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Fiscal Policy and Growth in the OECD*

This paper investigates the impact of public expenditures and taxation on
economic growth using panel data for a sample of OECD countries. The
empirical results suggest that fiscal policy influences growth through three
main channels. First, the govermnment contributes directly to factor
accumulation through public investment in infrastructure and other assets.
Second, public expenditure tends to crowd out private investment by reducing
disposable income and the incentive to save. Third, there is evidence of a
sizeable negative ‘externality’ effect of government on the level of productivity.
According to the estimates, the effective cost of $1 of public expenditure is
around $1.3 once the relevant distortions are taken into account. While this
figure is viewed as an upper bound, it does suggest that taxes and public
expenditures generate significant efficiency costs which should be taken into
account when making budget decisions.
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NON-TECHNICAL SUMMARY

It is widely recognized that a myriad of public sector activities can have an
important impact on economic performance. Modern govermnments provide a
large number of services to households and firms, ranging from transport
infrastructure to police protection, raise large amounts of revenue through
taxes and fees, manage large social insurance and redistribution schemes and
actively intervene in markets, both as buyers and sellers and as regulators.
The net impact of all these activities on economic growth and welfare has
attracted a considerable amount of attention and has generated an ongoing
controversy among policy-makers as well as a rich academic literature on the
subject.

Although we are very far from having reached a consensus on the issue, it is
probably fair to say that the liberal’ view that large governments are typically
inefficient and generally have an adverse effect on economic growth has been
gaining ground in recent years. Proponents of this view typically advocate tax
cuts, reductions in social benefits and various liberaltzation and deregulation
measures as a way to promote growth through the elimination of disincentives
to work and save and the strengthening of competition. At the same time, it is
often held that government expenditures should be restructured in order to
direct scarce public resources away from ‘unproductive’ or consumption
activities and towards productive investment.

This paper investigates the extent to which these views are supported by the
empirical evidence. It includes an econometric study of the impact of
government expenditures and taxation on economic growth and private
investment using panel data for a sample of OECD countries. Following
Mankiw, Romer and Weil (1992), it uses a ‘structural’ specification derived
from an approximation to a descriptive growth model. This allows us to recover
the parameters of a reduced-form aggregate production function that includes
public capital as an input and allows the leve! of productivity to be a function of
the relative size of government in order to capture the effects of various types
of distortions.

The paper reports clear support for the view that, on the whole, government
expenditures have a negative impact on income levels and growth rates, both
directly and through their effect on private investment. Hence, many public
programmes have a non-negligible efficiency cost in terms of forgone output
and slower growth. Our estimates suggest that this indirect cost can be quite
significant and that it should be taken into account in making budgetary



decisions. This analysis does not necessarily imply that tax and expenditure
reductions would necessarily increase welfare, however. The economic
benefits of such measures must be carefully balanced against the costs of
reduced social protection or an increase in income inequality. While extremely
difficult to quantify, these ‘social costs’ are undoubtedly substantial.

Qur empirical results suggest that fiscal policy influences growth through three
main channels. First, the government contributes directly to factor
accumuiation through public investment. Secend, public expenditure tends to
crowd out private investment by reducing private disposable income and the
incentive to save. Third, there is evidence that increases in the overall size of
government, as measured by the share of total government expenditures in
GDP, are associated with a sizeable reduction in the level of productivity
through an ‘externality effect’ arising from various types of distortions,

Pubiic infrastructure investment seems to present sharply diminishing returns.
While its marginal contribution to productivity growth is very large at tow
expenditure levels, it declines rapidly and becomes essentially zerc for values
of the public investment ratio within the range observed in our sample. Taking
as a reference the levels of public investment observed during the period
1990-95, we estimate that an increase in the public investment rate by half a
point of GDP would have a significant positive effect in Belgium, Denmark, the
Netherlands and the United Kingdom. For the remaining EU countries the
effect of such a policy change is found to be small and even negative in some
cases. Allowance should be made, however, for the fact that these estimates
will tend to underastimate the return on public investment in countries where
the stock of infrastructure is low in relation to the endowment of other
productive factors.

The effect of fiscal policy on private capital formation seems to be quite
important. According to our estimates, each $1 increase in govemment
expenditures reduces private investment by about $0.32. This crowding out
effect is smaller {by about one-half) for transfers to households than for other
expenditures, presumably because this item does not represent a net
withdrawal of resources from the private sector. The net impact of current
subsidies to enterprises and public investrment on private capital formation is
positive, but it should be noted that the induced investment seems to be
smaller than the amount of the subsidy.

Perhaps our most striking finding is that an increase in the size of government
tends to reduce output for given stocks of productive factors. This negative
‘externality’ effect is quite significant: according to our estimates, a 1%



increase in the share of government expenditures in GDP (i.e. an increase in
expenditure of around one-half a point of GDP} reduces national income by
0.17% in the short run. This figure is too large to be due primarily to the
mismeasurement of public output and, as far as we can tell, is not due to
reverse causation.

Cur empirical model predicts that a reduction of total government expenditures
by five points of GDP (holding constant public investment and the share of
transfers to households in total expenditure) would increase the annual growth
rate of the average EU country by two-thirds of a point in the medium term,
and raise its long-term income level by almost 10%. It may be dangerous,
however, to interpret these estimates too literally as an indication of the
expected effect of a reduction of public expenditures on national income. In
addition to various measurement and econometric problems, it must be kept in
mind that the distortions our estimates presumably capture probably relate
more to the extent to which government interferes with private incentives and
the efficient functioning of firms and markets than with the size of the public
sector per se. Although # is likely that the two things will go roughly hand in
hand, expenditure cuts will not necessarily translate inte an automatic and
proportional reduction of the relevant distortions.

Subject to this qualification and the inevitable doubts about whether our
estimates are in fact capturing a causal relationship running from government
to growth, our results do suggest that limiting the size of the public sector and
the extent of government intervention in the economy may bring substantial
benefits in terms of output gains. 1t does not necessarily follow that the same
policies will increase welfare, however.

in conclusion, our results on the negative growth effects of government
activities are both sharper and more ‘pessimistic’ than those found in most of
the previous literature. Although we have made every possible effort to use
econometric techniques which should help correct for the sources of bias we
are likely to encounter in an exercise of this nature, it must be said that some
of our estimates seem unreasonably large and should be interpreted with
caution. In the light of previous work in the area, our view i that these figures
should probably be regarded as an upper bound on the efficiency cost of
public spending. The findings would nevertheless seem to confirm pre-existing
avidence pointing to the conclusion that such costs are non-negligible.



1.- Introduction

Tt is widely recognized that a myriad of public sector activities ¢an have an important
impact on economic performance. Modern governments provide a large number of services 10
households and firms. ranging from transport infrastructure to police protection. raise large
amounts of revenue through taxes and fecs. manage large social insurance and redistribution
schemes and actively intervene in markets. both as buyers and sellers and as regulators. The
net impact of all these activities on economic growth and welfare has attracted a considerable
amount of attention and has gencrated an ongoing controversy among policy-makers as well
as a rich academic literature on the subject.

Although we are very far from having reached a consensus on the issue, it is probably fair
to say that the "liberal" view that large governments are typically inefficient and generally
nave an adverse effect on economic growth has been gaining ground in recent years.
Proponents of this view typically advocate tax cuts, reductions in social benefits and various
liberalization and deregulation measures as a way to promote growth through the climination
of disincentives to work and save and the streagthening of competition. At the same time, it is
often held that government expenditures should be restructured in order to direct scarce
public resources away from "unproductive” or consumption activities and towards productive
investment,

This paper investigates the extent to which these views are supported by the empirical
evidence. To this end we undertake an econometric study of the impact of government
expenditures and taxation on economic growth and private investment in a sample of OECD
countries. We use a "structural” specification derived from an approximation to a descriptive
growth model following the procedure developed by Barmo and Sala (1992) and Mankiw,
Romer and Weil (1992). This allows us to recover the parameters of a reduced-form
aggregate production function which includes public capital as an input and allows the level
of productivity to be a function of the relative size of the public sector in order to capture the
effects of government-induced distortions.

Our results provide clear support for the view that, on the whole. government expenditures
have a negative impact oa income levels and growth rates. both directly and through their
effect on private investment. Hence, many public programmes have a non-negligible
cfficiency cost in terms of foregone output and slower growth. Our estimates suggest that this
indirect cost can be quite significant and that it should be taken into account in making budget
decisions. Our apalysis, however. doees not necessarily imply that tax and expenditure
reductions would necessarily increase welfare. The economic benefits of such measures must



be carefully balanced against the costs of reduced social protection or an increase in income
inequality. While extremely difficult to quantify. these "social costs” are undeubtedly
substantial.

On the issue of public investment. our results indicate that this component of government
expenditures has a positive impact on productivity growth but is subject to sharply
diminishing returns. Starting from the situation prevailing during the peried 1990-93. only 2
handful of OECD members would benefit significantly from an increase in this expenditure
item.

The paper is organized as follows. Section 2 briefly reviews some previous work on
government and growth and relates this paper to the Jiterature. Building on Barro (1990), in
Section 3 we discuss how tax and expenditure parameters would enter a simple growth model
as a way to highlight the main channels through which fiscal policies can affect the growth
process. The remainder of the paper summarizes the findings of an empirical investigation of
the effects of fiscal policy on output growth and private investment using panel data for a
sample of OECD countries. Section 4 discusses the data and preseats some preliminary
results from exploratory growth equations. In Section 5 we develop and estimate a structural
specification derived from an extension of the augmented Solow mode! proposed by Mankiw,
Romer and Weil (1992). Sections 6 and 7 discuss our main results and explore their
implications by simulating the effects of various policy changes in a subsample of European
countries. The Appendices contain a formal analysis of the model sketched in Section 3 as
well as a2 more detailed description of the data and some further details on the empirical
results.

2.- A brief review of the literature

The existing evidence on the growth effects of fiscal policy is surprisingly inconclusive
and is far from providing ungualified support for the hypotheses that large governments are
necessarily harmful for growth or that the economic return on public investment is
substantial.

Perhaps the most robust result in the literature is the finding of a negative partial
cotrelation between output growth and the share of government consumption in GDP.! Due o
the scarcity of comprehensive data on government expenditures, many of the existing studies
use this variable as a proxy for the overall size of government and interpret this negative
correlation as evidence of an adverse effect of the public sector on income growth. Some

1 See for cxample Landzu (1983, 1985, 1986), Grier and Tullock {1989). Barro (1991a.b) and Easterly and
Rehelo (1993). The main cxception to this resuit is a paper by Ram (1986). who finds a pesitive effect of
government size on growth, Dowrick (1993), however, argues that this result probably reflects an endogencity
bias and shows that it disappears when the model is estimated using instrumental variables techniques.



authors, however, have questioned the robusiness of this result. Levine and Renelt (1992).
Levine and Zervos (1993), Easterly and Rebelo (1993) and Andrés et al (1996) have
documented the statistical "fragility" of this correlation, which often disappears with plausibie
changes in the sct of conditioning variables included in the exploratory growth regressions
used in most of the literature.

Results concerning the growth effects of other types of "non-productive” government
expenditures and various types of taxes are rather inconchusive and typically point to small
growth effects. Landau (1985, 1986} finds that the partial correlation between growth and the
share of transfer payments in GDP is positive and significant or close to significant when we
control for private investment and total government expenditures. Hence, transfers seem to be
at least less harmful for growth than other types of public expenditures. Omitting these
variables. the net growth effect of transfers seems to be slightly pesitive although not
significant. Barro (1991) reports a similar finding but argues that this result may reflect the
endogeneity of the sharc of ransfers. which is highly correlated with income per capita.

One of the clearest predictions of most growth models is that increases in tax rates will
have an adverse effect on growth by discouraging private investment. Empirical evidence in
this respect, however. has been rather difficult to find. The growth effects of various 1ax
measures seem to be small and the coefficients are not robust to the specification (eg. Koester
and Kormendi (1989). Easterly and Rebelo (1993). Mendoza et al (1995)).

The situation is quite similar in the literature which analyzes the relationship between
productivity and public investment. Early production function studies by Aschauer (1989)
and Munnell (1990) implied exceedingly high rates of return on infrastructure investment.
This work., however. has been criticized for relying on inadeguate econometric
specifications.? More recent research shows mixed results. Some of these studies (e.g. Gareia
Mild, McGuire and Porter (1993), Holtz-Eakin (1994) and Evans and Karras (1994a.b))
conclude that the contribution of public investment to productivity is practically non-cxistent,
or at least cannot be detected within the traditional framework of an aggregate production
function. Other researchers, however, continue to repert sizable public capital elasticities
(although typically smaller than those found by Aschauer). using estimation techniques which
should in principle avoid the problems detected in the early specifications (e.g. Bajo and
Sosvilla {1993), Argimon et al (1993), Mas et al (1993), Argimén et al {1996} and Gonzdlez-
Piramo and Argimén (1997)).

The evidence available from growth regressions is also mixed. Landau finds a small
positive productivity effect of public investment in a sample of LDCs (Landau, 1986) and a
negative and significant coefficient for the OECD countries (Landau, 1985). Devarajan et al

2 See for cxample Aaron (199G} and Tatom (1991),



(1993) report a non-linear effect but find that most countries are on the downward-sloping
branch of an inverted U curve. Barro (1991a, b) finds a generally positive growth cffect but
the public investment variable loses its sigaificance in some specifications. The most positive
results are obtained by Easterly and Rebelo (1993) using fairly disaggregated data on public
investment in a sample of LDCs. These authors find a significant and robust positive partial
correlation between both growth and private investment on the one hand and general
government investment on the other. When they disaggregate. public investment in transport
and communications is robustly correlated with growth (but not with private investment).,
while investment in education. housing and urban infrastraciure display positive coefficients
but lose their significance when additional regressors are included in the equation.

In both branches of the literature, the lack of precision of the estimates may reflect (in
addition to the usual problems in empirical growth studies) important limitations of the data
(such as the lack of consistent and disaggregated data on government expenditures or public
capital stocks and the difficulty of measuring public output) in addition to severe endogeneity
and multicollinearity problems. As Easterly and Rebelo (1993) emphasize. the effects of
fiscal policy may be difficult to disentangle from the well-known convergence effect due to
the high correlation between fiscal structure and income per capita. In addition, it is hard to
determine 1o what extent the estimated coefficients may be capturing a spurious correlation
arising from "reverse causation,” running from income levels or growth rates to fiscal
variables (Dowrick, 1993).

Noting the inconclusiveness of the existing results and the numerous data and estimation
problems involved, some authors have argued that eross-country studies at the aggregate level
have not int the past. and probably cannot as a matter of principle. shed much light on the
connection between government and growth. Atkinson (1995), Slemrod (1995) and Agell et
al {1997) propose as an alternative a "bottora-up” approach to the quantification of the costs
and benefits of government involvement in the economy. Such a microeconomic approach, it
is argued, will allow the analyst to take into account the institutional structure and the "fine
print” of the relevant programmes. which is often crucial for understanding their effects on
the decisions of private agents and the size of the induced distortions.

While such a detailed cost-benefit analysis is certainly necessary for the evaluation of
specific government programmes. ¢ven rough estimates of the aggregate growth effects of the
public sector would be of considerable interest for policy formulation. Since we lack a
sufficiently detailed set of microeconomic analyses and, in any event, adding up their partial-
equilibrium results would be an arduous and uncertain task. MAacTOEeCONONMIC Cross-Country
studies appear to provide an atractive shortcut. If the adverse effects of public sector
activities on economic performance are as important as it is sometimes held, moreover, it



seems reasonable to expect that we should be able to find at least traces of them at the
aggregate level. Our results suggest that this is indeed the case.

While our overall approach to the quantification of the growth effects of fiscal policy is
quite similar to the one foilowed in numerous other studies, we have sought to improve on
previous work in a number of ways. First. we have attempted to systematically account for
the effects of both revenue and expenditure decisions rather than rely on some rough proxy
for the size of government. This has been possible because we have had access to a fairly
complete data set on total government revenues and expenditures and the breakdown of the
latter into public consamption and investment. transfers to households, subsidies to firms and
interest payments. Secondly, we have tried to base the empirical analysis as closely as
possible on 2 coherent and explicit model of the growth process. This is particularly useful
when it comes to interpreting the results or using them for policy analysis. An additional
advantage of this procedure is that it imposes a certain amount of discipline on the choice of
regressors and other aspects of the empirical specification. While we do not conduct a
sensitivity analysis along the lines of Levine and Renelt (1992), our results are robust to a
number of alternative specifications and are derived within a model which tries to account
explicitly for the main immediate determinants of growth. Within such a framework.
including additional regressors in an ad-hoc fashion does not seem the best way o proceed.
Third. we have been particularly careful in trying to make sure that our results are not vitiated
by an endogeneity bias. We report instrumental variables estimates of the relevant
coefficients using alternative sets of instruments and different specifications which may be
helpful in detecting reverse causation. Finally, the fact that we have restricted ourselves to a
sample of industrial countries has two potentially important advantages. The first one is that
the data are, presumably. fairly homogeneous and reliable. The second one is that
multicollinearity problems arising from the correlation between income per capita and
government size are likely to be somewhat less severe than in broader samples.

