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l. Introduction

There is considerable debate over the effects of
government fiscal policy on economic growth, especially in
developing countries. One view suggests that cutbacks in
government spending are justified by the low productivity and
inefficiency of government expenditures and the high welfare
cost of taxation. An alternative view is that the government
plays a central role in economic development by providing
public goods, encouraging productive investment, and providing
a socially optimal direction for economic growth.

Three general approaches have been followed to
measure the impact of government fiscal policy on economic
growth. The first is to simply introduce the average level of
government spending or tax rates in cross-country regressions
on growth rates. Landau (1983, 1986) found a negative
correlation between government fiscal activity and output
growth rates, as did studies by Kormendi and Meguire (1985),
Grier and Tullock (1989), and others. But it is difficult to know
how to interpret these reduced-form equations, especially in
light of the standard neoclassical result that taxation and
government spending should have no impact on the growth rate
of national output -- in the long run, they affect only the /eve/
of output.

Recent "new growth" models of government spending

and taxation imply that fiscal policies can have a permanent
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impact on equilibrium steady-state growth paths.1 This
second approach stresses either the productivity of government
spending, or fundamental nonconcavities in the aggregate
production function. For example, King and Rebelo (1990)
suggest that the impact of distortionary taxation on output
growth rates far exceeds that of traditional Harberger
measures. Jones, Manuelli, and Rossi (1991) and Glomm and
Ravikumar (1991) find large growth effects in models where
government spending is a productive investment input.

Their theoretical approach relies on equilibrium
conditions to derive empirically tractable estimating equations.
However, empirical evidence suggests that fiscal policy is far
from a steady state. Consider, for example, the share of
government spending in GNP. In equilibrium, this ratio is
constant over time. But in a sample of 107 countries between
1970-85, the standard deviation in the growth rate of the
government share was 2.4 percentage points. Equilibrium
models of growth, by definition, cannot account for such
changes in government fiscal policy. A third approach is
therefore to relax the equilibrium assumption and allow
countries to be on a transition path in which the share of

government spending and taxation may vary over the sample

' For a partial list of studies, see Barro (1990, 1991b),
Jones and Manuelli {(1990), King and Rebelo (1990), King
and Robson (1989), Rebelo (1990), Jones, Manuelli, and
Rossi (1991), and Glomm and Ravikumar (1991). See
Plosser (1992) for a good overview of this approach.
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period. This was the approach taken by Ram (1986), who
found a strong and significant positive effect of government
spending growth on output growth.

This paper attempts to integrate these three approaches
by specifying a generalized model of production that allows for
transition growth paths as well as production functions
exhibiting increasing returns to scale. We focus on how
government fiscal policies affect allocative efficiency
conditioning on capital accumulation and labor supply.? In this
general model, the growth rate and the level of government
fiscal policy can affect output growth. We provide an empirical
test of the model using cross-section data on 107 countries
with a newly constructed series of overall tax rates. To
account for heterogeneity across countries, regression
coefficients are estimated that allow for correlated random
coefficients and country-specific data quality. Finally, we treat
the potentially serious problem of endogeneity between
government fiscal policies and output growth rates by using the
White (1982) two-stage instrumental variable (2SIV) procedure.

Empirical results using data on growth rates over the
period 1970-85 suggest a significant and negative impact of
government fiscal activity on output growth rates in both the

short-term and the long-term. There is a pronounced negative

2 Levine and Renelt (1992), for example, suggest that
this approach shows more promise empirically than the
alternative of measuring how fiscal policy affects the supply
of labor or capital.
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medium terri (15 year) impact of tax increases on output
growth; a 10 percentage point tax increase is predicted to
reduce output growth by 3.2 percentage points per annum.
The long-term effects are large as well; a 10 percent balanced
budget increase in government spending and taxation is
predicted to reduce output growth by 1.4 percentage points per
annum, a number comparable in magnitude to results from the
one-sector theoretical models in King and Robello (1980). Our
results are in contrast to many of the "new growth” models,
however, in finding that government spending, rather than tax
rates, have the greatest long-term negative impact on private
sector productivity. Finally, we show that endogeneity in fiscal
behavior is a potentially important problem in cross-country
regressions; the Ram (1986) finding that government spending
spurs economic growth is not supported in the instrumental

variables estimation approach.

Il. Research on Fiscal Policy and Growth: Theory and Evidence

Whether governments are necessary agents for
promoting economic growth or intrusive institutions which drain
free market economies of their dynamic strength has been one
of the more hotly debated issues of the past decade. A number
of recent studies have attempted to shed light on this issue.
We separate our review into studies of government spending,

and then studies of taxation.
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A. Government Spending and Output Growth

Landau (1983, 1986), Grier and Tullock (1989), and
Barro (1991b) found a consistently negative impact of the share
of government spending on output growth rates, lending
support to the notion that smaller government sectors are
associated with faster growth rates.® Grier and Tullock
(1989) also estimated that a change in the share of GDP
devoted to government spending reduced significantly the rate
of output growth. One interpretation of this result is that
government spending is bad for output growth. Another is that
the negative coefficient is an artifact of a spurious correlation
between output growth and changes in the share of
government spending; an unusually high level of output growth
4

tends to depress the rate of change in the government share.

One method for correcting this bias is to use instrumental

3 Kormendi and Meguire (1985) found smaller effects of
government spending on output growth. Landau (1986) also
estimated how particular uses of government spending
affected growth rates. In particular, spending on military and
education was estimated to have little effect on output
growth, while other categories exerted a generally negative
effect. Also see Barro (1991a) for similar estimates.

