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Summarv 

This paper develops an endogenous growth model of the influence of 
public investment, public transfers, and distortionary taxation on the rate 
of economic growth. Rather than use the flow of publicly provided private 
goods to proxy for government services, as in current models in the 
literature, the model introduces increments in the stock of congested public 
capital as a positive influence on economic growth. The growth-enhancing 
effects of both intragenerational and intergenerational transfer payments 
are also modeled, again differing from current models in the literature, 
which typically view transfers as having a negative effect on growth. 

Transfers are argued to raise the marginal product of private capital 
by reducing the negative externalities flowing from (1) poor enforcement of 
private property rights, and (2) workers with a below-average stock of human 
capital. The model also highlights the growth-inhibiting effects of the 
levying of the distortionary taxes necessary to finance the provision of 
public transfers and public capital.' A trade-off exists between the growth- 
enhancing provision of public capital and transfers and the growth- 
diminishing influence of distortionary taxes. For small government (where 
public spending is low), the growth-enhancing effect is likely to dominate; 
for large government (where public spending is high), the growth-diminishing 
effect is likely to dominate. 

The theoretical implications of the model are then tested with data 
from 23 developed countries between 1971 and 1988, using a time-series 
cross-sectional model to take into account the potential influence of 
unobserved country heterogeneity. The empirical results offer support for 
the theoretical implications of the model, as the three public finance 
variables are significant and enter with signs consistent with a priori 
expectations of their respective influences on economic growth. Productive 
government spending, in the form of public investment and transfer payments, 
is demonstrated to enhance economic growth. In addition, distortionary 
taxation is shown to have a detrimental effect on economic growth. The 
convergence implications of the neoclassical growth model are also borne out 
in this data set, as initial incomes are significant and negatively 
correlated with subsequent growth rates. 





I. Introduction 

The relationship between government spending, taxation, and economic 
growth has been one of the most important (and most studied) issues in 
economics. However, while it was clear that distortionary taxation and 
government spending could affect the level of gross domestic product in a 
given country, the theoretical link between them and the rate of growth had 
not been clearly established in the standard neoclassical model. L/ That 
is, because the source of long-run growth in the early neoclassical models 
of Solow (1956) and Swan (1956) was exogenous technical change, the effect 
of fiscal policy on the rate of capital accumulation was irrelevant in 
affecting the long-run rate of growth. 2J 

However, the contributions of the recent endogenous growth (EG) and 
government literature have emphasized the role of fiscal policy in 
influencing the rate of economic growth, with government spending directly 
affecting private production functions (see Easterly 1989, 1990, Barro 1990, 
and Barro and Sala-i-Martin 1992). The common element linking all EG models 
is that the marginal returns to the factors which can be accumulated are 
bounded away from zero. Unlike the early neoclassical growth models, 
steady-state growth in EG models is not determined exogenously by 
technological innovations or population growth, but is determined by the 
parameters of the model, in particular the savings rate. 3/ Recent key 
papers in the EG literature were contributed by Romer (1986), Lucas (1988), 
King, Plosser and Rebel0 (1988), Grossman and Helpman (1989), Barro (1990), 
and Rebel0 (1991). 

lJ More accurately, the standard neoclassical growth model assumes that the 
marginal product of each factor goes to zero as use of that factor increases, 
holding all other factors constant (that is, the Inada conditions hold). 

2J In the traditional optimal growth models of Ramsey (1928), Cass (1965), 
and Koopmans (1965), time-varying savings rates were derived from the 
optimization of an intertemporal social welfare function. In this normative 
(or planning) use, these models were designed to calculate the required 
savings rate to be attained to achieve a given target rate of growth, rather 
than provide guidance for the appropriate role for government in promoting 
growth. 

3J In the Solow-Swan neoclassical growth model, fiscal policies (taxation 
and government spending) can affect the rate of growth only during the 
transition to steady state, as the steady-state rate of growth is determined 
by the exogenous rate of technological progress. This is also the case in the 
Arrow-Kurz (1970) model of the influence of public investment on growth, where 
as in this paper the stocks of private and public capital enter into the 
private production function, but unlike this paper they assume diminishing 
returns to scale in private and public capital inputs for a given exogenous 
population. As in Solow-Swan, for Arrow-Kurz exogenous technical progress 
drives the rate of growth, and the marginal returns to public and private 
capital are not bounded away from zero. 
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One of the goals of this paper is to examine the long-run effects of 
government spending and taxation in an endogenous growth setting, using a 
model in which government spending and taxation can have effects on the rate 
of growth of output. The model has the advantage of allowing for two state 
goods (the stock of private physical capital and the stock of public 
physical capital), rather than contemnoraneous flows of government spending 
as an input to private production, as in Barro (1990). This innovation 
overcomes the awkward dichotomy in existing endogenous growth models of 
public finance (Barr0 1990, Barro and Sala-i-Martin 1992), where the stock 
of private physical capital and the of government-provided services 
from public goods comprise the inputs to private production. The model is 
also innovative in arguing that public transfer payments enter as productive 
inputs in private production functions. Transfers are productive in that 
they raise the marginal product of private capital, by improving the 
enforcement of private property rights in the economy, and by inducing 
relatively unproductive agents to leave the workforce. 

Another important contribution of the model is to highlight the 
rivalrous nature of the consumption af the stock of public capital by 
private individuals and firms, and of the consumption of transfer payments. 
This approach also overcomes the need in earlier models of growth and public 
finance (such as Barro 1990) for the goods provided by government to be 
essentially publicly provided private goods. By introducing congestion in 
the consumption of publicly provided capital and transfers, (as first 
suggested by Barro and Sala-i-Martin 1992), the present model reflects the 
view that many of the goods provided by government are rivalrous and 
nonexcludable in nature. 

A further goal of the paper is to estimate the empirical relationship 
between public investment, transfers, distortionary taxation, and the rate 
of economic growth. The formulation used is an improvement over previous 
empirical studies of the influence of fiscal policies on growth, which have 
predominantly concentrated on the effects of government consumption spending 
and have largely ignored the effects of distortionary taxes. Moreover, by 
using a time series-cross sectional (TSCS) framework for the analysis, this 
paper goes beyond the traditional empirical tests found in this literature, 
which most often use cross-sectional estimation alone. Levine and Renelt 
(1991, 1992) and Levine and Zervas (1993) point out that such cross- 
sectional studies are prone to yield misleading results, given that they 
cannot account for persistent unobserved heterogeneity across countries. 

The plan of this paper is as follows. Sections II and III outline an 
endogenous growth model of the effects of public investment, transfers, and 
distortionary taxes on economic growth. The data used in the empirical 
analysis is described in Section IV. Section V presents the results 
obtained from the TSCS models, then compares and contrasts them with the 
findings of previous research into public finance variables and growth, 
Finally, Section VI gives some concluding comments. 
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II. Endoeenous Growth Models InvolvinP Public Investment. 
Transfers, and Taxes 

Consider a model with infinitely-lived agents endowed with perfect 
foresight, which allows for productive government spending in which both the 
growth of private and public capital stocks are endogenously determined. In 
this model the government levies two constant marginal taxes on the final 
goods sector to fund its provision of public capital and transfer payments. 
In assuming productive government spending, the model departs from the 
traditional framework of analysis for examining the effects of taxation in 
the neoclassical growth model, where typically revenue raised from taxation 
is used to finance the provision of goods which neither enter into firms' 
production possibilities nor affect the marginal utilities of agents' 
consumption (Feldstein 1974, Judd 1985). 

