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Abstract

This paper focuses on the role of government capital as a critical productive input when the level
of services that the agent derives from it is subject to congestion. | develop a two-sector “non-
scale’” production model in which there are two types of firms, conventiona profit-maximizing
private firms, and “public firms’, whose objective is to produce a specified quantity of
government investment goods — determined by government policy — a minimum cost.
Furthermore, the production functions of the two sectors need not in general coincide. Using this
two-sector production set-up | assume that the positive externdity of the public capita is
associated with two types of congestion, proportional and aggregate. A variety of fiscal
disturbances are andyzed. Because of the complexity of the modd the analysis is carried out
using ssmulations of a calibrated economy. The effects of tax policies are remarkably robust with
respect to the relative capital intensities of the two productive sectors. In contrast, the effects of
government investment are much more sensitive to this aspect. The introduction of congestion
decreases the steady state growth rate of the economy. The relative congestion has stronger
effects when the variation in the government investment is anadyzed, whereas the absolute
congestion is more relevant in the analysis of the change in the tax on capital income. The papers
highlight the intertemporal dimensions of fiscal policy and the tradeoffs these involve for
economic performance, especially growth and welfare.
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1. I ntroduction

This paper focuses on the role of government capital as a critical productive input
when the level of services that the agent derives from it is subject to congestion The
analysis of the productive role of private capital has received significant attention in the
recent years, but in most cases this has been carried out using a one-sector model of
production, in which public capital enters the aggregate production function together
with private capital and labor; see e.g. Arrow and Kurz (1970), Baxter and King (1993),
Futagami, Murata, and Shibata (1993), Turnovsky (2003). This implicitly assumes that
al production occurs in the private sector. The government then enters the private
market and makes its purchases, in competition with private agents, using the resources
it generates from tax revenues and from borrowing.

While this is a reasonable description one could argue that the governments
effectively conduct their own productive operations. Consider the following stylized
description. A government passes legidation to invest in an airport facility, say. It sets
out precise specifications of the project, which it then puts out for bids to private
contractors who will hire labor and employ private capital to carry out the project. But
instead of being free to hire productive factors to maximize his profit -- and thereby
determine his output level (the size of the airport) endogenously -- the contractor is
constrained (to win the contract) to construct the project, as specified by the
government, most efficiently. Moreover, there is no reason to assume that the
technology employed in the public project need be the same as that in the private sector.
Indeed, one can plausibly argue that government investment projects that involve the
nation’s infrastructure may well be more capita intensive (in private capital) than is the
average technology employed in the private sector.

In Turnovsky and Pintea (2003) we develop a two sector model in which private
output is produced in one sector by profit-maximizing firms. The production function in
that sector depends upon the stocks of both private and public capital, as well as upon
endogenously supplied labor. Public capital introduces a positive externality in
production, so that the complete production function is one of overall increasing returns
to scale in these three productive factors. Government capital is produced in a second

sector by “public firms’, hiring labor and private capital, with public capital aso



providing an externality. In hiring their productive factors these firms compete with the
private sector and therefore need to pay competitive factor returns. The objective of the
public firm is to provide the new public capital, as determined by government policy, at
minimum cost. Thus in contrast to the usua model in which the government uses its
resources to finance its direct purchases of new investment, the government uses its
resources to purchase the services of the productive factors that it employs. These
resources are obtained by taxing capital income, labor income, and consumption, or by
imposing nontdistortionary lump-sum taxation.

| use this model as a base model in my analysis. However in this paper | assume
that the agent can not chose how much labor to provide. Since labor is exogenously
determined, the tax on consumption and labor income are going to behave very similarly
to a lumps sum tax, without influencing the evolution of the real variables in our
economy.

The main contribution of this paper is to introduce congestion effects in the two
production functions. The congestion effects in a one sector economy have been
extensively researched in the context of AK models; see Barro and Sala-i-Martin (1992,
1995), Turnovsky (1997), Fisher and Turnovsky (1998) and Eicher and Turnovsky
(2000). This paper introduces two types of congestion in a context of a “non-scale”
growth model following Eicher and Turnovsky (2000). The positive externality of the
public capital is associated with both relative and aggregate congestion®. The relative or
proportional congestion refers to the fact that the level of services, derived by an
individual from the provision of a public good depends of the usage of his capital stock
relative to aggregate capital stock. Highway usage congtitutes an example. Unless you
drive your car, you do not derive any service from the public good. The aggregate
congestion refers to the fact that the level of the services derived by an individual
depends on how much that public good is used on the aggregate. Medicare and hospital
services are a good example. If these services are used by many people then the level of
services that one individual enjoys is reduced (crowding). To use the previous example
of the public good being a airport facility, relative congestion refers to the fact that you

do not benefit from it unless you take the plane, and the more times you take the plane

! see also Edwards (1990) for different specifications of production functions with congestion



the more you are going to benefit from it. Absolute congestion refers to the fact that as
there aree more and more planes that want to use it, they will be more restricted in their
usage and one individual plane is going to derive less of the services provided by the
airport.

The modd | employ is a “non-scale’” growth model of the type introduced by

Jones (1995a, 1995b), Kortum (1997), Segerstrom (1998), and others. This model that
can be viewed as an extension of the neoclassica model (generalized to alow for non
constant returns to scale) has the property that the long-run equilibrium growth rate is
determined by the interaction between the population growth rate, technological and
congestion production parameters and is independent of government policy parameters.

The non-scale model typicaly yields Slow asymptotic speeds of convergence?.

This implies that policy changes can affect growth rates for sustained periods of time so
that their impacts during the transition from one equilibrium to another will eventually
accumulate to potentialy large influences on steady-state levels. Thus, the fiscal policy
has important effects on the levels of key economic variables, such as the per capita stock
of capital and output. These considerations suggest that attention should be directed to
analyzing the impact of fiscal policy on the transitional dynamics and this has been the
focus of a number of previous studies; see e.g. Auerbach and Kotlikoff (1987), Baxter
and King (1993), King and Rebelo (1993), Devereux and Love (1994), Turnovsky
(2003).