4 Letting Y denote output, G government spending, and
A the first-difference operator, note that the change in the
government share of GDP can be expressed as A(G/Y) =
AG/Y - (G/Y)AY/Y. Hence one might anticipate a negative
correlation between changes in the government share and
output growth AY/Y if Y were measured with error or subject
to exogenous shifts.
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variables for changes in the government share, a strategy we
pursue below.

Levine and Renelt (1992) have shown that many of the
estimated partial correlations between output growth and
various explanatory factors can be quite fragile with respect to
specification of the model. For example, they found that the
share of government spending was negatively correlated with
output growth rates, although the significance of the result
depended on whether other variables, such as the growth in
domestic credit, were also included.®

Aschauer (1989) stresses the importance of
distinguishing between government consumption and
government capital accumulation such as infrastructure. His
empirical work suggests that the government capital stock has
a positive impact on productivity growth; in related work, he
finds a much smaller impact on output of government
consumption (Aschauer, 1988). Barro (1990) formalized the
Aschauer view by including government spending in the
aggregate production function. In his model, the return to

capital exhibits diminishing returns to scale holding government

S Their results underscore the importance of specifying
an underlying model that identifies which factors are
endogenous. For example, even if the share of government
spending were exogenous and negatively correlated with
output growth, including potentially endogenous variables
such as the growth in domestic credit on the RHS of the
equation could lead one to incorrectly identifying the
government share variable as "fragile.”
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spending constant, but together they show constant returns to
scale. Fiscal policy will therefore affect the equilibrium growth
path owing to the absence of long-run diminishing returns.
An alternative specification of the output growth model
is presented in Ram (1986), who develops a general model of
government and private output along the lines of Feder (1982),
and estimates that governments have a positive and highly
significant impact of government spending on output growth

rates.

It is interesting to note that the (first-differenced)
Barro (1990) production function is just a special case of Ram’s
estimating equation. An obvious shortcoming with Ram'’s
econometric estimates is endogeneity; countries that grow fast
also tend to increase government spending (see Rao, 1989)
although Ram (1989) failed to rejected the hypothesis of
exogeneity using standard Hausman tests.

Dowrick (1992) extended the Ram model to allow for
technological growth, and showed that at a theoretical level,
both the level and the growth rate of government spending
should affect output growth. He found strong evidence of
endogeneity in the growth of government spending, but not in

the level of government spending. There was little evidence

6 Ram (1986) defines GDP as the sum of government and
private "output.” It is not clear what government output
corresponds to in national income accounting, since by
definition, the government’s contribution to output is the
payroll of government employees. We focus instead on the
"external” effect of government spending on private output
also discussed in Ram (1986).
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that either the growth of government spending or the level of
government spending had a significantimpact on output growth
rates. The nominal government share -- used as a proxy for the
tax or financing requirements of the government -- exerted a
larger and significant negative effect on output growth.
B. Taxation and Output Growth

In general, studies of taxation suggest that it has a
negative impact on output growth. Koester and Kormendi
(1988) showed using cross sectional regressions that the
marginal tax rate -- conditional on fixed average tax rates -- has
an independent, negative effect on output growth rates.’
Skinner (1988) used data from African countries to conclude
that income, corporate, and import taxation led to a greater
reductions in output growth than average export and sales
taxation. Dowrick (1992) also found a strong negative effect
of personal income taxation, but no impact of corporate taxes,
on output growth in a sample of OECD countries between 1960
and 1985.

Chamley (1981) and King and Rebelo (1990) have
demonstrated that in a nonconcave growth model, tax policy
can have a potentially large impact on long-term growth rates.

For example, the King and Rebelo baseline simulations suggest

7Also see Kormendi and McGuire (1985) and Grier and
Tullock (1989) for cross-country regressions which focus on
how inflation and monetary policy affects output growth.
However, inflation may be endogenous if it reflects
government financial distress.
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a ten-percentage point increase in the tax rate will reduce
output growth rates by nearly two percentage points. The
intuition in this model (and Barro’s model) is that taxes create
a wedge between the gross and net return on saving. Since
individuals are assumed to live forever, they are very sensitive
to the net return on saving. Without the usual stabilizing
impact of traditional neoclassical production functions (the
lower capital-labor ratio increases the gross interest rate, which
partially offsets the initial decline in saving), the tax effects on
investment and saving are strong and persistent.8

The focus of the model presented below is different.
We define a generalized production function, and hence take an
agnostic stance on the nature of increasing or decreasing
returns to capital or labor. Taxes affect intratemporal
production decisions rather than intertemporal choices as in
Barro (1990) or King and Rebelo (1990). That is, we estimate
how fiscal policy affects output growth conditioning on
investment and labor supply. We also need not assume an
equilibrium growth path, so that empirical estimates are not
restricted to conform to the stringent conditions of equilibrium

steady states.®

8 King and Robson (1989) developed a more complicated
model of output growth and tax policy in which the level of
technical change is itself a function of new investment.

9 |s the notion of a "transition" useful in modeling
economic growth? There are two opposing views. David
(1977) suggests that much of the 19th century in the US
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There are two advantages to deriving a specific model
of output growth rather than simply running reduced-form
regressions. First, the model provides guidance on the proper
specification of the model; government levels of spending and
taxes are shown to enter as interactive terms rather than
entering linearly in the regression equation. Second, the
estimated coefficients can yield rough estimates of the
behavioral parameters of the theoretical model, such as the
sensitivity of factor supply to changes in tax distortions. The
disadvantage of our model is that we cannot sharply distinguish
among the competing models of growth, nor can we estimate

how tax policy affects labor supply or investment decisions.

