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ABSTRACT

Does inflation Matter for Growth?*
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includes the potential impact of inflation on: (a) saving through real interest
rates {(or uncertainty); (b) the income velocity of money; (c) the government
budget deficit through the inflation tax and tax erosion: and (d) efficiency in
production through the wedge between the returns to real and financial capital.
The effect of inflation on growth is estimated using the random-effects panel
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NON-TECHNICAL SUMMARY

Economists have long had reason to wonder whether inflation is generally
conducive or detrimental to economic growth. Various arguments have been
put forward on both sides, not least in the ongoing debate among development
economists on the long-term development of Latin America. In this debate,
which was particularly vivid in the 1960s, monetarists generally considered
price stability a prerequisite for economic growth. They maintained that
governments should therefore enforce monetary discipline to eliminate
inflation, thus creating conditions for rapid growth. Structuralists, on the other
hand, contended that in economies with major supply bottlenecks and weak
export markets, attempts to achieve price stability through monetary or fiscal
restraint would result in unemployment, underutilization of capacity, and slow
growth.

For a long time, historical and comparative studies did not provide clear
empirical conclusions about the relationship between inflation and growth in
Latin America or elsewhere. Over the past decade, however, the contours of
an inverse connection between inflation and growth across countries have
begun to emerge from econometric studies.

The wide variety of patterns of inflation and growth reported in empirical
studies up unti the mid-1980s is not surprising. Monotonic bivariate
relationships among real magnitudes are hard to find in macroeconomics. Any
bivariate relationship must depend on the concurrent position or movement of
other relevant variables. Therefore, virtually any economic theory or empirical
observation of an inverse relationship between two real macroeconomic
variables can be challenged by an alternative theory or cbservation of a direct
link between the two variables, and vice versa. So, it is no wonder that
economists failed for so long to identify an unambiguous relationship between
inflation and growth in the short run or the long run. It was not until the advent
of the theory of endogenous growth in the mid-1980s that economists began
to specify empirical growth models in a way which made it possible to isolate
the analytical and empirical links between inflation and growth. Even so, the
fong-run properties of some endogenous growth models can be interpreted as,
and may even be empirically indistinguishable from, the medium-term
properties of the neoclassical growth model.

The purpose of this study is to present a simple model of the simultaneous
determination and interaction of inflation and growth and to estimate the
growth part of the model. The model is constructed by incorporating money




into an optimal growth framework with increasing returns to scale. Several
channels through which increased inflation tends to reduce growth and
declining growth tends to amplify inflation are discussed. Special attention is
paid to the potential impact of inflation on: {a) saving through real interest rates
(or uncertainty); (b) the income velocity of money; (c) the government budget
deficit through the inflation tax and tax erosion; and (d) efficiency through the
wedge between the retums to real and financial capital. Numerical analysis of
the model indicates that, although a wide variety of outcomes is possible,
inflation and growth tend: (a) to be negatively correlated for reasonable values
and constellations of the structural parameters of the model: and (b} to vary
inversely with one another in response to changes in individual parameters. In
particular, budget deficits, through their interplay with inflation, saving
behaviour, portfolic choice, and taxes, tend to deter growth in the long run.

A growth equation derived from the model is tested by incorporating inflation
into the standard Barrovian growth framework. Our specification is estimated
with panel data constructed from the Penn World Tables (where the growth
figures are derived from purchasing-power-parity-adjusted output figures) and
from the World Data Bank (where the growth figures are unadjusted). This
gives us the largest possible number of observations (countries) with which to
test our hypothesis. The method also enables us to exploit both the time-
series and cross-sectional properties of the data.