It is assumed that a given population of identical economic agents 
maximizes a constant intertemporal elasticity of substitution utility 
function of the form: 

(1) u- u(c(t))e-Pt dt 

where c is consumption per person, and p is the constant subjective rate of 
time preference. It is assumed that the utility function is of the form: 

(2) u(c(t) > - (c(t>l-0 - I)/ (l-0) 

where Q -1 is the constant intertemporal elasticity of substitution 
coefficient. Each household-producer (given that there are the same number 
of people and firms) has access to a production function for per capita 
final output of the form: 

(3) y(t) - Ak(t)(G(t)/K(t))O(T(t)/K(t))B 

where: A is a parameter which represents the level of technology, k(t) is 
the per capita stock of private sector physical capital in the economy, 
G(t)/K(t) is the ratio of the aggregate public capital stock (G(t)) to the 
aggregate private capital stock (K(t)), a is the output elasticity of 
G(t)/K(t), T(t)/K(t) is the ratio of aggregate public transfer payments 
(T(t)) to the aggregate private capital stock (K(t)), /3 is the output 
elasticity of T(t)/K(t), and K(t) = Nk(t), where N is the constant number of 
household-producers (firms) in the economy. The production function (3) is 
homogeneous of degree one in k(t), for a given state of congestion in the 
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use of publicly provided capital and transfers (that is, for given ratios of 
G(t)/K(t) and T(t)/K(t)), and exhibits increasing returns to scale if the 
three inputs (k(t), G(t)/K(t), and T(t)/K(t)) are considered together. I/ 

1. Describing the nroduction function: DUbliC capital goods 

The model follows the suggestion of Barro and Sala-i-Martin (1992) by 
introducing the real-world feature of congestion in the consumption of 
publicly provided goods'(both physical capital and transfer payments) by 
individual household-producers (firms), as here (as is the case for a 
substantial share of government productive expenditures) public goods are 
rivalrous but not excludable. In this model of congested public goods, every 
producer reaps the benefits from the provision of public capital. However, 
for a given stock of public capital (G(t)), the benefits to producers 
decline as they raise their individual k(t), and hence their output (and 
accordingly, aggregate K(t)). This is the nature of the congestion existing 
in the consumption of public capital. G(t) can represent, for example, the 
miles of highways provided, the number and size of airports, and law and 
order, and K(t) can represent highway traffic, air traffic, and the number 
of legal disputes. 

Barro and Sala-i-Martin (1992) argue that national defense and domestic 
security services (police and prisons), which are often deemed to be 
prototypical nonrival and nonexcludable public goods, can also be considered 
to be subject to a form of congestion, using the argument set forward by 
Thompson (1974). The state of both national and local security depends on 
expenditures on defense and police services, G(t), in relation to the level 
of the perceived external threat, where that threat is a function of the 
"prize" potentially attainable by aggression, which is proportional to the 
private domestic capital stock, K(t). Hence, it can be argued that 
G(t)/K(t) represents the effective level of national and domestic security. 

2. Describinp the Droduction function: transfers 

In the traditional public finance literature, the role for government 
in affecting economic growth is limited. In those models where it is 
discussed, the government is usually required to decide the rate at which 
capital or output is taxed, and the distribution of the resulting revenue 
between productive expenditure on public investments and unproductive 
expenditure on government consumption or lump-sum transfer payments (see 
Alesina and Rodrick 1991, Lee 1992). A typical theoretical result is that 
for a given tax rate, economic growth is adversely affected by an increase 
in redistribution through public transfers. Running counter to the received 

lJ Equivalently, aggregate production, Y(t)=Ny(t), exhibits constant 
returns with respect to K(t)-Nk(t), G(t) and T(t), yet diminishing returns to 
K(t) for given G(t) and T(t) due to increases in congestion from the use of 
public capital and the consumption of transfers. 
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theoretical wisdom are some cross-sectional empirical results which test the 
above finding and find the converse: that public transfers actually raise 
economic growth (Barr0 1989, Sala-i-Martin 1992a). 

The model of equation (3) includes productive public transfers as an 
input to private production functions. It is not argued here that transfers 
are a direct input to private production (as is public investment), but that 
they do raise the after-tax private return to capital by reducing the 
implicit "taxation" of output due to: (i) poor enforcement of private 
property rights, and (ii) workers possessing below average stocks of human 
capital (see below). Notwithstanding the possibility of overlaps, public 
transfer payments are argued to be of two broad types: intragenerational 
(such as from rich to poor) and intergenerational (such as from young to 
old), and both types raise economic growth by raising the marginal product 
of private capital. 

Sala-i-Martin (1992a) provides a rationale for productive public 
transfers in arguing that intragenerational transfers assist in better 
enforcing private property rights, which reduces the extent of aggregate 
distortions in the economy, such as criminal activities. An increase in 
such transfers raises the probability of a household/producer receiving the 
marginal product of capital, and maintaining ownership of his capital stock. 
This in turn provides an incentive for households to accumulate capital and 
produce. Sala-i-Martin (1992a) also presents empirical evidence from cross- 
sectional (Summers and Heston 1991) data for a set of 75 countries, and 
finds that holding constant the overall size of government, public transfers 
are positively related to growth in per capita income. 

Intergenerational transfers can also be regarded as positively 
affecting economic growth in that they induce relatively unproductive agents 
in the economy (typically the old) to leave the workforce, thus reducing the 
negative externalities produced by these relatively unproductive old on the 
productive young, raising the productivity of private capital, and so 
raising the rate of growth of output (see Sala-i-Martin 1992). The argument 
is that, given externalities in the average stock of human capital (such as 
those introduced by Lucas (1988)), and because skills deteriorate with age, 
these externalities produced by the old (with lower than average skills) 
have a detrimental effect on the productivity of the young (with higher than 
average skills). When the difference between the skill levels of the young 
and the old is large enough, it will be beneficial for the old to be induced 
to retire, as then aggregate output will be higher than if they remained in 
the workforce. Intergenerational transfers, in almost all countries paid on 
condition of retirement, are the means to achieve this end. 

Both types of transfers can be thought of as a public input to private 
production which is subject to congestion, for much the same reasons as 
those outlined earlier for defense and domestic security. When an economic 
agent engages in more production, the protective role of a given level of 
transfer payments (improving the enforcement of private property rights and 
inducing workers with low human capital stocks to leave the workforce) is 
diminished by the associated increase in K(t). 
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III. A Model of Public Finance and Economic Growth 

In this section a model of the influence of public finance variables on 
economic growth is set out. Here the levying of distortionary taxes on 
output (which lower the incentive for economic agents to save and invest and 
so adversely affect economic growth) will be balanced against the growth- 
enhancing effects of expenditure on public capital (as a durable good) and 
transfers (as a nondurable good), both of which raise the marginal product 
of private capital. The production function (3) is used, with congested 
public capital and transfer payments entering private production functions 
of household-producers. 

Resource constraints in this model are: 

(6) T(t) = r2ANk(t)(G(t)/K(t))a(T(t)/K(t))~ 

where: k(t) is investment in private capital, G(t) is investment in public 
capital, T(t) is the flow of aggregate transfer payments, 71 and 72 are the 
constant marginal (and average) tax rates on output used to fund the 
provision of public capital and transfers, respectively, and (l-71-72) is 
the (assumed constant) fraction of private output that remains after 
taxation. The two taxes, 71 and 72, are levied to fund the sectors of 
government producing public capital and transfers, respectively. Each 
sector of government therefore has its own budget constraint, and neither 
sector of government can borrow from other agents in the economy nor from 
one another; that is, each sector's budget constraint is contemporaneously 
satisfied. It is assumed that there is neither depreciation of capital 
stocks, nor any adjustment costs. 