The goal of this paper is to analyze the effects of government investment and
changes in the aternative tax rates in this two-sector productive economy with
congestion effects. | set out the dynamic equilibrium of this economy and show how the
stable adjustment is characterized by a two dimensional locus in terms of the two
stationary variables, referred to as “scale-adjusted” per capita stocks of private and
public capital. Due to the complexity of the model the effects of various policy shocks
are analyzed numerically. Different fiscal shocks have different impacts on government
revenues, and to preserve comparability | normalize the shocksin terms of their impacts
on the intertemporal government deficit. Both the transitional adjustments and the

eventual long-run equilibrium responses are considered. A significant share of the

2 see Eicher and Turnovsky (1999).



analysis is devoted to the welfare of the representative agent, the instantaneous utility
and intertemporal welfare, as represented by the present value of the accumulated
benefits.

The major focus of the paper is on highlighting the intertemporal dimensions of
fiscal policy and the tradeoffs these involve for economic performance, paying particular
attention to the role of the more genera production structure and different congestion
effects

The analysis focuses on positive shocks to the economy from the long run welfare
point of view, an increase in the share of public capital and a decrease in the tax on
capital income. Public investment increases consumption and welfare in the short run,
even as resources are attracted towards government investment. In our model doubling
the rate of public investment from 4% to 8% nvolves short-run welfare increase of
between 2.5% - 4.3% and intertemporal welfare gains of between 8.3% - 13%,
depending upon the relative sectoral capital intensities. Normalized government
investment will be significantly more expansionary as the capital intensity of the public
sector increases.

The effects of a decrease in the capital income tax vary less with the intensity of
capital in the public production function. The strongest effect is on the alocation of the
resources across the two sectors towards the sector less intensive in capital (private
sector if the public production function is more intensive in capital and public sector in
the opposite case). The anaysis of the normalized cut on the tax on capital income
reveals a decrease in the consumption to output ratio of about 2% which leads also to a
decrease in the output to capital ratio of 10% and an increase in the overall output level
of 25%. In the short run the normalized reduction in this tax leads to immediate welfare
losses of about 2.8%, as resources are diverted away from consumption toward private
capital accumulation. In the long run the accumulation of more capital and output
generate however intertemporal welfare gains of 1.5% which are significantly lower
than the gains that are generated by the increase in g. Anincrease in absolute congestion
causes a significant decrease in the welfare in the short run. As the absolute congestion
increases, the long run welfare gains steadily diminish until the gains derived from the

decrease of the tax on capital income can transform into losses.



In general the introduction of congestion decreases the positive effects brought by
changes in the share of government spending and the decrease in the capital income tax.
It also decreases the steady state growth rate of the economy. The introduction of
relative congestion has stronger negative effects when | anayze the increase in g,
whereas the absolute congestion has stronger negative effects if | analyze the decrease in
the tax on capital income. As relative congestion increases, the reallocation of resources
from one sector to the other diminishes.

The remainder of the paper proceeds as follows. Section 2 sets out the structure
of the model, while its equilibrium dynamics are characterized in Section 3. Section 4
calibrates the model and considers the numerical effects of different policy changes.

Section 5 concludes.

2. The Model

2.1 Private Firms

| shall assume that there are N private firm indexed by i. A private firm produces

output Y; inaccordance with the production function:

S
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where K;; representsthe capital employed by thefirm i, L,; denotes the labor employed
by the firm, K denotes the aggregate stock of public capital and K the aggregate stock of

private capital. 1-q; measures the degree of relative congestion and —s; the degree of
absolute congestion. If 1-guis O then there is no relative congestion effect, how much
capital the agent has relative to the aggregate stock of private capital does not influence
the level of services that he derives from the provision of public goods. As i varies

between 0 and 1, the relative weight of the individual agent’s private capital influerces



his benefit of the public good. If s isdifferent from O one observes a “crowding effect”,
the level of services that one individual derives from the provision of the public goods
decreases as the aggregate private capital increases.

| can rewrite the production function as:
=a (K, )" YL, PR IR 0£q £1, O£ £1 (1b)
| assume that the private firm maximizes profit, so that the rates of return satisfy:

1Y,
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2.2. Public Firms

| shall assume that there are N public firms, indexed by P, that hire labor and private
capital, paying the market wage and return to capital, so as to produce some prescribed
level of output, J, to be used for public investment, at minimum cost. The output of this
public firm is given by the production function

h
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smilar with (1a), where 1-¢, measures the degree of relative congestion and —s, the
degree of absolute congestion. The different exponents and degree of congestion alow
for potentially different factor intensities in the public sector from those in the private
sector. | assume that the production of output in the private sector involves a different

technology than does the production of infrastructure produced in the public sector.



| can rewrite the public production function as
Ji — aJ(Kp’i )d'*h(l-qp)[Lp’i]l-d K-h(Sp+(l- qp))Kg ,O £ ql £ :L 0f % £1 (3b)

The individua public firm's optimization problem is to produce a specified output J,
chosen by the policy maker, in accordance with the production function (3b), at a

minimum cost:

min rKp; +wL,, (43)
subject to the constraint Ky, = J - dg Kg, (4b)

| write the Lagrangean as
L=rKy; +wlL,, + l.(J; - dg Ke,i) (40)

where |, measures the marginal cost of a unit of public investment. Performing the

optimization yields:

— ﬂ‘]l — Ji
=1 e A - g =)
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2.3. Representative Agent

The representative agent supplies one unit of labor, afraction ? of which isto
employment in the private sector and 1-? to employment in the public sector. Agent i

also owns K, units of capital, which he rents out a fractionf to the private sector and

1- f tothe public sector, both at the rental rate, r

The representative agent’ s optimization problem is

maxééclge‘b‘dt, -¥<g£l (6a)



where C; denotes the agent’s consumption, 1/(1- g) equals the intertemporal elasticity of

substitution and 13 is the time discount factor. The agent’s objective is to maximize (6a)

subject to his accumulation equation:
Ki :[(1'tk)r' n- dk]Ki +(1't w)W' (1+tc)C| 'Ti (6b)

where t, =tax on capital income, t , =tax on wage income, t_ =consumption tax and
T;i=T/N=agent’s share of lump sum taxes (transfers). Equation (6b) assumes that private

capital depreciates at the rate d,, so that with the growing population, the net after tax

private return to capital is (1-t,)r - n- d,.

