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single equation is used to estimate the

causal effects of inflation on growth of
output in this article by Robert J. Barro. He
is certainly aware of the theoretical founda-
tions of the equation he is estimating, and
knows that justifying instrumental vari-
ables estimation requires at least informal
discussion of the mechanisms that com-
plete the system determining the endoge-
nous variables. He does not discuss the
theory underlying the equation much,
however, and he gives only partial and
informal indications of how he might com-
plete the system. In this comment, I fill in
these aspects of the analysis. The conclu-
sion is that the coefficient on inflation that
Barro estimates cannot reliably be inter-
preted as he seems to interpret it.

Barro also does not pay much atten-
tion to the fit of his model. That is, he
does not ask how well it accords with the
data compared with other models whose
predictions of the effect of inflation on
growth might be different. Though a com-
ment does not provide enough space to do
much along these lines, | make some re-
marks on this point, suggesting that theo-
ries that give no causal role to anti-infla-
tion policy per se in promoting growth are
apparently consistent with what we see in
the data.

I nstrumental variables estimation on a

THE THEORY UNDERLYING
THE EQUATION

If we postulate a Cobb-Douglas pro-
duction function in physical capital K and
human capital H, then
(1) y=ok+ph+a,

where Y is output, K is physical capital, H

is human capital, A is the productivity
level, lower-case letters are logs of corre-
sponding upper-case letters, and dots over
letters indicate derivatives with respect to
time t. Barro’s approach is based on rewrit-
ing equation 1 to prevent the need for data
on the level of K. This can be done by
simply solving the production function for
K and substituting, yielding:
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If we linearize equation 2, expanding in
terms of deviations of:
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from their values at a point near the center
of the sample, we will have (with the d op-
erator indicating deviations from the point
of linearization):
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which is close to the equation Barro esti-
mates, with the terms ina and ainterpreted
as making up the error term. The coeffi-
cients have the following interpretation:
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The relationships in equation 4 pose
difficulties for Barro’s interpretation of
his regression. In the neighborhood of a
steady state in which k = h, a balanced
growth path, there is no effect of h on out-
put growth and the effect of the level of y
is also likely to be zero. The coefficient on
Yy, 0,,is- (1 - - B) xg, where g is the
steady-state growth rate. If o + 3 <1, then
g=0.1fg>0, then o+ B3 1. This may
seem to conflict with the prediction of neo-
classical growth theory that economies will
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converge to a common level of income, ex-
cept as their levels of A differ. But this pre-
diction works entirely through the idea
that kand h will depend systematically on
the output level. In an equation, like the
one Barro estimates, in which K /Y and

H /Y both appear directly, convergence ef-
fects do not appear in the coefficients of
the level variables hand y.

That the coefficients in this conver-
gence equation no longer have anything to
do with convergence once human and
physical capital investment terms have
been added does not directly raise prob-
lems for the use of the equation as a base
for examining the effects of inflation on
growth. However, that the estimated coef-
ficients on h and y still emerge with values
that might be expected from an actual
convergence equation, without the K/ Y
and H /Y terms, does raise concerns. We
need to know why this result has oc-
curred. Is the theory simply wrong? Are
there omitted productive factors of such
importance that y is still proxying for their
levels? Is there severe uncontrolled-for
measurement error in some variables?

Suppose we could find an answer to
these questions, so that we were still will-
ing to interpret the equation as a technol-
ogy equation. Additional variables like po-
litical instability measures, fertility, life
expectancy, and inflation would then have
to be interpreted as components of a or a,
or else their inclusion in the equation
would undermine the interpretation of the
original set of variables as reflecting the
technology. To estimate the equation,
Barro must be assuming that the parts of A
and a not accounted for explicitly with ad-
ditional variables are independent of the
variables he uses as instruments. He may
also have in mind that some variables are
measured with error, and that such mea-
surement errors can be absorbed into the
equation disturbance term if they are un-
correlated with the instruments.