Growth is achieved in this model through the actions of government, as 
when individual household-producers forego consumption and increase their 
private capital, then, in order to maintain a given ratio of G(t)/Y(t) and a 
given ratio of T(t)/Y(t) the government is compelled to invest in public 
capital (G(t)> and to increase transfers (T(t)); at the margin, for an extra 
unit of output 71 goes for G(t) and 72 for T(t). Thus investment by 
households to produce private output generates growth through G(t) and T(t) 
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because the two together prevent the marginal product of capital from 
falling. In this model output can be either consumed, invested, or used as 
transfers. I/ 

The innovation in this paper, which builds on the models of Barro 
(1990) and Barro and Sala-i-Martin (1992), is that these earlier 
formulations had private production being dependent on the stock of private 
capital and the flow of purchased publicly-provided services, while the 
formulation given here has private production being a function of the stock 
of private capital goods and the stock of public capital goods, in addition 
to public transfers. 2J This contribution is particularly important for 
empirical estimation and testing of the hypotheses suggested by the theory, 
as data exists on the share of public investment in gross domestic product, 
and in this model the variable of interest matches the available data. 
Previous empirical research (Barr0 1989, 1990, 1991) did not have a model 
linking public investment to the rate of economic growth, yet proceeded to 
use data on public investment to empirically test a theory which emphasized 
the public provision of private goods. 

The model presented here is similar to that of Rebel0 (1991), with 
production linear in k(t) for a given G(t)/K(t) and a given T(t)/K(t), 
although unlike Rebel0 here there are two capital goods, K(t) and G(t). As 
noted by Mulligan and Sala-i-Martin (1993), this condition satisfies one of 
their necessary and sufficient restrictions on the type of private 
technology that is required to generate growth endogenously. In this model 

I/ Competitive producers take 71, 72, G(t)/K(t), T(t)/K(t) and G(t) as 
given, because each agent is small relative to the aggregate, and so do not 
believe their actions affect the behavior of government. Accordingly, they do 
not take into account the externality arising when, as described above, higher 
private output raises the revenue obtained by the government from its constant 
tax rates (71 and 72), thus raising public investment and transfers, and so 
the marginal product of private capital of all producers. 

2J It can also be argued that by including the flow of services from 
publicly provided goods as an input to private production functions, the Barro 
and Sala-i-Martin formulations are implicitly assuming full depreciation of 
the existing stock of public capital at the end of each production period. 
Alternatively, Barro (1990, at p.slO7) argues that in his set up the 
government can be envisaged as carrying out no production and owning no 
capital, but acts as a middleman in purchasing a flow of output from the 
private sector and redistributing it to private firms. 
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it is assumed that consumption and the accumulation of private capital are 
perfect substitutes, while public capital is produced and accumulated using 
revenue obtained from the taxation of private production. L/ 

Steady-state solutions are sought where consumption and the production 
of both kinds of capital are growing at constant rates, the shadow prices of 
the two kinds of capital are falling at constant rates, and given constant 
71 and 72. In the present model the optimal consumption-capital 
accumulation path is always on the steady-state or balanced growth path 
(given the initial G(t)/K(t) at t-0 is at the steady-state level), and thus 
there are no transitional dynamics. u Alternatively, sectoral imbalances 
in the relative stocks of capital can be seen as being corrected by 
investing at an infinite rate in the relatively scarce capital, so the 
economy would "jump" to its steady state. 

It is assumed that private individuals maximize utility (1) subject to 
(4), taking ~1, 72, T(t)/K(t), G(t)/K(t), and G(t) as given. Accordingly, 
the Hamiltonian is: 

(7) H(k(t),X(t),c(t),t) - e-Pt[(c(t)l-o - l)/ l-u)] 
B + X(t)t(l-~1-~,>Ak(t>(c(t)/K(t))O(T(t)/K(t)) - c(t)1 

where k(0) = k0, (G(O)/K(O)) = (G/K)O, (T(O)/K(O)) = (T/K)0 are the initial 
conditions, 71872 ~[O,ll, and c(t)20, k(t)20, (G(t)/K(t))>O, (T(t)/K(t))>O. 
There is one control variable c(t) and one state variable k(t), with x(t) 
the shadow price used to value increments to private capital. The first- 
order conditions of this problem are: 

I/ The assumption that the accumulation of private capital is a perfect 
substitute for consumption differs from the models proposed by Srinivasan 
(1964) and Kurz (1968), where different production processes for consumption 
and capital goods were assumed. The present model resembles that of Jones and 
Manuelli (1990), where a single production process is used for consumption and 
capital goods, as here public and private capital are basically the same good. 

u Mulligan and Sala-i-Martin (1993) discuss transitional dynamics in two- 
capital good models of endogenous growth, and argue that if there are initial 
imbalances among any of the sectors in an economy (due perhaps to a war or 
large price shock), then there may be a transitional period when these 
variables do not behave as would be predicted by steady-state analysis. For 
example, a war may have destroyed a large fraction of the private capital 
stock, leaving public capital relatively unaffected, and so the economy will 
have to get back to the steady-state ratio of G/K by higher (lower) than 
steady-state rates of growth for the private (public) stock of capital. Such 
issues do not arise in one capital good (or AK) models of growth (Barr0 1990, 
Rebel0 1991), which do not exhibit transitional dynamics and are always in 
steady-state. 
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(8) e-Pt c(t)-a - X(t) 

(9) -h(t) = X(t)[(1-71-T2)A(G(t)/K(t))a(T(t)/K(t))p], and 

(10) the transversality condition, lim X(t)k(t) = 0. 
t-w 

Taking logarithms and derivatives of (8) and using (9) yields the 
growth rate of consumption (7c = C(t)/c(t)) as a function of the growth rate 
of the shadow price of private capital (i(t)/X(t)): 

This is the usual consumption Euler equation which requires that the return 
to consumption (p+a7,) equals the return to saving (i(t)/x(t)), which is 
here the marginal product of private capital. u Dividing (4) by k(t) 
gives: 

(12) 7k - k(t)/k(t) - (l-~l-~2)A(G(t)/K(t))a(T(t)/K(t))~ - c(t)/k(t) 

where 7k is the rate of growth of the stock of private capital. In steady 
state 7k will be constant, and given that the first part of the right-hand 
side of (12) is a constant, if logs and derivatives are taken of both sides 
then 7c = 7k. 

Manipulation of (6) yields: 

(13) T(t)/K(t) = [r2A(G(t)/K(t))a]l/(l-& 

which can then be substituted in (5) and that expression divided by G(t) to 
give: 

(14) (%t)/W) = 7G = TlA'/(l-p)(K(t)/G(t)) (l-a-B)/(1-8)7,B/(l-~). 

L/ For linear homogenous production functions, a steady-state equilibrium 
will be attained only if the utility function features constant intertemporal 
elasticity of substitution, and the technology for capital, A(.), exhibits 
constant returns to scale. These requirements yield a constant elasticity of 
marginal utility of -a=-[c(t)U"(c(t))/U'(c(t))] and a7,-i/x. 
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Again, given that in steady state 7G will be constant, and that 71, 72, A, 
and N are constant, then taking the logs and derivatives of both sides gives 
7k - 7G = 7~ = 7y = 7, where 7 is the common growth rate. Manipulation of 
(14) yields: 

(15) G(t)/K(t) = [,~~-~A-~/(l-fi)r~ -B/Cl-B> 1 (B-1)/(1-a-B). 

Accordingly, (13) can be rewritten as: 

(16) T(t)/K(t) - 72 (1-a>/(l-a-8)A1/(l-a-B)r-a/(l-n-B)rla/(l-a-~). 

1. Comparative statics of public finance variables and growth 

Substituting (15) and (16) into (11) yields, after manipulation: 

(17) P+@7 - (1-71-7,)A1/(1-a-B)7-a/(1-a-B),la/(l-a-B)~2~/(l-a-~~. u 

The left-hand side of (17) is the return to consumption, which is upward- 
sloping and linear in 7. The right-hand side of (17) can be rewritten as: 

where u-a/(1-a-/3). Since A1/(l-a-p) > 0, and $J(.) > 0, then J(.) > 0. 
Accordingly, aJ/a7 - -w(J(.)/7) and a2J/ar2 - ~(w+l)(J(.)/7~). We also know 
that (Ml)-(1-j?)/(l-a-/3), and it is assumed that 0 < a,/l < 1 and that a+/3 < 1. 