3.- Government and growth: a theoretical framework

This section sketches an extension of Barro's (1990) model of government and growth
which will serve as a theoretical framework for our analysis of fiscal policy. The discussion
wili highlight the main channels through which tax and expenditure policies may affect
growth and welfare. summarize the main predictions of the relevant theory and sketch a
workable approach to empirical testing. A more formal analysis of the model is contained in
Appendix 1.

The mode! is built around two key relationships: an aggregate production function which
relates national output to the stocks of private and public inputs and the overall size of



government, and a utility function which describes the preferences of a representative
individual over private consumption and public expenditures. Both functions must be
interpreted as reduced forms which attempt to capture in a simple way the cffects of
government policy on social welfare and aggregate productivity.

We will assume that the instantaneous utility function of the representative agent is of the
form

DMUEC.E=phC+(-wWnE

where C is private per capita consumption and E total government expenditures per capita,
including transfers. Hence, private agents are assumed to benefit directly from government
expenditures on infrastructure. health, police protection and other public services and 1o place
a positive value of income redistribution. To simplify the exposition, we do not disaggregate
these items and simply assume that, other things equal, utility increases with total
expenditure.

To describe the production side of the economy we will rely on a reduced-form: aggregate

production function of the form

(2) Y = 0'KGPAL) P
where Y is national output, K the stack of private capital, G government-provided productive
services. L employment, A an index of labour-augmenting technical efficiency which grows
over time at an exogenous rate g, and © the share of total government expenditures in GDP,
including directly productive expenditures (8;), transfer payments (6) and "unproductive”
public consumtion (8).

This formulation is completely standard except in that it allows national output to be a
function of the relative size of government. The additional "government externality” term we
have introduced in the aggregate production function (8" is meant to capture in the simplest
possible way the fact that public activities may affect productivity in a variety of ways other
than through infrastructure investment. Some of the relevant effects are certainly positive:
Many government activities which are generally classified as public consumption. from
health services to police protection and the court system, can be expected o increase private
sector productivity through various channels. But there are also forces operating in the
opposite direction. As it has been emphasized in the literature, government regulations which
interfere with the efficient operation of markets and firms may increase costs and distort
resource allocation, thus reducing the kevel of output. Similarly, income and other taxes and
social insurance programmes may have an adverse effect on labour supply and work effort.
On the other hand. social programmes aimed at prometing "social cohesion” are probably
vital in maintaining a stable political and social climate and avoiding labour unrest. As a
result, social expenditures may have a positive effect on investment and even on worker
motivation and productivity. Since the net effect of these conflicting forces is unclear ex ante,



the government externality coefficient, ¥, could be either positive or negative in principle, or
even vary with the level of expenditure.

Given these two relations, the government chooses the various expenditure shares and a
representative household or dynasty maximizes the present value of its utility stream taking as
given factor prices. the time path of government expenditures and other policy parameters.
We will assume that the government finances its operations through a flat-rate tax on income.
Tax proceeds are used to finance the provision of productive services (p), to finance public
consuraption (¢) and to make lump-sum transfers to the population (T). We will further
assume that the government runs a balanced budget ach period. and that expenditure on each
of these categories is a fixed fraction of GDP (e.g. G = 8;Y). Hence. the government budget
constraint can be written in the simple form

(3)T=0+0,+8, =90
where T is the tax rate and 8; denotes the fraction of GDP devoted to each of the three types of
public expenditure we consider.

As shown in Appendix 1. the behaviour of the economy under these assumptions can be
summarized by a system of differential equations which describes the evolution of private
consumption (and hence investment) and the capital stock. Fiscal policy parameters enter this
system in a nomber of ways. First, the different types of government expenditures have a
direct effect on productivity through the aggregate production function. Second. fiscal
parameters influence private factor accumulation decisions through three channels. To discuss
them. notice that total private investment (I} can be written as the product of disposable
(after taxes and transfers) private income ((1-8,-8,)Y) and the average propensity 10 save and
invest out of it, s. which is itself a function of the after-tax rate of return on private capital,
((1-6)R).

(4) Ip = s[{1-8)R{()I*(1-0-8p) Y (6),
where we emphasize that both ¥ and R are themselves functions of the level (and
composition) of government expenditures. Equation {(4) shows that the direct productivity
effects of public expenditures feed back into factor accumulation because, other things equal.
savings and investment will tend to rise roughly in proportion with income. Fiscal policy
instruments. moreover. also influence the first two terms in the right-hand side of equatien
{4). With the partial exception of redistributive transfer payments. government expenditures
tend to "crowd out” private investment because they represent net transfers of resources to the
public sector. Finally. public policies wiil also influence the private investment ratio to the
extent that they modify the net return to private factor accumulation. Taxes directly reduce
the incentive to save but this negative effect may be offset (or reinforced) by the net impact of



public expenditures on the marginal product of private capital. working again through the
production function.

The model we have just sketched yields a number of potentially testable predictions about
the effects of different types of fiscal variables on income levels and growth rates and
provides a uscful framework both for the empirical analysis and for policy evaluation. The
predictions are quite straightforward: Taxes will reduce growth by discouraging factor
accurnulation. Productive government expenditures will have a positive effect on both income
levels and growth rates until some level of expenditure is reached beyond which the
opportunity cost of the resources used and the distortions induced by their financing exceed
their positive direct effects. The same will be true of transfer payments and public
consumption if the associated externality effects are positive on balance. Otherwise -~and as
we will see the evidence points in this direction-- the contribution of an increase in either of
these variables to medium-term growth and long-term incomes will be unambiguously
negative. In either case, aggregate welfare may either go up or down depending on the initial
tax and expenditure levels and on the relative weight of public expeditures in the
representative agent's utility function.

The previous discussion suggests a two-pronged approach to empirical testing. First. we
can attempt to measure the direct contribution of public expenditures to productivity
{including the possible externalities) by estimating some version of, or convenient
approximation to, the aggregate production function. We can then deal with the indirect,
factor accumulation effects by estimating an investment function which can be seen as an
approximation to the “policy function” of the theoretical model. In Sections 4 and 5 below we
will follow this approach to obtain estimates of the parameters of an empirical model which
trics to approximate the one we have sketched in this section. This model will then be used in
Sections 6 and 7 to produce quantitative estimates of the effects of hypothetical policies
involving changes in the level and composition of expenditures in a sample of European
countries.

Although we will not be able to carry the analysis much further, thinking about these
results with an explicit social welfare function in mind may help us put them in the proper
perspective in at least two ways. The first point to keep in mind is that net welfare effects will
generally be considerably smaller than the estimated change in long-term income. The main
reason is that most of these output gains (or losses) build up slowly over time as a result of
induced changes in private investment behaviour. Policies which increase investment
eventually bring higher income levels: but since the resulting output increase must be
financed by a reduction in current consumption, the net gain may be rather small once we
properly discount everything. Secondly, our estimates refer only to expected changes in



aggregate output and will therefore capture only one part of the relevant costs and benefits--
those which would eventually show up in the national accounts as they are currently
constructed. The other part of the balance sheet -- the welfare gains or losses associated with
increases or decreases in social protection levels and the degree of redistribution among other
things-- are much harder to measure. Although we will not be able to factor such
considerations explicitly into the analysis except in a very informal way, it is important to
keep them in mind when assessing the desirability of alternative expenditure policies.

4.- Fiscal policy and growth in the OECD, 1965-95

The remainder of the paper presents an empirical analysis of the relationship between
growth and fiscal policy using panel data for a sample of OECD countries and discusses the
policy implications of the results. This section discusses the data and presents some
preliminary results based on a set of exploratory growth and investment regressions. In
Section 5 we develop and estimate a "quasi-structural” model of fiscal policy and growth.
Finally, Sections 6 and 7 present some estimates of the effects of alternative policy scenarios
involving changes in totai government expenditures and in public imvestment from their
average levels during the period 19590-95.

a.- Sources and construction of the data on fiscal aggregates

Our data on national income and other macroeconomic aggregates are taken primarily
from Doménech and Boscd (D&B, 1996), who essentially replicate Summers and Heston's
Penn World Table for the OECD countries using OECD-specific purchasing power parities.
Most of our data on tax revenues and government expenditures comes from the QECD
Statistical Compendium and the European Commission's compilation of General Government
_data (1996). Both of these sources provide a breakdown of general government receipts and
expenditures according to "economic” classifications which are roughly compatible with each
other. The EEC data cover the period 1970-95 {plus projections for 1996-98) for the current
members of the EU. the US, Japan and Canada. Since these figures are presumably the most
accurate data available, we have relied on them whenever possible. The OECD data has been
used to extend the sample to countries and periods not covered by the EEC series. For each
country in the EEC sample we have checked the consistency of the two data sources over
common observations. When the differences are minor (at least close to 1970), we have used
the OECD data to extend the EEC series backwards to the period prior to 1970 (see Appendix
2.1 for details). In cases where the differences between the two sources were important. the
OECD data has been disregarded.

We have aiso compared the data constructed in this manner with alternative estimates of
the share of government consumption in GDP and the budget surplus tzken from Doménech



and Boscd (1996) and a series on the average tax rate provided by Boscd and Ferndndez
(1996). For some variables, there are systematic differences across sources which suggest that
the definitions of various budget items may vary somewhat. In these cases. we have kept the
two series but without "mixing" them. In particular, we have two different estimates of the
average tax rate, the government surplus and the share of government consumption in GDP.

Table 1: Available fiscal variables

TAX = total tax receipts as a share of GDP in nominal terms. Source: EEC (1996) and OECD
Statistical Compendium (1996).

TAXBF = total receipts from taxes on capital and labour income and consumption as a share
of GDP. Source: Boscd and Ferndndez (B&F, 1996).

GTOT = (nominal) share of total government expenditure in GDP at current prices. Source:
EEC (1996) and OECD (1996).

SURPEU = net government lending as a fraction of GDP. Source: EEC (1996).

SURPBD = government surplus as a fraction of GDP. Source = Doménech and Boscd (D&B,
1996) from IMF.

ASGR = share of (general) government consumption in GDP measured in real terms {(at
constant international prices). Source: D&B (1996).

GCONSR = share of (gzeneral) government consumption in GDP measured in real terms. The
nominal share, taken from EEC {1996) and OECD (1996), is adjusted using the deflator
for government consumption provided by D&B (1996).

SKG = (real} share of government final capital expenditure in GDP. The nominal share, taken
from EEC (1996) and OECD (1996), is adjusted using the deflator for (total) investment
provided by D&B (1996).

TRHH = current transfers to households as a share of GDP in nominal terms. Source: EEC
(1996) and OECD (1996).

SUBSID = current subsidies to enterprises as a fraction of GDP in nominal terms. Source:
EEC {1996) and OECD (1996).

INTER = interest payments, nominal share in GDP. Source: EEC (1996) and OECD (1996).

Table I gives the definition and source of the fiscal variables we have used. The number of
available observations varies from 83 to 126, depending on the indicator. Five of our
variables can be used as indicators of the global amount of resources absorved by the public
sector. These include two alternative measures of the share of (direct and indirect) taxes on
national income (TAX and TAXBF), the {nominal) share of total government expenditures in
GDP (GTOT) and two measures of the general government surplus (SURPEU and
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SURPED). As for the composition of government expenditures. we have data on government
consumption (ASGR and GCONSR), investment (SKG), transfers to households (TRHH).
current subsidies to enterprises (SUBSID) and interest payments (INTER). All variables are
measured as shares of GDP, with the shares of government consumption and investment
measured in real terms (at international prices of the base year, using the corresponding price
deflators supplied by Doménech and Boscd (1996)) and those of the remaining variables
measured in nominal terms (i.e. at current prices in national currencies). All fiscal variables
are cither averages of annual observations over the relevant five-year subperiod (including
both endpoints) or growth rates between the beginning and ead of the period.

b.- A first look at the data

This section briefly reviews some of the main features of the data. focusing on the
¢volution of growth rates and on the behaviour of fiscal aggregates. Figure 1 summarizes the
evolution of the main fiscal aggregates in a hypothetical average OECD country, Total
government expenditures (GTOT) and taxes (TAX) increase at a rapid pace throughout the
period 1965-95. Government consumption (GCONSR) remains relatively stable at around
20% of GDP and public investment (SKG) decreases by around 30% (from 4.4% to 3% of
GDP). The main sources of the increase in expenditures are transfers to households (TRHH),
which double (going from 8.7 to 18.1% of GDP), and interest payments (INTER), which
increase threefold (from 1.67 to 5.8%).

By contrast, output growth shows a marked decline over the period. Average growth rates
of output per capita (GYPC) and per employed worker (GYPE} fell from around 4% in 1965-
70 to less than 2% in 1990-95. This dramatic decrease is difficult to explain in terms of the
behaviour of investment. Private (SKPR) and public investmen; (SKG) in physical capital
declined during the sample period, but not enough to explain the slowdown, and investment
in human capital (proxied by the ratio of secondary and umniversity enrollment to the labour
force, SH2) and R&D expenditures (CASRD) increased at a rapid pace.

The contrast between Figures 1 and 2 suggests that the expansion of the public sector may
be one of the main culprits of the growth slowdown experienced by most industrial
economies starting after the mid 1970s. Things are less clear. however. if we take a longer
perspective or focus on the cross-section profile of the post-1965 data. The rapid expansicon of
the public sector during the early post-WWII decades came at a time of unprecedented
growth, Over the period 1965-95 as a whole. moreover, the cross-country correlation between
growth of output and growth of government is essentially zero.

A more careful lock at the cross-section evidence, on the other hand, does reveal a
significantly negative partial correlation between the growth of cutput and the growth of total
government expenditures during the last three decades. Table 2 summarizes the results of a
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Figure 2: Average growth rate of output per capita and per employed worker
in the OECD
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series of cross-section regressions of average growth of income per capita. GYPC. (over the
period 1960-95 or 1970-93. depending on the country) on four variables: the average share of
total government expenditures in GDP over the sample period (GTOT). the average annual
increase in the same variable (DGTOT) and the jogs of initial income per capita (LLYPC) and
the average investment rate over the period (LSK).

Table 2: Cross-section growth regressions

Dep, var LYPC GTOT  DGTOT LSK R2
1]  GYPC -0.0187 0.7823
(7.58)
2] GYPC -0.052 0.3513
294
31 GYPC -0.044 0.0003
©.07
4] GYPC -0.0189 00115 0.7524
(5.45) (0.10)
51 GYPC -0.0196 0517 03230
(8.35) (1.86)
6]  GYPC 0021 0.008 -0.561 0.8273
(621} (059 {191
{71 GYPC 00160 -0.004 00095 05227
439 0.2 (1.78)
18] GYPC -0.0173 0.649 00116 08630
(8.08) @) 2.68)
9] GYPC -0.0178 0.0027 -0.662 00114 08835
(5.56) {0.23) (2.60} {2.50)
{10] GTOTBEG  0.1906 0.5510
(4.81)

Notes:
- The initial year of the sample period is 1960 for Australia, Canada, Finland, France, Germany, Fapan, Norway.
Austria, Spain, Sweden, UK and US, and 1970 for Belgium, Denmark. France. Ireland, Italy, Netherlands and
Portugal.
- In equation (10}, GTOTBEG is total government expenditure as a fraction of GDP at the begining of the
sample period (i.e. in the same year as LYPC).
- The average annual increase of the share of government expenditures is computed as the difference between
the average value of this variable in the last and in the first five-year subperiod in the sample, divided by the
duration of the sarnple period minus five years.

When the expenditure variables are included alone in the equation, the correlation between
government size and growth is negative and significant, while the coefficient of the growth of
government variable is not significantly different from zero (equations [2} and [3]).
Government size {GTOT). however, is strongly correlated with initial income per capita
(equation {101), a variable which is itself negatively correlated with growth (eguation [1]).
Hence, GTOT could be capturing part of the effect of initial income when we omit this
variable from the equation. When we control for initial income, the pattern of results is
reversed. The coefficient of DGTOT now becomes negative and significant (equation [5])
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while that of GTOT is zero (equation [4]). The results remain unchanged when we include
both variables simultaneously and/or add the investment rate to the list of control variables
(equations [6]-[97).

