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Abstract

This paper investigates the robustness of the correlation between growth and a set of
variables which comprises accumulation rates in human and physical capital and medium
term macroeconomic indicators in OECD countries. We include these variables as addi-
tional regressors in the standard growth equation that comes from the human capital-aug-
mented Solow model. Our results show that variables related to medium term macroeco-
nomic performance affect both growth and convergence. In some periods these variables
even outperform the explanatory power of the conventional growth variables such as the
accumulation rates. Our results also suggest that it is difficult to analyse the contribution to
growth of any particular macroeconomic indicator in an isolated way. Rather, these effects
should be studied in a framework that accounts for the macroeconomic performance of a
country.
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1. Introduction

Convergence equations derived from the enlarged Solow model (Solow, 1956)
seem to provide an adequate framework for the analysis of growth and conver-
gence in cross-section samples of countries (Mankiw et al., 1992). However, a
closer look at the robustness of the estimates of the basic parameters of these
equations reveals that they are very unstable across subperiods and subsamples of
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countries in the OECD (Andrés et al., 1996). There are, at least, two alternative
explanations for these results. First, this instability of the human capital-aug-
mented Solow model may be due to the omission of some medium term
macroeconomic variables which could explain the performance of these countries
in periods of slow growth and macroeconomic turbulence. The second explanation
is simply that the augmented Solow model does not explain very well the growth
experience of this sample of countries, and that a better approach could be that of
the endogenous growth models. This paper explores the first alternative. Its aim is
to investigate the robustness in OECD countries of the correlation between growth
and a set of variables which includes the accumulation rates of the Solow model
and medium term macroeconomic indicators.

The analysis of the correlation between growth and macroeconomic indicators
has a short but rich tradition in the literature. Although the theoretical framework
which describes the relationships between such variables is still incomplete, the
empirical work on growth has paid an increasing attention to the role of macroeco-
nomic variables such as inflation, public spending and others upon the long run
prospects of different economies (Fischer, 1991, 1993). Most papers in this field
have dealt with specific issues, but it is difficult to compare their findings. The
paper by Levine and Renelt (1992) is a remarkable exception to this norm because
they study the correlation between growth and a large set of variables. They
conclude that the significance of these correlations depends on the set of regres-
sors included in the model. However, as Sala-i-Martin (1994) has argued, the
implications of the extreme-bounds analysis applied by Levine and Renelt may be
too strong, since there will always be possible to find a set of regressors that
makes a variable non-significant in growth equations.

Our work differs from the study of Levine and Renelt in three aspects. First,
our methodology for testing is different. We follow a conventional specification
search and try all possible combinations between the most representative macroe-
conomic indicators in our data set, searching for variables that are significant in
most of the cases. Second, since we exploit the time dimension of our data set
using pooled data, we also evaluate the robustness of these correlations to changes
in the sample period. Finally, we restrict our analysis to the OECD countries for
homogeneity reasons.

The structure of the paper is as follows. In Section 2 we present the results of
the estimation of standard convergence equations augmented with macroeconomic
variables. After a brief discussion of the reasons to include such variables in
convergence equations and a concise summary of the data used, we present the
results of cross-section regressions using time averages from 1960 to 1990. Next,
we exploit the time dimension of the data set and estimate convergence equations
with a pooled sample of five years averages of the variables. We then analyse the
stability across periods of parameter estimates, splitting the sample in two periods
that reflect the break in the pattern of convergence among OECD countries
between 1975 and 1985. This section ends with an analysis of the robustness of
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macroeconomic variables and accumulation rates to changes in the conditioning
set of variables and in the sample period.

The main findings of this paper, summarized in Section 3, are as follows. First,
macroeconomic variables have a significant and robust impact on growth, not only
in the short run but also in the medium and long run, and they help to improve the
explanatory power of the Solow model. The relative importance of macroeco-
nomic factors is higher in periods of slow growth and macroeconomic turbulence
than in periods of rapid and stable growth, which helps to explain the slowdown of
growth after the mid 70s. Second, growth rates seem to be positively correlated
with exports and monetary growth and negatively so with inflation and the
variability of money growth and inflation. Unlike other studies, we find that the
lack of correlation between the size of the public sector and growth is robust to the
specification of the model. Third, contrary to the results of Levine and Renelt, we
find that the influence of these macroeconomic factors is robust to changes in the
set of conditioning variables or changes in the sample period. In fact, the
coefficients of some macroeconomic variables are more robust than those of the
basic variables of the Solow model. Finally, the instability of the coefficients of
accumulation rates of physical and human capital discussed in Andrés et al. (1996)
does not disappear with the inclusion of macroeconomic indicators, and we also
find that some OECD countries present a lack of convergence in recession periods
that cannot be explained by these macroeconomic variables. These results raise
some doubts about the ‘mechanics’ of growth in the augmented Solow model, and
about the interpretation of the estimated coefficients of accumulation rates as
technological parameters of a common underlying production function for OECD
countries, and suggest the need for further research in this field.