1;/ In this model 7c - (I -1[(l-71-72)A(G(t)/K(t))a(T(t)/K(t))~ - PI and 

7k - (l-rl-rz)A(G(t)/K(t))"(T(t)/K(t))p - c(t)/k(t). It is assumed that: 

A(1-rl-r2)(G(t)/K(t))a(T(t)/K(t))p > p (for positive steady-state growth of 

consumption, private capital, public capital, and income) and that the 
parameters of 7 (namely A, p and a), where 7 is the growth rate implicit in 
(17) 9 are such that U(0) is bounded. Given that we have constant 
intertemporal elasticity of substitution in utility, for bounded utility we 
require that the expression inside the integral of (1) tend to zero as t-+Oo, 
that is, we require p > 7(1-a). 
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While in this set up there is always a solution to 7, the steady state 
growth rate, there are two cases to consider, depending on whether (l-a) z /I: 

Case A (1 > (l-a) > p): w>O, (til)>O and so w.(w+l)>O, and lim J(7)==; and 
7+0 

lim J(7)-0, with aJ/a7<0 and a2J/ar2>O; 
7- 

Case B (1 > B > (l-a)): w<O, (otl)<O and so w.(w+l)>O, and lim J(r)=0 and 
7+0 

lim J(7)-=, with aJ/a7>0 and a2J/dy2>0. 
7- 

Case A is shown in Figure 1, and Case B in Figure 2. In both cases the ~+a7 
and J(.) lines always cross. An important implication of these Figures is 
that an increase in the marginal product of capital (a shift up in the J(.) 
locus) will increase (decrease) growth depending on whether (l-a) is greater 
(less) than /3. Similarly, a fall in p or a fall in o will increase (decrease) 
growth depending on whether (l-a) is greater (less) than B. 

Recognizing that 71 = G/Y = IGOV, 72 = T/Y = SOCSEC and that 
(1-7l-72) = (l-CURREV), where IGOV is the ratio of public investment to gross 
domestic product (GDP), SOCSEC is the ratio of transfer payments to GDP, and 
CURREV is a measure of the ratio of current tax revenue to GDP (see Section IV 
and the Appendix for further details), then (17) can be rewritten as: 

(17’ ) p+a7 - (1-CURREV).Al/(l-o-fi>r -a/(l-a-B)IGova/(l-a-B)SOCSECB/(l-a-~). 

By the arguments given above, for (l-a)>/3 then: (i) aq/a(l-CURREV) > 0, where 
J is the steady-state growth rate implicit in (17'); (ii) ay/a(IGOV) > 0; and 
(iii) aq/a(socsEc) > 0. 

For (l-a)>@, 7 is also an increasing function of the willingness to 
forego consumptiyn by saving (that is, a lower p (the more patient a society 
is) or higher (J (the more willing society is to substitute intertemporally) 
raises 'j). Here 7 is also increasing in A, the productivity parameter of 
production technology. Linear panel regression equations, as an approximation 
to the nonlinear growth equation of (17') will be run in Section V, using 
CURREV, IGOV and SOCSEC as explanatory variables, among others, and are 
expected to have the above signs. 
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Figure 1 
Case A: [( I-a),$] 

w 

y, Steady-state growth rate 

Figure 2 
Case B: [( 1-cx)<p] 
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2. Ootimal erowth and Dublic finance variables 

The optimal growth rate can also be calculated from (17). Using the 
implicit function theorem, where 7 is the steady-state growth rate implicit 
in (17), gives: 

(19) aq/ah - -fA/fY 

where f((l-rl-~2),~1,~2,~)=0 is the implicit function, and A is one of 
(1-Q-72),71,72. Examining first L!J~/a(l-~l-~2) for given 71 and 72 gives: 

(20) -f(l-71-T2) - Al/(l-a-B),-a/(l-a-B),2B/(l-a-8)7,a/(l-a-~) , and 

(21) 

and so the numerator of aj/a(l-71-72)--f l-71-72)/fY is positive, and given 
that from (21) fT>O, then unambiguously B y/8(1-rl-72)>0. Accordingly, as 71 
and r2 fall, that is, the taxes levied to fund the provision of public 
capital and transfers fall, then (l-71-72) rises and so does 7. 

Examining aT/arl for given 72 and (l-71-72), gives: 

(22) -f,1 - -Al/(l-a-8),-a/(l-a-B),28/(1-a-B)?la/(l-a-~) 
- [1-(1-7,-72)(a/(l-a-8))~~-l], 

and again from (21) we know fY>O, so aJ/arl - -f,l/fj i 0 for 71 3 a. 
Examining aJ/ar2 for given 71 and (l-71-72) yields: 

(2.3) -f,2 - -Al/(l-a-B),-a/(l-a-B),la/(l-a-B)Z,B/(l-a-~) 
. [1-(1-~1-72) (B/(1-a-/3))72‘1], 

and again from (21) we know that fT>O, so ay/ar2 - -f,2/fT z 0 for 72 2 /3. 
Accordingly, 8y/arl - 0, given 72 and (l-71-72), when 71 - ~7 - a and 
72 - 72 - B, as then the term in the square brackets in (22) equals zero. 
That is, when 71 - r? - a, then the growth rate is maximized, and the public 
capital sector is set to equal the 
was a private input in competitive 
results are obtained from (23) for 
Further, when 71 $ a for given 72, 
i-1,2. 

share of output it would receive if-it 
output and factor markets. Similar 
aT/ar2 - 0, given 71 and (l-71-72). 

or 72 2 p for given 71, then aT/ari i 0, 
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From (22) also comes the implication that when 71 (the initial, 
optimally-set tax to fund the public capital sector) is set such that 
71 - a, then if 72 ; p, where p is the transfer sector of government's 
optimal size, then aq/arl z 0. So, to move the rate of growsh closer toward 
its maximum rate it will be necessary to set 71 z 71, where 71 is the 
revised tax on output used to fund the sector producing public capital 
goods. A related finding exists from (23) above: when 72 (the initial, 
optimally-set tax to fund the transfer payments) is set such that 72 = /3, 
then if 71 2 a, where a is the public-capital sector of government's optimal 
size, then ay/ar2 z 0. SO, to move the rage of growth clgser toward its 
maximum rate it will be necessary to set 72 <> 72, where 72 is the revised 
tax on output used to fund the sector producing transfers. 

The above results are similar to those obtained by Barro (1990): for 
Cobb-Douglas technology the size of G(t) and T(t) that maximizes the rate of 
growth is that which sets each equal to the respective shares of aggregate 
income they would attain if they were private inputs in competitive markets. 
As with all endogenous growth models, sustained growth is possible here as 
the marginal product of private capital does 'not approach zero in the limit 
(it approaches [(1-rl-r2)A(G(t)/K(t))a(T(t)/K(t))p]), so that the Inada 
conditions do not hold. Here, where the elasticity of substitution between 
K(t), G(t) and T(t) is unity in the aggregate production function, as in the 
case for Cobb-Douglas technology, then the relative size of government in 
each sector (Ti for i-1,2) that maximizes utility for the representative 
household also maximizes the rate of growth. lJ 

There are several reasons why we should expect that most governments 
are operating in the region where aT/ari > 0, (i-1,2). First, if in the 
real world (3) is not approximated by Cobb-Douglas technology, then as noted 
by Barro (1990), the utility-maximizing government will set a rate of growth 
which is less than the maximum. If that is the case, then aq/aTi > 0, for 
i-1,2, and we should observe a positive effect on growth of public 
investment (G/Y) and transfer payments (T/Y). 