Ill. The Theoretical Model

Assume that the economy consists of a taxed and an
untaxed (or more generally, a lightly-taxed) sector. In
developing countries, the untaxed sector is often small-scale
trade or services, or smallholder agricultural output, while the
taxed sector comprises manufacturing or large scale exporting
industries subject to import taxation (of intermediate inputs),

corporate taxes, payroll taxes, and excise taxes on their

was characterized by a transition from a low to a high capital
intensity economy. King and Rebelo (1989) downplay the
importance of transitions, suggesting on theoretical grounds
that transition paths in the orthodox neoclassical model are
inadequate for explaining post-war empirical growth patterns.
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outputs. The tax "wedge" in more developed countries
corresponds to the taxation of corporate income, the taxation
of salaried earnings, and inter-asset capital tax distortion. In
the model below, taxation affects output primarily by distorting
production decisions as factor inputs are attracted from the
taxed to the untaxed sector. Since the net return to factor
payments will tend towards equality between the two sectors,
the gross, or social return in the untaxed sector will be less
than that in the taxed sector. Hence, by encouraging the flow
of inputs into the least productive sector (e.g., import
substitution industries, lightly-taxed services, "underground™
economies), the overall output of the economy -- given inputs
of capital and labor -- will be reduced. To allow for production
"linkages" between the two sectors, we write the sum of
output from both sectors, Y, as a general function of private
inputs and government services;

Y = HIK,, L, K. L, 9) (1)
where L, and K, measure labor and capital in the taxed (x) and
untaxed (n) sectors, and g is the share of government
expenditures on goods and services to total ou'cput.10 We
assume that government services affect the productivity of

individual factors proportionately;

10 There is some ambiguity as to which sector the
government -- defined in GDP statistics simply as the public
payroll -- should be included. In the empirical section, we
find that estimated coefficients are not affected by where
one includes it.
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Y = Hlg, K, ¢, ¢, K. L)) (2)
where @, = y;(g), for i = | (labor) or k (capital). That is, y,
affects (either positively or negatively) the efficiency "units" of
capital and labor. Note that this assumption places no
restrictions on the nature of H with respect to capital and labor;
for example, H may exhibit increasing returns to scale. By
providing goods and services, the government enables private
factors to increase their productivity (this is the "spillover”
effect discussed by Ram, 1986; also see Barro, 1991b). An

example of spillover effects comes from the World
Development Report (1988);

According to the Nigerian Industrial Development
Bank (NIDB), frequent power outages and
fluctuations in voltage affect almost every
industrial enterprise in the country. To avoid
production losses as well as damage to
machinery and equipment, firms invest in
generators.... One large textile manufacturing
enterprise estimates the depreciated capital value
of its electricity supply investment as $400 per
worker.... Typically, as much as 20 percent of
the initial capital investment for new plants
financed by the NIDB is spent on electric
generators and boreholes (World Bank, 1988; p.
144)

That is, when the government of Nigeria did not provide
the necessary electricity supply, private firms were forced to
generate electricity on their own, and presumably at much

higher cost. Conversely, government expenditures on these
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services reduces the costs of investment, and increases the
"effective"” units of capital wK, and hence the rate of return on
a given dollar of investment, by 20 percent. For this reason,
equation (2) models government spending as a factor which
affects the productivity (positively or negatively) of private
factor inputs.

Taking the total differential of (2) with respect to
changes in inputs and the share of government spending in

total output yields

Y = ¥i8) [HoK, + HK)| + i@ [H,L, + H,L] + 6°(g)g@)

* ‘V:
i = 1+ — hi
i W{ +["’i}g

0" - WilH K HoK,] + WihuLoHoL)]  (30)

where

-1
(3b)

and H; is the derivative of H with respect to the input i = kI
for sector j = n, x, ¢’ is the first derivative of y, 6" is the
marginal productivity of increasing g, and h; is the share of
factor income received by capital (i=k) and labor (i=1).""

The model shows a divergence between the private
marginal product wH;; and the social marginal product w'Hij.

The intuition is that increased private production places a strain

"For example, h, = w[H, L, +H,L.I/Y.
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on government services (i.e., more wear on roads, more use of
electricity); unless government spending keeps pace with
private output, aggregate productivity will fall (Barro, 1990).
Thus far, taxes have not entered the equation which explains
output growth rates. As discussed above, taxes affect
production by discouraging production in the highly-taxed
sector and encouraging the flow of inputs to the lightly taxed
sector. If individuals equate the net rates of return to capital,
or to labor, then the gross return in the taxed sector will
generally be higher than the gross (and net) return in the
untaxed sector. To show this more formally, let the shares of
capital and labor in the two sectors be a function of the
distortionary tax rate, summarized by 7. That is, define:
L, = (L L, = [T-4(NL (4a)
Ky = #(T)K K, = [1-4(nNIK (4b)
where u; and y, are the share of labor and capital in the taxed
sector, and L and K represent aggregate labor and capital.
Taking the total differential with respect to inputs and the tax
rate;
L, = u(NL + pLi L, = ML -pLi  (5a)
K, = (DK + pKi K, = [1-u (NIK - y,Ki  (5b)
where T is the change in the tax rate over time and y; = du;/ar.
If the allocation of factor supplies is sensitive to relative price
differences in the two sectors, then z; < 0. Substituting (5a)
and (5b) into (3a), and dividing through by Y to express the

dependent variable as the rate of output growth, yields
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l; - a(g-t)g + B(g.t)-;‘—: + 0(g)g + w(g)1 (6)

where
a(r,g) = ¢ (@H, + #PHHH )]
B(r,g) = w,(@)H,, + u(r(HHUL/Y)
6(@) = [y /ylh, + lwlylh = 8*(Q)/Y
w(r,g) = W@ (H - HJKY + ) (@) H-H LY.