2. Empirical results

Our starting point is the well known convergence equation popularized by
Barro and Sala-i-Martin (1991) and Mankiw et al. (1992) among others. The main
implication of the augmented Solow model with constant returns to scale is the so
called conditional convergence proposition, which states that the rate of growth of
per capita income (y) between periods 7 and T + 7 is a decreasing function of the
distance to the steady state. The steady state is given by the share of output
devoted to accumulate physical (s,) and human (s,) capital, the population
growth rate (n), the exogenous rate of technical progress (¢), the depreciation
rates (8, and §, assumed to be equal), and the parameters of the underlying
technology. The rate of growth of income per capita between T and T+ 7 for
country I is given by

)7;+‘. - yiT = ¢, 7+ (1 — exp{ _)‘iT})
X[Bi=yi+ 6T+ B Hasi” + visi = (@, + )5, }]
+2jA.iMji (1)
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where « and 7y are the coefficients of physical and human capital in the
production function, 8=1— a — 3 the labour share, and A i the coefficient
associated with the macroeconomic variable M;. All variables are in logs and s,
is the log of (n'* + ¢, + 8,). Steady state values are denoted by starred variables,
B, is a constant (a function of the initial technology level) and A is the

convergence rate which can be written as
Ai=B(ni +¢;+8). (2)
There are several reasons to include some macroeconomic indicators (M) in
the otherwise traditional convergence regression. Since the basic growth model
performs poorly in periods of macroeconomic imbalances in OECD countries
(Andrés et al.,, 1996), it seems natural to think that the inclusion of variables
related to macroeconomic shocks or policy actions may improve its explanatory
power. Following the work of Kormendi and Meguire (1985), different authors
have used accumulation rates and medium term macroeconomic indicators to
explain long run growth. ' We shall consider three sets of macroeconomic
indicators: fiscal variables, such as public spending and the budget surplus, *
nominal variables, such as the inflation rate, the rate of growth of the money
supply and the variance of money growth and inflation, * and some trade-related
variables. *

2.1. The data

When making international real income comparisons, we must be aware of a
number of problems in the properties of the data used for that purpose (Kravis et
al., 1982). The more transitive we want our comparisons to be, the more the

! See Grier and Tullock (1989), Barro (1989), Levine and Renelt (1992), De Gregorio (1993),
Easterly (1993), Artus and Kaabi (1993) and Sala-i-Martin (1994) among others.

? Different components of public spending might have different effects upon growth depending on
whether they enter into private production functions (Barro, 1989) and on the relevance of the tax
induced price distortions they generate (Singh, 1992). The budget deficit is expected to have negative
effects on growth (Fischer (1993), Easterly and Rebelo (1993)), although Artus and Kaabi (1993) find
the opposite for the OECD.

3 The evidence is mixed in this area. Grimes (1991) and Clark (1993) argue that inflation and growth
might be positively correlated. Nevertheless a significant and negative incidence of inflation on growth
cannot be denied, according to the work of De Gregorio (1993), Barro (1995) and many others.
Similarly, De Long and Summers (1992) have studied the relationship between Central Bank
independence and productivity growth. They find that Central Bank independence is negatively
correlated with inflation and positively correlated with growth (once the effect of initial conditions has
been discounted). Rajhi and Villieu (1993) present a model of endogenous growth to explain negative
correlation between the acceleration of inflation and growth found in a cross-section of 61 countries
and in the USA from 1950 to 1987.