Second, if there are also some publicly provided goods which are not 
directly productive, then we should expect the size of government to be less 
than the growth-maximizing share of aggregate income for each sector of 
government, so then a?$/aTi > 0, i-1,2. It is clear that there are other 
activities of government beyond the taxing, transfers, and public investment 
activities modeled here. Such public activities as defense expenditure, 
education, government consumption spending, interest on national debt and 
international aid contributions will presumably also enter (l), along with 

lJ If the production function is not Cobb-Douglas, then the utility- 
maximizing size of government exceeds (is smaller than) the growth-maximizing 
size of government if the elasticity of substitution between the inputs is 
greater (less) than one. 
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per capita consumption. If that is the case, then the growth-maximizing 
share of G(t) and T(t) in aggregate income is smaller if the government is 
also using the income tax base to finance these other activities. 

Of key importance is the model's predictions for the effect on 7 of 
changes in 71 and r2. It was shown above that f is: (i) increasing in 
Cl-q-91, which is the contribution of tax distortions; (ii) increasing in 
?l - G/Y, the ratio of public investment to GDP; and (iii) increasing in 
'2 - T/Y, the ratio of transfer payments to GDP. Accordingly, there is a 
nonmonotonic relationship between $ and taxes (71 and 72), with 7 increasing 
initially with 71 - G/Y and r2 - T/Y, but later decreasing with increases in 
rl and ~2 beyond the point where 71 - 7; - a and 72 = ~5 - jl. This result 
emphasizes the trade-off between the growth-enhancing provision of transfers 
and public capital goods, and the growth-diminishing influence of the 
distortionary taxes which need to be raised to fund the provision of these 
same transfers and public capital goods. For small government (that is, low 
~1 and low 72) then the former two effects are likely to dominate; for large 
government (high 71 and 72) the latter, detrimental effect is likely to 
dominate. Of course when 71 - r? and 72 - r; and government is at its 
optimal size, (as given by the results from (22) and (23)), then the 
beneficial and the detrimental effects of the size of government exactly 
offset one another. 

IV. DeSCriDtiOn of the Data 

The data are described in the Appendix. The main sources have been the 
International Monetary Fund's International Financial Statistics (IFS) and 
Government Finance Statistics (GFS) data files. Empirical estimation was 
carried out using TSCS data for the period 1971-88, for the 23 developed 
countries in the sample. 1;/ 

The dependent variable is GRWKR, the average annual rate of growth of 
per capita real GDP (taken over three five-year time intervals from 1971-85, 
then one three-year time interval from 1986-88). All explanatory variables 
(except INIT, the logarithm of the initial income at the first year of each 
sub-period) are also five-year averages of annual variables, again taken 
over the interval 1971-85, with again a three-year average from 1986-88. 
Such a procedure is necessary as with 18 observations per country, it would 
otherwise be difficult to obtain good estimates of those variables affecting 
long-run growth without having the results unduly influenced by short-run 
fluctuations induced by movements in the business cycle. 

1/ The 23 countries involved, all members of the Organization for Economic 
Cooperation and Development (OECD), are: Australia, Austria, Belgium, Canada, 
Denmark, Finland, France, Germany, Iceland, Ireland, Italy, Japan, Luxembourg, 
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, 
Turkey, the United Kingdom, and the United States of America. 
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The explanatory variables, which all (except EDUC) enter in logarithmic 
form, comprise: the mean ratio of public investment to GDP (IGOV); the mean 
ratio of current taxation revenue to GDP (CURREV); and the mean ratio of 
expenditure on transfers to GDP (SOCSEC). Some of the regressions are 
carried out after controlling for differences in countries' steady states by 
including a measure of the mean sub-period stock of per capita human capital 
(EDUC). Also included is INIT, to allow for the possibility that the 
initial level of income may not be the steady-state value, which would then 
affect the rate of growth (a country initially below its steady-state level 
of income will appear to grow faster than one initially at its steady-state 
level, holding everything else constant). It is useful to think of EDUC as 
controlling for the steady state, with INIT proxying for the gap of initial 
income from its steady-state level. lJ The data on gross domestic 
investment (at constant prices) has been disaggregated into investment in 
public (IGOV) and private (IPRIV) capital using the share of government 
capital expenditure in gross domestic investment as a weight. Further 
details on the definition, derivation, and sources of all the variables used 
in the model can be found in the Appendix. 

V. Empirical Estimation 

Even prior to the theoretical link between endogenous growth and 
government first explored by Easterly (1989, 1990), Barro (1990) and Barro 
and Sala-i-Martin (1992), there existed a voluminous empirical literature 
examining the relationship between fiscal policy and the growth performance 
of both developed and less developed countries. Some of the more notable 
recent contributions to this literature were those of: Kormendi and Meguire 
(1985), Landau (1986), Skinner (1987), Ram (1986, 1987), Grier and Tullock 
(1989), Koester and Kormendi (1989), Barro (1989, 1991), Levine and Renelt 
(1991, 1992), Barro and Sala-i-Martin (1992), Engen and Skinner (1992), 
Easterly and Rebel0 (1993), Villanueva (1994), and Lin (1994). Previous 
studies of the influence of fiscal policies on growth have predominantly 
concentrated on the effects of government consumption spending and have 

1/ The initial level of income has a strong influence on the growth 
experience of countries in the neoclassical (Solow-Swan) model of economic 
growth. Similarly, here by including INIT in the regressions we are holding 
constant the influence of initial income, and concentrate on explanations 
involving the endogenous growth explanators of growth. In effect in this 
empirical estimation we are testing the transition to steady state, rather 
than steady-state growth itself, as it is unlikely the OECD countries were in 
steady state over the entire sample period. INIT is accordingly included to 
take into account that income may not initially be at its steady-state level, 
which if so will affect the observed growth rate. By not including INIT in 
the regressions, the results obtained would be subject to omitted variables 
bias, due to a failure to account for initial incomes in analyzing the 
conditional convergence of countries to their respective steady states. 
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largely ignored the effects of distortionary taxes, public capital, and 
transfer payments. In this study, the model given in Section III.1 
(equation 17') of the paper will be used to guide the empirical estimation. 

1. Model specification 

The estimated equation for empirical testing is based on (17'): 

(24) GRWKRit = /3lln(IGOVit) + @2ln(SOCSECit) 
+ /9gln(CURREVit 1 + 841n(INITit) + <it, 

where: the variables are as described in Sections III and IV, and in the 
Appendix; Eit - oi + Vit (i=l,.. .,N countries; t-l,... ,T time); In is the 
natural logarithm; and p is a vector of coefficients associated with time- 
varying observable variables. A/ One key reason for combining time- 
series and cross-sectional data is to attempt to control for any unobservable 
country-specific effects which may be correlated with other explanatory 
variables (that is, the potential for E(EitlXit) - E(oilXit) z 0). 2J 

There are three alternative econometric specifications of the model, 
each differing in their treatment of oi. The "fixed effects" (FE) estimator 
treats Qi as a fixed (time invariant) but unknown constant differing across 
individual countries. In FE it is assumed that differences across countries 
can be captured in differences in the constant term, and so each ai is an 
unknown parameter to be estimated. In effect, differences between countries 
are here viewed as parametric shifts of the regression function. 

Alternatively, the "random effects" (RE) or variance components 
specification assumes that country-specific constant terms are randomly 
distributed across cross-sectional units (that is, countries). In RE, each 
a- - N(O,az), given that here oi - a + vi , where a is the group mean 
i:tercept and t) i are the errors associated with the ith country and which is 
constant over time, and are random (white noise) deviations (positive or 

lJ The classical disturbance term Vit is assumed to be iid over i and t, 
uncorrelated with the explanatory variables. The latent country-specific 
effect CYi is assumed to be iid over i, distributed independently across 
countries. 