The effect of inflation on growth is significant and sizeable both in the panel
regressions based on the World Data Bank and in those based on the Penn
World Tables. From 1960 to 1993, increased inflation tended to retard growth
in a large group of countries at all income levels, both across countries and
over time. The link between inflation and growth appears fairly strong, both
statistically and economically: an increase in inflation from 5% to 50% a year
from one country or time to another reduces the rate of growth of GDP per
capita by 0.6% to 1.3% a year according to our benchmark regressions, other
things being equal. The link is non-linear: growth is relatively more sensitive to
an increase in inflation by, say, 45 percentage points a year at low than at high
rates of inflation. The link also seems quite robust: it survives the stepwise
introduction of several further conditioning variables including: (a) initial
income (to capture the catch-up effect, or convergence); (b} investment
(unadjusted for quality); (¢) human capital (as measured by primary- and
secondary-school enrolment); (d) primary exports (to capture the inefficiency
caused by rent seeking, the Dutch disease, and perhaps also by the spillover
effects of low technology and low-skilled labour in some primary-export

industries, e.g. agriculture in developing countries); and (e) a dummy variable
for Africa.



1 Introduction

Economists have long had reason to wonder whether inflation is generally
conducive or detrimental to economic growth. Various arguments have been
put forward on both sides. not least in the ongoing debate among develop-
ment economists on the long-term development of Latin America. In this
debate. which was particularly vivid in the 1960s. monetarists generally con-
sidered price stability a prerequisite for economic growth. They maintained
that governments should therefore enforce monetary discipline to eliminate
inflation. thus creating conditions for rapid growth. Structuralists. on the
other hand. contended that in economies with major supply bottlenecks and
weak export markets, attempts to achieve price stability through monetary
or fiscal restraint would result in unemployment. underutilization of capacity.
and slow growth (Ruggles. 1964).

For a long time. historical and comparative studies did not provide clear
erpirical conclusions about the relationship between inflation and growth in
Latin America or elsewhere (Johnson. 1969). The economy of the United
States, for example, has grown relatively rapidly and slowly in periods of
both inflation and defation {Friedman and Schwartz, 1963). So have most
other economies. In one of the earliest cross-country studies of inflation and
growth. Thiriwall and Barten {1971) report & positive relationship between
low inflation {i.e.. below & per cent per yesr) and growth (unadjusted for
population change) in a cross section of 17 industrial countries during 1958-
1067. and a negative relationship between high inflation (i.e., above 10 per
cent per year) and growth in a cross section of 7 developing countries over
the same period.

Owver the past decade. however. the contours of an inverse connection
between inflation and growth across countries have begun to emerge from
econormetric studies. In an article published only in German. Heitger (1985)
reports a significantly positive relationship between the rate and variability of
inflation and a significantly negative relationship between inflation variabil-
ity and economic growth. inferring that inflation was detrimental to growth
in a large cross section of industrial and developing countries during 1950-
1980. Specifically. Heitger's results indicate that a 1 per cent increase in the
annual average inflation rate is associated with a 0.02 per cent to 0.1 per cent
decrease in the annual average Tate of growth, ceteris paribus. Barro (1990a)
reports a negative but weak relationship between inflation and the growth
rate of real per capita gross domestic product (GDP) during 1970-1985 in
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a cross section of 117 countries. Even so. he fnds a significantly negative
relationship between the intensification of inflation (from 1960-1970 to 1970-
1985) and growth.! as do Kormendi and Meguire (1985) in a cross section
of 47 countries during 1950-1977. Using time series for 21 countries over 27
years. Grimes (1991) reports that an annual inflation rate of about 9 per cent
reduces the annual rate of economic growth in each country by around 1 per
cent on average.

Applying nonparametric methods to small samples. Gylfason (1991) shows
that economies with high inflation (i.e.. 20 per cent or more per year) grew
significantly less rapidly on average than economies with low inflation {Le.
below & per cent per year) during 1980-1085. Similarly, Bruno and East-
erly (1895} report that inflation rates above 40 per cent a year are generally
harmful to growth.

According to Cuklerman ef @l(1993). increased central bank indepen-
dence is associated with less inflation and more growth in developing coun-
tries. but only with less inflation in industrial countries. Here we have an
example of a variable. central bank independence. that is associated with
movements of inflation and growth in opposite directions, at least in devel-
oping countries.