On the whole, then, our first look at the data seems to indicate that it is the expansion of
government. rather than its absolute size, which may slow down growth. The size of the effect
appears to have been quite large. In the average country in our sample, the share of
government expenditures in GDP increased by an average of 0.66 points per year. With a
coefficient of 0.66 for DGTOT as in equation [9], the induced reduction in the average annual
growth rate would have been of around four tenths of a percentage point.

It must be noted that part of this effect may be spurious, reflecting nothing more than the
difficulty of measuring public sector output and productivity growth. Since most government
services are not sold through the market, they are typically valued at cost in the national
accounts. When we deflate these figures using a price index which reflects mostly the
evolution of wages. productivity growth appears to be very low in the government sector and.
as a result, the measured difference between private and public productivity will tend to
increase over time.?

A rough check, however, suggests that correcting for this effect still leaves us with a rather
large negative externality effect from government. Using the limited data we have been able
to collect on public employment, we find that on average (across countries and subperiods)
output per employed worker in the public sector was around 15% below private sector
productivity. As a first approximation, then, an increase in public output by 1% of GDP
would reduce the growth rate by 0.15 percentage points. Hence, the correction would accoust
at best for one fourth of the estimated effect. In fact, this figure is likely to grossly
overestimate the size of the required adjustment since public output, which is included in
government consumption, typically accounts for less than half of total government
expenditure,

c.- Some preliminary results

In the remainder of this section we will undertake a more detailed analysis of the growth
effects of fiscal policy vsing panel data for a sample of 19 OECD countries. Exploiting the
time dimension of the data in addition to its cross-sectional variation will considerably
increase the number of available observations, thus allowing us to disaggregate government
expenditures and to control for a richer set of variables. For a first pass at the data, we will
follow a variation of the growth equation methodology which has become standard in the

3 On the other hand, since public output is valued at cost rather than at market prices, cven “useless” output will
increase measured GDP. Hence, it is also possible that public sector productivity may be overstated in the
national accounts. E this effect is sufficiently strong. it might gencrate a spurious positive correlation between
government consumption and growth,
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literature. We will run a series of regressions of the growth rate of income per capita and the
private investment rate on different combinations of government revenue and expenditure
indicators and a set of non-fiscal control variables. relying on changes in the set of
conditioning variables to atiempt to separate the different effects which are potentially
associated with a given fiscal indicator.

To break down the "total" growth effect of a given set of fiscal variables {F) into its
“productivity” and "investment" components, we will estimate three different equations. The
first one will be a regression of the growth rate of income per capita (GYPC) on the vector F
and a basic set of control variables (BC1) which includes initial income per capita and the rate
of population growth among other things:

{G.11 GYPC =Py BCl+ I F.
The second specification is similar to the first one except in that the set of control variables is
augmented with a vector of investment rates (I,

16.2] GYPC = Bz BCl + Tp F+ [GL
Finally, the third equation is a regression of the private rate of investment in physical capital
(SKPR). which is one of the components of the vector 1, on the vector of fiscal variables and a
{different) set of conditioning variables (BC2),

[1] SKPR = ﬁbj, BC2 + ¥e F.

The pattern of coefficients in these three equations can potentially give us a fair amount of
information about the growth effects of a given F variable. The coefficient of the variable of
interest in the first equation (T'y;) should measure its "total” growth effect. including both its
direct impact on productivity and its indirect effect through induced investment. To isolate
the first of these effects we can use the coefficients of equation [G.2], where we control for
factor accumulation. Finally, the second effect can be recovered using equation [I] and the
coefficient of investment in equation {G.2}.

Working with each of these equations in turn, we can also attempt 1o decorpose the "net”
effect of each type of expenditure into a "direct" and an indirect or "revenue" effect by
controlling (or not controlling) for total government expenditures or taxes and deficits. When
we include the expenditure variables alone in the equation, the estimated coefficients should
(ideally) reflect the net contribution of the different budget items to growth or investment,
including the distortionary or crowding-out effects of the taxes and deficits required io
finance them. When we control for total expenditures, on the other hand, this last variable
should in principle pick up the distortionary costs of taxation or the reduction in private
disposable income, and the coefficient of the different expenditure items should capture only
their direct effects on growth or invesunent.
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t.-Benchmark estimates

Our starting point will be a set of three benchunark equations which try to capture the main
determinants of output growth and private investment other than fiscal variables. Table 3
presents these benchmark estimates, which have been chosen after some experimentation with
various specifications (see Appendix 2.2).

The first growth equation [G.1] regresses the growth rate of real income per capita
{GYPC) on the log of initial real income per capita (LYPC), a trend (T), a squared trend {T2)
and a set of demographic and labour market variables: the growth rate of the labour force
participation rate (GTAC), the average increase in the unemployment rate (DU) and (a simple
transformation of) the growth rate of population (LDGNPOB).* The demographic and labour
market variables have the expected signs and are generally significant and the coefficient of
initial income is negative and very significant, suggesting a strong tendency for convergence
within our sample. Controlling for these factors, the growth rate of income per capita
decreases over time, although at a decreasing rate. The equation also tries to control in a
simple way for a technological catch-up effect. As discussed in de [a Fuente (1995). if
technelogy diffuses across countries at a sufficiently rapid pace. those economics which are
technically less advanced at the beginning of the period should grow faster than the rest. This
effect, however. should gradually exhaust itself as each country approaches an equilibrivm
level of relative technical efficiency which is determined by its own R&D effort and the
speed of diffusion. To try to capture this effect we include a dummy for initially backwards
countries (Spain, Ireland, Greece. Portugal and Japan) and the product of this variable and a
trend. These variables are significant and have the expected sign.

Equation [G.2] extends the previous specification by adding three indicators of investment
in physical, human and technological capital. The new variables are the (log of the) real share
of private investment in GDP (LSKPR). the (log of the) ratio of secondary and university
enrollment to the labour force (averaged over the current five-year subperiod and the previous
one, LSH2) and the (log of the) cumuiative average share of total R&D expenditure in GDP
over the current and all preceding subperiods (LCASRD). The last two variables are averaged
over several subperiods because it is expected that investment in education and R&D will
affect output only with relatively long lags. The coefficients of the investment shares are all
positive and significant and do not alter the signs of the coefficients of the other regressors.

Equation [I] in Table 3 is our benchmark investment specification. The dependent variable
is the (real) share of private investment in physical capital in GDP (SKPR), and the regressors

4 LDGNPOB is the log of sum of the rate of population growth and an estimate of the rates of depreciation and
technical progress. This variable is the onc that would enter a "structural” specification along the lines of MRW
(19923 together with the logarithms of initial income per capita and the investment rates in various types of
capital. We use the variables in this form here so that our preliminary estimates will give us some information
about whether such a specitfication will fit the data.
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arc the log of initial income per capita (LYPC). the ratio of total population to employment
(DEP. for dependency ratio), the fraction of the population aged 15 to 64 (AF1564), the
growth rate of popuiation (GPOB), and an inverse index of the relative price of investment
goods (1/PI). The estimated coefficients are all significant and have the expected sign.
Investment seems to be quite sensitive to demographic variables and to the relative price of
capital goods, and tends to fall with income per capita, possibly reflecting a tendency for the
rate of return on capital to fall with accumulation as a result of the operation of decreasing
retams.

Table 3: Benchmark growth and investment equations

[G.1] G2 n
depend.var=  GYPC GYPC SKPR
constant 0.0205 0.052 constant 0.1508

(0.56) (1.20) (1.49)
T -0.00014 -0.002 T 0.00583

{257) (3.16} (341)
T2 000003  0.00005 12 -0.00016

(231) (3.34) (367
GTAC 0.453 03535 AF1562 0.5095

{3.19) (3.74) (359
pu -1.068 -0.974 1/P! 0.2492

659 657) (1076}
LDGNPOB  -0.0247 -0.043 GPOB 2334

{2.26) {3.79) (4.13)
LYpC 0.0202 -0.028 LYPC -0.091

(3.58) (3.41) {7.25)
ZLAGS 0.0148 0.0255 DEP 00205

{2.47) (387} (2.30)
ZLAGST 000065  -0.00106

271 {4.05)

LSKPR 0.0134
(3.14)
LSH2 0.013
(3.55)
LCASRD 0.00425
(234}
R2Z 0.6731 0.7374 0.6531
N 126 103 103

Notes:
- Pooled data for 21 OECD countries covering the period 1965-95 at five-year subintervals, Switzerland and
New Zealand are excluded in cquations [G.2] and [I] due to the lack of data on the breakdown of investment into
its private and public components.
- t-statistics in parentheses below each coeffictent; N is the number of observations.
- The dependent variable in the first two equations is GYPC = avge. growth rate of real income per capita during
the current five-year subperied.
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Note: Explapatory variables in Table 3

T = trend, TSQ = T2,

GTAC = growth rate of the labour force participation rate.

DU = annual average change in the unemployment rate.

LDGNPOB = LOG(0.05+GPOB), where GPOB = growth rate of population.
LYPC = log real output per apita at the beginning of the subperiod.

ZLAGS = dummy variable, = 1 for countries which were technologically less advanced at the beginning of the
sample period (Greeoe, Portugal, Spain, Ircland and Japan). ZLAGST = ZLAGS*T.

SKFR = (real) share of private investment in GDP, constructed by subtracting the real share of public investment
(SKG} from the total investment rate. LEKPR = Log {SKPR)

LSH2 = logarithm of the ratio of total sccondary and university enrollment 10 the labour force, averaged over the
current and previous subperiod.

LCASRD = logarithm of the share of tota} R&D> expenditures in GDP. cumulative average over the current and
all previous subperiods.

DEP = dependency ratio = total populatiorfemployment.
AF1564 = fraction of the population with ages between 15 and 64.

171 = inverse index of the relative price of capital goods, PI is the ratic of the price deflators used by Doménech
and Boscd to transform nominal GDP ard nominal investment (in current natignal prices) into basc-year
international prices.

GPOB = popuiation growth rate.

ii.- Growth and investment effects of fiscal varigbles:

The next step is to introduce various fiscal indicators into the benchmark equations. Table
4 shows the estimated coefficients of each of the available fiscal variables when added one at
a time to the growth and investment equations. When we do not control for investment
(equation [G.1]). only the real share of government consumption in GDP {GCONSR and
ASGR) and the growth rates of this variable (GGCONSR}. total government expenditures
{GGTOT) and transfers to househoids {GTRHH) are significantly (negatively) correlated with
growth. When we control for investment (equation [G.2]). the consuraption shares lose their
significance but not their growth rates. In the invesument equation (1] the pattern is roughly
the opposite: the share of government consumption in GDP enters with a significant negative
coefficient, as do total government expenditures (GTOT}, interest payments (INTER) and one
measure of the average tax rate (TAXBF). The effects of the government surplus (SURPLUS)
and public investment (SKG) are positive and the remaining variables are not significant.
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Public investment is close to significance in the growth equations and jts impact seems to be
non-linear. with a negative coefficient for the quadratic term.

Table 4: Coeflicients of various fiscal variables
when introduced one at a time in the benchmark equations

equation = [G.1] t [G.2] £ N t
GTOT 0019 (1.29) 0021 (159) L0114 312}
TAXBF 0.002 013 -0.030 (185 -0.121 2.64)
TAX 0.0004 {003} -0.023 {145 -0.024 0.51)
SURPBD 003 {120 0.024 {085 0106  (127)
SLIRPEL 0020 (074 0.015 (032 0197 (251}
GCONSR -0.047 2D 0031 (140) 0300 (492)
ASGR «0.043  (L91) -0022  (093) -0.321 (4.70)
TRHH 0010 (043) 0023 (099 0.033 050
SUBSID 0.085  (1.38) 0000  (0.00) 0258  (LOS)
INTER -0.035 (086} -0015 (035 -0.364  (3.18)
SKG 0160 (175 -0.055  {0.50} 0884 (377
SKG 0.726 (L.71) 0.647 (L&4) -1.19 (1.08)
SKGSQ 731 (1.36) -9.56 (L85 26.4 (1.93)
GGTOT 0197 (398 40163 (B35 0.160 (1.23)
GGCONSR  -0.086  (312) -0.067  (252) -0.006  (0.08)
GTRHH -0.109  (3.76) -0.099 (330 0033 (038

Netes:
- Each column gives the coefficients of the given fiscal variables when introduced by itself in the corresponding
benchmark eguation. The only exception is SKG, which is included both alone and with a square term
(SKGSQ).
- t statistics in parenthesis next 1o cach cocfficient.
- Definition of the fiscal variables:
GTOT 3= total government expenditures as a fraction of GDP (average over a five-year subperiod, including both
crdpoints).
GGTOT = average annual growth rate of GTOT between the beginning and end of the subperiod.
SKG = public investment as a fraction of GDP; SKGSQ = SKGZ.
TRHH = transfers 1o houscholds as a fraction of GDP: GTRHH = growth rate of TRHH.
GCONSR = real share of government consumption in GDP from EU (1996) and OECD (1996): GGCONSR. =
growth rate of GCONSR.
ASGR =T1eal share of government consumptior in GDP from B&D (1996},
SUBSID = current subsidies to enterprises as a fraction of GDP.
SURPEU = government surplus as a share of GDP from EU (1996).
SURPBD = government surgius as a share of GDP from Boscd and Doménrech (1996).
TAX = tax revenue as a share of GDP from EU {1996} and OECD (1996).
TAXBF = tax revenue as a share of GDP from B&F (1996).

Next we intreduce different combinations of fiscal variables jointly inte the benchmark
specifications. Table 5 shows the results obtained starting from equation [G.1] (i.e. without
controlling for investment). Equations [1] and [2] include all the main expenditure shares as
regressors (using a different estimate of goverament consumption in each case) together with
the growth rate of the share of total government expenditures in GDP. In the remaining
equations shown in the table we try to control for the overall amount of resources absorved by
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the public sector by conditioning on either i} total government expenditures (GTOT) or ii) the
share of tax revenue in GDP and the {corresponding estimate of) the public sector surplus. On
the expenditure side, we include the share of government investment (SKG) and its square
(SKGSQ). the share of government consumption (GCONSR or ASGR), transfers to
households (TRHH) and current subsidies to enterprises (SUBSID), omitting interest
payments to avoid strong multicoliinearity problems (the different expenditare shares roughly
add up to GTOT). Thus, the coefficients of equations [1] and [2] should reflect the net effect
of each type of cxpenditure, taking into account the distostionary effects of its financing. In
the remaining equations, this last effect should be picked up by the total expenditure or tax
and deficit terms. Hence, the coefficients of the expenditure variables should reflect only their
direct effects -- or the impact on growth of a change in each type of expenditure financed by a
reduction in interest payments.