Performing the optimization yields:

CTh=m(l+t,) (78)

(-t )r-n-d.=b- 1L (7b)
Y m

(1-t)(b+s (1 ) - de=b - - (70)
K m

Equation (7a) equates the marginal utility of consumption to the individual’s tax adjusted
shadow value of wedth, p;, while (7b) equates the margina utility of leisure to its
opportunity cost, the after tax real wage, valued at the shadow value of wealth. The third
equation is the Keynes-Ramsey consumption rule, equating the rate of return on
consumption to the after-tax rate of return on capita where the return on capital
incorporates the relative congestion effects. Finally, in order to ensure that the agent’s
intertemporal budget constraint is met, the following transversality condition must be
imposed:

e=0 (7d)



24. Aggregate Relationships

Letting the time allocation of labor to the private sector be denoted by a:

1=L;;+L,;; L;=9, L,,=@-gq) ad aggregating over N agents:

NL;; =Ng =L;; NL,; =N(1-q) =L, (&
Likewise, letting f denote the alocation of capital, we have in equilibrium

K =K, +K,,, K, =f K, K, , =@ f)K
NK,, =f NK, =f K; NK,, =(1- f)NK; =(1- f)K (8b)

Equation (8a) asserts that the total supply of labor must be allocated either to one of the
private firms or to the public firm, while (8b) describes an analogous allocation condition
for private capital. Using these relationships, the aggregate production function for the

private sector and the public production function may be expressed as:

Y :an b+s (1-q)q1-le-b-s(1-q1)Kb-ss_lKgs] (93)

J :aJ (1_ f )d+h @- qp)(l_ q)l d Nl— d—h(l—qp)Kd—hsp Kg (gb)

The government runs a balanced budget in accordance with
t K+t Nw+t C+T=rK, +wL, +s(1- q)Y (10)

i.e. the government pays out of tax revenues, its production costs and a subsidy to the
firms that incur losses due to the negative externality imposed by the relative congestion
effect.

T represents the amount of lump-sum taxation (or transfers) necessary to finance
the primary deficit and is therefore a measure of current fiscal imbalance. Recalling the

expressions for the returns to capital and labor derived in (23, b), it can be expressed as
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T=20 1)+ q)-1, 21,18 ¢ Sl (11a)
e q f q YQ
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Defining V = QT (t)e° dt itis derived:
0
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where s(1-t,)=r@-t,)-d, is the implied equilibrium of interest, V measures the
present discounted value of the lump sum taxes or transfers necessary to balance the
government budget over time, and thus is a measure of the intertempora fiscal
imbalance.

| shall also assume that government investment is tied to aggregate private output
by

J=gY (12)

Using the aggregate production functions, (9a) and (9b) and recaling the budget

constraint and the returns to capital and labor, implies goods market clearing:
K=Y-C-d.K (13a)

this equation asserts that private output can be costlessly transformed into productive

private capital or consumption. Also,

K, =9Y- dgK, (130)

2.5.  Macroeconomic Equilibrium

11



Our objective is to analyze the dynamics of the aggregate economy about a
stationary growth path. Along such an equilibrium path, aggregate output, private capital
stock, and public capital (due to the fact that it is a constant fraction of the private output)
are assumed to grow at the same constant rate, so that the output-capital ratio and the
ration of public capital to private capital remain constant, while the fraction of time
devoted to leisure also remains constant. Taking percentage changes of the aggregate

production functions, the long run equilibrium growth of output, private and public

capitd is:

:1-b-s(1- oﬂ)n (149)
1-b-s(-s)

with the requirement that:

1-b-s(1-q)_1-d-h(l-q,)

= (14b)
1-b-s(-s) 1-d-h(-s,)

Equations (14a, b) are necessary in order for the policy to be sustainable. (14b) imposes
aweak condition on the externality. (14a) shows that the growth rate decreases if there is
an increase in either relative or absolute congestion.

3. Transitional Dynamics

To anayze the transitional dynamics of the economy about its balanced growth

path, | express the system of the stationary variables in the scale-adjusted per capita

guantities:
__ KK Y
k= 1-b-s (1- ¢) ’kG T 1bs(-q) Y= 1 b-s (I- q) )= 1-b-s (1- ¢y)
Nl— b-s (1-5) Nl—b—s(l—sl) Nl—b—s(l—sl) N 1-b+s-s

Using this notation, the scale-adjusted private and respectively public production

functions can be written as:
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y=a,f " W tke skl (15a)

j=a,@-f)"" Y @- gy kK] (15b)

The optimality conditions then enable the dynamics to be expressed in terms of these
scale adjusted variables as follows. First by using the no arbitrage condition which
implies the equality of return to capital and labor in the private and public sector (2a),
(2b), (58) and (5b) and the labor and private capital alocations (8a) and (8b), together
with (12) one can derive that:

b+s(1-q) @-f) _1-b (- q)

= 16
d+h@-q,) f 1-d q (169
Then, substituting (15a) and (145) into (12) yields:
_f\Ith (@ d) q_ 4)L-d
(1 f ) (1 Q) — gaka—ssl— dth %k(s;—h (16b)

J f bts (1- o) ql- b

In principle, one can solve these two equations for the allocation of labor and private

capital across the production of private and public capital:
q =q(k,ks) (173)

f=f(kks) (17b)
In the Appendix | show how the equilibrium dynamics can be expressed as the following

system in the stationary variables k, kg and c:

k_ y ¢
XYL g, - 183
K K K kY (18a)
Ky _ 'y

g —
LI Ay (180)
Ky kg °
ol B inged -y (@-D- @t )b+s @ q) L2 (180)
c g-1& fkg
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f () andq(.) aredetermined by (17a), and respectively (17b).
This third order system has two sluggish variables k and k; , and one jump varigble, c.
To yield a well behaved dynamic behavior | require that the eigenvalues of this system

consist of two stable and one unstable root, a property that | found to prevail over al of

our wide-ranging simulations.
31 Steady State

The steady state of this economy, denoted by “~”", is obtained by setting
k =k, =¢=0 in (18a) — (18c) and can be summarized by:

(¥- &) =k(d,+y) (19)
a9y =k, (d, +y ) (19b)
(-t )(b+s Q- ql)%: b +ng+d, -y (g- 1) (19)

together with the allocation conditions (16a, b).

