (figure 1.2B) that overshoots its long-run equilibrium. As both private and

public capital increase, the economy’s productive capacity also increases over time, thereby leading to
a gradual decline in this ratio. On the hand, the upward jump in G/Y is muted as the large subsidy
reduces the initial substitution towards public investment. In transition, the stimulus to public capital
accumulation causes it to grow faster than output, thereby gradually raising G/Y towards its higher

long-run equilibrium.

Figures 1.4A and 1.4B illustrate the dynamics of the consumption-output (C/Y) ratio. When the
externality is small and as the agent reallocates resources in favor of public investment in the short run,
consumption declines instantaneously, reflected by a downward jump in C/Y (figure 1.4A).
Thereafter, the higher growth rate of public capital causes output to grow faster than consumption,
leading to a decline in C/Y over time. As the size of the externality increases (figure 1.4B), the
expected long-run benefits of investment lead to an instantaneous increase in the flow of consumption,
as agents smooth out the higher expected consumption in the long run. As a result, C/Y increases

instantaneously, before gradually adjusting to its long-run equilibrium level.
4.3.2. The Elasticity of Substitution

Another crucial determinant of the efficacy of government intervention is the elasticity of

substitution in production, whose role is illustrated in Table 4. We consider two cases: (i)o =0.25
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(table 4A), and (ii) o =1.5 (table 4B). We control for the size of the externality by setting 7 =0.1. A

positive production externality is maintained in order to justify government intervention.

When private providers are subsidized, the fraction of public investment that is being subsidized
increases with the elasticity of substitution. This increases the fraction of output allocated to public
investment and the ratio of public to private capital. In table 4A, when o =0.25, a 5 percent tax
increase leads to a subsidy equal to 26 percent, while in table 4B, when o =1.5, the same tax increase
finances a subsidy of 60 percent. Similarly, the resource cost from an equivalent government

intervention under regulation declines as o increases. Under government provision, a lower o

requires a higher tax rate to maintain g° =g, while the tax increase required to maintain

Ag® = AG" also increases with o .

As in table 3, the long-run response to a government intervention in each regime is expansionary.
However, the magnitude of these responses decline with the elasticity of substitution, since a given
increase in public investment now requires a smaller increase in private investment. On the other
hand, the long-run welfare gains from government intervention increases with o . From the last
column in tables 4A and 4B, we see that when o is low, the welfare gains from subsidization
dominate the gains from regulation or direct government provision. However, when o is high, it is
private provision with regulation that emerges as the preferred outcome. A more detailed discussion is

provided in section 5.
4.3.2.1. Transitional Dynamics

The sensitivity of the dynamic response of the economy to the elasticity of substitution in

production is depicted in figure 2, for o = 0.25 (figure 2A) and o =1.5 (figure 2B), respectively.

In figure 2.1A, when o is low, a tax-financed subsidy induces a slight upward jump in g, , which

thereafter gradually increases to its long-run equilibrium. On the other hand, when o is large (figure
2.1B), the initial response of q, is exactly the opposite: it jumps down and then increases over time.
This is because the lower the elasticity of substitution, the larger is the required increase in private
investment for any given increase in public investment. This is also reflected in figures 2.2A and
2.2B, which illustrate the dynamic response of I/Y. When o is low, the private investment-output
ratio jumps up and overshoots its long-run equilibrium, while the response is exactly opposite when o
is high. The dynamic response of the ratio of public investment to output, G/Y, is to overshoot its

long-run equilibrium when o is low and then decline gradually to its new, but higher, long-run
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equilibrium. When o is large, the subsidy is also larger, and this requires a smaller increase in G/Y,
as it undershoots its long-run equilibrium and then gradually increases over time (figures 2.3A-B).
When o is low, the large amount of resources devoted to investment causes a slight downward jump
in the consumption-output ratio (C/Y). In transition, as output grows faster than consumption, C/Y
declines to its lower long-run equilibrium. When o is high, the short-run fall in private investment
and the larger subsidy frees up resources for consumption, leading to an upward jump in C/Y, after

which the transitional adjustment entails a gradual decline to its long-run equilibrium.
5. Private versus Government Provision: A Comparison of the Welfare Gains

Table 5 presents a comparison of the long-run welfare gains and losses from a government-
induced increase in the flow of public investment in the three alternative regimes of public capital
provision. As before, we setg” =g° =§" and Ag® =Ag® =AG", i.e., the government under the

regulation and direct provision regimes mimic both the level and the change in the flow of public
investment in the privatized economy that receives an investment subsidy. The following patterns

emerge from table 5:

Q) In the absence of a production externality, direct government provision always dominates any

form of private provision, irrespective of the elasticity of substitution.