Table 5: Estimated coefficients of the fiscal variables in the benchmark growth equation
without controlling for investment (equation [G.1])

{1] 2] 13) (41 5] 6] 177 181
GTOoT -0.057 0079
L (346)
TAXBF -0.011 -0.079
(0.28) (3.02)
SURPBD 0.0637 0.066
@& (249)
TAX -0.052 -0.087
(1.09) (3.11)
SLIRPEU {.061 0.081
{1.78} (2.58}
SKG 0.767 0775 0.864 0.845 0.923 0723 0.588 0.568
(2.01}) {2.03) (2.29) {2.25) (2.42) {1.52) (1.48) (1.43)
SKGEQ -8.55 -B.57 -5.68 -9.54 989 -7.06 -6.52 -£.25
(1.79) (1.79 {204} (2.01) (2.05) {1.50) {1.26} (121
GCONSR -0.070 ~0.032 -0.047
(3.00) {0.58} {1.28)
ASGR 0.07¢6 -0,087
(299) (2.09)
TRHH -0.034 -0.035 0.031 £.063 -0.020 0.059 0.019 0.078
{1.39) {142} (0.68) {2.11) (0.41) (1.98) (0.35) (2.36)
SUBSID 0.089 0086 0.129 0.127 0.084 0.087 0.179 0.174

(1.19) (1.15) {163) (160 (1.08) (L.11) (178 (.72
INTER 0046  -0.042
1.12) {1.03)

GGTOT 0209 -0226  -0203 <0210 0222 0221 -0.143 0152
(428) {4.70) %.29) {4.49) (4.82) (4.69) 2.61) (2.0

N 98 98 98 9% 93 98 8 8

R2 07818 07816 07866 07841 07939 07827 07396 0.7331

- Note: each column gives the coefficients of the given fiscal variables when introduced simultancously in the
benchmark growth equation without controlling for investment variables (equation [G.1]).
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The results are roughly consistent with this interpretation and display a fairly reasonable
pattern. According to the estimates in equations [13 and [2]. the net effect on growth of
government consumption (GCONSR) and transfer and interest payments (TRHH and INTER)
is negative aithough only the coefficient of the first variable is statistically significant. The
effect of subsidies is positive but not significant and that of public investment displays an
inverted U shape. When we control for total expenditures (equations [3] and [4]). the negative
coefficient of public consumption becomes smaller and Joses its significance, the effect of
transfers becomes positive, the positive coefficient of subsidies increases and the coefficients
of the investment terms become more precise. When we replace total expenditures by the
combination of tax receipts and the budget surplos (equations [5]-[8]), taxes are generally
insignificant when government consumption is included. Since these two variables are highly
correlated and total 1ax revenue should provide a better measure of the gross size of the
government sector and the indnced distortions, we omit public consumption. Taxes then
become significant, with a coefficient similar to that of total expenditures and only skightly

Table 6: Estimated coefficients of the fiscal variables
in the benchmark private investment equation

(1] [2] 3] 4] 5] 6] 171 18]
GTOT 0287 0314
(3.40) (5.51)
TAXBF -0.211 -0.319
(1.98) (4.58)
SURPBD 0218 0234
(2:92) (3.16)
TAX 0017 0185
(©.13) (2.23)
SURPEL 0.186 0.263
(2.03) (3.28)
SKG 0.573 0.561 0.602 0.613 0.766 0.854 0.608 0.625
(2.48) (2.43) 273) (281) (3.40) (379 (2.85) (2.50)
GCONSR -0.268 £0.043 -0.191
G377 043 (1.63)
ASGR -0.280 -0.142
(3.86) 129
TRHH 0065 00713 027 0.30 0.146 0.254 0.038 0.227
(1.00) (1.09) (233 (3.42) 122) (2.92) (0.25) (2.24)
SUBSID 0.671 0.667 0.863 0.868 0.78 0.782 0.20 021
(2.64) (2.64) 337 {3.41) (310 (2.10) (0.66) (0.58)
INTER -0.236 0.215
@21 (2.00)

- Nore: each column gives the coefficients of the given fiscal variables when introduced simultancously in the
benchmark private investment equation (equation [1]).
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larger in a2bsolute value than the coefficient of the government surplus -- a result which is
roughly consistent with the hypothesis of Ricardian equivalence. When public consumoption is
omitted, the coefficients of the remaining variables are fairly similar in the different
specifications. The coefficient of the growth rate of the share of total government
expenditures in GDP (GGTOT) is negative and significant in all specifications, 2 result which
suggests that government size has a strong negative effect on the level of output.

Table 7: Estimated coefficients of the fiscal variables in the benchmark growth equation
controlling for investment rates

11 (21 (3] 4] 5] (6] 7 8]
GTOT -0.0352 0053 -0.029
(1.03) @200 .23
TAXBF -0.0335 -0.0615  -0.035
©.78) (220} (2.26)
SURPBD 0.0486 0.045 0.030
(1.57) (1.48) (1.12) )
TAX -0.029
(1.83)
SURPEU 0.023
©0.78)
SKG 0.768 0.809 0.767 0.633 0.796 0.675 0.579 0.590
(1.96} {2.09) @01 (1.70) 197 (1.79) (157 {145}
SKGSQ 11021 -1049 -0 834 947 -8.13 =717 825

{2.01) (210 (2.02) (1.:73} (1.82) {1.64) (1.49) {1.48)

GCONSR -0.049 -0.027
{1.90) {0.83)

ASGR -(,0425
(.86}
TRHH -0.034 0.005 0.030 -0.0005 0.031
(1.39) {0.11) (©.90) .01 {0.99)
SUBSID 0.030 0.064 0.061 0.05% 04051
(0:38) (0.73) {0.70) {0:71) 0.63)
INTER -0.021
{050}
GGTOT 0173 0171 0176 0186 -0185 0179 -0.166  -0.149
(3.41) (3.46) (3.61) (347} (3.74) (3.66} (3.48) (2.70)
N %8 98 93 102 98 L) 102 83
RZ 0.8003 08023 08007 0793 080352 08033 07952 0.737

- Note: each column gives the cocfficients of the given fiscal variables when introduced simultancously in the
wenchmark growth equation controlling for investment variables (equation [G.2]).

Tables & and 7 repeat the experiment starting from equations {I] and [G.21. The pattern of
coefficients in the investment equation is as follows. When we do not control for taxes or

total public expenditures, the coefficients of government consumption, transfers to
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households ard interest payments are negative, and those of public investment and subsidies
to enterprises are positive. Controlling for total expenditures or taxes and the deficit,
government consumption typically becomes non-significant and the coefficient of ransfers
becomes positive while those of subsidies and public investment increase. Turning to the
second growth equation (i.e. controlling for factor accumulation), public investment again
displays an inverted U pattern and the significance of the remaining expenditure items
typically disappears when we control for total expenditures. This last variable and its growth
rate, however, maintain both their negative coefficient and their significance when we control
for investment.

The estimates we have just reviewed present some econometric problems that must be
deajt with as we seek to improve upon the previous specifications. In particular, there are
clear indications that the error term is serially correlated in the investment equation, and we
must consider the possibility of reverse causation arising from the endogeneity of some our
regressors. The second problem will be discussed in greater detail befow. As for the first,
autocorrelation seems to be due to the fact that the omission of relevant characteristics makes
the prediction error for some countries either systematically positive or systematically
negative. To correct this problem, we have added to the investment equation a limited number
of country dummics, following the sclection procedure discussed in Appendix 2.3. This
corrected specification of the investment equation will be the one we will use in the following
section. The same Appendix also provides some preliminary evidence that our estimates of
the externality effects of government are not sericusly affected by an endogeneity bias.

5.- Towards a structural model of government and growth

The results of the previous section suggest that a fairly sparse two-equation specification
describes rather well the growth effects of fiscal policy. We have seen that once we control
for private factor accumulation, the only fiscal variables which affect output growth are
public investment and some indicator of the overall size of the public sector and its growth
rate. Private investment, on the other hand, is sensitive both to the overali level of public
spending and te its composition. Hence, fiscal policies seem to influence growth mostly
through three channels: their direct contribution to factor accumulation through public
investment, the crowding out {or crowding in) of private investment, and a direct
“externality” effect of government size on productivity.

In this section we will explore further the impact of fiscal policies on productivity growth
using a "quasi-structural” specification of the growth equation which will allow us 1o obtain
direct estimates of the coefficients of a reduced-form aggregate production function. The
resulting estimates will be easier to interpret and more directly comparable with others in the
recent literature than the coefficients obtained in the previous section and can be used to




provide estimates of long-term effects. The growth equation we will estimate js derived in
Subsection a. Subsection b discusses its empirical implementation and presents the main
results, and subsection c investigates the possibility of an endogeneity bias.

a.- Derivation of the growth equation

The model we will develop in this section is an extension of the structural convergence
equarion dertved by Makiw, Romer and Weil (1992) from an extended Solow model. As
these authors, we will start out from a reduced-form aggregate production function which
displays constant returns to scale in aggregate employment and factor stocks, We will,
however. modify this function to allow for the possibility that the level of output may depend
on the size of the public sector. As in Section 3. we will assume that the aggregate production
function is of the form

(1) Y = @K*AL)™ = ©¥ALZ"®

where Y is national output, K the stock of capital, L employment, and A an index of total
factor productivity (TFP) which summarizes the current state of technical knowledge. The
variabie Z = K/AL measures the stock of physical capital per efficiency unit of labour and @
is some indicator of the weight of government in the economy.

Let s be the observed investment ratio during a given period and § the depreciation rate.
Then. the instantaneous rate of growth of the capital stock during the period can be

approximated by
. ) .
@R LK _ORE 5o ezt-s
K

Let L/L =nand A/A = g be the observed growth rates of the labour force and TFP during
the period. Observing that

Z K L A_K

== - —=— - (2

Z K L A K
and using equation (2). we obtain a differential equation in Z which describes the evolution of

the capital-labour ratio in efficiency units during the period:

3) % = s@Z%1 - (B+neg).

Setting Z = ) we can solve (3) for the steady-state value of Z. which we will denote by Z,

z - S@‘r’ Fi{1-a)
S+n+g

or. using lower-case Jetters to denote Jogarithms.

@iz —lh—— + -8,
l-o  &+g+n  1-0
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If the variables s. @. n and g remained constant forever at their current vaiues. the

capital/labour ratio in efficiency units would gradually approach the equilibrium value given

by Z. Since these variables do. of course, change over time. Z must be interpreted as a
moving target but it is stili true that during the current period the economy will behave
approximately as if it were approaching the long-run equilibrium described by Z.

Equation {4), moreover, allows us to make predictions about the long-term effects of
various parameter changes (conditional on the values of the remaining variables). Dividing
both sides of (1) by L and taking logarithms, log output per worker along 2 steady-state path,
q,.is given by

g, =lnA+v0+0z
Substituting (4) into this expression and simplifying,

5) G, = InA + f—a 8+ 1_1:—1“15+2+n :
we see that changes in s and 8 induce parallel shifts in the long-term trajectory of output per
worker.

Following Mankiw, Romer and Weil (1992), we will use a log-linear approximation to
equation (3) to derive an empirical specification which can be used to recover the parameters
of the reduced-form aggregate production function given in (1). Letting z = In Z and
observing that

z= E and Z=el,

we can rewrite equation (3) in terms of z,
(6) 2 = s0%A% D _ (Sugan) = ¢(z).
and linearize it around the steady state, obtaining
M z=-Mz- % where A=¢'(® =(l-o)B+g+n).
Using equation (7) we will now derive an equation describing the evolution of output per
worker (Q = Y/L). Log output per worker is given by
B)g=a+v8+ gz
Differentiating this expression with respect to time and using (7).
@ g=a+y0+oi=g+v8 +Auz- oD,
where 4 = g by definition and 8 is the growth rate of ©. Using {4) and (8) and grouping
terms, we arrive finaily at

3

o . A
10} g=g+ra+ A—1} -AqQ+y| 8 +—8
(0 a=¢ 1-o Ilé?y-i—g-t-n a Y( 1-0x J

This convergence equation relates the growth of output per worker over a given period 10
the initial value of the same variable, the determinants of the steady state, the rate of technical
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progress, and the inital value of the technological index. Controlling for the level and growth
rate of technical efficiency. the growth rate of productivity (§) will be a decreasing function
of initial output per worker (q) and the rate of population growth (n) and an increasing
function of the investment rate (s). Notice that both the level and the growth rate of the
government size variable enter the equation. The second variable enters direcily in equation
(9). and the first comes in through the steady-state value of z. which is a function of 8.

Using cross-section or panel daia for a sample of countries. equation (10) yields direct
estimates of the coefficients of the production function and the convergence parameter A, The
specification is easily extended to accommodate various types of capital assets. It is easy 10
show that if the depreciation rate is the same for all types of capital, these enter the equation
in a symmetric manner. For example, if we distinguish between physical (K) and human
capital (H), with exponentes o and 0, in the production function and investment rates s;; and
sh. the preceding equation becomes

(I g=g+ha +7L[ A Py P }-Rqﬂ’(é +Le)

l-og-otp, gm0y S+g+n 1-0ty~ 0ty
with A = (1-0-0fy) (S+g+n).

b.- Empirical specification and main results
The empirical specifications of the growth eguation we will estimate in this section are
based (somewhat looscly) on the model developed above. In light of our previous resuits. we
will allow for non-linearities in the effects of public investment by assuming that the relevant
term is of the form
(kg + kg2 *SKG) * In SKG
where SKG is the share of public investment in GDP. Hence, we are allowing the elasticity of
output with respect to the public capital stock to be a function of the public investment rate.
As in the previous section. we will control for two labour market variables {the increase in the
labour force participation and unemployment rates). and introduce a dummy for the
technologically backwards countries and its product with a time trend as well as a trend and a
trend squared. These last four variables are intented to approximate the term
i+ Aag
in equation (10) while allowing for some country heterogeneiry.
With these changes, our basic equation will be of the form

3 Although this specification scems to be the most natural way 1o allow for non-linearities while treating public
capital in the same way as other faciors, it also has some unattractive features. First, it would be more natural to
write the coefficient of the public investment rate as a function of the stock of public capital, rather than SKG
itself, but we lack data on this variable, Secondly, since we are still assuming constant returns to scale, we are
implicitly assuming that labour's cocfficient is alsc a function of SKG and adjusts as required so that the relevant
parameters of the production function always add up to one. In fact, equation (12) implics that the impact on the
zrowth raie of a change in any of the investment raties will depend on the valuc of SKG.
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(12) GYPC =T, + [*T + [o¥T2 + [*ZLAGS + T*ZLAGS*T + Is*GTAC + T*DU
- A*LYPC + » * [otgp * LSKPR + 0* LSH2 +
1-Otgp - Copy - Ofp ~ Olgp - C(.kgg*SKG
o* LCASRD + (O + Oy * SKG) * LSKG
~ (Clip + Otp + Ot + g + Cier*SKG) * LDGNPOE]
+y [GGOV + i GOV]
1-Qlyp -~ Oy - Ofr - Clig - O‘.kgg*SKG
where GOV (= 0) stands for an indicator of government size and GGOV (= ) forits growth
rate. The parameter A measures the speed of convergence toward a hypothetical steady state,
and the coefficient o is the exponent of the i-th type of capital in the (Cobb-Douglas)
aggregate production function, with i = kp, h, r. kg for. respectively, private physical capital,
human capital, R&D capital and publicly-owned physical capital. Aside from these changes,
the notation is the same as in Section 4.

Table 8 presents several estimates of the key parameters of the structural growth equation
we have just derived and the same investment equation used above (after introducing selected
couniry dummies to correct the autocorrelation problem noted at the end of Section 4).
Equations [G.1], [G.2] and [1.1] are OL.S estimates of each individual equation, and equations
[G.3] and [I.3] are estimated jointly using a SUR procedure. After some experimentation, we
have chosen to use the share of total government expenditures in GDP as our indicator of the
size of government (that is, © = GTOT). Appendix 2.4 reports the resulis obtained with
alternative specifications.

Our results indicate that the effect of fiscal policy variables on private capital formation is
quite impertant. According to our estimate of the investment equation, each $1 increase in
government expenditures reduces private investment by about $0.32. This crowding out effect
is smaller (by about one half) for transfers to households than for other expenditures,
presumably because this item does not represent a net withdrawal of resources from the
private sector. The net impact of current subsidies to enterprises and public investment on
private capital formation is positive, but it should be noted that the induced investment seems
to be smaller than the amount of the subsidy. The "crowding in" effect of public investment
probably reflects a combination of supply and demand factors: public capital expenditures
may increase the return to private factors and induce investment on the part of government
suppliers.

Turning now to the growth equation, we observe that its coefficients have the expected
sign and are generally significant, and that the theoretical restriction on the coefficients of the
level and growth rate of the government size variable is easily accepted by the data. In [G.1]
we estimate equation {12) after imposing this restriction -- that is, we estimate a single
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externality coefficient, ¥, which enters multiplying a weigthed sum of these two varizbles as

in equation (12). In equation [G.2], on the cther hand, we estimate separate coefficients for

LGTOT and GGTOT, rewriting the relevant term of equation (12) in the form

A
(13)11 GGTOT + ¥ LGTOT.
1-Cip - Ch - Oty ~ Oty = Ol *SKG
As can be seen in the table. the hypothesis that the two coefficients are the same (y; = v2)

cannot be rejected.