Equation (19a) describes the growth of private output, given consumption, necessary to
provide the private capital to equip the growing labor force and replace depreciation.
Equation (19b) is an analogous condition for public capital while equation (19c) equates

the long-run net return to private capital to the rate of return on consumption.

3.2  Centrally Planned Economy
The central planner possesses complete information and chooses all quantities directly,

taking into account the congestion caused by all agents. The formal optimization is to

maximize per capita utility in the economy:
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max &) =(C / Nf & ct (208)
g
st. K=Y-C-d.K and K, =J-dKqg (20b)
The optimality conditions for such an economy comprise the efficient allocation (16a),
the scae adjusted production functions (15a, b), the equilibrium growth conditions

(7- €)=Kk(d,+y ) and [ =k, (d, +y ) together with:

1-b

=
o

T iy 3

(b- ssl)—-d +6(d - hs)% b +y (1- g)+ng (21b)
j_sy .1

(b'S%) d +q(d hS)T=T~_+h~_'d (21C)
K gk, Kk °

where q denotes the shadow price of public capital in terms of private capital. These 8
equations determine the steady state solutions for ¢, ¥, k, kg, f,f ,q and g. Note that

the implied investment share, §is obtained from the ratio § = % . In contrast to the

decentralized economy, the after tax private rates of return to capital are replaced by the
corresponding socia rate of returns, which take into consideration the congestion effects
imposed by the accumulation of private capital. Thus in (21b) the after tax return to
capital which incorporates the effect of relative congestion that affects only the individual
agent is replaced by the socia return to a unit of capital which incorporates the effect of
absolute congestion that affects the whole economy, and ignores the relative congestion
effects which is irrelevant in the aggregate. Similarly (21a) determines the socialy
optimal ratio of public capital to private capital. (21b) and (21c) equate the long run
socia rates of return to investment in the two types of capital to the rate of return to
consumption, again taking into consideration the effect of absolute congestion affecting

them.
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4, Numerical Analysisof Transitional Paths

Further insight into the effects of fiscal policy can be obtained by carrying out numerical
analysis of the model. | begin by characterizing a benchmark economy, calibrating the
model using the parameters representative of the US economy (Table 1.a)

The elasticity on capital implies that approximately 35% of output accrues to
private capital and the rest to labor, which grows at an annual rate of 1.5%. The elasticity
s=0.2 on public capital implies that public capital generates a significant externality in
production. This parameter lies within the range of the consensus estimates (see Gramlich
1994). For the benchmark economy | consider that the private and the public production
functions are identical. However, in my analysis | consider the cases where the public
production is either more capital intensive or labor intensive than the private production
function and evaluate how this change in the production parameters modify our results.

| vary the congestion parameters from 0 to 1, from a pure public good to varying
degree of rivalry for both typesof congestion. The analysis performs permutation of these
models, i.e. 1-g=0.5 and s=1 means that there is some degree of relative congestion, that
the individual increasing its relative possessionof private capital derives a higher level of
services from the provision of the public good. At the same time since s=1 the increasein
aggregate capital diminishes the level of services that each individual derives due to the
crowding effect. | also experiment with different degree of congestion in the two
production functions, i.e. 1-0;=0.5, 1-gp=1, s1=1 that | did not report in the paper. In this
case, keeping ? constant s, is derived endogenously within the model. The reason for
which | prefer to limit the analysis to identical levels of congestion in the two production
function is that even if there valid arguments for having different production function for
the public and private capital, it is difficult to argue that identical factors of production
(labor ard private capital) are subject to different degree of congestion. Also, if the public
congestion function experiences a higher degree of relative congestion than the private
production function, the resulting degree of absolute congestion is negative, which means

that there are positive aggregate capital spillovers.
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The vaue of ?=-1.5 implies an intertemporal elasticity of substitution in
consumption of 0.4, consistent with the estimation by Ogaki and Reinhardt (1998). The
benchmark tax on wage income, t,=0.28 reflects the average marginal persona income
tax rate in the US. Given the complex nature of capital income taxes, part of which may
be taxed at a lower rate than wages and part of which at a higher rate, | have chosen the
common rate, %=0.28 as the benchmark. The annua depreciation rates d=0.035 and
dk=0.05 approximate the average depreciation rates for public and private capital for the
US during recent years.

These parameters lead to the benchmark equilibria reported in Table 1.b.
Focusing on d =0.35 and no congestion, the total consumption-output ratio = 0.84, the
private output-private capital ratio = 0.46, and the ratio of public to private capital = 0.32.
The benchmark equilibrium also implies that over 96% of labor and private capital is
employed in the final output sector, which is aso consistent with the available data.
Finaly, the steady-state growth rate, which by the non-scale nature of the economy is
independent of policy, equals 2.17%. Table 1b reports the equilibria when the public
investment sector is labor intensive relative to the private sector (d =0.2) and relatively
capital intensive (d =0.5). These fairly large changes in relative sectoral intensities have
relatively small effects on the equilibrium. Table 1.b aso reports the equilibria whenwe
introduce different level of congestion. Congestion reduces the steady-state growth rate to
1.5%. The relative congestion reduces dramatically the consumption to output ratio to
0.73, the public to private capital ratio to 0.19 and the private output-private capital ratio
to 0.24. At the same time a higher proportion of the resources are alocated towards the
production of public sector. The absolute congestion has a negative effect on the steady
state growth, but it has a very mild effect on the ratios mentioned above.

The economic welfare is the optimized utility of the representative agent.

¥
@3 (C/NYe 22)

0

¥
W = ¢ (t)e *'dt =
0

where Z(t) denotes instantaneous utility and C/N is evaluated along the equilibrium path.
The welfare gains are calculated as the percentage change in the flow of income

necessary to equate the initia level of utility to what it would be following a policy
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change. The short run impact is measured by the changes in Z(t), while the long run
impact is summarized by the change in the overall intertemporal index W.
The other key measure of economic performance, the measure of the intertemporal fiscal
balance has been defined previously in equation (11b). For the assumed tax rates and
expenditure parameters, current tax revenues exceed government expenditure on the
inputs necessary to produce the public good.