The coefficients a and B are the marginal productivity of
capital and the output elasticity of labor, 8 can be interpreted
as the weighted output elasticity of a change in government
expenditure share (g), while w is a measure of the distortionary
impact of taxation on output growth; because y, and y, are
assumed to be negative and the factor marginal product in the
taxed sector should be greater than in the untaxed sector
(H,>H,,, i=lk), w should be negative also. Government
spending g affects each variable directly through w'i', while the
tax rate r affects the allocation of production in the taxed and
untaxed sector.

For example, consider an initially untaxed equilibrium in
which the net rate of return on investment P_-Ik is the same in
the x and n sectors. A tax rintroduces a divergence between
the net returns in each sector, and suppose that over a period
of time, net returns are equalized where H, (1-1) = Hy,. If g

is negatively related to the tax rate (as would be expected) then



16

the overall marginal productivity of capital declines as factors
flow to the less efficient (untaxed) sector.'?

To this point, the analysis has focused on a single
country. It is likely, however, that a, B, 8, and w will differ
across countries for a variety of reasons. First, as noted in the
model, capital productivity and labor elasticity measures a and
B will be affected by r and g. Second, the parameters often
depend on factors that we cannot measure, such as pi(r), j =
x,n, or on unobservables, all of which differ across countries.
The coefficients a, B, and w are modeled as random
coefficients linearly correlated with r and g, while 8 is assumed

to be random but linearly correlated with g only;

a, = ; + A1 + 640, + vy (7a)
B, = B + AT, + 6,9, + Vo (7b)
w; = ; + A7 + 639, + vy (7¢)

6, = ; + 849, + vy (7d)

“where the coefficient subscripts, i, represent each country, and

Vijs j = 1,...,4, are the country-specific random effects. By

combining (7a)-(7d) with equation (6), and using vector

notation, output growth (y = Y/Y) can be expressed as follows:
| y =X +e (8)

2 syuppose further that H, rises by (1/2)7 over Hy, Hy,
falls by (1/2)r, and that y,, the share of investment flowing
to the taxed sector, is 1/2. When u, falls to 1/3 as a
consequence of a tax wedge of 40 percent, the marginal
productivity of capital, a, declines to .93H, (i.e.;
[1.2(1/3)+.8(2/3)H,).



17

where, dropping country subscripts for simplicity,

X - vt gt gg |9

e

L

t~
.
o]
oQ
~ I~
I~

R4
Y

F-[{« B 8 o 8 A 8 1, 85 A3 8,] (9D)

and

e-

L . .

-pK  [I-pK
Y Y

Net investment, or net capital growth K; is expressed as |, - p,K;,
where |, measures gross investment and p, the country-specific
depreciation rate.'® The variance-covariance matrix of the
error terms {p v, v, v3 v, €} may be correlated within a
country, but are assumed uncorrelated across countries.
Further issues in the estimation of this model are discussed in

the next section.

IV. Econometric Issues

There are at least two potential problems with the
estimation of this model. First, it is clear that the error term e,

is heteroscedastic. Second, the growth of the government

13 We assume that private and government investment
yield the same return owing to lack of reliable data on
government investment.
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spending share, g, and the growth in the tax rate, 7, may be
correlated with the error term e.'* We address both of these
problems by using the Two-Stage Instrumental Variables (2SIV)
technique developed by White (1982). He has shown that this
procedure is more efficient than 2SLS and provides a
straightforward way of estimating the variance-covariance
matrix to correct for heteroscedasticity.15 We first estimate
[, using a standard 2SLS procedure. Letting Z be the vector of
instrumental variables and Gi the predicted residual for country
i from this first stage equation, the second stage coefficients
are £,=(X'"P,X)"'X’P,y, where P,=2(2'Q'2)'Z". Finally, the
variance-covariance matrix of the estimate I/, is n(x'2Q1z'x)7,
where Q = [diag{u3, 03, ... , U2}I/n.

We focus now on the instruments, Z, which are
correlated with the potentially endogenous variables (g and 7),
but are deemed exogenous to output growth. A number of

studies have modeled the (endogenous) choice of taxation and

14| andau (1986) has recognized the problem of
endogeneity, and attempted to correct for it by using lagged
values of government activity as an instrument for the
current endogenous variable. However, predetermined
(lagged) variables cannot be used as instruments if (as is
likely) there is serial correlation in growth rate error terms.

155ee Bowden and Turkington (1984), chapter 3 for a
more detailed discussion of generalized instrumental variables
estimation.
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spending levels. Kelley (1976) explained government spending
as a function of factors such as the dependency ratio (the
percent of the population under age 15 or over age 64), the
percentage of population urbanized, density, and per capita
income. Bolnick (1978) analyzed tax patterns across countries
in a simultaneous model structure; "demand” factors which
would tend to increase government spending and taxation were
similar to the variables used in Kelley, but Bolnick also included
variables reflecting "supply"” factors -- the ease of tax
collection. These variables included literacy rates and the
percent living in urban areas. A similar supply approach was
used by Riezman and Slemrod (1987), who suggested that
factors such as literacy rates, percent agriculture, percent
urban, and other factors could explain countries’ choices
between trade taxes (with relatively easy collection costs) and
other types of taxes. We use demographic variables
(population size, percent urbanization, population density,
population age < 14, population age =65, and the literacy rate
in 1970) and predetermined economic variables {(government
expenditure share in 1970, and average tax rate in 1970) as
instruments for the endogenous fiscal policy variables, g and 7,
in the output growth equation. We do not use lagged
endogenous variables as instruments because of potentially
serious biases in the presence of fixed effects or serially
correlated error terms, nor do we use economic variables such