(i) When the elasticity of substitution is low and the externality is positive, subsidizing private

providers of public capital yields the highest welfare gains.

(ili)  As the elasticity of substitution increases, the benefits of direct government provision dominate
for low levels of the externality, but for a larger externality, subsidizing private providers is still the

preferred outcome. To see this, consider the case where o =1 andr =0.05. The welfare gain under
direct government provision is 1.93 percent, while those under subsidization and regulation of private
providers are 1.5 and 1.89 percent, respectively. On the other hand, for o =1 and 7 =0.15, the

regime with subsidies yields a welfare gain of 19.06 percent, while regulation and government

provision yield 18.11 and 18.15 percent, respectively.

(iv)  When the externality is positive and the elasticity of substitution is large, regulating private

providers now emerges as the preferred outcome.

The numerical comparisons in table 5 provide an insightful ranking of the three regimes of public
capital provision. It is evident that the interaction between the elasticity of substitution and the

externality in production is crucial for this ranking. In a recent panel study of 82 countries over a 28-
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year period, Duffy and Papageorgiou (2000) report a higher degree of factor substitutability in
developed countries than in developing countries. Further, it would be reasonable to assume that the
difference between social and private benefits from infrastructure investment is larger in developing
countries than in their richer counterparts. Then, a policy implication of the welfare analysis is that
developing countries are better off with governments encouraging private provision of public capital
by intervening indirectly through incentive-creation schemes like targeted investment subsidies. This
result seems consistent with the recent wave of private participation of infrastructure provision
observed in developing countries. On the other hand, countries that have relatively small externalities
and flexible substitution possibilities are better off either with governments directly providing the
public capital, with an indirect contribution from the private sector through an appropriate tax policy,
or through governments regulating private providers by imposing accumulation constraints on their

resource allocation decisions.

Intuitively, when # is large, the laissez faire outcome would lead to a sub-optimal and small

amount of public investment. When this is combined with a low o , the equilibrium increase in public
investment is proportionately larger than the corresponding increase in private investment. Moreover,

owing to the higher equilibrium subsidy rate (due to a larges), the marginal increase in the private

agent’s borrowing and installation costs is low. This in turn implies that the borrowing externality
generated by capital market imperfections does not impinge much on private resource allocation.
Therefore, the distortions of the tax increase are outweighed by the benefits of the subsidy it finances.
On the other hand, when the government directly provides capital, it has to bear the cost of installation
too, and as a result, needs to impose higher taxes. This in turn leads to larger distortions and hence,

lowers welfare gains.

As o increases, for low values of 7, the subsidy is smaller. Now, private provision is costlier,
since the smaller subsidy increases borrowing and installation costs. In the same scenario, government
provision requires lower taxes, which in turn free up resources for private consumption, leading to
higher welfare gains. When o is very large (o =1.5), the increase in public investment from a given
government intervention leads to a fall in private investment (figure 2.2B), and this partially offsets the
increase in installation and borrowing costs for the private agent. In this case, regulation reduces
resource costs enough to offset the distortions of a tax-financed subsidy. This happens because, under

regulation, the private agent is required to maintain a fixed g =G/Y in transition. This in turn leads

to a larger instantaneous fall in private investment, thereby freeing up more resources for consumption.
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On the other hand, when the private agent receives a subsidy, g is time-varying and must increase in

transition. This leads to a smaller decline in private investment, and hence lower welfare gains. Under
government provision, the maintenance of a high flow of public investment and the consequent

installation costs requires higher taxes and therefore leads to lower welfare gains.
6. Conclusions

This paper argues that the accumulation of public capital in a growing open economy need not
require direct government provision, as is the standard assumption in the literature. We show that
even with an efficient government, the costs and benefits of government and private provision depend
crucially on the economy’s underlying structural conditions, borrowing constraints in international
capital markets, and installation costs. Countries that have limited substitution possibilities and large
production externalities may benefit from governments encouraging private provision of public capital
by intervening indirectly through incentive-creation schemes like targeted investment subsidies. On
the other hand, countries that have flexible substitution possibilities and relatively smaller externalities
may benefit either from governments directly providing the public capital, or from regulation of
private providers. The transitional dynamics are also shown to depend crucially on the underlying

elasticity of substitution and the size of the production externality.