Fischer's (1991,1993) cross-section regression estimates based inter alia
on the Penr World data compiled by Summers and Hestor {1993), from 1960
to 1989, indicate that an increase in inflation from. say. 5 per cent to 50 per
cent a year from one country to another reduces the growth of GDP by 1.8
per cent per year. other things being equal. By the same token. Gylfason's
(1996b) results based on cross-section data from the World Bank during 1985-
1994 indicate that 2n increase in inflation from 5 per cent to 50 per cent a
year from one country to another reduces the growth of GDP per head by
2.4 per cent per year. ceteris paribus. Based on data for 100 countries from
1960 to 1990. Barro (1995) reports that an increase in average inflation of
10 per cent a year reduces per capita growth by 0.2 per cent to 0.3 per cent
& year. ceteris paribus. This means that an increase in inflation from 5 per
cent to 50 per cent a year would then reduce per capita growth by 1 per cent
to 1.5 per cent per year. An increase in inflation by 1 per cent a year reduces
productivity growth in the United States by 0.03 per cent a year according to
Motley (1994). and by 0.25 per cent a year according to Taylor {1996). Thus,

1Sce also Barro and Sala~i-Martin (1995, Chapter 12) for an overview of cmpirical
results on the determinants of growth.



by linear extrapolation. an increase in inflation from 5 per cent to 50 per
cent per year reduces growth by 1.4 per cent and 11.2 per cent, respectively.
according to the two studies. Davis and Kanago (1996) find that an increase
in inflation uncertainty reduces growth. but only temporarily. Garrison and
Lee (1995) find no evidence that high inflation reduces growth.

Using panel data from twelve Latin American countries from 1950 to
1835. De Gregorio (1992a. 1992b. 1993) finds a semielasticity of per capita
growth with respect to average inflation equal to -0.008. This means thas an
increase in annual inflation from 5 per cent to 50 per cent from one country
to another reduces per capita growth by 0.7 per cent per year. ceteris paribus.
Roubini and Sala-i-Martin (1992) use data from 93 countries from 1960 to
1985 and find that an increase in annual inflation from 5 per cent to 50 per
cent from one country to ancther reduces per capita growth by 2.2 per cent
per year. ceteris paribus. Fischer et al. (1996: Figure 4) report a strong
inverse correlation between inflation and growth in 26 transition economies
during 1992-1994. Their results imply that an increase in inflation from 5
per cent to 30 per cent per year from one country to another reduces growth
by 34 per cent per year. but this presumably reflects short-run transitional
dynamics rather than long-run linkages between inflation and growth.

The empirical results reviewed above are summarized in Table 1.

<Table 1. Inflation and Growth: Overview of Empirical Studies>

The wide variety of patterns of inflation and growth reported in empirical
studies until the mid-1980s is not surprising. Monotonic bivariate relation-
ships among {stationary) real magnitudes are hard to find in macroeconomics.
Any bivariate relationship. static or dynamic, must depend on the concurrent
position or movement of other relevant variables. Therefore, virtually any
economic theory or empirical observation of an inverse relationship between
two real macroeconomic variables can be challenged by an alternative theory
or observation of a direct link between the two variables, and vice versa. So,
it is no wonder that ecoromists failed so long to identify ar unambiguous
relationship between inflation and growth in the short run or the long run.

Figure 1 shows the average rates of inflation and growth of real gross do-
mestic product {GDP) per capita from 1960 to 1993 for alt countries included
in the Penn World Tables (upper panel) and all those reporting to the World
Bank (lower panel). The figure illustrates the compiete absence of a clear
relationship between inflation and growth across countries. It was not until



the advent of the theory of endogenous growth in the mid-1980s (Rorner.
1986) that economists began to specify empirical growth models in a way
which made it possible to isolate the analytical and empirical links between
inflation and growth. Even so. the long-run properties of some endogenous
growth models can be interpreted as. and may even be empirically indistin-
guishable from. the medium-term properties of the neoclassical growth model
{Solow. 1956).