as the size of the agricultural, foreign trade, and manufacturing
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sector (especially in first differences) as instruments since they
may be simultaneously determined with output growth rates.
Finally, a number of other factors, such as credit expansion,
inflation, and political stability, are excluded from the

regressions because of potential endogeneity.18

V. Data and Estimation

The econometric analysis used data during the period
1970-85 from a data set published by Summers and Heston
(1988). Tax data is not available for many countries previous
to 1970, so data for the 1960s in the Summers and Heston
data set could not be used. Tax rates were compiled primarily
from an unpublished IMF data source, but were supplemented
from World Bank, OECD, and United Nations publications when
overlapping data was consistent. Because of incomplete tax
data, this paper includes cross-section results for 107 of the
115 countries reported in Summers and Heston. The 15-year
time period is presumably long enough to net out the effects of
short-term fluctuations of government spending and taxes on
growth rates. Average tax rates are calculated as total tax
revenue divided by GDP using tax revenue data from OECD

National Accounts for the developed countries and IMF data for

16 For example, Alesina, Ozler, Roubini, and Swagel
(1991) found some evidence suggesting that low output
growth increased the chance of political instability. They
found evidence that political instability reduced growth rates
even after correcting for the endogeneity.
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developing countries. For a few countries tax rates were
calculated using 1971 or 1972 beginning points and adjusted
for the shorter time period due to the lack of earlier data.
Although the model suggests that the appropriate tax rates are
the effective marginal tax rates on capital and labor in different
sectors of the economy, a single average tax rate is all that is
available.

Output growth y is defined to be the average annual
logarithmic change in GDP over the 1970-85 period. The
variables /Y, L/L, g, and 7 were constructed using the
averages of the ratio of domestic investment to GDP, the
growth rate in the work force between ages 15 and 64, the
percentage point change in the ratio of government spending to
output, and in the ratio of tax revenue to output, respectively.
We include the average literacy rate and the average fraction of
the eligible population (age 12 to 17) enrolled in secondary
school as a rough measure of the external effects of education
stressed by Lucas (1988), or the importance of human capital
accumulation in Mankiw, Romer, and Weil (1991) and Barro
(1991a).17 A number of authors have also noted evidence

favoring convergence (that is, a negative correlation between

7 One might expect on theoretical grounds that the
literacy rate coefficient would be negative holding constant
secondary schooling. Schooling augments the stock of
human capital. Deaths depreciate the stock of human
capital. If the general population, or more specifically, those
who die, are more literate than newly graduated students,
there is a net loss in average literacy rates.
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initial income and output growth rates) conditioning on
investment and labor growth (Barro, 1991a; Mankiw, Romer,
and Weil, 1992), so we also include the log of per capita
income in 1970, LY, in many of the regressions. While these
variables are not explicitly a part of our theoretical framework,
they may be correlated with the error term in explaining output
growth. As we show below, these additional factors make
little difference in interpreting the coefficients on fiscal policy
variables. All variables are summarized in Table 1 with their
mean values and standard deviations.

We begin with three simple graphs showing how the
share of government spending (Figure 1), the growth rate in
government spending (i.e., AG/Y) (Figure 2), and the average
tax rate are correlated with output growth rates (Figure 3).
Asterisks denote Latin American countries, squares denote
African countries, and triangles denote all other countries.
There is a weak negative correlation between the share of
government spending and output growth except in African
countries. The growth rate is positively correlated with output
growth for all subsections of the world, which is consistent
with the Ram (1986) result. Finally, there is a weak, possibly
nonlinear, correlation between output growth and taxation,
although for Latin America the negative correlation seems quite
strong. We return to regional differences in Table 4 below.

The simplest benchmark equation using all 107 countries

expresses output growth as a function of labor and capital
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growth, with the absolute value of t-statistics (reported in
parentheses) in this and all other OLS regressions corrected for
heteroscedasticity (White,1980);

y- 0.057+ 0.129(/Y) + 0.463(L/L)+
(2.30) (3.73) (3.97)

0.010LIT+ 0.026SEC- 0.011LYPOP
0.79)  (1.86) (2.94)

The implied marginal productivity of capital is 12.9 percent,
while the labor elasticity is estimated to be 0.463. The log of
per capita income in 1970 (LY) is negative and significant,
while secondary schooling (SEC) is weakly significant and
positive but literacy (LIT) is not significant. These variables
combined account for 26 percent of the variance in output
growth.

Table 2 presents the regression results which include
government spending and taxation variables, again for the
entire cross-section sample of 107 countries. Column (1)
reports coefficients for a standard OLS regression. The
coefficient on tax growth is negative and significant, which is
consistent with the theoretical model. The coefficient on g, -
0.109, is negative, which seems surprising in light of
theoretical models implying that government spending (holding
taxation constant) should increase output. However, there are
at least two factors that would bias this coefficient. The first
is, as noted above, a possible spurious negative correlation

between g and y by the construction of g. The second is that
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worsening deficits -- e.g., faster growth in government
spending holding constant taxation -- would tend to signal

8 For

(rather than cause) financial and economic distress.
these reasons, we turn to the 2SIV approach that corrects for
both types of bias, with coefficients presented in column 2 of
Table 2.7 We also include the (log) level of initial per capita
income in 1970 in this and subsequent regressions. The
coefficient on government spending growth is essentially zero,
while the predicted impact of an increase in tax rates, 7, is
large, -0.654, and highly significant.