The recent wave in government encouragement for private-sector participation in infrastructure
provision has underscored the importance of market forces for the provision of public goods,
especially in developing countries. This paper not only attempts to contribute towards the
understanding of this policy shift but at the same time opens the door to many other interesting
research questions in this area. An interesting extension would be to analyze the case of regulation by
incorporating elements of public-private cooperation in public good provision, especially with respect
to questions of building, owning, and operating infrastructure services. The effect of congestion on
private incentives to provide public capital is another important question in the design of public policy.
Finally, one could also extend this framework to introduce a wider array of financing instruments in
order to determine efficient means of financing investment subsidies to the private sector. All these

remain intriguing questions, which we intend to pursue in future research.
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TABLE 1

Provision of Public Capital in a Decentralized Economy: Benchmark Equilibrium and the Size of the Externality
(Cobb Douglas Case: o =1)

A. n=0
s| 7 ; | ¢ | SN TN [ 6N [NV ] § [wipt
Private Provision: Laissez Faire/Regulation | 0 0 0.250 | 8.69 | 0.496 | 0.227 | 0.0567 | 1.09 | 1.87 1
Government Provision 0 | 0.0847 | 0.264 | 7.93 | 0.545 | 0.214 | 0.0567 | 0.790 | 1.57 | 1.10
B. =01
o |z [ ¢ [N [N [N [ NN | ¢ [wipt
0.566 | 0.240 | 0.03 | 0.577 | 1.35 1

Private Provision: Laissez Faire/Regulation
Government Provision

o|lo| wm
o
o
-
[N
ul
~
w
>

0.044 1 0.129 | 7.01 | 0.589 | 0.234 | 0.03 | 0.427 | 1.20 | 1.03

0.648 | 0.294 | 0.004 | -1.40 | -0.11 1
0.005 | 0.013 | 3.69 | 0.650 | 0.293 | 0.004 | -1.42 | -0.13 1

Private Provision: Laissez Faire/Regulation
Government Provision

o|lo| »
o
o
o
-
w
w
\‘
N

Note: Interest rates and growth rates are reported as percentages.
j = R (Regulation), D (Direct Government Provision)
L = Laissez Faire




TABLE 2

Provision of Public Capital in a Decentralized Economy: Benchmark Equilibrium and the Elasticity of Substitution
(Externality: n = 0)

A 0=025
s| o [ z [ ¢ [N [N [N [ NNV ] ¢ [wWipt
Private Provision: Laissez Faire/Regulation | 0 0 ]0.707 |7.37 10518 | 0.176 | 0.125 | 0.643 | 1.35 1
Government Provision 0 10.181 | 0.763 | 6.64 | 0.565 | 0.163 | 0.125 | 0.304 | 1.06 | 1.12
B. o =1 (Cobb Douglas Case)
§ 7y 7 P C/Y | i)Y G/Y N/Y ¢ | Wi/WH
Private Provision: Laissez Faire/Regulation | 0 0 0.250 | 8.69 | 0.496 | 0.227 | 0.0567 | 1.09 | 1.87 1
Government Provision 0 1 0.0847 | 0.264 | 7.93 | 0.545 | 0.214 | 0.0567 | 0.790 | 1.57 | 1.10
C. 0 =150
s 7y 7 FoLCN | IN | G | NN | 4 | WM
Private Provision: Laissez Faire/Regulation | 0 0 0.125]9.36 | 0.485 | 0.245 | 0.0306 | 1.28 | 2.14 1
Government Provision 0 | 0.0466 | 0.129 | 8.90 | 0.515 | 0.238 | 0.0306 | 1.10 | 1.96 | 1.06

Note: Interest rates and growth rates are reported as percentages.
J = R (Regulation), D (Direct Government Provision)
L = Laissez Faire




TABLE 3
An Increase in Public Investment Through Government Intervention: The Size of the Externality and Macroeconomic Performance
(Cobb Douglas Case: o =1)
A. n=0.01

Private Provision: Subsidies and Government Regulation

§ v 4 P {CN | IN | GNY | NN | 6 | aw
Benchmark 0 0 |0.238]858]0503]0228]00541| 1.05 |1.83| --
Subsidies: 7 =0 to 0.05 033| 0 |0352]8.86|0479|0.214 | 0.0753 | 1.17 | 1.94 | -0.62
Regulation: g =0.0541t00.0753 | 0 | -0.58 | 0.350 | 8.92 | 0.475 | 0.215 | 0.0753 | 1.20 | 1.97 | -0.05

Direct Government Provision

7y 7 FolCN | TN [ NN | ¢ | AW
Benchmark: g =0.0541 | 0.0807 | 0.251 | 7.87 | 0.549 | 0.216 | 0.765 | 1.55 --
g=0.0541to 0.0753 0.113 | 0.368 | 8.26 | 0.518 | 0.205 | 0.935 | 1.71 | 0.024