Table 2, 3 and 4 report the percentage changes in the intertemporal fiscal surplus,
with anegative change implying a reduction relative to the base measure.

4.1. Normalized Fiscal Changes

Table 2, 3 and 4 describe various basic policy changes from the benchmark economy.
These are uncompensated, meaning that they lead to changes in the government’s fiscal
deficit. To be able to make comparisons between them these changes have been
standardized so that the tax decrease and the increase in g lead to the same increase in the

present value of the government deficit, V (-16.8).

4.1.1. Increasein gover nment investment

Public investment increases consumption and welfare in the short run, even as
resources are attracted towards government investment. The consumption output ratio
increases upon impact and there are gains in the short run welfare. Since more resources
are alocated towards the public sector the private capital sightly decreases in the short
run, but increases over time as the investment bears fruit and productivity is enhanced.
In the long run the consumption to output ratio decreases and as output increases thanks
to the increase in productivity enhancing government capital, the long run welfare
increases further. In this model doubling the rate of public investment from 4% to 8%
involves short-run welfare increase of between 2.5% - 4.3% and intertemporal welfare

gains of between 8.3% - 13%, depending upon the relative sectoral capital intensities
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(seetable 2, 3 and 4).

Intuitively, on one hand the increase in output in the future would imply through
consumption smoothing that consumption increases upon impact, but on the other hand
this increase in output is due to the increase in government capital which implies that
more resources should be allocated to production. The simulations show that
consistently the consumption output ratio increases upon impact and therefore the

welfare effects in the short run are positive and continue to increase in the long run.

As either/both relative and absolute congestion of the public good increase, the
level of services that one derives from an increase in the government capital declines
and thus the benefits on both the short run and long run welfare decrease. The relative
congestion effect is far more damaging from the welfare point of view than the absolute
congestion effect. As relative congestion increases, the agents perceive the private
capital as being more productive, since it increases the level of services that they derive
from the public good and implicitly their private marginal return to capital. Therefore
they over-accumulate capital, the public good becomes congested and the increased
productivity and welfare effects brought about by the increase in g are significantly

diminished.

If 1-g1=1, the short run welfare effect of increasing g becomes negative when the
two production function are identical or the public production function is less intensive
in capital (i.e. it varies from -0.15% to -0.22% for identical production functions and
from -0.35% to -0.37% if the public production function is more intensive in capital,
depending on the degree of absolute congestion). If the public production function is
more intensive in capital the positive short run effects are still present, but significantly
diminished (i.e. it decreases from 4.33% to 0.61% as the proportional congestion

indicator increases from O to 1). The consumption to output ratio increases upon impact
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in al cases, but if the public production function is more intensive in capita there is
more capital attracted towards the production of the public good and relatively less
output and consumption goods produced in the private sector. In genera if the public
production function is more intensive in capital the positive effects associated with the
increase in g are significantly higher than in the case when it is less intensive in capital
(see table 3 and 4). The increase in output is 36.32% compared to 25.11% which
trandates into an increase in the long run welfare of 12.94% compared to 8.28%. This
result is robust to the introduction of different degree of congestion such that even when
both congestion effects are present simultaneously the increase in g has a steadily

positive welfare effect in both short and long run.

At the same time the normalization that is used determines significant different
changes in g depending on the introduction of relative or aggregate congestion. To
derive the same present value of the fiscal deficit, the increase in g is much lower in the
case when only relative congestion is present compared to the case when there is no
congestion or only absolute congestion is present. The explanation lays in the fact that
the agents are paid their marginal return to capital. Relative congestion trandlates into
losses for the productive firms, losses that are financed from the government budget.
Therefore as relative congestion increases the agents who ignore the socia returns to
capital over accumulate private capital and the fiscal deficit increases very fast. If |
perform the analysis imposing the same increase in g for different degree of congestion,
and ignoring the effect that these changes will have on the government budget, the
welfare effects improve when the relative congestion is concerned. The relative
congestion is still more welfare damaging than the absolute congestion, but by a lesser

degree.
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4.2.1. Decrease in tax on capital income

The analysis of the normalized cut on the tax on capital income reveals a decrease
in the consumption to output ratio of about 2% which leads aso to a decrease in the
output to capital ratio of 10% and an increase in the overal output level of 25% (see
Table 2). In the short run the normalized reduction in this tax leads to immediate welfare
losses of about 2.8%, as resources are diverted away from consumption toward private
capital accumulation. In the long run the accumulation of more capital and output
generate intertemporal welfare gains of 1.5% which are however significantly lower

than the gains that are generated by the equivalent increasein g.

As the congestion of the public good increases, the benefits of decreasing the tax
on capital income decrease. In contrast with the increase in the share of the government
investment g, the absolute congestion has a more damaging effect than the relative
congestion, due to the increase in the aggregate capital brought by the decrease in the
capital income tax These results hold even when it is normalized with respect to the
amount of tax being cut (i.e a decrease of tk from 0.28 to 0.2 determines long run
welfare losses of 0.63% if | consider the relative congestion and of 1.18% if | consider
the absolute congestion effect, both independently; if both effects are considered
simultaneoudly the welfare loss is 3.47%). Similar to the analysis concerning the
increasein g, it is noticeable that the normalization affects more significantly the change
in the level of taxes in the case of relative congestion due to the losses incurred by firms
who have to pay the agents the private marginal return to capital. As |increase the
relative congestion the decrease in the level of taxes necessary to reach the benchmark
present value of the fiscal deficit is lower, therefore the short run welfare losses

diminish.

The increase in absolute congestion causes a significant decrease in the welfare in
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the short run. As the absolute congestion increases, the positive long run welfare steadily
diminishes, such that when s=1 the change in long run welfare becomes negative. The
cut of the tax on capital income determines an increase in the aggregate private capital.
As the congestion effect becomes more prevalent, the increase in output brought by a
more intensive investment in private capital is lower. Since the consumption-output ratio
decreased to alow for a higher accumulation of capital, the new steady state

consumption is lower than before the shock.