The full model with the level and the growth rate of
fiscal variables is presented in subsequent columns of Table 2;
the OLS results are presented in column (3) while the 2SIV
results are in column (4). We have suppressed the interactive
terms 77, g7, and gg from equation (9a) because they were
insignificant at the 95 percent level in a joint F-test and do not
significantly alter the other estimated coefficients. Focusing on

the 2SIV results, there is a negative but insignificant impact of

18 Note that strictly speaking, the deficitis not g - 7
since g includes only goods and services purchased and not
transfer payments.

19 |n the first-stage regressions the adjusted R? is .17
for the growth in tax rates, and .70 for the growth rate of
government expenditures. These results suggest that the
sets of instruments used for these two endogenous variables
are "good", in the sense that they are significantly correlated
with the variable that they are instruments for (Nelson and
Startz, 1990).



25

increasing the government share on output growth. Increasing
the tax share is still predicted to reduce output growth; the
coefficient implies that in the medium (15 year) term, raising
the share of taxes to GDP by 10 percentage points will reduce
output growth in the medium term by 3.2 percentage points.

It may be more useful for policy purposes to focus on
the long-term effects of government spending and tax policy
and ignore the medium term effects of changes in fiscal policy.
As noted in Section [ll, we model fiscal policy as affecting
factor productivity. Column (4) suggests that government
spending and taxation both reduce the productivity of labor and
capital, although the interacted taxation coefficients are not
jointly significant at the 5 percent level. The coefficients imply
that an increase of 10 percentage points in g and r reduce the
marginal productivity of capital by 2 percentage points, and the
marginal elasticity of labor output by 0.26. Equivalently, the
overall impact of a one-percentage point increase in g and r,
evaluated at mean values of the data, is to reduce output
growth by 1.4 percentage points (with a standard error of 0.49
percentage points). The theoretical one-sector model by King
and Rebelo (1990) predicts that a growth in taxation by 10
percentage points will reduce output growth by almost 2
percentage points (or more depending on the structure of the
model). Hence our estimates are of similar magnitude to King
and Rebelo’s predictions, although for a different reason. Kig

and Rebelo predict that the tax wedge will reduce saving, and
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hence reduce output growth rates as wealth accumulation
suffers. By contrast, we condition on capital accumulation and
find a strong negative impact of government spending on
private productivity. How might this negative effect be
explained, given that we are conditioning on tax rates? One
possible explanation is that the government objective function
includes arguments other than maximizing growth rates. Hence
redistributional programs such as public works projects in
depressed regions of the country yield positive gains to the
government, but retard growth. Finally, Column (5) includes
literacy rates and secondary schooling. Only secondary
schooling is significant at the 10 percent level, and the
coefficients on fiscal policy are essentially unchanged.20
Heston and Summers (1988) include a grade on data
quality for each country that ranges from A to D. While there
is no cardinal scale for data quality, we arbitrarily weight the
data by the inverse of the square-root of the grade (1 M1 for a
grade of A to 1M4 for a grade of D) to adjust for data quality.
Different scales (i.e., from 1 to 1/4) did not make an

appreciable difference for parameter estimates. Table 3 repeats

20 The model focuses on the distortionary effects of
taxation in private sector output, so it might be argued that a
better measure of GDP would remove the government sector.
Because the only contribution of the government to overall
GDP is its payroll, we define "private” GDP net of the
government payroll. Making this adjustment had little or no
effect on the regression results.
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the regression specifications from Table 2 only with the
weighted data. In general, the coefficients are quite similar but
the standard errors yield much tighter bounds.2' The
interacted tax terms, for example, are now jointly significant at
the 90th percentile. The predicted impact of a 10 percent
balanced-budget increase in government spending and taxes is
to reduce output growth by 1.5 percentage points, with a
standard error of 0.34 percentage points.

The estimated parameters can be used to cast some
light on the magnitude of the behavioral parameters. We use
coefficient estimates from Table 3, Column 4 to infer the
sensitivity of factor inputs to tax distortions. Suppose that
there is equality in the net return to capital, for example, so
that H,,(1-1" = H.,. Then with some rearranging and
assumptions about factor productivity, it can be shown that for
a wide range of reasonable parameters, either (i) 4, = -1.8,
which implies that a 10 percentage point increase in the tax
distortion will reduce investment in the taxed sector by 18
percent, or (ii) there are substantial unmeasured distortions,
either in terms of tax rates or barriers to capital flows, between
the taxed and untaxed sector of roughly 35 percentage points

(holding

21 The stability of coefficients between weighted and
unweighted regressions can be viewed as the null of &
specification test; see Godfrey, 1988, pp. 152-57.
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u'=-1 .0).22 The estimated effects are even larger for labor
force growth. In either case, the coefficient estimates imply
that tax distortions have a substantial impact on the allocation
of investment and labor supply.

One key assumption in cross-country regression models
is that the 107 countries are sufficiently similar so that Sierra
Leone, for example, can be pooled with Canada in a common
regression. To relax this assumption, we consider separate

regressions for different regions of the world, and for developed

22 \when the net factor returns in each sector are
equalized, the expression for the marginal product of capital,
from equation (6), may be written

alr,g) = wlg)H,, + s NTHJ.