2J To the extent that many of the previous analyses of the 
interrelationship between government spending, taxation, and growth used time- 
series analysis alone or cross-sectional analysis alone, then in the presence 
of such correlation these studies would have yielded biased and inconsistent 
estimates of the parameters. 
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. . 
negative) from this common mean. Then eit, the error term in (24), becomes 
Eit = Uit + ?jim In the RE specification it is assumed that oi is 
uncorrelated with Vit and the Xit. lJ 

The third approach, known as "between effects" (BE), undertakes the 
estimation without considering country-specific intercepts (a single, group 
mean intercept a is postulated). That is, it is assumed that the error term 
in (24) is ?it = vi + Vi , where Vi is the mean of the usual errors which 
vary over time and countries. BE is the OLS estimator based on the set of 
country (or group) means, which is an analogue to undertaking cross- 
sectional estimation, as BE simply asks whether poorer countries tend to 
grow faster than rich ones (that is, it looks at the growth experience 
between countri,es.,only);;-- Hsiao (1986) demonstrates that RE is an optimal 
weighted average of both the FE (which uses variation within countries) and 
BE (which uses variation between countries) estimators. 

In estimating these models a number of specification tests were carried 
out.,. to,,eetab.lis,h the efficacy of introducing unobserved, country-specific 
effects as opposed to.QLS estimation.(Breusch and Pagan 1980), and to 
determine which of the FE, BE, or RE specifications is superior (Hausman 
1978). On economic grounds neither OLS nor FE appear to be reasonable set 
ups, given that they both assume the same constant term for all years and 
for all countries (OLS), or different (yet fixed) constant terms for each 
country (FE). Neither assumption is particularly palatable in the context 
of an analysis, of the.<causes of secular economic growth. 2/ 

IJ In the absence of measurement errors if the assumed 
E(aiI.Xit) F E(ViIXit) - 0 is violated, due for example to omitted variables, 
the RE estimator is biased and inconsistent, while the FE estimator is 
unbiased and consistent. However, the FE estimator is particularly sensitive 
to the presence of measurement errors, and if E(YitlXit) z 0 due to such 
errcrs then it may well be a worse estimator than either the RE or ordinary 
least squares (OLS) specifications (Hausman 1978). 

- -/-.-As-noted above, the specification bias which arises from ignoring 
parameter heterogeneity among cross-sectional or time-series units can result 
in the erroneous application of pooled least-squares regression techniques to 
all NT observations, yielding inconsistent estimates of parameters. Hsiao 
(1986) suggests that given we assume the parameters are constant over time, 
but differ between .individual countries, : then the two possible cases are: (i) 
either heterogeneous,?inte,rcept and homogeneous slope parameters, or (ii) 
heterogeneous int'ercept and slope parameters. The first case is examined 
here. An F-test for homogeneous intercepts (given homogeneous slope 
parameters) yields an F-statistic of 2.05, while the critical value for F0.95 
(22,63)-1.68, and so the null is not accepted. 
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2. Estimation results 

This section reports the results of estimating the TSCS regressions of 
(24), where the elements of the vector Xit are those discussed in Sections 
III and IV. The results from using ln(INIT) as the lone explanatory 
variable are reported first, then results for the full set of Xit variables, 
then results including EDUC to control for differences in countries' steady 
states. 

The results of all regressions are presented in Table 1, where in all 
cases the dependent variable is GRWXR, the rate of growth of GDP per worker. 
In column one a constant and ln(INIT) are the sole explanatory variables, 
where INIT is included to hold constapt initial per-worker GDP. The 
estimated convergence coefficient is p4--0.0062 [-3.361, a result which 
confirms the findings of Dowrick and Nguyen (1989), Barro (1991), Mankiw, 
Romer, and Weil (1992), and Barro and Sala-i-Martin (1992a) of a 
statistically significant tendency toward convergence in OECD countries. It 
also has implications for the speed of convergence of OECD economies: the 
relatively low estimated convergence, coefficient means that the OECD 
economies move halfway to steady state in about 113 years. 

The most likely reason absolute convergence is observed in column 1 of 
Table 1 is that the correlation between INIT and both the steady-state real 
GDP per worker and the steady-state growth rate is relatively weak. 
Differences in ln(INIT) among OECD countries (due to the residual effects of 
World War II, agricultural shocks, and oil shocks) approaching similar 
steady states would show up as unconditional or absolute convergence. That 
is, for the relatively homogeneous group of OECD countries with similar 
technologies and preferences, absolute convergence is very close to 
conditional convergence. 

Column two follows Barro (1991) and Mankiw, Romer, and Weil (1992), and 
adds EDUC (a proxy for the stock of human capital) as an explanatory 
variable. Human capital has played an important part in the endogenous 
growth literature, either as a direct input into research (Romer 1990), or 
because of positive externalities flowing from the average stock of human 
capital per person (Lucas 1988, Becker, Murphy, and Tamura 1990). For these 
reasons it is expected that for given INIT, GRWXR will be positively related 
to EDUC. Further, once additional variables (such as EDUC) are included that 
attempt to hold constant the cross-country variations in steady-state real 
GDP per worker and the steady-state growth rate, then the partial relation 
bgtween GRWRR and INIT should become more negative. The results of column 2 
(p4--0.0081 [-3.241) show that the addition of EDUC does indeed result in 
INIT being even more strongly negatively-related to subsequent GRWKR, and 
accordingly conditional convergence is observed in the data. The speed of 
convergence here is such that the OECD economies now move halfway to steady 
state in about 86 years. 
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Table 1. GDP Growth Regressions, 23 Developed Countries, 1971-88 L/ 

Dependent Variable: GRWKR 
Value of t-statistics in brackets 

BE 2/ BE 3/ BEIV i/z/ BEIV a/ 
(1) (2) (31 (4) 

Constant 0.0745 0.882 0.1297 0.1362 
L4.061 L4.011 L5.301 r5.361 

ln(IGCV) 0.0084 0.0115 
f1.761 f2.031 

ln(INIT) -0.0062 -0.0081 -0.0093 -0.0097 
L-3.361 L-3.241 r-3.651 L-3.771 

ln(SGCSEC) 0.0083 0.0083 
L5.781 L5.871 

ln(CURREV) -0.0190 -0.0209 
r-4.531 L-4.631 

EDUC 0.0001 0.0001 
11.131 [0.801 

Sample size 92 92 92 92 

LGGL -602.54 -603.19 -137.54 -138.19 

I/ All regressions use one-factor error structure for panel estimation, that is using group dumny 
variables. BE denotes between effects estimation; RF, denotes random effects estimation; BEIV denotes 
between effects estimation and REIV denotes random effects estimation, both using the GIV technique. LOGL 
denotes the value of the log-likelihood function, where LOGL = -(N/2)[1+ln2n-lnn((e'e1/N11. GRWKR is the 
rate of growth of real GDP per worker; IGOV is the mean ratio of public investment to GDP: INIT is the 
initial level of real GDP per worker; SOCSEC is the mean ratio of expenditure on social security and 
welfare to GDP; CURREV is the mean ratio of current revenue to GDP; EDUC is the mean ratio of secondary 
school enrollment to the population of children in that school age group. The sub-periods for analysis 
are : 1971-75, 1976-80, 1981-85, and 1986-88. For further details see the Appendix. 

2/ The Breusch-Pagan (BP) test statistic had a value of 134.39 [ldf, pval=1.54E-091. and the Hausman 
(H) test statistic comparing BE and RE a value of 8.12 [ldf. pval=.0041. 

3/ The BP test statistic had a value of 134.43 [ldf, pval=1.54E-091, and the H test statistic comparing 
BE and RE a value of 7.25 [ldf, pval=.0261. 

4/ The BP test statistic had a value of 133.99 [ldf, pval=1.54E-091, and the H test statistic comparing 
BEIV and REIV a value of 12.28 [4df, pval=.0151. 