Table 8: Various estimates of the growth and investment equations

dep.var, = GYPC GYPC GYPC SKPR SKPR
regressor param. [G.1] {G.2] [G.3] {11} {L.3]
LYPC A 0.02965  0.0301 0.0298 LYPC 0,047  -0.0420
(3.73) 3.7 (4.05) (3.98) 4.19}
LSKPR oy 0.2472 0.24C1 0.2587 GTOT -0.316 -0.321
(3.43) 317 (4.53) (7.36) {8.40)
LSH2 o 0.1612 2.161 0,155 SKG 0545 0.525
(3.30) (3.50) (3.81) {3.46) (3.70)
LCASRD oy 0.0532 0.0534 0.060 TRHH 0.142 0.145
(2.35) (2.36) (3.07) {2.313 .68
LSKG Ok 0.1952 (.199 0.170 SUBSID 0.858 0.856
i} (2.08) (2.11) (1.99) (346} (350}
SKG*LSKG ez -2.98 ~2.97 -2.76
{1.70) {1.71) (1.88)
GGTOTSLGTOT b4 -0.1779 -0.168
(4.16) (4.37)
LGTOT Y 0197
(2.65)
GGTOT » 0172
(3.60)
R2 07915 07918 R? 0917 09167
se. 0.00706  C.00710 5.2, 0.0125 0.0125
N 102 102 162 N 99 99
specification OLs OLS SUR OLs SUR

The parameters of this new specification of the growth equation can be compared with
other estimates available in the literature. The coefficient of the stock of technological capital
in the production function {0.060) is similar to the one obtained by Lichtenberg (1992), and
those of physical and human capital (0.287 and 0,135 respectively) and the convergence rate
(0.0298) are within the usual range in the literature.6 As for the effects of public investment,
we continue to detect non-linearities which suggest some sort of saturation effect as the level
of expenditure rises. Although our estimates of the relevant parameters are not very precise,

6 See Barro and Sala (1992) and Mankiw, Romer and Weil (1992) among others.
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they suggest that the marginal contribution to growth of public investment is substantial at
low expenditure levels but falls sharply as the level of expenditure rises. Finally, the
coefficient of the government size variable (y) is negative, significant and quite large. Our
estimate of this parameter implies that. holding factor stocks and employment constant, 2 1%
increase in the relative size of government (i.e. an increase in public expenditures of about
half a percentage point of GDP) would reduce national output by about 0.17%. Hence. the
real cost of each dollar of public expenditure would be around $1.3 once we take into account
the relevant distertions,

While the sign of this coefficient is not surprising in view of the previous literature, jts size
is considerably larger than we expected -- particularly because, since we are controlling for
factor accumulation and the level of employment, the distortionary effects we are picking up
exclude crowding out and (part of the) adverse labour supply responses. One possible
explanation for this finding is that the externality coefficient may be biased upward due to an
endogeneity problem.

¢.- Checking for endogeneity

The possibility of an endogeneity bias is an issue which deserves a careful investigation.
Intuitively, the problem is that government size and growth may be correlated for reasons
which have nothing to do with the existence of a dircct effect of the first variable on
productivity. This correlation may reflect gither "reverse causation” from growth to public
expenditures or the joint response of both variables to a third external factor.” The "full
model” would then involve (at least) two equations with their corresponding disturbances and
it will generally be true that the solution values of both variables will be a function of both the
error terms. If we ignore this and estimate only one of these equations by itself, the resulting
coefficients may not accurately describe the relationship we are trying to capture because the
correlations between the relevant variables will be “contaminated” to some extent by the
relation described by the missing equation. Technically, the assumptions underlying the
ordinary least squares estimation procedure will be violated (because one of the regressors
will not be independent of the error term) and the resulting estimates will not be consistent.

The standard way to deal with this problem is to cstimate the equation using an
instrumental variables technique (two-stage or threc-stage least squares). The basic idea is to

7 For example. if government consumption is relatively insensitive to the cycle, its share in GDP will fall in
periods of rapid growth simply because the denominator is increasing at an above-average rate. Likewise,
unemployment insurance payments and other social transfers tend to increase rapidly in recessions. These
factors may generate a negative correlation between the share of government expenditures in GIIP or its growth
rate and the growth rate of income which has nothing 1o do with a negative externality effeet from government
spending on productivity, and will bias the estimates of the size of the latter effect when the equation is
estimated without taking into account the endogeneity problem. A bias of the opposite sign may arisc if
government services are a superior good, as the share of public expenditures in GDP would then be positively
correlated with Income growth.
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sclect a set of variables. called "instruments,” which are correlated with the regressers of
interest and uncorrelated with the error term, and to replace the suspicious regressors by their
predicted value using a set of first-stage regressions of these variables on the instruments {and
other exogenous variables included in the original model). This procedure should "clean” the
explanatory variables of their correlation with the error term, thereby allowing us to obtain
consistent estimates. If these are significantly different from the original OLS estimates we
should probably conclude that the fatter were vitiated by an endogeneity bias.

In this paper we will rely on this technique to try 1o assess the extent to which endogeneity
may be a problem. It must be kept in mind, however, that the fact that we will be able to
produce reasonable-looking instrumental variables estimates, while reassuring, does not
constitute foolproof evidence of the absence of an endogeneity bias. The problem is that it is
not easy to find adequate instruments, as truly exogenous variables which are correlated with
fiscal indicators but not with the error term are scarce. In practice. the usual procedure is 1o
“instrument” the suspicious variables by their lagged values but this is often far from
satisfactory as it involves a high cost in terms of lost degress of freedom (especially when we
work with panel data with few observations per country} and. to the extent that the relevant
variables are relatively stable over time, the correlation with the error term may not disappear
completely.

Since most of the explanatory variables we consider are determined simultaneously with
the growth rate, endogeneity problems may in principle arise in connection with practically
all of our regressors. The problem, however, can be expected to be particularly acute in the
case of the growth rates of the expendirure shares in GDP. The main reason is that the most
likely source of endogeneity problems is the sensitivity of many of our variables to cyclical
factors. Since most of our variables are either averages or growth rates computed over six-
year periods, cyclical effects should not be very strong but (except in the unlikely case that
the subperiod coincides exactly with the business cycle) some cyclical notse will remain.
Since this cyclical variation shouid be more proneunced in variables measured in growth rates
than in levels, we should be particularly careful in controlling for endogeneity when
estimating the coefficients of the first set of variables. An additional reason for focusing on
the growth of government variable is that its coefficient is a direct measure of the externality
cffect of the public sector and our OLS estimates indicate that the size of this effect is
substantial. Before concluding that this is in fzct the case, and drawing the obvious policy
implications, it is important to be reasonably sure that these results are not driven by 2
spurtous correlation,

Table 9 presents several ¢stimates of the systern formed by the growth and investment
equations. Equations [1] and [2] are OLS and SUR estimates reproduced from Tabie § for
convenience. The remaining columns contain joint instrumental variables estimates of the two
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Table 9: Joint estimates of the growth and investment equations.

{1] (2] 3] 4] 5] [6] 71
dep. var. = GYPC GYPC GYPC GYPC GYPC GYPC GYEC
LYPC A 002965 0.02908 00278 00278 00266 00259 Q0172
(373 @05 (340 (366 (32 (343 (2.09)
LSKPR oy 02472 0287 0266 0310 0307 0356  0.399
(343 (453 (36 {5.00) @01 (5.0 (8.21)
LSH2 a 01612 0155 0149 0141 0040 0333 0.09%
(350)  (381)  (3.24) (352 (300) (328 (2.52)
@ 00532 0060 0058 0066 0052 0060  0.056
235 (@300 (249 (334 Q15 29 257
LSKG o 01952 0170 0245 0225 0254 0232 0411
(206 (199 (244 (252 @45 (250 (4.08)
SKG'LSKG gz -2.98 2.76 407 389  -4.45 -4.15 545
170 88 214 (49 @33 @M (2.60)
GCTOTS ¥y 0178 0165 -0176  -0164 -0152  -0137  -0.171

LCASRD

LGTOT @16 @) (e  @8) @7 28y 273
R? 0.7915 0.7908 07877  (.8054  Q.8020 0.7918
5., 0.00706 0.0071 0.0071 0.0071 0.0071 0.0075
N 102 2 a8 98 90 50 85

dep. var. = SKPR SKPR SKPR SKPR SKPR SKPR SKPR
LYPC -0.0447  -0.0420  -0.0447 00424 -0.0423  -0.0406 -0.0422
(3.98) (4.1%) {3.98) (4.23) (3.33) (3.64) (327)
GTOT 0316 -0.321 £.316 0321 -0.319 «0.328 ~0.310
(7.36) (8.40% (7.36) (842) (674) {7.90) (5.68)
SKG 0.545 0.525 0.545 0.534 {.556 0.543 0.557
(3.46) (3.70} (3.46) (3.75) (3.33) (3.64) {3.03)
TRHH 0.142 0.145 0.142 0.146 0.117 0.120 0.111
(2.31} (2.64) (2.31) (2.67) .77 2.08) {1.74)
SUBSID 0.558 0.856 0.558 0.862 1.00 1.00 1.08
(3.46} (3.90) (346} (3.93) (349 {4.02) {2.59)
RZ 0.917 0.9167 0517 0917 0.921 0.917 0.922
s.e. 0.0125 0.0125 0.0125 00125 0.0127 00071 0.0126
N %9 99 99 99 91 90 86
INSTRUM [A] [A) [B] (8] (€l
specific. QaLs SUR 2818 3818 25LS 35LS 38LS
Notes:

- The table displays only the coefficients of the regressors of direct interest but both equations conain additional
variables {see equation (12) for the growth equationand Appendix 3.3 for the invesunent equation).

- INSTRUM: Tn [A] and {B] we instrument only GGTOT: in {C] we instrument DU, SKG. LSKPR, GTOT.
GGTOT. TRHH and SUBSID with their lagged values plus AU, Z3, AF65, G65 and LEFT (plus all the
"exogenous” regressors in the original system). The "outside" instruments used in the other specifications are:
for [AJGF65, AF65, Z3, and GTOTBEG: for [B]: the same. replacing GTOTBEG by GTOT(-1) and GGTOT(-
1).
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Notes to Table 9 (continucd)

- Variable definitions:

AU = average unemployment rate during the current subperiod.

Z3 = dummy for the period 1970-75.

AF65 = fraction of the population aged sixty five or over (average value during thesubperiody: GFGS = growth
rate of this variable between the beginning and the end of the subperiod.

LEFT = years of government by socialist, communist or social-democractic parties during the subperiod.
cxeept in the US where “left-leaning” means that the presidency was held by a democrat. Years of government
by a leftist party in coalition with center or conservative partics are counted as one hatf.,

GTOTBEG = share of public expenditures in GDP in the first year of the subperiod

X(-1) = value of the variable X lapged one period.

equations. The outside instruments used for the growth rate of the government share
(GGTOT) always include the fraction of the population aged sixty five and over (AF65). the
growth rate of this variable (G65). a dummy for the peried 1970-75 (characterized by the
rapid growth of government expenditures), and the number of years in which the government
was held by left-of-center parties (LEFT), which may a priori be expected to adopt policies
involving an increase in public expenditure. In the equations labeled [A] at the bottom of the
table we also use as an instrument the total expenditure share in the first year of the subperiod
(GTOTBEG). while in those labeled [B] we replace this variable by the lagged values of the
government share and its growth rate (LGTOT(-1) and GGTOT(-1)), a change which
involves the loss of some observations. In equations [3]-[6] we instrument only the growth
rate of the expenditure shares (GGTOT), while in equation [7] the list is expanded to
comprise most of the potentially endogenous regressors.

The results snggest that endogencity is not a scrious problem. Although the size of some of
the coefficients vanes somewhat across specifications, instrumenting does not qualitatively
alter the results. The coefficient of total government expenditures, in particular, is always
negative and significant and its size remains quite stable across specifications, ranging from
-0.137 (with a t value of 2.84) t0 -0.178 (with t = 4.16). The coefficients of other variables are
also fairly robust to the use of instrumental variables techniques. In the last equation of each
table we instrument all the fiscal variables (including the levels of the various expenditure
shares as well as their growth rates) together with the unemployment rate and the log of the
private investment rate using their lagged values as instruments.3 The results do not change
quatitatively. The main difference relative to the previous specifications is that the coefficient
of public investment now becomes implausibly large, that of subsidies (SUBSID) increases
above one, and transfers (TRHH) becomes borderline significant in the tnvestment equation.

% Wz do not instrument for LSH2 or LCASRD since these variables are cumulative averages over several
subperiods and are therefore less likely 10 be subject to endogencity problems
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As an additional check on endogeneity, we will present various estimates of an alternative
specification of the growth cquation which. in the absence of econometric problems. should
be equivalent to the one we have used until now (equation {12) in the text). Notice that the
growth rate of the share of total government expenditures in GDP (GGTOT) is egual to the
difference befween the growth rate of total government expenditures per capita (GGTOTPC)
and the growth rate of income per capita (GYPC), which is the dependent variable in the
growth equation,

(14) GGTOT = GGTOTPC - GYPC.
It may be argued that the growth rate of public expenditure per capita is more likely to be
exogenous 10 the growth cquation than the growth rate of government's share of GDP since
the latter depends directly on the lefi-hand side variable of the equation. If this is so. a better
OLS estimate of the externality coefficient may be obtained by reformulating the original
equation in terms of GTOTPC rather than GGTOT. On the other hand. if this last variable is
"more endogenous” than GGTOT, the OLS estimate of the second equation is more likely to
be biased than that of the original specification.
To compare these two estimates we will rewrite the growth equation in terms of
GGTOTPC. Notice that the original equation is of the form
(13) GYPC = A +yGGTOT

or, using equation (3).
GYPC = A +y(GGTOTPC - GYPC).

Solving for GYPC in this last expression, the growth equation may be rewritten in the form
(16) GYPC = -1-_%:; (A +yGGTOTPC).

Table 10: An alternative specification of the growth equation
in terms of the growth rate of government expenditures per capita

{1] (t) 12} {t) (3] ()

LYPC A 00288 (341 00287 361 00281 (349
LSKPR oy 02765 (329 0.264 (3.71) 0.300 4.02)
LSH2 op 01854 (35 0161 (353 0isz (335
LCASRD [ 0.077 (3.18) 0.056 (2.45) 0.053 (2.28)
LSKG o 01229 (105 0214 (217) 0.210 (2.06)
SKG'LSKG o> 290 (12 346 (90 372 Q01
GGTOTPC ¥ 00106  (021)  .pae0 296 .g120 (21D)
RZ 0.7489 0.7037 0.7420

£ 0.00775 0.00842 0.00812

N 102 102 94
specification OoLs 28LS 2515
instruments Al [B]

- Note; See the notes to Table 9 for the list of instruments.

33



Table 10 presents three different estimates of equation (16). Notice that the externality
cocfficient obtained by OLS i equation [1] is positive, although not sigaificant. In the other
two equations, however, instrumental variables estimation yields a negative externality
coefficient of roughly the same magnitude as our previous estimates. This reinforces our
previous conclusion that our estimate of this parameter in not seriously flawed by an
endogeneity probliem.

6.- Public investment and productivity

Previous analyses of the contribution of public investment to productivity growth have
produced very different results, with existing estimates of the relevant ontput elasticity
ranging from essentially zero to around 0.40. Our estimates fall somewhere in the middle of
this range. According to our results, the elasticiry of aggregate cutput with respect to the stock
of public capital is around 0.20 at very low investment levels. Our non-linear specification,
however, reveals that this elasticity decreases rapidly as the volume of investment increases,
supggesting that investment in infrastructure is subject to sharply diminishing returns. If we
take our results at face value, they imply that there is some threshold level beyond which
public investrnent becomes completely unproductive. As we will see below, moreover, this
value is well within the range of investment rates observed in our sample. This implies that,
starting from current levels, increases in investment expenditures would only be expected to
generate sigmficant increases in the growth rate in those countries which currently devote less
than 2% of their GDP to public investment. It must be emphasized, however, that data
limitations have forced us to work with a specification which does not take into account the
fact that the degree of "saturation” in public investment is likely to depend on the existing
stock of infrastructure as well as on the size of the current expenditure flow. As a result, our
estimates will tend to underestimate the growth effects of public investment in the poorer
countries of the OECD, where there is still an important deficit of basic infrastructures.

To examine in greater detail the policy implications of our results, we will rely on the
structural mode} estimated in the previous section. This model can be used to simulate the
effects of alternative fiscal policies on growth and private investment. While such an exercise
must be interpreted with great precaution for many reasons. it may give us some idea of the
order of magnitude of the relevant effects. In this section we will analyze the growth effects
of a change in the public investment ratio, and in the next one we will explore the
implications of a change in the level of overall government expenditures. In each case. we
will focus on a subsample of EU countries and, taking as a baseline the "average” situation in
cach of them during the period 1990-95 (which may be quite different from the current one in
some respects), we will estimate the induced changes in growth rates and long-run levels of
income per capita under the assumption that the new expenditure levels are maintained
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indefinitely and that there are no changes in other "exogenous” variables of the model. All
caleulations are based on equations [G.3] and [L.3] in Table 8. i.e. on a SUR specification
with government size measured by the share of total public expenditure in GDP.

The specific policy experiment we will consider involves an increase in public investment
by half a percentage point of GDP. Table 11 summarizes the expected medivm and long-term
effects of such a policy change under two alternative assumptions as to its financing. Column
[1] of the table shows the average rate of public investment (SKG) in each EU country during
the period 1990-95. Columns {2] and [3] (Scenario 1), show the direct impact of the
additional investrent on the growth rate of income per capita during the five-year period in
which the new policy is adopted (DGYPCI1) and on the steady-state or long-run equilibrium
level of income per capita (DYPCSS1), These figures are calculated under the assumption
that both private investment and total government expenditures remain constant. These
assumptions are telaxed in Scenaries 2 and 3. In Columns [4]-[6] we take into account the
increase in private investment induced by the additional public capital expenditure (DSKPR2)
but continue to assume that total public spending remains constant (i.e. that new public
investment is financed by an offsetting reduction in "non-productive” consumption
expenditure). Finally. Scenario 3 allows for induced changes in private investment but
assumes that the additional investment represents a net increase in government expenditures.