Assume that changes in H and H,, are second order; then
one may write

3a/ar = w g{um ' He + MHid

Because the second-term on the RHS is positive, the
estimated A1 = da/dr (from equation 7a) is bounded from
below by u [wk(g)erx] The expression in the brackets is
the gross return in the taxed sector, which is higher than a,
the average rate of return on capital. Assuming that the
gross return in the taxed sector exceeds the average by at
most 50 percent, then one may measure the responsiveness
of factor supply by the ratio A /1. 5ral, or, based on the
coefficients in Table 3, Column 4, the ratio
-0.086/(1.5x0.160x0.197) where 7 is evaluated at its mean
value in the sample and a = 0.160 is evaluated at mean
values of r and g. An even more extreme story holds for the
effect of taxation on labor supply, yielding an estimated value
for y = -9.4.
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and developing countries (as in Grier and Tullock, 1989). To
ensure adequate degrees of freedom, we simply include g and
T rather than interacting them as in the text above. Table 4
presents results for these simplified regressions that are
weighted by data quality and estimated using 2SIV. The
impact of government spending is to reduce output growth in
African, Latin American, and developing countries. The only
exception is an essentially zero coefficient for the government
share coefficient in developed countries. This may reflect the
importance of transfer programs, which are not reflected in g
(government consumption) but are typically reflected in 7. The
negative impact of government spending, and in particular
taxation, is particularly strong in Latin American countries.
Finally, the effect of growth in the government spending share,
and in tax rates, is consistently negative for all regions except
Africa.

Our results are at odds with Ram (1986), who found
that the growth in total government spending (i.e., AG/Y rather
than A(G/Y)) has a positive and significant impact on output
growth rates. It is possible to derive an estimating equation
much like Ram’s by rewriting output as a function of G, total
(or per capita) government spending rather than the government
share g as in equation (1);

Y = HIK,, L. K, L; G) (1)

Glomm and Ravikumar (1991) suggest that specifying

the level of government spending G as in (1°) makes sense if
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the government provides a pure public good, while specifying
g makes sense if government spending provides an impure
public good (or private good) subject to congestion. The
production function in Barro (1990), for example, is a special
case of (1').

Regression results for the simplest form of the
production implied output growth equation without taxes are
shown in the first column of Table 5. The impact of
government spending is estimated to be large and highly
significant. The coefficient remains large in the OLS
regressions for column (2) despite the introduction of the
corresponding change in the tax rate 7. However, as pointed
out by Rao (1989), government spending is likely to be
endogenous with respect to output growth. Column (3)
corrects for endogeneity using 2SIV; while the coefficient on
government spending is still positive, it is no longer significant
and less than one-third its previous value in column (1).
Furthermore, the predicted effect of a ten percentage point
balanced-budget increase in government spending and tax
growth is to reduce the medium-term growth rate by 3.6
percentage points. This result holds as well for the more
general model presented in Column (4). In short, the evidence
presented in Table 5 strongly suggests the importance of
correcting for endogeneity in estimating how fiscal policies

affect output growth.
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One final question is whether the instruments we have
chosen are good in the sense that they are correlated with g or
7, but uncorrelated with the error term in the y equation. The
unconditional correlation of output growth with the instruments
rarely exceeds an absolute value of .15 except for population
density (.37) and the tax rate in 1970 (-.18). More formally,
we can test whether our assumption of exogeneity of
instruments is warranted using the Hansen J-statistic. For all
2SIV regressions shown in Tables 2 through 5, there was no
evidence of the exogeneity null being rejected at even the 50%
level. In sum, there is no evidence of our instruments being
tainted by independent correlation with output growth.

To this point, we have assumed that investment and
labor supply are exogenous with respect to tax and spending
policy. The "new" growth models suggest that tax policy
affects output growth primarily through variations in investment
levels (Rebelo and King, 1990; Barro, 1990). Is there any
evidence across countries that tax rates are systematically
related to investment levels? Two simple scatter diagrams of
private investment as a fraction of output (from Barro, 1991b)
and average tax rates 7 during 1970-85 are shown in Figures
4a and 4b. Each country is weighted either by population (in
the top graph) or by the square root of per capita output (the
bottom graph), with the corresponding (weighted) predicted
regression line included as well. Thereis a significant positive

correlation between private investment and tax rates. The
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result may be explained by higher-income countries both
investing more, and imposing higher tax rates. Also, this
diagram is not a strong test of the theory, since average tax
rates do not necessarily reflect effective marginal tax rates. For
example, Summers, Gruber, and Vergara (1991) calculate that
the overall tax burden in Sweden is very high, but the effective
tax on corporate investment is quite low. Nevertheless, these
figures provide little support for the view that taxes affect

growth rates primarily by discouraging investment.

VI. Conclusion

The effect of government expenditures and taxation on
GDP growth rates is central to many debates in both developing
and developed countries. This paper has developed a
theoretical model that integrates the effects of government
spending, and the distortionary effects of taxation, in a model
of output growth. Using a sample of 107 countries during the
period 1970-85, we found strong and negative effects of both
government spending and taxation on output growth. A
balanced-budget increase in government spending and taxation
of 10 percentage points was predicted to decrease long-term
growth rates by 1.4 percentage points. The implied behavioral
parameters from the model suggest that the allocation of factor
inputs are sensitive to intrasectoral tax distortions.

The administrative structure of the tax system as well

as the size of the tax base are also relevant in assessing the
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impact of taxation on output. For example, many African
countries rely on a small tax base (and high tax rates) to collect
a large fraction of their revenue. Such a country may report
low average tax burdens despite the presence of substantial
distortions. By contrast, a country with a large tax burden that
is uniform across sectors would incur little intersectoral
distortionary efficiency loss. Measuring a country’s effective
tax base may provide a better measure of the tax distortion
than simply the ratio of tax revenue to GDP.