I/ The H test for exogeneity of IGCV and SGCSEC had a value of 9.96 [2df, pval=0.0411; the independent 
variables used in the OLS reduced form estimation (to calculate predicted values for IGOV and SCCSEC) were 
R, CPI, AGE65, and YBAR. 

a/ The BP test statistic had a value of 134.09 [ldf, pval=1.54E-091, and the H test statistic comparing 
BEIV and REIV a value of 13.17 [5df. pval=. 0221. The independent variables used in the OLS reduced form 
estimation (to calculate predicted values for IGOV and SGCSEC) were R, CPI, AGE65, and YBAR. 
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The explanatory variables in (24) are assumed to be exogenous, and to 
cause the consequent changes in economic growth. However, there is a strong 
likelihood of endogeneity with regard to some (or all) of these variables, 
and in order to correct for this potential simultaneity bias, generalized 
instrumental variable (GIV) estimation will be introduced. lJ Hausman 
(1978) tests verified this suspicion of E(ai(Xit) + 0 by finding that both 
IGOV and SOCSEC were likely to be luxury goods (and hence endogenous), as 
given an initial income, a higher GRWKR which raises the mean level of 
income over the sub-sample will lead to higher sub-sample mean values for 
both IGOV and SOCSEC. 2J Accordingly, GIV estimation was carried out 
using fitted values from reduced form estimation of IGOV and SOCSEC as 
instruments for actual IGOV and SOCSEC in the structural equation for growth 
(24). ai 

The results of GIV estimation are presented in columns 3 and 4 of 
Table 1, for the assumed one-factor error structure, excluding and including 
EDUC, respectively. The preferred BEIV specification in column 3 yielded 
parameter estimates which are all statistically significant (IGOV at the 10 
percent level), with a coefficient on INIT of 84--0.0093 [-3.651. 4J As 
predicted from the theoretical relation of equation (17'), GRWKR is 
positively related to SOCSEC and IGOV respectively, holding constant INIT 
and all other variables. The estimated coefficients on SOCSEC and IGOV are 
both individually statistically different from zero, with the coefficient on 
CURREV also significantly different from zero, and as predicted by (17'), is 
negatively related to GRWKR. Given that the explanatory variables enter in 

I-J Lagged endogenous variables cannot be used as instruments in the presence 
of endogeneity, due to potential biases in the presence of either fixed 
effects or serially correlated error terms. See Bowden and Turkington (1984) 
for details of GIV estimation. 

2J Engen and Skinner (1992) and Easterly and Rebel0 (1993) also found that 
endogeneity in fiscal behavior is a potentially important problem in cross- 
country regressions. 

3J GIV estimation has advantages over the more traditional two-stage least 
squares (2SLS) estimator in that: (i) the 2SLS estimator will be inconsistent 
(even as the sample size grows) if not all the exogenous variables in the 
structural and reduced form equations are included in the reduced form 
regression - the GIV estimator will still be consistent should such an 
omission be made; and (ii) the standard errors obtained from least squares 
estimation of the structural equation need to be corrected - this is not the 
case for GIV (see White 1982). 

4J In traditional cross-sectional tests for the presence of convergence, 
when the initial level of GDP per capita is mis-measured, then the subsequent 
rate of growth will be biased toward acceptance of the convergence hypothesis 
(Romer 1989). However, when TSCS data are used then such measurement errors 
are less important, as the initial levels of GDP per worker are here used in 
each of the four sub-periods to calculate each sub-period's GRWKR, rather than 
one measure of the rate of growth as is typically done in cross-sectional 
studies. 
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In form, their coefficients indicate the percentage increase in GRWKR from a 
1 percent increase in the explanatory variable (for example, a 1 percent 
increase in IGOV will raise GRWKR by 0.84 of a percentage point). 

Similarly, evaluating the coefficients of the BEIV specification of 
column 4 (which controls for inter-country variation in the stock of human 
capital by including EDUC) reveals that all of the coefficients have the 
expected signs, with all except EDUC being statistically significant. The 
soefficient of convergence in column 4 is significant and slightly larger at 
p4=-0.0097 [-3.771. Again, as predicted by (17'), there are the strongly 
significant and positive effects of SOCSEC and IGOV on GRWKR, and also the 
strong, growth-inhibiting effect of CURREV on GRWKR. The rejection of FEIV 
and REIV in favor of BEIV indicates that most of the variation in the growth 
experience is occurring between countries, rather than within particular 
countries over time, and is consistent with recent work by Easterly, Kremer, 
Pritchett and Summers (1993). Such a result is perhaps not so surprising 
when the data reveal the relatively wide disparity in GRWKR among the OECD 
countries. 

3. Comparison with earlier results 

The above specification is innovative in that it allows for the 
simultaneous analysis of the differential partial contributions to growth of 
public investment, public transfers, and the levying of distortionary taxes, 
and allows for a nonmonotonic relationship between government and growth. 
Earlier work often examined the influence of public spending variables on 
growth in isolation from the effects of public taxation, and vice versa. 

The finding of a strongly positive partial effect of public investment 
on growth echoes recent TSCS work by Skinner (1987) and Knight, Loayza, and 
Villanueva (1993), and the time-series results of Aschauer (1989). However, 
it contradicts the cross-sectional findings of Diamond (1989), Ford and 
Poret (1991) and Barro (1991) of a weak relation between public investment 
and growth, especially if the ratio of private investment to GDP is held 
constant. l.J Barro (1991) argues that his findings indicate either that 
public investment is not an important determinant of growth, or that 
governments are optimizing and going to the point where the marginal effect 
of such investment on the growth rate is close to zero. When private 
investment (IPRIV) was included in the regressions here (results not 
reported), all the coefficients were significant and had the expected signs, 
including IGOV (which becomes negative and insignificant in Barro's (1991) 
analysis). It is likely that the failure of the above three cross-sectional 
studies to account for the endogeneity of IGOV, and for the potential for 
cross-country heterogeneity, generated their different findings. Moreover, 
in contradiction of Barro's (1990) conclusions, my results for IGOV indicate 
that the typical OECD government was operating where the marginal effect of 

lJ Easterly and Rebelo's (1993) cross-sectional study of 100 countries 
between 1970-88 found that the ratio of public investment in transport and 
communication to GDP was positively correlated with growth. 
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public investment on growth was positive. This is inconsistent with the 
optimizing behavior of government examined in Section 111.2, where IGOV was 
chosen so as to maximize growth. However, in that section a number of 
caveats were given as to why utility-maximizing governments may choose to 
operate where 67/a(IGOV)>O. 

The equally strong positive partial effect of public transfers on 
growth has not been previously analyzed using a TSCS framework, and 
contradicts the findings from earlier work, which has traditionally modeled 
governments as levying distortionary taxes and using these resources for 
government consumption spending or unproductive transfer payments (see 
Alesina and Rodrick 1991). Barro (1989) found evidence in his cross- 
sectional study that transfer payments were a luxury good, which he argued 
accounted for the positive correlation of mean transfer payments as a share 
of GDP with the growth rate. While such endogeneity was also found here, 
once GIV estimation was carried out a strong, positive relation between 
transfers and growth was brought out in the data. As for IGOV, this result 
indicates that the typical OECD government was operating where the marginal 
effect of transfers on growth was positive, that is where a7/8(SOCSEC)>O. 

The detrimental partial effect of distortionary taxes on growth 
(a7/a(CURREV)<O) has been observed and discussed previously by Marsden 
(1983), Skinner (1987), Barro (1989), Koester and Kormendi (1989), Martin 
and Fardmanesh (1990), Rebel0 (1991), Dowrick (1992), and Engen and Skinner 
(1992), among others. The strong negative relation between taxes and growth 
found here concurs with the theoretical specification of Section 111.1, 
where non-lump-sum taxes were shown to be growth-inhibiting. However, if 
the revenue from such taxes is used for productive government spending then 
growth can be promoted, if governments are operating (as shown above) in the 
range where the partial effects of such productive spending on growth are 
positive. 