The direct growth effect is positive in most countries but rather small with the exception of
the top four countries in the table. It ranges from an increase in the growth rate of a third of 2
percentage point per year in the case of Belgium to 2 small decrease in the case of Spain. The
corrections for indirect cffects through induced private investment and additional taxation are
very small and do not alter the results significantly. Our estimates suggest that further cuts in
public investment would significantly reduce growth in Belgium, the Netherlands, the UK
and Denmark but would probably be harmless or even beneficial in the remaining members of
the EU. This conclusion, however. may need some qualification. The rate of return on public
investment will depend o the relative scarcity of infrastructure capital relative to other types
of assets.? Hence, a high public investment rate may be temporarily iustified in countries with
low infrastructure stocks.

Lacking data on the stocks of public capital and other productive factors, precise estimates
of relative rates of return cannot be obtained. It is possible, however, to get some idea of at
least the direction of the necessary correction to our first-round estimates by accumulating

imvestment flows over the entire sample period and making some reasonable guess as to each

9 The specification we have used does not capture this cffeet. It relics on income per capita 25 a summary
measure of the per capita stocks of all productive factors and implicitly assumes that relative factor endowments
are the same in all countrics. To & large extent, this shoricoming is also an important advantage, 28 it aliows us to
estimate the coefficients of the production function without dircet data on factor stocks. It is important, however,
to keep this in mind when drawing policy conclusions.
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country's initial relative position. Columns [10] to {12] of Table 11 show the average
investment rate in public and private capital in each country over the period 1970-95 and the
ratio of these two variables. A country's final capital stock will be approximately equal to
some weighted average of its (unknown) initial stock plus a term propertional to its
cumulative investment ratio. If we assume an annual depreciation rate of 3% for both types of
capital, 47% of the 1970 capital stock would still be around in 1995. Hence, the weight of the
first term is likely to be non-negligible.

With this in mind. the ranking in column [2] may be somewhat ruisleading. Consider for
example the cases of Sweden and Portugal. According to our estimates. a reduction of pubiic
investment would have roughly the same effect in both countries. The figures in columns [10]
1o {12]. however, suggest that this is unlikely to be the case in the short or medium run
because 1995 factor stocks are quite different in the two countries, both in absolute and in
relative terms. Sweden's 1970 stock of public capital per worker was certainly much larger
than Portugal's, and since the first country devoted to public investment a larger fraction of
GDP than the second one. the difference between the two can only have increased. On the
other hand, since Portugal’s private investment rate was higher than Sweden, the gap between
the two countries in terms of private capital has probably narrowed over time (in percentage
terms). On the whole. since the ratio of public to private capital was probably much higher in
Sweden than in Portugal (already in 1970 and more so in 1995) the immediate return on
public investment is likely to be higher in Portugal than in Sweden,

7.- Government size and economic growth

As we have seen in Section 2. the available evidence on the growth effects of taxation and
various types of government expenditures is rather inconclusive. although there are some
indications that an increase in the overall size of the government sector tends to have an
adverse effect on economic performance. Our results in this respect are considerably
"sharper” and more pessimistic than previous ones in the literature and seem to indicate that
the efficiency cost of government-induced distortions is quite considerable. Although we have
made every possible effort to ensure that our results are not due to a spurious correlation
between fiscal variables and economic growth. our estimates should probably be interpreted
with considerable caution pending additional evidence in this respect. In particular, while the
sign of the relevant coefficient is not unexpected, its size seemns cnreasonably large. This may
be an indication that we have not fully succeeded in avoiding an endogeneity bias or. perhaps
meore likely, that our sample may be biased in some way by the exclusion of certain countries
or earlier periods in which the rapid expansion of public spending went hand in hand with
rapid growth.
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With all this in mind, it may still be of some interest to use cur empirical results to provide
a rough estimate of the potential benefits of reducing the overall size of government. The
experiment we will consider is the following. Holding constant a country's initial income per
capita and other relevant variables, we will calculate the impact of a reduction jn its total
government expenditures by 5 percentage points of GDP spread over five years. assuming
that the ratic of transfers to total spending and the public investment rate remain constant. The
new expenditure level will then be assumed to remain constant forever thereafter. As we
know, such a pelicy change will affect the time path of income in several ways. First, there
will be an "impact effect” as the reduction of the government-induced externality increases
output with given factor stocks. Part of the resulting increase in output will be saved and
invested (holding the private imvestment rate constant), giving rise to a second "induced
growth" effect. Finally, the private investment rate will also increase, reinforcing the two
previous "direct” effects of the expenditure cut. Over time, the accurulation of the induced
changes in the growth rate (which become progressively smaller as time passes} will bring the
economy to a new steady state with a permanently higher income level.

Table 12 presents quantitative estimates of the size of these effects. The figares in
Columns [2}-{5] are obtained under the assumption that the private investment rate remains
constant. The medium-term effect (on the average growth rate during the period in which the
policy change takes place). DGYPCL. is decomposed into an "impact” effect which reflects
the direct operation of the relevant externality, and an “induced growth” effect which works
through induced factor accumulation holding the private investment rate constant. The
combination of the impact and the accumulated induced effects asymptotically yields an
increase in steady-state income measured by DYPCSS1. Columns [6]-[8] show the induced
increase in the private investment rate (DSKPR2, measured in percentage points of GDP) and
the medium and long-term impact of the policy when we consider this indirect effect
(DGYPC2 and DYPCSS2).

The estimates in Table 12 vary across countries in a way which is not entirely plausible.
with the expected benefits of expenditure cuts being larger in those countries where the initial
size of the public sector is smaller.'0 Hence. it is probably best to focus on the cross-country
average given in the bottom row of the table. In any event, the predicted growth effects of the
proposed policy are sizable. In the average EU country, the growth rate would go up by
around two thirds of & point in the medinm term, and long-run income levels would rise by

10 The main reason for this result is that in our specification the externality effect is proportional to the change
in the relative size of government, rather than to the abselute size of the expenditure cut. Since this gencrates
rather counterintuitive results, we have introduced a non-linear term in the specification which would allow the
externality coefficient to vary with the share of government. This non-linear term, however, is not significantly
different from zero and has therefore not been reported in carlier sections.
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close 1o 10%, with more than half of this gain coming from the induced increase in the private
investment rate.

The net welfare gains derived from such a policy, however, are difficult to assess and may
even be negative in at least some of the countries. First, it must be recognized that the direct
welfare gain arising from the proposed policy would be considerably smaller than the long-
run cutput increase. The reason is that most of the long-run output gain comes from
investment financed by the deferral of consumption. Secondly, these benefits must be
compared with the costs of the expenditure cuts. including a lower level of social protection
and a lower degree of redistribution.

While these costs are extremely difficult to quantify, a first indication of the scope for
expenditure reductions may be obtained by comparing the existing levels of social protection
in the different countries in our sample. Columns [9]-[11] of Table 12 give us three rough
indicators: the share of transfers to houscholds in GDP in 1995, the weight of the "recipient
population” in the total (computed as the ratio of the sum of the number of unemployed and
the population over sixty five to the total population) and the level of transfer payments per
recipient, expressed as a fraction of GDP per capita. There are large differences across
countries in benefit levels per recipient, and smaller but still significant ones in the size of the
recipient population. Average wansfers per recipient are about equal to income per capita in
the EU as a whole, and fall signficantly below this [evel only in the three poorest countries in
our sample and in the UK. Since these four countries also present the lowest levels of public
spending relative to GDP, it may be difficult to argue that further expenditure cuts should be
implemented, and in fact there may be some room for tax increases and a rise in social
protection levels. In the richer members of the Union, where both benefit and overall
expenditure levels are higher, the case for expenditure cuts is probably ¢learer.

8.- Summary and conclusions

This paper has investigated the impact of taxes and public expenditures on economic
growth. After a brief review of the literature, we have sketched an extension of Barro's (1990)
model which describes the main channels thoragh which fiscal policy variables may influence
aggregate income and social welfare. The central sections of the paper report the results of an
empirical investigation of growth and fiscal policy using panel data for a sample of OECD
countrics. The results of the exercise are then used to provide quantitative estimates of the
likely effects of expenditure cuts and investment increases in the member countries of the
European Union, taking as a reference their observed policy stand in the peried 1990-95.

Our empirical results suggest that fiscal policy influences growth through three main
channels. First, the government contributes directly to factor accumulation through public
investment in infrastructure and other assets. Second, public expenditure tends to crowd out



private investment by reducing private disposable income and the incentive to save. Third, we
find evidence of a sizable negative externality effect of government on the level of
productivity.

Public infrastructure investment seems to present sharply diminishing returns. While its
marginal contribution to productivity growth is very large at low expenditure levels, it
declines rapidly and it may even become negative for values of the public investment ratio
within the range observed in our sample. Taking as a reference the levels of public investument
observed during the period 1990-95, we estimate that an increase in the public investment rate
by half a point of GDP would have a significant positive effect on medium-term growth and
long-term income in Beigium, the Netherlands, Denmark and the UK. For the remaining EU
countries we find that the effect of such a policy change would be small and even negative in
some cases. Some allowance should be made, however, for the fact that estimates will tend to
underestimate the return on public investment in countries where the stock of infrastructure is
low in relation to the endowment of other productive factors.

The effect of fiscal policy variables on private capital formation seems to be quite
important. According to our estimates, ¢ach $1 increase in government expenditures reduces
private investment by about $0.32. This crowding out effect is smaller (by about one half) for
transfers 1o houscholds than for other expenditures, presumably because this item does not
represent a net withdrawal of resources from the private sector. The net impact of current
subsidies to enterprises and public investment on private capital formation is positive, but it
should be noted that the induced investment seems to be smaller than the amount of the
subsidy.

Perhaps our most striking finding Is that an increase in the size of government tends to
reduce output for given stocks of productive factors. This negative "externality” effect is quite
significant: according to our estimates. an increase in public expenditure by a point of GDP
reduces national income by 0.33% in the short run. This figure is too large to be due primarily
to the mismeasurement of public output and, as far as we can tell, is not due to reverse
causation.

Our empirical model predicts that a reduction of total government expenditures by five
points of GDP (holding constant public investment and the share of transfers to households in
total expenditure) would increase the annual growth rate of the average EU country by two
thirds of a point in the medium term, and raise its long-term income level by aimost 10%. It
may be dangerous. however, to interpret these estimates too literally as an indication of the
expected effect of a reduction of public expenditures on national income. In addition to the
measurement problems already mentioned. it must be kept in mind that the distortions that
our estimates presumably capture probably have more to do with the extent to which
government interferes with private incentives and the efficient functioning of markets and
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firms than with the size of the public sector per se. Although it is Iikely that the two things
will go roughly hand in hand, expenditure cuts will not necessarily transiate into an automatic
and proportional reduction of the relevant distortions.

Subject to this qualification and the inevitable doubts about whether our estimates are in
fact capturing a causal relationship running from government to growth, our resulss do
suggest that limiting the size of the public sector and the extent of government intervention in
the economy may bring substantial benefits in terms of output gains. [t does not necessarily
follow. however, that the same policies will increase welfare. If our estimates are correct, the
cost in terms of foregone output of social protection, income redistribution, market regulation
and other public activities is substantial, but there is little doubt that so are their benefits,
although these are harder to measure because they are seldom reflected in the national
accounts.
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APPENDIX 1: FISCAL POLICY IN A SIMPLE GROWTH MODEL

This Appendix contains a more formal analysis of the model sketched in Section 3 of the
text, We extend Barro's (1990) model to allow for productive and unproductive government
expenditures and transfer payments and examine the impact of government decisions on the
equilibrium path of a competitive economy.

As in the text, we assume an aggregate production function of the form

()Y = 87KGRAL)I-eB
where Y is national output. K the stock of private capital, G government-provided productive
services. L employment and A an index of labour-augmenting technical efficiency which
grows over time at an exogenous rate g. The term 67 captures an externality associated with
the share of government in the cconomy, and the coefficient ¥ may be either positive or
negative in principle, depending on the size of the relevant effects.

We wili assume that the government finances its operations through a flat-rate tax on
income. Tax proceeds are used to finance the provision of productive services (p), to finance
public consumption (c) and to make lump-sum transfers to the population (T). We will further
assume that the govermment runs a balanced budget each period, and that expenditure on ¢ach
of these categories is a fixed fraction of GDP (e.g. G = 8,Y). Hence. the government budget
constraint can be written in the simple form

(2)1=0,+8,+0,=90
where T 1s the tax rate and 8; denoctes the fraction of GDP devoted to each of the three types of
public expenditure we consider.

.- Household behaviour
A representative household or dynasty maximizes utility taking as given factor prices, the
time path of government expenditures and other policy parameters. We will assume that the
instantaneous utility function of each member of the houschold is of the form
BYUWC,Ey=pnC+(1-uyInE
where C is private per capita consumption and E total government expenditures per capita.
The problem faced by the agent is of the form
(P.H) Max j: [+ (3-p) In By Lie dt
st (@) K = (-6 GHALY P+ LiT;- LG - 8K,
where Ly is the "size of the household” (i.e. popuiation), which is assumed to grow at a
constant rate n, and § the rate of depreciation.

Differentiating the current value Hamiltonian,
He =L In € + (1-40) In E + A [(1-08"K*GPAL) P 4+ LT-LC - 3K],
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with respect to the control (C) and state (K} variables we obtain the following necessary
conditions for an optimum:
OHe uL
§)=—=-=-AL=0 and
(3) ac-C

(6) %%: Al1-00aKe GRAL) B 5] = & - p)
or, rearranging this last expression
(69 -;ﬁ = p+3 - (1700 K GRAL) B,

where the costate variable, A, can be interpreted as the shadow price of wealth (in utility
units).

Equations (5) and (6) can be consolidated into a single differential equation describing the
time path of private consumption, Taking logs of both sides of (5) and differentiating with
respect to time, we have .

InC=lhp-Ink = Ex-%

and substitating (6" into this expression

) %:(1-¢)aeYK“"Gﬂ(AL)“°"ﬁ- p-8

Using the government budget constraint and the homogeneity of the production function
we can rewrite equations (4) and (7) in a way which will be more convenient below. First,
notice that since public transfers are a constant fraction of income, we have

(8) (1-0)Yy + LTy = (1-t+8:) Y, = (1-6:-8p) Y,
where B+ 8, measures the net transfer of resources from the private to the public sector.
Next, define the following normalized variables
(9)c=%- Z'—'%L- and P= %
and observe that
& #
- ateechiar B = AW BV (EY o ALevzeph
Y= 6'KeGHAL) P~ AL8 (AL) (AL) = AL6'Z°PP.

Hence, output per capita, Q, is given by
(10) Q §%= ABYZopP
and the marginal product of capital (R) can be written
(11) R = a8 % GPAL)! P = o0YZ%7 PP,
Substituting (8) and (10) inte {4), the law of motion of the capital stock can be written
K, = (1I-9'KGPAL)"*®+ LT - LC- 3K
= (1-0,-6,)07ALZ°PP - LC - 3K
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and, using this expression and noting that Z/Z= K/K- g - n,
Z uE ©
12 P (1-6.-8,) @¥Z*'PP - 7~ (g+n+d).

Similarly, observing that
¢ €
Z=Z.g
c C
and using (11} in (7). we have

(13) < = (1-1)aB"Z% PP - (p+rg).
c

2.- Equilibriom and dynamies

So far we have not discussed how G (or P) is determined, Let us consider the simplest
alternative. Suppose G is not a stock of capital but a flow of productive services financed by
current taxes. In particular, suppose G = 6;Y. Then

ALP =G =8,Y = 8,AL8"Z°pP
and, solving for P,
(14) P = g7, I PzoXI-B
Using this expression in (10} and {11). cutput per capita and the interest factor are given by
(15) Q = AGYZOPP = A §, B -Dgr(1-Biza0-B)
and
(16)R = grze-1ph — BPB/U—B)er(l~ﬁ)Z[ﬂf(1-ﬂ)]—l_
Substituting these expressions into (12) and (13) and noting that T = 6 we arrive finally at a
system of differential equations in ¢ and Z parameterized by the different expenditure shares,
&,
(17) & = [(1-8)00, P Pgrti-BZl/ Bl _ (o 5000] ¢ = §(c. Z: 8, 8)
(18) Z= (1-0.-8,)8, P PzUB ¢ (040187 = ¢(c. Z: 8.9, 8)

Equation (18) is a resource constraint. It simply says that the increase in the capital stock is
equal 10 household disposable income minus consumption and depreciation. Equation (17)
characterizes the optimal path of private consumption over time. Household optimization
implies that the growth rate of per capita consumption is equal to the difference between the
net of tax interest rate and the rate of intertermperal discount.