* Greenaway and Sapsford (1994) survey the empirical literature on the relationship between
openness and growth. There is a widespread consensus about the superior performance of countries
more actively involved in international trade (see Easterly et al. (1993) and Lee (1993) on this issue),
although Levine and Renelt (1992) find that this correlation is not robust to alternative specifications.
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reference basket of goods has to depart from being the most representative sample
of items for each country, and vice versa. This is the main reason why we have not
used in this paper the Penn World Table 5.6, a new version of PWT 5 (Summers
and Heston, 1991), which constitutes a standard in the empirical growth literature.
As we restrict the analysis to the OECD, there is a potential loss in representative-
ness that would come with a data set constructed for a much larger sample of
countries. A second reason for using a specific OECD data set is that some of the
variables we use are not included in the PWT, and have to be drawn from
National Accounts. For the sake of homogeneity, it may be better to make a fresh
start from the OECD National Accounts.

Our data set is described in Dabéan et al. (1995). We use the OECD 1990
purchasing power parities (OECD, 1992a) to homogenize OECD National Ac-
counts from 1960 to 1991 (OECD, 1992b). Human capital indices (average years
of schooling of the labour force) have been taken from Kyriacou (1991). Follow-
ing Mankiw et al. (1992), we could work with the fraction of total output devoted
to accumulate human capital. This variable, however, is not available for all
OECD countries in different benchmark years covering our sample period. Assum-
ing that economies with a higher level of this indicator also have a higher
preference for human capital accumulation, we can use Kyriacou’s variable as a
proxy. Finally, money supply (M1) and budget surplus figures have been taken
from the IMF. °

Comparisons between the data set used in this paper and the Penn World Table
Mark 5 (PWT 5) and its new version (PWT 5.6) reveal some significant
differences in terms of economic growth and convergence, as Dabén et al. (1995)
have pointed out. The pattern of o-convergence displayed by each of these data
sets differs substantially from the mid-seventies onwards, whit both versions of
PWT showing a higher dispersion of GDP per capita than our data set. Moreover,
there are important differences in the ranking of OECD countries according to
their per capita incomes and in the evolution across time of the distribution of this
variable. Convergence equations estimated with OECD data yield a better fit than
those obtained with PWT data. However, there are also some relevant differences
between PWT 5 and PWT 5.6, since conditional and unconditional convergence
seem to be much lower in the former. Nevertheless, other parameters of interest
such as the coefficients of physical and human capital in the production function
are not significantly affected by the use of these different data sets.

2.2. Cross-section estimation

Basic model. We have estimated the non-linear version of the convergence Egq.
(1) setting T to 1960 and 7 equal to 30. This means that we consider only the

> International Financial Statistics. We have eliminated all break points using rates of growth
contained in various issues of this publications. The only exception is New Zealand for which we use
OECD rates of growth of M1 in 1987 and 1988.
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Tabie 1
Dependent variable: log( v, / ¥é,). Sample i: 1,...,24*
(D () ®) @ (&) 6 (7N ®
B -682 -7.57 -659 —315 -—10.1 -697 —6.01 -5.08
(505) (5271 (550 (1.63) (3.08) (461) (287) (189
a 0.30 0.31 0.28 0.31 0.37 0.31 0.27 0.33
(441)  (460) (3.89)  (450) 418) (370 (3D (356)
a 0.33 0.34 0.35 0.19 0.33 0.32 0.34 0.26
(6.90) (7.43)  (6.61) 2.1 (4.69) (5.61) (4.58) (2.82)
A 0.025 0.026 0.026 0.016 0.024 0.023 0.013
(5.12) (4.93)  (5.92) (353)  (372) (549 (429)
) 0.02* 0.031 002" 002" 002* 002 002° 002°
(2.49)
Public —0.571
consumption (1.32)
AM1 growth —-0.725 —0.869
(2.16) (4.04)
Inflation —0.064 —0.048
(1.24) (1.87)
M1 growth 0.062 0.069
(1.65)  (293)
Exports 0.149 0.173
growth (1.67) (3.39)
Budget —0.006
surplus (0.23)
R? Adj. 0.807 0.821 0.817 0.839 0.839 0.797 0.807 0.906
o 0.109 0.105  0.106 0.100 0.099 0.112 0.109 0.076
Bimp 0.37 0.36 0.37 0.50 0.30 0.37 0.39 0.41
Aim 0.021 0.021 0.022 0.029 0.017 0.02t 0.023 0.024
x? 0.44 - 0.56 0.21 0.35 0.26 0.02 4.3