Unlike Barro (1991) and Mankiw, Romer, and Weil (1992), it is not clear 
that once endogeneity is taken into account, and given INIT, that GRWKR is 
significantly positively-related to the mean amount of human capital. lJ 
This result could reflect the often mediocre quality and usefulness of the 
human capital measures available to researchers; in particular, enrollment 
data do not control for the quality of schooling (see Behrman and Rosenzweig 
1992). It could also reflect the possibility that EDUC, as a measure of 
school enrollment rates, may be proxying for the mean flow of investment in 
human capital rather than its mean stock. 2J However, the results of 
columns 1 and 3 are independent of doubts over the efficacy of EDUC. 

I/ Indeed BE estimation (without accounting for the endogeneity of IGOV and 
SOCSEC) yields a positive and significant coefficient on EDUC, as in Barro 
(1991). 

2J Note that to the extent that current school enrollment is highly 
correlated with past school enrollment, then it will also be a good measure of 
the stock of human capital (see Mulligan and Sala-i-Martin 1993). 
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VI. Conclusion 

There are several innovations arising from this paper. First, the use 
of the stock of public capital in an endogenous growth setting to examine 
the influence of public finance variables, rather than the flow of 
government services which had been assumed previously in the literature. 
Second, the model allows for congestion in the consumption of publicly 
provided capital and transfers (that is for rivalry in the consumption of 
these nonexcludable public goods), rather than the nonrivalrous, 
nonexcludable nature of the publicly provided private goods which had been 
assumed previously in the literature. Third, the model is able to separate 
and highlight the growth-diminishing effects of the levying of distortionary 
taxes, and the growth-enhancing effects of the provision of public capital 
and transfers. Previous empirical work examining the relationship between 
government and growth did not separately account for the divergent 
influences on the rate of economic growth of taxation, transfer payments, 
and investment in public capital. Fourth, empirical tests of the hypotheses 
predicted by the theoretical model confirmed the growth-enhancing effects of 
increases in the provision of public capital and the payment of transfers, 
and of the growth-inhibiting effects of the levying of distortionary taxes. 
In particular, the finding of a positive and significant effect of transfer 
payments on growth has not been obtained before using panel estimation 
techniques. 

The policy implications arising from this paper are straightforward. 
Increased government spending on those items which enter private production 
functions as productive public inputs enhances economic growth. Examples of 
such productive public spending include public investment and 
(intragenerational and intergenerational) transfer payments, both of which 
generate positive externalities which raise private investment and thus 
economic growth. However, the size of government is limited by the need to 
fund such public spending by the levying of distortionary taxes, which 
reduce the marginal return to private capital, and so dampen economic 
growth. A clear implication of the theoretical and empirical work presented 
here is that there are significant trade-offs involved in considering the 
various contributions of government to the economic growth of nations. 
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Data Sources and Description of Variables 

1. Abbreviations for data sources 

IFS 

WT 
GFS 

SH 
OECD 

International Monetary Fund, International Financial Statistics 
(1991) and earlier issues. 
World Bank, World Tables (1991) and earlier issues. 
International Monetary Fund, Government Finance Statistics (1991) 
and earlier issues. 
Summers and Heston (1991), the Penn World Table (Mark V). 
Organization for Economic Cooperation and Development (1991), 
Labor Force Statistics 1969-1989. 

All series comprise 92 country-year observations, on 23 countries of four 
time-periods each, over the period 1971-88. As annual data include 
substantial random effects which tend to be diminished in influence by 
averaging, the length of time covered by any single country observation is 
five years for the first three sub-periods (1971-75, 1976-80, 1981-85) and 
three years for the last sub-period (1986-88). That is, five-year and 
three-year averages of each of the variables are used in this study. 

2. Description of the variables 

Variable 
Name 

Mean Standard 
Deviation 

GRWKR 0.013 0.012 

of growth of gross domestic product (GDP) per worker, in constant 
1985 international prices, PPP adjusted), with GDP per worker taken 
being their RGDPW (real GDP per worker in 1985 international 

The annualized GRWKR is: [ln(RGDPW,/RGDPW,-T)]/T, where t is the 
r of the subperiod, t-T is the first year of the sub-period, T is 

interval in years between t and t-T, and In is the natural 
logarithm. 

The rate 
prices ( 
from SH, 
prices). 
last yea 
the time 

INIT 9.930 0.353 

The natural logarithm of RGDPW at the start of each sub-period (that is, 
1971, 1976, 1981 and 1986), with RGDPW taken from SH (see definition below). 

IPRIV 0.164 0.038 

This is a measure of the mean value of each sub-period's change in the stock 
of private capital, and is formed by accumulating the ratio of annual 
private investment in capital (taken to be the private share of gross fixed 
capital formation (IFS line 93e) plus increases in stocks (IFS line 93i), 
measured in current period, local currency terms) to GDP (taken from IFS 
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line 99b, measured in current period, local currency terms) over the length 
of each sub-period, given a depreciation rate on capital of 8 percent per 
annum. The share of aggregate domestic investment (defined by IFS as gross 
domestic fixed investment plus the change in stocks) allocated to private 
investment is calculated by first estimating the average ratio of total 
government expenditure (taken from Table C, line II, m) less current 
government expenditure (taken from Table C, line III, m) to total 
aggregate gross domestic investment (IFS lines 93e plus 93i) over each sub- 
period (this is the share of public investment in total investment). 
Private investment is then one minus this ratio, multiplied by aggregate 
domestic investment. IPRIV is then formed by dividing private investment by 
GDP. 

IGOV 0.056 0.015 

This measure of the mean value of each sub-period's change in the stock of 
public capital as a share of GDP is formed by taking the difference between 
total accumulated capital (gross domestic fixed capital formation (line 93e 
of IFS) plus the change in stocks (line 93i of IFS)) and accumulated private 
capital (IPRIV, as calculated above), and dividing this value by the level 
of GDP (taken from line 99b of IFS). 

YBAR 3.69E+ll 7.07E+ll 

The mean level of GDP of each sub-period, in constant 1985 international 
prices, taken from SH, and formed by multiplying their RGDPCH (real GDP per 
capita, 1985 international prices) by their POP (national population, 
current year). 

SOCSEC 0.117 0.053 

Mean value of each sub-period's expenditure on social security and welfare 
(Table B, line 6, GFS in current, local currency terms) as a share of GDP 
(line 99b, IFS in current, local currency terms). 

CURREV 0.371 0.110 

Mean value of each sub-periods's current revenue (Table A, line III, GFS in 
current, local currency terms) as a share of GDP (line 99b, IFS in current, 
local currency terms). 

EDUC 82.563 16.539 

Mean value of each sub-period's gross enrollment of children aged 12 to 17 
years at secondary school, taken from WT. Figures are expressed as the 
ratio of pupils to the population of children in the country's school age 
group. For some countries with near-universal secondary education, the 
gross enrollment ratios may exceed 100 percent because some pupils are 
younger or older than the country's standard secondary school age. The data 
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include pupils enrolled in vocational or teacher-training secondary schools. 
Figures for years prior to 1975 have been interpolated from the 1970 and 
1975 figures. 

AGE65 0.120 0.027 

Mean share (for each sub-period) of the total population of a given country 
which is aged 65 years or older as at June of each year, taken from OECD, 
Table 1, Population. 

CPI 72.264 35.838 

Mean value of each sub-period's consumer price index, with base 1985-100, 
taken from line 64, IFS. 

R 10.859 6.415 

Mean value of each sub-period's interest rate on treasury bills, taken from 
line 6Oc, IFS. Where such a rate is unavailable, the rate on short-term 
government bonds was used instead, and taken from line 61a, IFS. 

RGDPW 17404.29 7381.09 

Annual value of real GDP per worker, in 1985 international prices, PPP 
adjusted, taken from SH. 
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