Fiscal policy parameters enter equations (17) and (18) in a number of ways. Productive
expenditures (8;) directly affect the level of productivity because they enter the preduction
function as an input. Total expenditures will have a similar (positive or negative) effect
through the government externality term. Through the same channels, these expenditure
shares affect the marginal productivity of private capital and through it the return on
investment and the intertemporal allocation of consumption. With the exception of transfers,
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public expenditures also reduce the amount of resources available for private sector
consumption and factor accumulation, as shown in equation (18). Income taxation, moreover,
interferes with the efficient allocation of consumption over time, reducing the payoff to
investrment and discouraging private factor accumulation. Equation (17) shows that this
incentive effect depends on the overall tax rate. Hence. the effects of changes in productive
expenditure policies will depend in part on whether they are financed by offsetting changes in
"non-productive" expenditures or throngh changes in taxation.

Using these equations we can analyze the dynamics of consumption and capital
accumulation. From {17) and (18) we see that
(19) Z20 & ¢ 2(18-8,)8, P PzHPB . (0101857 =c.(2),
(20) ¢ 20 & R(Z)= (1o M Pgri-Pizl0-Blt > o585

Figure 1: Phase diagram and convergent trajectory

c <_? ¢=0 «_}

ol

8

z z

The phase diagram is shown in Figure 1. The direction of the arrows of motion suggests
that the steady state is a saddle point. To verify this, we compute the determinant of Jacobian
matrix of the system evaluated at the steady state:

BN
Qe @, -1 o,

Since

N _py+B-1 By
det J =2, Ay =0, = (1-1)0f, FOPgrT B’“I 1;' 7B 7 g,
the eigenvalues of the system. A, and A,. are real numbers of opposite sign and the steady
state is indeed a saddle. Using the transversality condition for the houschold problem, it can
be shown that the equilibrium path for this economy is the unique solution to the system (17)-



(18) which satisfies the initial condition Z(0) = Z, (a given constant) and converges to the
steady state.

The graph of the convergent solution of the system implicitly defines a policy function
giving the optimal value of normalized consumption (and implicitly the equilibrium level of
investrnent) as a function of the current vaiue of the state variable, Z, and the different policy
parameters. It can be shown that this function may be rewritten as a savings function relating
the optimal investment ratie, s*, to the rate of return on private capital and the policy
parameters.

s* = ¢(R; 8. O1. 0. 6p).
The empirical investment function we will estimate later on can be interpreted as an
approxirmation to this policy function.

3.- Steady state and long-term effects of policy changes

We will now analyze the effects of a change in the various componenis of government
expenditures. In accordance with our empirical resulss, we will assume that the parameter 7.
which captures the externality effect of government. is negative,

The first step is to determine the effect of the policy change on the steady-state values of
consumption and the capital/labour ratie. given by the solution of the system:

(19)Z =0 & c=(1-8:-8,)8,P PGz D - orn gz
@207 ¢ =0 o R(Z)= (1-9)00, 0 Bgft-Bglol B _ o 05

It is easy to check that increases in the shares of public consumption and transfer
expenditures in GDP (8, ard 6) shift the ¢ = 0 line to to the left, reducing the steady-state
capital/labour ratio. Since these parameter changes also shift the Z = 0 line downward. the
net effect of an increase in "non-productive” government expenditures is to reduce the steady-
state level of private consumption. In the case of productive expenditures, things are
somewhat more complicated since an increase in 0, has a direct positive effect on output and
on the rate of return on private investrment. It can be shown that these positive effects prevail
at low expenditure levels but are eventually overcome by the negative effects of the additional
expenditure through increased taxes, the negative externality effect of government and the
reduction of private disposable income. Hence, both the Jevel of consumption and the capital-
labour ratio increase at first with 6 until a maximum is reached and decline thercafter.

The short-run effects of these various policy changes will involve a discrete change in
consumption with a constant capital/labour ratio which will put the economy on the
convergent path corresponding to the new parameter values. If the new long-run equilibrium
involves a higher income level, the rate of factor accumulation will increase. inducing a
temporary rise in the growth rate of income which will gradually exhaust itself as a new long-
run equilibrivm is approached.



To explore the welfare implications of a hypothetical policy change. notice that the
instantaneous utility of the representative agent can be written in terms of the logarithms of
income per capita. the average consumption ratio (n = C/Q) and the share of government in
GDP:

(22) W(C, E) = pIn C +{1-p) In By = p1n7eQ; + (1-1) In 8Q:
=InQ +pulnn, +{1-y) in6.

As we have seen, increases in many expenditure categories will tend to reduce both Q and 1
but will also have a direct positive effect or utility through the last term in this expression.
Hence, their net welfare effect will depend on the initial policy stance and the weight of
public expenditures in the representative agent's utility function. In general, the optimal
policy (i.e. the one which mazimizes the integral of (22)) will involve strictly positive values
of all expenditure shares.

If we restrict ourselves to the steady state, equation (22) can be written as a relatively
simple function of the relevant expenditure shares. Solving equation {20°) for Z, the steady-
state capital/labour ratio is given by

=
lp 2 Viaep
1-6)adiPe-d
23) Z = (___)_E____
g+8+p

Substituting this expression into (15), steady-state output per efficiency unit of labour is given
by
L A =
@24y Q. o, P-Bgra-Pyaa-h _ g BU-Pgri-p (1- 0y %0+
A g+d+p

3

- - - [y
= g fI-a-Digti—a-B) | gyti-at) [ o ] .
e+d+p
Next, we compute the steady-state consumption ratio, 7. Using equations (19"} and (20}
we have

a5 5o T - U8c00,M DTz 4P (gneb)z
= (@Q./A,) BPW(I*B)G}#(I—B)ZM(:—B)
= (1-6:6) - gtatd (1608, - (LOErnd)

epB!(1—B)e~rf(1—B)th(1~Bn~1 +p+d

Hence. the steady-state propensity to invest cut of disposable income, given by the last term
in this expression, is a decreasing function of the average tax rate, 0.



Substituting (24) and (25) into (22), steady-state instantaneous utility can be written

(26) U(CL E) =1n A +1n —2—' +plnF+(lqine

=InAg+gt+ 1n[ g P Pgrti-o-bl ) gyei-e-h) {——“ JT” }+
g+b+p
(1-8)o(g+n+5)
+p48
Differentiating this expression with respect to each expenditure share we can calculate its
impact on steady-state utility. Totai welfare effects, taking into account the transition. will

+in ( (1-8:-0p) - ]+ (l-u)1n 6.

generally be of the same sign as steady-state effects but smaller in magnitude because output
changes build up slowly over time and are partially offsct by temporary changes in the
consumption rate in the opposite direction.
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APPENDIX 2: DATA AND DETAILED RESULTS

L.- Data

The data used in this study have been assembled from a variety of sources. Basic
macroeconomic aggregates corrected for differences in purchasing power (output, total
investment, private and public consumption and the current account) are available in the latest
update (PWT5.6) of the Summers and Heston data set (S-H 1991) and in the data base
constructed by Doménech and Boscd (D&B, 1996) for the OECD countries. Where possible
we rely on this second source, since it provides data up to 1995 (whereas S-H typically stops
in 1992) and it uses OECD-specific purchasing power parities which should provide & more
accurate picture of the relative performance of the countries in our sample than those used by
S-H (constructed for a much larger set of countries). This data base also provides some data
on the age structure of the population (the fraction of the population aged 15 to 64) and on the
evolution of employment and the labour force. Data on human capital investment are taken
from UNESCO Yearbooks. The series on R&D expenditures have been constructed by
combining information from the OECD's Basic Science and Technology Statistics and
UNESCO Yearbooks (see de la Fuente (1997) for details).

Table 1: Economic classifications of public expenditure,
OECD (1996) vs. EEC (1996)

OECD (1996) EEC (1996)
1.- Current expenditure:
a.- Consumption: purchases of goods and = &.- Government consumption
services and salaries of public employees
b.- Subsidies: mainly subsidies to = Ga.- Current transfers to
cnterprises enterprises
¢.- Other current transfers: mostly soclal = 6b.- Current transfers to
security benefits and social assistance households
grants 6c.- Current transfers to the rest

of the world

it

d.- Property income: mostly interest

7.- Actual interest payments
payments on the national debt.

2.- Capital expenditures:

a.- Gross capital formation: gross public
investment

b.- Other capital expenditure: capital 11.- Net capital transfers paid
transfers to enterprises, purchases of land

and intangible assets,

n

12.- Final capital expenditure




Most of our datz on government expenditures and tax revenues have been constructed by
combining information from the OECD (1996) Statistical Compendium and the European
Commission's (1996) compilation of government finance data. Both sources provide
"economic” breakdowns of expenditures which are roughly compatible with each other (see
Table 1) and data on consolidated government tax revenue and other receipts. The EEC data
cover the period 1970-95 (plus projections until 1988}, while the OECD series start (at best)
in 1960 and typically end in 1993.

Table 2: Main differences between EEC (1996) and QECD (1996)

- Largest discrepancies berween the two sources: {figures inside parcnthesis are the largest % difference
between the two series in the same year; we report only differences over 10%)

GCONS: Po (9%), Gr (over 40%), Sp: around 15% with national sources for years prior to 1980.
SKG: Be {16%)., Dk (23%), Gr (31%). Ir {25%). Sp (12%). US (50%).

TRHH: Dk (11%), Fr (12%). Ge (12%, up o 27% after unification), Gr (29%). Ir {27%). Sp {31%), UK {22%).
INTER: Gr (23%}, N1 (24%).
GTOT; Po in mid 80's (23% in 1985).

SUBSID: Fr (32%). Ge (13%. Gr (100%). Tr (80%), N1 (60%). Po (21%), Sp (60%). Swe (45%).
TAX: Gr (20%).

- Other notes:

SKG: In the case of Germany we take the OECD data for the period after unification singe this serics refers o
West Germany, as do our output figures. For Fapan and Austria the two sources coincide almost exactly
when we add the OECD figures for 'gross capital formation' and 'other capital expenditure’ (transfers to
emerprises, purchases of land and intangible assscis included), atherwise the OECD figures are significandy
Jower than EEC ones (unlike for other countries). For the years prior to 1970 we have used the QECD data
after adding these two concepts. It should be noted. however, that it is possible that the EEC data may
overstate public capital formation for these two countrics.

INTER: For Germany and Japan we used OECD data until 1978 and 1974 respectively. The two sets of figures
were quite similar, but the evelution of the OECD series seemed more reasonable. (Rounding to one decimal
in the EEC casc may distort things when the numbers are small),

GTOT: The OECD does not report 'other capital expenditare’ for Norway. Since this expeaditure category is
generally rather small, we summed the remaining expenditures to compute GTOT.

SUBSID: The differences between the two sources do not diminish when we combine current and capital
transfers to enterprises.

- Note: See Table | in the text for a definition of the variables.
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To maximize the number of available observations we have pooled the two series using the
following procedure. For each variable (rocasured as 2 share of GDP at current prices), we
compare the figures provided by the two sources over common years. If the differences are
relatively small (under 10%) at least in the first part of the 1970's. we use the OECD data to
extend the EEC series backwards; otherwise the OECD data are disregarded. For countries
not included in the EEC report, we use the OECD series except where noted below.

The maich between the two sources is rather uneven. The differences are minor for most
countries in the case of total government expenditures (GTOT), tax receipts (TAX), public
consumption (GCONS) and interest payments (INTER), and quite sizable for government
investment (SKG). transfers 1o households {TRHH) and current subsidies to enterprises
(SUBSID). Finally, the two sets of figures bear almost no resemblance to each other in the
case of the government surplus (SURP) and other transfers, so we have made no attempt to
"collate" these series.

Table 2 lists the major discrepancies between our two main sources and notes a few
anomalies we have discovered in the data. Greece is by far the most problematic case but
there also rather large differences between the two sources for a number of other countries. In
some cases these differences are large enough to give a very different picture of a country’s
relative position in the sample. Public investment figures for the US, for example, differ by
around 50% throughout the sample period.

Table 3: Sample averages by subperiod

156576 1970-75 1975-80 1980-85 1585-90 1990-95

GYPE 0.0415 0.0277 0.0211 0.017 0.0158 0.0182
GYPC 0.0407 0.0265 0.02436 0.0156 0.0247 0.010%
SK 0.2428 0.2461 0.2265 0.2103 0.2139 0.2071
SKPR 0.2073 0.2067 0.1935 0.1792 0.1834 0.1754
SHZ 0.1694 0.2063 0.2324 0.2488 0.2359 (.2529
CASRD 0.0107 0.0114 0.01185 0.01217 0.01287 0.01364
GTOT 0.3181 0.3663 04266 0.4671 0.4706 0.4936
TAX 0.2934 03222 0.3523 0.3754 0.3918 0.3978
TAXBF 0.2651 0.2936 0.3208 0.3433 0.361 0.3653
SURPBD -0.0144 -0.0202 0.0456 -0,0559 .03 -0.0293
SURPEU na. -0.0048 0,031 -0.0514 -0.035 -0.0482
GINVR 0.04426 0.04147 0.03718 0.0324 0.0297 0.0305
ASGR 01871 0.1869 0.1977 0.2034 0.1985 0.1641
GCONSR 0.191 0.187 0.198 0.204 0.199 0.198
TRHH 0.087 0.111 0.139 0.157 0.162 0.181
SUBSID 0.0173 0.0209 0.0292 0.0304 0.0278 0.0254
INTER 0.01669 0.01842 0.02615 0.04517 0.05474 0.05775

- Notes: Averages over available observations in cach subperiod. See Table ! in Scction 4¢ of the text for a
definition of the variabies.



The data used in the empirical analysis are overlapping six-year averages (over five-year
subperiods, inchuding both endpoints} of the different tax and expenditure shares in GDP. For
total government expenditures. tax receipts, government surplus. transfers to households and
subsidies to enterprises we use nominal shares (i.e. measured at current prices in the national
currency). In the case of government consumption and public investment. we compute real
shares (i.e. measured in constant international prices of the base year) by using the PPP
indices provided by Doménech and Boscd (D&B 1996) for government consumption and
total investment.

Table 3 shows the sample averages of various growth, investment and fiscal indicators in
each of the five-year subperiods in which we have divided the sample.

2.- Benchmark growth and investment equations

The benchmark growth equations used in the text have been selected after some
experimenta-tion with various specifications loosely based on recent work on the empirics of
growth.!! All our estimates of the basic growth equation [G.1] control for initial income per
capita to capture the weil-documented tendency of poorer countries in our sample to grow
faster than richer ones -- presumably due to the operation of decreasing returns and the
diffusion of technology. We also include a set of demographic and labour market indicators to
capture the jmpact of these variables on the growth of income per capita. Finally. our
preferred specification (equation [A.2] in Table 4 = [G.1] in the text) includes also a dummy
for the less technologically advanced countries at the beginning of the sample period and the
product of this variable and a trend. These two variabls attempt to control in a simple way for
technojogical diffusion. Comparison of equations [A.1] and [A.2] in Table 4 shows that
controlling for technological catch-up improves somewhat the fit of the equation and does not
stgnificantly alter most of the remaining coefficients.

Equations {B] and [C] in Table 4 extend the previous specifications by adding three
indicators of investment in physical, human and technrological capital. Equations [B.1] and
(B.2] include the (log of) the real share of investment in GDP and differ only in that [B.2}
controls for catch-up while [B.1] does not. Our resuits are qualizatively similar to those of
Mankiw, Romer and Weil (1992) and Lichtenberg (1992). All the investment variables are
significant and their coefficients have the expected signs. Once more, the catch-up varjables
are significant but their inclusion does not significantly affect the coefficients of the other
regressors. Since we will want to introduce public investment as a separaté regressor, we
reestimate these last two cquations after replacing the total investment ratio with the private

11 Gee Barro (1991a). Barro and Sala (1992) and Mankiw, Romer and Weil (1992), De la Fucnte (1997a)
contains a survey of the relevant literature.
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investment ratio. Although we lose 23 observations in the process, the results (equations [C.1]
and [C.2] = [G.2]) are very similar to those of the previous specifications.

Table 5 contains several specifications of the investment equation. In equations {D.1] and
[D.2] the dependent variable is the (real) share of total investment in physical capital in GDP
(SK). and in [D.3] and {D.4] this variable is replaced by the private investment ratio. Two of
the specifications contain a trend and a square trend and the other two do not. Since both
these variables are highly significant and we want to focus on the behaviour of private
investrnent, our preferred equation is [D.4].