To this point, we have treated the ratio of tax rates to
aggregate output as if it were "the" tax wedge. This is clearly
a very rough approximation to the true tax distortions in the
economy. Some attempts have been made to compare
measures of tax distortion across countries, such as Dunn and
Pellechio’s (1990) research on effective marginal tax rates on
business income across countries and Koester and Kormendi’s
(1988) measures of marginal tax rates. Plosser (1992) has
constructed a graph showing a strikingly negative correlation
between average per capita growth rates and average tax rates
on income and profits in OECD countries (also see Dowrick,
1992). Finally, taxes on labor income are likely to have quite
different effects on output growth than corporate, interest
income, or trade taxes. Despite these caveats, the evidence
from the empirical record appears to point towards an important

role of fiscal policy in affecting output growth.
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Table 1: Variables and Summary Statistics

Variable
dev.

real GDP growth rate
investment/GDP

labor force growth rate
change in gov. exp. share
change in gov. exp./GDP
change in tax rate

gov. expend/GDP
average tax rate

literacy rate (1970)
secondary schooling (%)
log(per capita GDP, 1970)
population (millions)
percent urban

population density
percent pop., <14 yrs.

percent pop., =65 yrs.

symbol

YIY
TA¢

L/L

AG/Y

LIT
SEC
LY
POP
URB
DEN
POP14

POP65

mean std.

0.033 0.021
0.191 0.077
0.039 0.018
0.008 0.024
0.007 0.006
0.019 0.018
0.186 0.070
0.197 0.079
0.586 0.325
0.428 0.290
7.341 1.030
25.06 69.31
0.445 0.254
166.6 571.5
0.381 0.091

0.056 0.039
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Table 2: Unweighted Cross-Section Regression Estimates (N = 107)

(3.54)

1.069
(3.00)

-0.113

(1.16)

-0.176
{(1.61)
-0.045

(0.21),

!
-2.031

(2.14)

-0.092

(0.86)

-1.339

(0.94) (0.92) (0.86)

LY -0.00% -0.008 -0.009 -0.012

" (1.77) (2.77) (4.54) (3.29) '

li LT 0.004

0 |

SEC 0.021

(1.64)

c 0.000 0.049 0.050 0.056 0.065

(0.02) (1.92) (2.20) (3.31) (2.30)

R2 0.30 0.24 0.41 I 0.39 l 0.42 I

ependent Varnable is the annu?log change in real GDP. t-statistics reported in
parentheses; standard errors of OLS regressions adjusted using White (1980).
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Table 3: Weighted Cross-Section Regression Estimates (N = 107)

0.000 0.049 0.054 0.049
(0.02) (3.15) (3.90) (3.195)

Dependent Variable i1s the annual log change in rea
of the square root of the data quality variable reported in Summers and Heston (1988).
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Table 4: Cross-Section Regression Estimates

() (2] (31 (4]

Entire
Sample

Africa Latin

Amer.

Develop
ed

(N=10
7)

(N=37) (N=24) (N=21) (N=8

(5]

Develop
ing

6)

(N=70)

(6]

All But
Africa

0.177

0.192 0.109

0.046

(10.03) (7.35) (3.99) (1.93)

0.206
(12.02)

(7.27)

0.165

0.328 0.218 0.289 0.304

0.33

(4.15) (1.66) (2.09) (1.82)

(4.24)

7

(4.10)

0.482

-0.104 0.193 -0.249

-0.364

(1.74) (1.82) (3.80) (2.76) (1.67

-0.105

)

-0.242

(3.62)

-0.166 -0.025 -0.092 -0.013

(2.05) (1.13)

(0.60) {0.12) (1.37

-0.060

)

-0.312
(3.20)

-0.108 0.110 -0.703 -0.000 -0.12

(5.89) (3.67)

(1.97) (0.01) (6.31

5

)

-0.085

(3.88)

-0.014 -0.021

-0.113

0.115

(1.95)

(0.35)

(3.00) (0.66)

-0.044

(1.76)

-0.023

(1.06)

-0.008

-0.012 -0.006 -0.019 -0.00

(3.76) (2.84) (1.45) (4.83) (3.57

9

)

-0.012
(4.79)

0.071

0.087 0.071

0.177

{4.33) (3.13) (2.10) (4.98) (4.22

0.077

)

(5.25)

0.096

0.39 0.20 0.51

0.43 0.36

0.56

Dependent Variable is the annual log change in real GDP. White
in OLS regressions.

variable reported in Summers and Heston (1988).

980) standard errors
Variables are weighted by the reciprocal of the data quality



44

Table 5: Cross-Section Regression Estimates: Alternative Model

-0.002 0.008 -0.011 0.004
(0.58) (2.11) (2.01) (0.67)

0.32 0.42 0.28 0.43

Dependent Variable is the annual fog change in real GDF, sample size i1s 10/. White
(1980) standard errors in OLS regressions. Variables are weighted by the reciprocal
of the square root of the data quality variable reported in Summers and Heston (1988).



GDP Annual Growth

Figure 1: GDP Growth Rate and the
Share of Government Expenditure 1970-85
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GDP Annual Growth

Figure 2: GDP Growth Rate and the
Government Expend. Growth Rate: 1970-85
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GDP Annual Growth

Figure 3: GDP Growth Rate and the
Average Tax Rate: 1970-85
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Figure 4a; Private Irvestment and Tax Rates, 1870-85
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