The results of the cut in income tax do not differ significantly based on the capital
intensity of the public production function. The highest short run welfare losses ¢
4.19%) are derived when the public production function is more intensive in capital and
the only congestion effect is due to aggregate congestion. At the same time if the public
production function is more intensive in capital, the cut in capital income tax brings on
the highest increase in the long run welfare (1.52%) when there are no congestion

effects.

The allocation of resources is determined by the capital intensity of the public
production function. A decrease in the tax on capital income determines the reallocation
of resources (private capital and labor) towards the sector less intensive in private capital
(private sector if the public production function is more intensive in capital and public

sector in the opposite case).

5. Conclusons

This paper focuses on the role of government capital as a critical productive input
when the level of services that the agent derives from it is subject to congestion. |
develop a two sector model in which private output is produced in one sector by profit-
maximizing firms and government capital is produced in a second sector by cost

minimizing firms. The two sectors compete in hiring labor and private capital, and the
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public capital provides a positive externality. The two production functions can differ in
their sectora intensities. We introduce two types of congestion associated with the
positive externality of the public capital, relative and aggregate congestion.

We anayze the growth and welfare effects of an increase in government
investment and equivalent decrease in the tax on capital income.

Public investment in general increases consumption and welfare in the short run
and long run. (i.e. an increase in the rate of public investment from 4% to 8% involves
short-run welfare increase of between 2.5% - 4.3% and intertemporal welfare gains of
between 8.3% - 13%, depending upon the relative sectoral capital intensities. Normalized
government investment will be significantly more expansionary as the capital intensity of
the public sector increases.

The introduction of congestion decreases the positive effects brought by the fiscal
policiesthat | analyze. It aso decreases the steady state growth rate of the economy.

The introduction of relative congestion has stronger negative effects when one
analyzes the increase in g, whereas the absolute congestion has stronger negative effects
if one analyzes the decrease in the tax on capital income.

The normalized decrease of the tax on capital income determines a decrease in the
consumption to output ratio of about 2% and an increase in the overal output level of
25%. In the short run it leads to welfare losses of about 2.8%, while in the long run it
generates intertemporal welfare gains of 1.5%. The increase in absolute congestion
causes a significant decrease in the welfare in the short run. As the absolute congestion
increases, the long run welfare gains steadily diminish until they reach negative values.

The alocation of resources is determined by the capital intensity of the public
production function. A decrease in the tax on capital income determines the reallocation
of resouces towards the sector less intensive in private capital. As relative congestion

increases, the reallocation of resources from one sector to the other diminishes.
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Tablel.a

Base Parameters Values

Production parameters

arl, s=0.2, b=0.35, dg=0.035 dk=0.05, a=1, n=0.015,

do=0.35, ?0=0.2, th=0.2, ?1=0.246, d,=0.5, ?,=0.1538

Congestion parameters

1-01=1-3,=0, 0.5, 1
$1=%=0, 0.5, 1

Preference parameters

?=-1.5, 7= 1.75, 3=0.04

Fiscal parameters

0= 0.04, t,=0.28, t1,=0.28, t:=0.0

Tablelb

Baseequilibria

cly Kagk |yk T F ? PV

Govt

DEf

D=0.35 | Q=1,| No 084 |0.32 0.464 | 96.1 96.1 2166 |-7.11
S=0 | cong

Q=0 | Rel. | 0.73 0.19 0.24 9359 9359 |15 -4.23
S=0 | Cong

Q=1 | Abs. | 0.83 0.32 04 96.15 |96.15 |15 -6.69
S=1 | Cong

D=0.2 | Q=1,| No 084 |0.33 0.47 94.77 | 975 2.166 |-6.87
S=0 | cong

Q=0 | Rel. | 0.73 0.197 |0.24 8991 |9312 |15 -2.81
S=0 | Cong

Q=1 | Abs. [ 0839 | 0.324 | 0.405 | 946 97.4 15 -6.49
S=1 | Cong

D=05 | Q=1,| No 084 |0.32 0.46 9757 |9559 |216 -7.43
S=0 | cong

Q=0 | Rel. |0.74 |0.2 0.25 96.44 |9461 |15 -5.56
S=0 | Cong

Q=1 | Abs. | 0.83 0.31 0.39 9765 |9573 |15 -6.95
S=1 | Cong
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Table2
Uncompensated Fiscal Changes Normalized with respect to Present Value of Fiscal
Deficit V (Identical Production Function for Private and Public Capital)

b=0.35, d=0.35, s=0.2; ?=0.2,

Per centage change in the PV of budget deficit: -16.8

%?cly | %?ylk | %?kaglk | %?ck | %?kg | %?y | %?T | Short | Long
run ru
welf. | wdlf.
gans | gans

No congestion effect: g=1, s=0

Increeseing: | -0.702 | -3.7 9259 | 3381 | 157.7 | 28.86| -14.7 | 289 | 9.67
0.04t0 0.08

Decrease in tk: -2 -90.88 -088 | 2033 | 843 | 843 | -114 | -2.77 | 146
0.28100.2

Congestion effects. g=0.5, s=0

Increaseing: | -0.648 | -2.44 51.46 196 | 81.15 | 1668 | -14.94 | 289 | 9.67
0.04 to 0.0621

Decreaseintk: | -1.6 | -6.05 -6.05 | 11.74 | 497 | 497 | -13.28 | -232 | 0.32
0.28 t0 0.2336

Congestion effects: g=0, s=0

Increasein g: -043 | -1.2 21.76 856 | 322 | 725 | -1585 | -015 | 1.6
0.04 to 0.0493

Decrease in tk: | -0.975 | -2.67 -2.67 494 | 2132 | 2132| -1513 | -1.33 | 0.13
0.28 to 0.2602

Congestion effects: g=1, s=0.5

Increase in g: -0.73 | -3.74 93.7 2717 | 1463 | 2241 | -1492 | 251 | 871
0.04 to 0.0805

Decrease in tk: | -2.11 -10 -10 1671 | 494 | 494 | -11.69 | -3.48 | 0.080
0.28 t0 0.1993