<Fig. 1. Average Inflation and Growth of GDP Per Capita,
1960-1993>

The purpose of this paper is to present a simple model of the simuita-
neous determination and interaction of inflation and growth and to estimate
the growth part of the model. The model is constructed by incorporating
money into an optimal growth framework with increasing returns to scale.
Several channels through which increased inflation tends to reduce growth
and declining growth tends to amplify inflation are discussed. Special atten-
tion is paid to the potential impact of inflation (a) on saving through real
interest rates (or uncertainty). (b) on the income velocity of money. {(¢) on
the government budget deficit through the inflation tax and tax erosion, and
{d) on efficiency through the wedge between the returns to real and financial
capital. Numerical analysis of the model indicates that, although a wide va-
riety of outcomes is possible, inflation and growth tend (2) to be negatively
correlated for reasonable values and constellations of the structural parame-
ters of the model. and (b) to vary inversely with one another in response
to changes in individual parameters. In particular. budget deficits. through
their interplay with inflation. saving behavior. portfolic choice, and taxes,
tend to deter prowth in the long run. This result. which appears also in Al
ogoskoufis and van der Ploeg (1994) in a model of endogenous growth with
overlapping generations. differs from the results of earlier models of money
and growth following Tobin (1965). where increased monetary expansion can
raise the capital/output ratio and the level of output per head in the long
run, but not its rate of growth.

A growth equation derived from the model is tested by the random-effects
panel model by incorporating inflation {as in Fischer, 1991, 1993) and raw-
material exports (as in Sachs and Warner. 19952, 1985b) into the standard
Barrovian growth framework. Our specification is estimated with unbalanced
panel data constructed from the Penn World Tables (where the growth figures




are derived from purchasing—power—pa.rity-adjusted output figures) and from
the World Data Bank (where the growth figures are uradjusted). This gives
us the largest possible gumber of observations {countries) with which to test
our hypothesis. The method also enables us to exploit both the time-series
and cross-sectional properties of the data, To rule out simultareity bias. we
test for exogeneity of regressors. To avoid biasing the results towards rapid
convergence rates. which is often the case when using fixed-effects panel
models. we employ the random-effects modei, see Nerlove (1996).

The paper proceeds as follows. Section 2 lays out the theoretical frame-
work. Section 3 reports the results of the regression analysis. Section 4
provides a summary and a brief discussion of the main findings,

2 Theoretical Framework

2.1 Production

Aggregate output ¥ depends on labor V. real money balances M/P, and
capital K. through an extended Cobb-Douglas production function:

Y= AN® (MY P)® -8, (1)

M is the supply of money. P is the general price level, A is a technological
shift parameter. and o, 8, and 1 — @ — 3 are the elasticities of output with
respect to labor, real balances. and capital. Money is included in the pro-
duction function on the grounds that holding real balances enables firms to
econornize on the use of other inputs and that it can be expensive for firms to
be short of cash (Fischer, 1974; Gyifason, 1996z). Further, we assume capital-
embodied technology and spillovers (externalities) across firms in the form
of A = BK* for the economy as a whole, so that ¥ = BN*(M/P)SK1-8,
This implies increasing returns to scale and coostant returns to real money
balances and capital broadly defined (Romer, 1986; Lucas, 1988: Rebelo.
1991). The parameter B reflects the intensity of factor use {e.g.. the num-
ber of hours machines are kept running per day}. The aggregate production
function is thus:

Y = EK, (2)

where;



E= BN, (3)
and v = Y/{M/P) is the velocity of money. E represents the efficiency of real
capital, and is simply the inverse of the capital/output ratio. By increasing
velocity, increased inflation reduces efficiency as long as money plays a role
in the production function {3 > @). other things being equal.

To maximize profits. firms equate thelr marginal product of capital (1—
a— B)E to the real interest rate r. In their caleulation, the firms thus do not
take the technological spillovers into account. Similarly. profit maximization
requires equality between the marginal product of money fu and the nomi-
nal interest rate r + . where 7 is the rate of inflation {and also between the
rmarginal product of labor and the real wage).? As long 25 N and v are con-
stant in equilibrium. output is proportional to the capital stack, Therefore.
¥ and K raust grow at the same endogenously determined rate. which can be
positive even if the labor force is fixed by assumption. With increasing re-
turns to scale and constant returns to money and capital. the capital/output
ratio does not adjust automatically to ensure equality between the rates of
growth of output and the tabor force ir. the long run {with or without laboz-
sugmenting technological progress). as it does in the neoclassical model with
constant returns to scale and decreasing returas to capital (Solow, 1956).
The deactivation of this dynamie. neoclassical adjustment mechanism is the
key to endogenous growth in this framework.?