* Estimation method: nonlinear least squares with robust errors. f-statistics shown in parentheses. A;,,,
is equal to (1 — & ~ 9)(7 + ¢ + 8) where ¢ =0.02 and 8 =0.03. B, is equal to (1 — & — %). Test
for restriction A=(1—a —yXA+ ¢+ 8)isa x, (critical value = 3.84). Coefficients for macroeco-
nomic indicators have been multiplied by 102

cross-section variability to analyse the convergence hypothesis over the long run.
Steady-state values of the variables are then approximated by their thirty year
averages. © The results are presented in Table 1, columns (1) and (2). The
convergence rate implied by these estimates is in the range of values found in

® This procedure {common to much of the work in this field) also mitigates the endogeneity problem
in estimating the convergence equation. Lagged values of the variables could be used as instruments if
the sample were cut at some intermediate date. The reasons for not proceeding in this way will become
clear later. As we will show, splitting the sample is not a trivial decision because the differences across
subperiods are large enough.
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previous work (Barro and Sala-i-Martin, 1991), about 2%—~2.5%. The estimates of
the implicit labour share ( 8), and the physical (a) and human () capital shares
are also quite similar to the values reported in Mankiw et al. (1992), Durlauf and
Johnson (1992) and Holtz-Eakin (1992). The convergence rate (A) is fairly robust
to alternative specifications. In column (2), the parameter ¢ is estimated to be
0.031, slightly higher than the value of 0.02 which is usually imposed (the null
hypothesis that ¢ = 0.02 cannot, however, be rejected). Our direct estimate of A,
in column (1), is 0.025. When we use the estimates of « and vy, the implicit A
given by expression (2) is 0.021 as column (2) shows. It is worth noting that the
data accept fairly well the theoretical restriction imposed by Eq. (2) with a y,
equal to 0.44.

Macroeconomic performance. The main results for the whole period are
summarized in Table 1, cols. (3) to (8). The public sector size (the ratio of public
consumption to GDP) and the public surplus (as percentage of GDP) are found to
be weakly correlated with growth in the OECD sample. Both variables have a low
t-ratio in most specifications. Public consumption is insignificant in every specifi-
cation. Grier and Tullock (1989) found significant effects of public consumption
for the OECD countries, but their model does not include the investment rate. ’
Similarly, the Barro (1989) results show a strong negative correlation between
public consumption and growth in the Summers and Heston data set. However
Levine and Renelt (1992) have found that this correlation is non-robust to the
inclusion of other macroeconomic indicators. ® The results presented in columns
(3) and (6) show that public consumption and the public surplus add very little to
the overall significance of the Solow model, and that the partial correlation
between these variables and growth is not robust to the inclusion of additional
regressors.

Out of the several nominal variables we tried, only the first difference of
inflation is significant for different combinations of regressors. The inflation rate
and money supply growth are significant when exports and the first difference of
inflation are included, but their variances are excluded. While our results are
consistent with those of Kormendi and Meguire (1985), Fischer (1991) finds a
strong negative effect of inflation on growth in both cross-section and pooling
models using the Summers and Heston data set, and so do Grimes (1991) and De
Gregorio (1993), who also report a negative influence of inflation growth. It is
interesting to note that inflation and money growth have similar coefficients but of
opposite signs. In fact, both coefficients are equal in absolute value when White’s
standard errors are not used.

Different measures of competitiveness and openness, such as the balance of

"In fact they obtain this result in a pooled model. As we shall see later this weak correlation
between growth and public spending carries over our pooled sample model.
¥ The same is true for any other indicator of the size of public sector.
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trade, real and nominal exports plus imports, eic., have been tried. Only the rate of
growth of exports (and to a lesser extent this rate weighted by the share of exports
in GDP) is robust to alternative specifications. This result is stronger than those
reported in other studies such as Kormendi and Meguire (1985) and Levine and
Renelt (1992) who found this positive correlation to be non-robust.

2.3. Pooling

Basic Model. We have chosen to split the sample into five year periods starting
in 1960. Such a procedure cancels out some uninteresting cyclical movements and
still leaves some room for time varying shocks to affect the growth process. There
are several advantages to exploiting the time series dimension of our data set.
Pooled data improves our understanding of the relationship between growth and
medium term macroeconomic performance. By their nature, the information given
by long-run averages of macroeconomic indicators about their impact on growth is
very limited. The correlation between public spending, inflation, and the openness
of the economy with the rate of growth is unlikely to remain stable over the cycle.
Inflation, for instance, may be an undesired consequence of demand impulses to
growth or the result of negative supply shocks leading to an economic slowdown.
Consequently, it is difficult to attach a particular interpretation to the relationship
between short-run macroeconomic indicators and long-run growth if we average
over long time periods. This procedure hides the different stages of development
achieved by OECD economies from 1960 to 1990 and also cancels out the large
variations in the average rate of growth during the sample period.