Congestion effects. g=0.5, s=0.5

Increasein g: -0.67 | -247 5214 | 1595 | 7642 | 13.09| -15.14 | 057 | 4.28
0.04 to 0.0624

Decreaseintk: | -1.74 | -6.12 -6.12 963 | 291 | 291 | -1346 | -2.76 | -0.52
0.28t0 0.2333

Congestion effects. =0, s=0.5

Increasein g: -044 | -12 21.76 6.95 | 30.23 | 566 | -15.85 | -0.18 | 1.44
0.04 to 0.0493

Decrease intk: | -1.01 -2.7 -2.7 4065 | 1.25 125 | -1528 | -1.53 | -0.51
0.28100.26

Congestion effects: g=1, s=1

Increasein g: -0.76 | -3.79 9499 | 22.81 | 139481814 | -1512 | 22 | 781
0.04 t0 0.081

Decreaseintk: | -22 | -1022 | -1022 | 1419 | 252 | 252 | -11.88 | -4.18 | -1.21
0.281t00.198
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Congestion effects: g=0.5, s=1

Increasein g: -064 | -242 51.23 | 1952 | 80.76 | 16.62 | -14.88 | 0.7 | 4.68
0.04 to 0.0602

Decrease in tk: -1.8 -6.15 -6.15 8.12 147 147 | -1351 | -3.17 | -1.29
0.28 t0 0.2328

Congestion effects. g=0, s=1

Increasein g: -046 | -1.22 22.22 596 | 2952 | 466 | -16.18 | -0.22 | 1.29
0.04 to 0.0495

Decreaseintk: | -1.04 | -2.7 -2.7 342 | 063 | 063 | -1528 | -1.71 | -0.85
0.28t0 0.26
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Table3
Uncompensated Fiscal Changes Normalized with respect to Present Value of Fiscal
Deficit V (Public Production Function moreintensivein capital)

b=0.35, d=05, s=0.2; ?=0.1538,

Per centage changein the PV of budget deficit: -16.8

%?cly | %?ylk | %?kglk | %?ck | %?kg | %?y | %?T | Short | Long
run ru
welf. | wdlf.
gans | gains

No congestion effect: g=1, s=0

Increasein g: -097 | -5.04 109.3 | 4356 | 200.6 | 36.32 | -14.48 | 4.33 | 12.94
0.04 to 0.0882

Decreaseintk: | -2.03 | -9.96 -996 | 20.77 | 868 | 868 | -11.44 | -2.81 | 1.52
0.28 to 0.1995

Congestion effects. g=0.5, s=0

Increasein g: -0.85 | -3.19 69.4 27.77 | 1164 | 2368 | -145 | 2.03 | 7.66
0.04 to0 0.07

Decreaseintk: | -1.75 | -6.35 -6.35 | 1253 | 537 | 537 | -13.16 | -2.43 | 0.394
0.28 to 0.2306

Congestion effects: g=0, s=0

Increasein g: -061 | -1.71 35.87 | 1468 | 55.83 | 12.71| -14.98 | 0.61 | 3.638
0.04 to 0.0553

Decreaseintk: | -1.18 | -3.26 -3.26 | 6.169 | 2.699 | 2699 | -14.84 | -1.60 | 0.115
0.28 t0 0.2554

Congestion effects: =1, s=0.5

Increasein g: -102 | -511 1132 | 3538 | 188.7 | 2854 | -14.68 | 3.83 | 11.7
0.04 to 0.0899

Decreaseintk: | -2.13 | -10.12 | -10.12 | 1696 | 511 | 511 | -11.63 | -351 | 0.13
0.28t0 0.198

Congestion effects. g=0.5, s=0.5

Increasein g: -0.89 | -3.22 71.28 227 | 110.1 | 18.74| -14.6 1.81 | 7.01
0.04 to 0.0707

Decreaseintk: | -1.84 | -6.45 -6.45 102 | 318 | 318 | -13.33 | -2.89 | -0.49
0.28 to 0.2299

Congestion effects. g=0, s=0.5

Increasein g: -064 | -1.74 37.06 | 1221 | 53.81 | 10.25| -15.17 | 055 | 34
0.04 to 0.0556

Decreaseintk: | -1.24 | -3.32 -3.32 51 16 16 | -1499 | -1.86 | -0.58
0.28 t0 0.255

Congestion effects: g=1, s=1

Increasein g: -064 | -1.74 37.06 | 1221 | 53.81 [ 10.25| -15.71 | 055 | 34
0.04 to 0.0919

Decreaseintk: | -2.22 | -10.26 | -10.26 | 1438 | 264 | 264 | -11.78 | -4.19 | -1.17
0.28 t0 0.1968
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Congestion effects. g=0.5, s=1

Increasein g: -094 | -3.35 7493 | 19.71 | 1094 | 157 | 1512 | 163 | 648
0.04 t0 0.0724
Decreaseintk: | -1.91 | -6.55 -6.55 8.79 166 | 1.66 | -1351 | -3.35 | -1.33
0.28t0 0.229
Congestion effects: =0, s=1
Increaseing:. | -0.675 | -1.79 3847 | 1059 | 5314 | 861 | -1552 | 047 | 3.13
0.04 to 0.0564
Decreaseintk: | -1.28 | -3.34 -3.34 433 | 0.843 | 0.843| -15.04 - -1.01
0.28 t0 0.2548 2.098
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Table4
Uncompensated Fiscal Changes Normalized with respect to Present Value of Fiscal
Deficit V (Public Production Function lessintensive in Capital)

b=0.35, d=0.2, s=0.2; ?=0.246,

Per centage change in the PV of budget deficit: -16.8

%?cly | %?ylk | %?kaglk | %?ck | %?kg | %?y | %?T | Short | Long
run ru
welf. | wdlf.
gans | gans

No congestion effect: g=1, s=0

Increasein g: -041 | -2.27 88.85 | 28.02 | 141.78 | 25.11 | -15.32 | 254 | 8.28
0.04t0 0.0773

Decreaseintk: | -1.95 | -9.82 -0.82 | 1991 | 8132 (8132 | -11.22 | -274 | 14
0.28 t0 0.202