Table 4: Benchmark growth regressions

(A1}l [A2]=[G1]  [BI] {B.2] [c.1] {C.2)=1G.2]
depend. var = GYPC GYPC GYPC GYPC GYPC GYPC
comstant 0.05613 0.0205 0.1485 0.1092 0.1388 0.052
3.7 (0.56) (4.45) {2.84) 3.77) {1.20)
T 0001213 000014  -0.000924 0001265  -0.00121 -0.002
(2.33) {2.57) (1.83) (2:31) 2.01) (3.16)
T2 0000027  0.00003 0000026 0000035  0.000033  0.00005
1.51) 2.31) {2.02) {2.60) (2.08) (3.34)
GTAC 0.38475 0.453 0.36 0.4083 0.4146 0.535
(2.69) (3.19) {2.79) (3.21) (2.76) {3.74)
pu -1.087 -1.068 -1.034 -1.035 -0.9788 0974
(6.56) (6.59) {6.93) (7.11) {6.15) (6.57)
LDGNPOB £0.01747 00247 -0.0193 -0.02764 -0.0226 -0.043
{1.63) (2.26) (1.98} 2.73) 2.07) (3.79)
LYPC -0.02589 0.0202 -0.04015 -0.0341 -0.0386 -0.028
(7-71) (3.58) (8.53) (5.29) 6.30) (3.41)
ZLAGS 0.0148 0.0137 0.0255
(2.47) 2.42) (3.87)
ZLAGST -0,00065 -0.00064 -0.00106
(2.71) (2.82) .05
LSK 0016377  0.01574
(4.08) {3.99)
LSKPR 0.0147 0.0134
{320} (3.14)
LSH2 0.00768 0.01025 0.0097 0.013
(2.28) {2.59) (2.54) {3.55)
LCASRD 0.006 0.0051 0.0056 0.00425
(3.75) (3.20) {29 (2.34)
R2 0.6522 0.6731 0.7313 0.7489 0.6856 0.7374
N 126 126 126 126 103 103

Notes:
- Pooled data for 21 OECD countries covering the period 1965-95 at five-year subintervals.
- t-statistics in parentbeses below cach coefficient.
- N = number of observations
- 'The dependent variable is GYPC = avge. growth rate of real output per capita during the period.
- LDGNPOB = LO( {0.05 + GPOB} where GPOB = growth rate of population growth. This variable is similar
to the one used by MRW (1992).
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Table 5: Benchmark investment regressions

dep. var = SK SK SKPR SKPR
.1} {D.21 {D.3] {D.4]={I]
constant 0.01587 -0.1628 -0.0503 -0,1508
(0.17) (1.61) {0.52) (1.49)
LYPC -0.0791 -0.0707 -0.0836 -0,091
(7.95) 6.17) (7.95) {7:25}
DEP -0.03413 00291 -0.01979  -D.0205
(3.51) (3.03) {2.19} (2.3
AF1564 0.4046 0.5653 0.4271 0.5005
(2.98) 4.15) (325) (3.89)
1/PI 0233 0.253 0.227 0.249
(10.38) (11.55) (9.65) (16.76)
GPCB 1.80 2.10 1.51 233
(2.90) (348} (3.20) (4.13)
T 0.00445 0.00583
(2.68) (3.41)
T2 -0.000156 -0,00016
(3.53) {3.67)
R? 05832 0.6445 0.6027 0.6531
N 126 126 103 103

3.- Some econometric issues and preferred linear specification

The low value of the Durbin-Watson statistic in all the specifications of the investment
equation presented in Section 4.c of the text is a clear symptom of the existence of positive
serial correlation of the residuals. In the present context, this result suggests that the omission
of relevant variables is causing the error terms for certain countries to be systematically
positive or negative. One possible solution for this problem is to include in the equation a set
of country dummies in order fo pick up any unobserved country effects which may account
for the residual patters. This procedure, however, can also have an adverse effect on the
quality of the estimates. Since adding a fuli set of country dummies to the equation amounts
essentially to disregarding the cross-section variation of the data (i.e. wiping out the
differences between counlry averages), it may make it difficult to identify the coefficients of
those explanatory variables which do not change very much over time within a given country.
Seeking a compromise between these two problems, we have used an iterative procedure 10
select the lowest possible number of country dummies which will solve the autocorrelation
problem.

The seiection procedure was the following. 1) We estimated the investment equation
adding one country dummy at a time. All those country dummies whicks were significant in
this first round were then included together in the equation. Those which were not significant
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were dropped, leaving us with 2 first group of candidates. 2) A second group of candidates
was chosen as follows, First, we estimated a model with a different intercept for each country
(including a fuil set of country dummies and no regression constant), computed the average of
the intercepts and selected as a reference the country closest to this average. Then. we run a
serics of regressions with different combinations of country dummies, starting with the full
set (except for the reference country) and dropping at each stage those variables which were
not significantly different from zero. The resulting candidate group was similar but not
identical to the previous one. 3) Finally, we ran a regression including the union of the two
candidate sets and dropped the insignificant variables.

Table 6: Various linear specifications of the growth and investment equations

1] 2] {3j 4] 5] 18] {71 18]
specific. = 1 [ {G.1] (G.2] o {G.1] [G.2] n
dep. var = SKPR SKPR GYPC GYPC SKPR GYPC GYPC SKPR
GTOT -0.314 -0.316 -0.079 00272 0319 -0.079 -0.027 -0.520
{5.51) (7.36) (3.46) (2.26) (8.28) (3.48) (2.24) {8.34)
SKG 0.613 0.545 0.845 0.578 0.533 0.847 0.655 0.534
(281} (345) (225} (1.71) (3.75) (2.25) (1.94) (3.75)
SKGSQ -9.55 -8.08 9.59 -9.46
(2.01) {1.85} (2.02) (2.14}
TRHH 0.302 0.142 0.063 0.144 0.064 0.144
(3.42) (2.31) (2.11) (2.61) (2.12) (2.62)
SUBSID 0.868 0.858 0.127 0.854 0.130 0.853
(3.41) (3.46) (1.60) (3.86) (1.64) (3.88)
GGTOT 0210 0162 0198 0156
(4.49) (3.73) B7 (320
LSKPR 0.0176 0.0176
(3.50) (3.34)
1L.5H2 . 0.0105 0.0094
(334 (287
LCASRD 0.0040 0.0047
(2.29) (267
N 99 99 98 102 99 98 98 99
r? 0.7903 09171 0.7841 07926 09170 0.783%  0.7959 0.916%
specification OLS OLs OLs SUR SUR 2515 3515 35LS
ow 0.931 201 231 223 2.00 230 2.32 199
cauntry no yes ne no yes no no yes
dummies
Notes:

- Equations [G2] and {I] arc estimated jointly either as a SUR or by 3SLS.

- The instruments used in the two and three-stage least squares estimates are all the variables in the equation
except the growth rate of the share of government expenditures in GDP (GGTOT) plus the share of total
governmen: expenditures in GDP in the first year of the subperiod (GTOTBEG), the level and growth rate of the
fraction of the population aged 65 or more (AF65 and GF65), the growth rate of population (GPOB), a dummy
for the subperiod 1970-75 (Z3) and the number of years of lefi-leaning government during the subperiod
(LEFT).



This left us with a final group of six significant country dummies. namely those for Ireland
{-). Norway (+) the US (), the UK (-), Spain (-) and Austria (+). (The symbol in parenthesis
is the sign of the corresponding coefficient). A comparison of equations [1] and [2] in Table 6
shows that the inclusion of this group of dummies in the investment equation is sufficient to
bring the Durbin-Watson statistic to a value close to two, The coefficients of the fiscal
variables are not siguificantly affected by the change (with the exception of transfers
(TRHH}, whose coefficient falis by one half). but some of the demographic variables lose
their signficance with the addition of the country effects.

Table 6 also shows the results of estimating the system formed by the productivity and
investment equations ([G.1] and [I]) using two alternative techniques. Equations [4] and [5]
are estimated jointly as a system of seemingly unrelated regressions (i.e. allowing for the
possible comrelation between the error terms of both equations) in order to increasc the
precision of the estimates. As a preliminary check on the possible endogeneity of the growth
rate of the share of government cxpenditures in GDP. the same system is estimated by three-
stage least squares (3SLS), using the same instruments as in Section 5 of the text. Ascan be
seen in the table. instrumenting GGTOT has virtually no effect on its coefficient. This result
suggests that the negative correlation between the expansion of the public sector and output
growth is not spurious,

4.- The source of the externality effect

We would like to know whether it is possible to identify the negative externality effect of
the public sector with any specific items of the government budget. So far we have relied on
total government expenditures as an indicator of government size. but it may be argued that
any negative effects of the public sector on productivity should arise mainly from the
disincentives generated by distortionary taxes and transfer payments. Another possibility is
that the externality effect may be associated with government consumption, as this variable
provides a more direct measure of the actual size of the government bureaccracy (and henee
of its capacity to do cither good or harm by interfering with private activities) than total
expenditures.

Table 7 presents OLS estimates of different versions of the growth equation (12) which
differ in the indicator of government size. Somewhat surprisingly, we find that taxes do
poorly as a proxy for government-induced distortions {equations [2] and [3]). The best results
are obtained by working either with the share of total government expenditures in GDP
(eguation [11) or with a combination of government consumption and transfer payments
(equation [6]). Hence. both of these expenditure items may be responsible for some of the
distortions which are presumably driving our results.
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Finally, it is worth noting that the choice of a specific indicator of government size does
not have too much of an effect on the estimated coefficients of other variables. We continue
to detect 2 significant convergence effect (measured by the coeficient of initial income per
capita, LYPC). and obtain reasonable estimates of the elasticity of output with respect to the
stocks of private capital (between 0.25 and 0.30) and human (0.14-0.16) and R&D capital
(0.03-0.07). Public capital is generally but not always significant and there is still evidence of
non-linearities.

Table 7: Possible sources of the externality effect in the growth equation

{1 {2 [3] [4] {51 18] 7] 8l
LYPC 002965 00302 00306 00326 00241 0029 00293  0.0307
(3.73) (3.43) (3.55) (@52) (2.98) (3.56) (3.42) (3.64)
LSKPR 02472 02723 02692 02357 03052 02662 02707 02428
(3.43) (3.58) (3.49) (2.50} (4.37) (3.74) (3.68) (3.19)
LSH2 01612 01744 0181 031549 0162 03413 01412 01403

(3.50) (3.58) (3.63) (3.05) (3.4) (3.09) (3.01) (3.00)

LCASRD 0.0532 0.0678 0.0727 0.060 0.069 0.636 0.0657 0.0575
(2.35) (2.99) (3.30 (2.53) (3.13) (299 {2.96) 2.52)

LSKG 01952 01684 01503 01652 0217 02081 02075 0.2131
(2.06) (1.63) (140) (1.65) {2.05) (2.13) (2.06) @21
SKG*LSKG  -2.98 -3.07 306 -2.90 -3.26 3.26 337 328
(1.70) (1.52) (1.43) (1.33) 2.11) 197 (1.93) {1.85)
GTOT 01779 0,099
{4.16) (1.39)
TAX -0.063 0.026
(1.28) ©.53)
TAXBF -0.042
(1.01)
GCONSR -0.0609 0052 00525 -0.039
(2.69) (236) (2.35) (161)
TRHH 0106  -0.086 0092 -0.043
(3.81) BT (3.04) (1.04)
& 07915 07347 07492 07517 0782 Q7953 (7950 0.5002
s.e 0.00706 0.00787 000776 000759 000720 0.00702  0.00709  0.00698

- Note: OLS estimates of equation (12) with different variables in the place of B. We impose the restriction on
the coefficients of GGOV and GOV implied by the theoretical model prior to estimation.

5.- Checking for endogeneity with an alternative measure of government size

In Section Sb of the text we have presented instrumental variables estimates of the growth
and investment equations using a specification in which government size is measured by the
share of total public expenditures in GDP. Table § repeats the experiment after replacing total
government expenditures by the combination of government consumption (GCONSR) and
transfers to households (TRHH) as measures of the size of the public sector. The estimates in
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Table 8: Joint estimates of the growth and investment equations, government
consumption and transfers to households are included as separate regressors

4] 21 {3] 41 {5] f6J 7]

dep. var.=  GYPC GYPC GYPC GYPC GYPC GYPC GYPC
LYPC 0.0299 0.0305 0.0287 0.0293 0.032 0.0320 0.0234
{3.55) (3.54) (3.35) (3.73) (3.59) (3.70) (2.65)

LSKPR 0.2662 0.305 0.279 0.318 0.270 0.312 0.348
(3.74) (5.00) 4.04) (5.47) (3.37) (4.65) (5.58)

LSH2 0.1413 0136 0.135 0.128 0.125 0.119 0.118
(3.09) (3.43) (2.97) (3.28) (2.75) (3.04) (2.83)

LCASRD 0.0636 0.070 0.061 0.068 0.074 0.079 0.070
299 (3.87) {2.85) (3.78) {3.30) (417 (3.51)

LSKG 0.2081 0181 0.243 0.219 0.235 0.215 0.320
2.13) @2.17) (243 (2.52) (2.36) (2.46) (3.04)
SKG'LSKG ~ -3.26 -2.98 379 -3.55 413 -3.94 452
57 (2.24) (2.35) (261) .14 (2.52) (2.44)
GGCONSR -0.082 0050  -D.061 -0088  -0.048 0046 0021
{2.36) {2.55) (2.59) {2.85} {1.93) (2.13) 071
GTRHH 0086 0082 0081 0075 007% 0070 -0.100
{307} 3.31) {249} (2.64) {158} (211) (2.18)
R? 07950 07931 07934 07907  0.8021 07990 0.8025
s.e. 000700 00071 00071 00071 0.0072 00073 0.0073
N 99 99 98 98 88 88 g5
dep.var.= SKFR  SKPR  SKPR  SKPR  SKPR  SKPR  SKPR
LYPC 00447 00415 00447 00420 00412 00391 -0.0350
(3.98) 4.18} (3.98) {419} (3.26} (3.51) 3.07}
GTOT 0316  -0525 0316 0324 0306 0315 -0.319
(7.36) {8.54) {7.36) 852) (6,54} (7.65) (5.93)
SKG 0.545 0518 0.545 0.527 0.640 0.612 0.569
(3.46) (3.65) (3.46) 3.7 (3.71) {3.99) {3.08}
TRHH 0.142 0.148 0.142 0.147 0.095 0.101 0.096
(2.31) (2.70) {2.31) (2.67) {143} {1.72) (1.52}
SUBSID 0.858 0.846 0.858 0.852 1.09 1.08 1.20
(3.46) (3.87) (3.46) (3.90) 377 {4.26) (3.07)
RZ 0917 0.9166 0917 (9167 09218 09215 09222
s.e. 0.0125 00125 00125 00125 00125 00126 00126
N 99 99 99 99 89 89 86
INSTRUM [al Al [B] [B] (o}
specific. oLs SUR 28LS 3518 28138 3818 38L5

- INSTRUM: In [A] and [B] we instrument only GTRHH AND GGCONSR: in [C] we instrument DU, SKG,
LSKPR, GTOT, GGTOT, SUBSID, TRHH, GTRHH, GCONSR and GGCONSR  with their lagged values plus
AU 73, AF65. G65 and LEFT (plus all the "exogenous” regressors in the original system). The "outside”
instruments used in the other specifications are: for [A]. GF65. AF65, £3, GCONSREBEG, TRHHBEG where the
tast two variables are the values of GCONSR and TRHH in the first year of the subperiod; for {B]: the same.
replacing GCONSRBEG and TRHHBEG by GTRHH(-1). GGCONSR(-1). TRHH(-1) and GCONSR(-1).
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the first column of this table are obtained by ordinary least squares and those in the second by
an iterative SUR (seemingly unrelated regressions) procedure which exploits the cross-
equation correlation of the error terms to improve the precision of the estimates. The
remaining columns contain joint instrumental variables estimates of the two equations. As in
the text. the "outside” instruments include the fraction of the population aged sixty five or
over and the growth rate of this variable, the years of left-leaning government and either the
lagged level and growth rate of each potentially endogenous variable or (in the case of the
arowth rate of the expenditure shares). the level of the variable at the beginning of the
subperiod. {See the notes to the tables for a more precise list of instruments).

The resuits are now slightly worse than when we work with total government
expenditures, with one of the variables losing its significance in some of the instrumental
variables specifications. This finding suggests that it is safer to work with a single indicator of
the overall size of government than to try to fine-tune the specification. When we proceed in
this way, however, there is no reason to believe that our estimates of the externality
coefficient are biased.
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