Barro labels this an output growth
equation, but because he recognizes the
endogeneity of the investment ratio, the
schooling ratio, and some of the additional
variables he introduces, it would be better

just to call it the technology equation.
What goes on the left side is arbitrary. The
theory Barro is invoking to allow him to
interpret the coefficients of his estimated
equation is embodied in the classification
of variables into endogenous, predetermined
included, and predetermined excluded,
which is explained in the footnote to his
Table 2. | display it here in Table 1.

Note that, though we follow Barro'sar-
ticle in matching up many of the excluded
predetermined variables with correspond-
ing included endogenous variables, the
model and estimation procedure do not
make use of any such matching. In a multi-
variate equation with multiple instruments,
one instrument is not logically an instru -
ment for any particular variable in the equa
tion. We do need to ensure that the num-
ber of instruments matches the number of
included endogenous variables, less one,
and that each endogenous variable is to
some degree correlated with the whole vec-
tor of instruments. This accounts for the
common practice of matching instruments
to variables, but we should be careful not
to be misled by it. In this article an index of
central bank independence is dismissed as
an instrument for inflation because it is not
strongly correlated with inflation. It may be
that it is not a good instrument, but its bi-
variate correlation with inflation does not
in itself tell us that.

This is an equation drawn from a sys-
tem of 12 jointly determined endogenous
variables, any one of which could in princi-
ple be put on the left and serve to name the
equation. In one case, this would not make
sense. The level of gross domestic product
(GDP) enters the equation with a lag rela-
tive to the dependent variable—it is the
GDP at the beginning of the period over
which the growth of output is calculated.
The level of GDP is treated as endogenous
apparently only because of concerns about
its being measured imprecisely. That is, one
equation in the full system is meant to be

(5) log (GDP) = log(GDP*) +v,

where GDP* is correctly measured GDP,
which is taken to be predetermined. Be-
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Table 1

Barro’s Classification of Variables

Endogenous Predetermined Included Predetermined Excluded
QOutput growth
Output level Lagged output level
Male schooling level
Female schooling level
Life expectancy
Log (GDP) x human capital Log (GDP.,) « human capital®
Fertility Lagged fertility
Government C/Y Lagged government C/Y
H/Y! Lagged H / Y
Black-market premium Lagged black-market premium
Rule of law
Terms of trade
K/Y Lagged K / Y
Democracy Lagged democracy
Democracy-squared Lagged democracy-squared
Inflation* Inflation Lagged inflation

Inflation standard deviation

Lagged inflation std. deviation
Colonial status
Latin America dummy

* This instrument is not listed explicitly in the draft of the paper presented at the conference.

t His proxied by spending on public education.

* Inflation is in some estimations treated as exogenous and in others treated as endogenous. In the latter case, lagged inflation is introduced as an instrumental variable.

cause equation 5 has only one endogenous
variable in it, it determines GDP and
makes it unreasonable to regard the Barro
equation as determining the level of GDP.
But aside from this one, all the other en-
dogenous variables are apparently so
treated because it seems clear that there is
a distinct possibility that they are not de-
termined by mechanisms independent of
the unobserved components of A and a.
Barro describes his results as if the esti-
mated coefficient on inflation describes the
effects of policy-generated changes in infla-
tion on output growth. But of course noth-
ing in the specification of the equation tells
us that we must hold every endogenous
variable except output growth fixed while
we contemplate changes in inflation. In-
deed, to describe the effects of inflation on
output growth accurately, we need the full
set of equations describing the reaction of

private-sector behavior to government pol-
icy aimed at altering the inflation rate. For
example, the black-market premium, the
terms of trade, and the investment ratio all
seem likely to change after any policy
change that affects the inflation rate. An-
other example is that, particularly in poor
countries, inflation may be an important
source of government revenue. A policy-in-
duced inflation increase that holds public
spending on education and government
consumption constant therefore must,
through the government budget constraint,
entail increased government investment, in-
creased transfer payments, decreases in
taxes other than the inflation tax, or de-
creased budget deficits. Because we do not
control directly for which of these fiscal off-
sets is chosen, the equation describes what
happens when an average accompanying fis-
cal policy is used. But why would we be in-
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