Congestion effects. g=0.5, s=0

Increasein g: -045 | -1.72 41.27 | 14.27 | 61438 | 12.30 | -15.63 | 0.101 | 3.033
0.04 to 0.0575

Decreaseintk: | -1.56 | -5.71 -5.71 1081 | 448 | 448 | -13.27 | -219 | 0.24
0.28 t0 0.2368

Congestion effects: g=0, s=0

Increasein g: -0.25 | -0.71 12.32 446 | 1733 | 3.72 | -16.62 | -0.35 | 0.557
0.04 to 0.04525

Decrease intk: | -0.708 | -1.94 -1.94 3.46 145 145 | -15.36 | -0.97 | -0.13
0.28 to 0.2659

Congestioneffects: g=1, s=0.5

Increaseing. | -0.437 | -2.3 88.07 | 22.18 | 129.79 | 19.37 | -1553 | 223 | 7.45
0.04 to 0.077

Decreaseintk: | -2.05 | -9.94 -9.94 162 | 467 | 467 | -11.51 | -3.42 | 0.026
0.28t0 0.201

Congestion effects. g=0.5, s=0.5

Increaseing: | -0.468 | -1.72 40.77 | 11.38 | 56.8 | 9.46 | -15.78 | 0.028 | 2.72
0.04 to 0.0573

Decreaseintk: | -1.61 | -5.72 -5.72 878 | 255 | 255 | -1337 | -258 | -0.54
0.28 t0 0.2367

Congestion effects. =0, s=0.5

Increasein g: -0.26 | -0.69 11.96 353 | 1592 | 28 | -16.65 | -0.35 | 0.48
0.04 to 0.0451

Decreazintk: | -0.71 | -1.9 -19 2.76 0.8 08 | -1529 | -1.09 | -0.39
0.28 t0 0.26623

Congestion effects: g=1, s=1

Increasein g: -045 | -2.33 8824 | 1846 | 123 |[15.69| -1582 | 201 | 6.74
0.04 t0 0.0771

Decrease intk: | -2.13 | -10.05 | -10.05 | 13.74 | 2.3 23 | -11.67 | -4.09 | -1.25
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0.28100.2

Congestion effects. g=0.5, s=1

Increasein g: -049 | -1.76 41.21 9.62 548 | 7.68 | -16.19 - 244
0.04 to 0.0575 0.037
Decreaseintk: | -1.66 | -5.75 -5.75 741 | 124 | 124 | -135 | -297 | -1.27
0.28 to 0.2365

Congestion effects: =0, s=1

Increasein g: -0.26 | -0.69 11.72 291 | 1498 | 22 -16.7 | -0.35 | 0.39

0.04 to 0.045
Decreaseintk: | -0.72 | -1.87 -1.87 2.3 038 | 038 | -1532 | -1.2 -
0.28 to 0.2664 0.625
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Appendix

In this Appendix | derive the linear approximation to the macro-dynamic equilibrium

employed in our simulations. | begin with the four equilibrium equations (18a) — (18c)

written as
k=y-c-k(d+y) (A.13)
ke =0y~ ks(ds +y ) (A.1b)
%:ﬁ§3+ng+dk-y(g-l)- @t )(b+s (- ql)%g (A.10)

Given (17a) and (17b) one can find the time derivatives :

- 919 ﬂq af af
=-— k and f =—k+ —k A2
9=gcK "k, w K (A2)

g

Substituting these expressions into (A.1 a-c) one can derive the linearized equilibrium:

k—e(b sg)y+(b+s(1 oﬂ))yﬂf (1 b)y'"OI d, +y)u(k K) (A.33)
y 19 " Y~ &
relo+s @-antgra- 2 s Lo k- -0
K, §g(b+s (1- aﬂ))X_k+g(b Ssl)y+g(1 b)y'"q“(k K) (A.30)
eg(b+s a- a2 igw 02U g Yoy ke - Ro)
fﬂkc, qfk ke o oc
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_._C 4. t,)(b+s (1- y b- 1 (b+s (- q)- DI (l b) Tqu
¢ .- ( )(b+s ( On)) ( §)+ : ﬂk ] ﬂk(

€b+s(1-g)-) T (1-b)fg s A3
ST Tk g K l%gwe o} o

Note that these expressions al involve the partial derivatives

fg M9 g T

Tk K Tk Tke

To evaluate these, | proceed in the following sequential manner. Taking differentials of

the sectoral allocation equations (16a) and (16b) | obtain:

x(1+h(1- q )8 el 9(1 £)'E% g 1- b)(d +h(1- q,)) + (1- F)(L- d)b+s (- Q)
+x (- f )" (d - b)gﬂa b)(d +h(1- q,))- —(1 d)(b+s (1- ql))H (A.4.9)

g (- b)(d+h(1- q,))+(@- f)(1-d)(b+s (1- qi))Hd_b'l -

- [1+S (1_ qj_)]:_[[_fkf s (- Ch)kb'ssl‘ d+hspkz -h +f 1+s (1I- ) (b' S % _ d +h Sp)kb-ssl- d+hsp-1kz -h

e ﬂf 0 h(1-qp) 4 .d-b
XL 6)g 30 ) § Q- DA +h@- 0,)+ (1-1)(1- d)o+s (1- Q) +

9@

1#h1-q,) € §f i u
x(@1-f) (d-b)e—(@1- b)(d +h (- q,))- ——@- d)(b+s (- q))u (A.4.b)
g7k, Tk, 9]

1

“g (- b)d+h(1- ) +(1- 1) d)b+s Q- a)f =

f -SS;- S- +s (1- -SS- athsyy s -h-
=[1+s (1- ql)]‘lTTf s(-a)y oo cHhS”kg R e YO O S ke

g
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a; (1-d)"“(b+s (- q))""
ga, (1- b)""(d+h(- q,)""

where x =

fiq _1f (d+h(- q,))(2- b)1- d)(b+ s (I- @)
X X g (1 b)d+h(L- q,)+@- )1~ d)(b+s (- G

, Where x =Kk, k, (A.4.c)

Expressions (A.4 a-c) yield al the partial derivatives and substituting these partial
derivatives into the elements (A3.a-¢) yields the linearized dynamics of the equilibrium

system.
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