A second advantage of the pooled sample is the possibility to carry out tests of
structural stability on the convergence equation. Growth rates in the OECD have
been far from homogeneous during the sample period. Many countries grew very
fast until 1973 and entered in a deep recession from then until 1986. This raises
two related issues as far as the Solow model is concerned. The first one is to what
extent it is legitimate to expect the Solow model (or in general any model based
on labour market equilibrium) to hold during periods of high unemployment.
Second, we can also ask whether the rate of convergence remains stable regardless
of average growth.

We have estimated the equations by non-linear instrumental variables. Instru-

Notes to Table 2:

* Estimation method: non linear instrumental least squares with robust errors. r-statistics shown in
parentheses. Ay, is equal to (1~ & — 9H7 + ¢ + &) where ¢ =0.02 and 8 =0.03. B, is equal to
(1— & —#%). Test for restriction A=(1— a —y)7+ ¢ + 8) is a x(1) (critical value = 3.84). Coeffi-
cients for macroeconomic indicators have been multiplied by 102. Instruments: constant, time
dummies, lagged values of growth rates, investment rate, population growth, budget surplus to GDP,
inflation, exports and money growth and variance of money growth, current values of initial GDP per
capita, human capital, exports and money growth and variance of money growth.

b Equation includes time dummies.
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ments are first lags of endogenous variables as well as some current and lagged
macroeconomic variables. The results are summarized in Table 2. The fit of the
convergence equation is worse than in the cross-section case, and the parameter
estimates are far from the values obtained there (1/3, 1/3, 1/ 3), as can be seen
in col. (1). Labour and physical capital shares are around 0.4, while the share of
human capital takes the value 0.2, although it is significantly different from zero.
On the other hand, the restriction on the estimated A is still accepted.

How could this discrepancy be accounted for? Our conjecture is that the
convergence model specification is incomplete if we do not allow for the changing
macroeconomic performance of OECD economies during the sample period. In
columns (2) and (3) a similar exercise is presented, but with the inclusion of time
dummies to control for the large differences in average growth across subperiods.
The six periods in which the sample has been split display large variations in
terms of growth and macroeconomic performance. Including time dummies im-
proves the overall fit of the model (with a 10% fall in the standard error). The
parameter values are closer to the (1/3, 1/3, 1/3) set we found in the cross-sec-
tion. The implicit convergence rate is fairly similar to the one found in the
cross-section model (between 2.3% and 2.4%). Our point estimate of ¢ is 0.033
(col. (3)), but again the null hypothesis that ¢ = 0.02 cannot be rejected. The fit
and the estimated values of « and v, and the implicit A are similar to col. (2).

Macroeconomic variables. The variables we have used to measure short-run
macroeconomic performance are, to a large extent, endogenous to the growth
process. This characteristic is evident in the case of inflation and the ratio of
public surplus to GDP, suggesting that at least some macroeconomic indicators
should be instrumented. We do so using current exogenous and lagged endogenous
variables. ° The best specifications of the augmented convergence equation with
pooled data are presented in Table 2, cols. (4) to (10). In all these estimations the
parameter ¢ is exogenously restricted to 0.02.

A common feature of all the specifications tried is the absence of correlation
between the rate of growth of per capita income and the indicators of public sector
size. Such results are obtained regardless of the time period considered and the
inclusion of other regressors. The estimated coefficient of public consumption
turned out to be positive in some specifications and negative in others but with a
t-statistic always below one, which corroborates the cross-section model results.

°In practice, most of the macroeconomic indicators have been taken as being simultaneously
determined with output growth, and hence endogenous. The exceptions are the rate of growth and
variance of the money supply (which might be considered as policy variables) and the rate of growth of
exports. As the economy grows, the presence of economies of scale may increase competitiveness and
exports. However, considering that this effect takes time, we can safely assume export growth as
exogenous in the convergence equation. Since exports are a component of GDP, the convergence
equation has also been estimated using lagged export growth as an instrument for current growth
obtaining very similar results in most of the specifications. In particular, when the rate of growth of
exports is instrumented in the equation of col. (7), Table 3, the t-ratio for this variable is 2.03.