B. n=0.19

Private Provision: Subsidies and Government Regulation
i Pl C/Y | TN | GIY | NN | 4 | AW
Benchmark 0 0.013]3.72]0.648 | 0.294 | 0.004 | -1.40 | -0.11 | --
Subsidies: 7 =0 to 0.05 0.90 0.124 | 6.89 | 0.595 | 0.234 | 0.0289 | 0.376 | 1.15 | 82.18
Regulation: g =0.004t00.0289 | 0 |-1.52 | 0.123 | 6.94 | 0.592 | 0.235 | 0.0289 | 0.397 | 1.17 | 77.96

oo <t

Direct Government Provision

7y 7 PG | IN | NN | ¢ | AW
Benchmark: g=0.004 | 0.005 | 0.013 | 3.69 | 0.650 | 0.293 | -1.42 | -0.13 --

g = 0.004 to 0.0289 0.0423 | 0.123 | 6.95 | 0.591 | 0.235 | 0.402 | 1.18 | 78.12

Note: Growth rates, interest rates, and welfare changes are reported in percentages.



TABLE 4
An Increase in Public Investment Through Government Intervention: The Elasticity of Substitution and Macroeconomic Performance
(Externality: » =0.1)

A 0=025
Private Provision: Subsidies and Regulation
s o] 2z [ F]eN]IN]GEN [NV 4 | aw
Benchmark 0 0 |0595 | 46406770158 |0.0941 | -066 | 0.25| --
Subsidies: 7 =0 to 0.05 026 | 0 |0.642|5.44 | 0.637 | 0.162 | 0.1037 | -0.27 | 0.58 | 4.54
Regulation: g =0.0941t00.1037 | 0 | -0.41 | 0.639 | 5.46 | 0.635 | 0.162 | 0.1037 | -0.25 | 0.59 | 3.41

Direct Government Provision

v |z |7 [N [N RN ¢ | avi
Benchmark: g =0.0941 | 0.1304 | 0.624 | 4.34 | 0.694 | 0.151 | -0.80 | 0.14 | --
g =0.0941to 0.1037 0.146 | 0.667 | 5.17 | 0.653 | 0.156 | -0.40 | 0.47 | 3.44

B. =150
Private Provision: Subsidies and Regulation
sl o] 2z [ ]eN]IN]N [NV 4§ | aw
Benchmark 0 0 |0.044 8690516 |0.260 | 0.0115| 1.05 | 1.88
Subsidies: 7 =0 to 0.05 060 O |0.175|9.10 | 0.499 | 0.232 | 0.0405 | 1.18 | 2.04 | 6.09
Regulation: g =0.0115t00.0405 | 0 |-1.08 | 0.174 | 9.17 | 0.495 | 0.233 | 0.0405 | 1.21 | 2.07 | 6.31

Direct Government Provision

7y 7 FoLCN | TN [ NN | ¢ | AW
Benchmark: g =0.0115 | 0.0174 | 0.045 | 8.52 | 0.527 | 0.258 | 0.984 | 1.81 --
g=0.0115to 0.0405 0.0618 | 0.176 | 8.98 | 0.508 | 0.230 | 1.14 | 1.99 | 6.19

Note: Growth rates, interest rates, and welfare changes are reported in percentages.



An Increase in Public Investment Through Government Intervention:
A Comparison of the Long-Run Welfare Changes

TABLE 5

o =025 o=1 o =150
Subsidies | Regulation | Govt. Provision | Subsidies | Regulation | Govt. Provision | Subsidies | Regulation | Govt. Provision
A" = AG" | Ag® =Ag" Ag® = AG" A" = AG" | Ag® =Ag" Ag® = AG" A" = AG" | AR =Ag" Ag® = AG"
n=0 -0.62 -0.27 -0.15 -1.02 -0.42 -0.34 -1.06 -0.73 -0.71
n=0.05 0.96 0.83 0.94 1.50 1.89 1.93 1.69 1.97 1.92
n=0.1 4.54 3.41 3.44 6.30 6.28 6.31 6.09 6.31 6.20
n=0.15 15.00 11.39 11.28 19.06 18.11 18.15 14.42 14.54 14.41
n=0.19 58.97 51.86 45.74 82.18 77.96 78.12 31.84 31.90 31.78




Figure 1. Stimulating Public Investment: Transition Dynamics and the Size of the Externality
An Income Tax-Financed Subsidy to the Private Sector
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Figure 2. Stimulating Public Investment: Transition Dynamics and the Elasticity of Substitution
An Income Tax-Financed Subsidy to the Private Sector
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