With the automatic adjustment mechanism of neoclassical growth theory
out of commission. the literature on endogenous growth has been concerned
thus far mostly with the determination of the (broad) capital/output ratio.
ie.. effciency. and its implications for growth® The present model consti-
tutes an attempt to introduce money and inflation into the story in a way
that illuminates the effects of monetary and fiscal policy. private saving, and
portfolio choice on both inflation and growtk in the long run. In contrast

2T hese two first-order conditions together produce a Fisher-Mundell effect: when infia-
tion gocs up, velocity also increascs. 5o that cficiency decrcases by cquation (3) and the
real interest rate goes down {Fisher, 1930: Mundell. 1963)-

317 the labor force grows at an annual rate z. the copital stock deprecintes at rate 6.
and technology progresses ot rate 7, then gy = gx — &+ (am +7)/(1 — B). where gy and
gic ote the growth rates of ¥ and K for given v,

4Gee Romer (1989, 1894), Stern (1981), and Barro and Sala-i-Martin (1995} for reviews
of recent developments in growth theory.

55ee. for example. Romer (1986}, Lucas (1988), and Barro {19900).

=1



to De Gregorio (1992a), where infiation affects growth through investment
and its productivity, and Roubini and Sala-+-Martin (1992), where financial
repression provides the link between inflation and growth, the link is estab-
lished here by corabining the quantity theory of money and portfolio choice
with an optimal growth model that includes money.

2.2 Money and Finance

General macroeconomic equilibrium requires equality between money supply
and money demand: AM/P = Y/u. where M is money supply. P is the price
level. ¥ is real GNP, and v is the velocity of money as before. If the optimal
ratio of real money balances to real wealth, {(M/P)/[{M/P)+ K|, is denoted
by £ (Tobin. 1958), then the corresponding optimal velocity of money is
¥ = (1 — h)E/R® Hence. if increased inflation reduces money demand’
so that A falls. then v rises for given E. If h and E are both constant in
equilibrivm so that » is also constant. the Fisher equation M/P = Y/v can
be expressed in rates of change:

TE=m—g. (4)

7 i3 the rate of inflation. m is the rate of monetary expansion, and g is the
growth of GNP (and also of GNP per capita, because the labor force is held
fixed).

If the government finances its budget deficit by printing money, the rate
of monetary expansion equals the multiple of velocity and the ratio of the
deficit to GNP, d:

m = ud. (5}

The deficit/GNP ratio can be written as d = ¢ — 7/v, where ¢ is an ex-
ogenous component (l.e.. government spending less direct and indirect taxes
divided by GNP) and /v represents inflation tax revenue as & proportion

SNatice that by substituting v = {1 = R}E/R into cquation (3} we get the following
expression for cfficiency: E = BN° ((1 ~h)/R)7%. This implies an inverse relationship
between inflation and efficiency through A, for given B and N.

A negative relationship between money demand and inflation follows fom the condi-
tion for profit maximization statod i the toxt: Bv =r47. See Fisher (1930) and Mundell
{1963).




of GNP. Thus. m = wc — 7. This gives the following inverse relationship
between inflation and growth:

n= L8 6

This equation is represented by the MM schedule in Figure 2.
«Fig. 2. Inflation and Growth in Reduced Form>-

The MM schedule slopes downwards. because increased growth reduces
infiation for given v and ¢, but the reduction of inflation is checked by the
increased budget deficit through the inflation-tax-revenue shortfall. An ex-
ogenous increase either in the deficis or in velocity shifts the MM schedule
to the right. thus raising the rate of inflation {or growth) compatible with
any given rate of growth (or inflation).}

2.3 Consumption and Saving

Clonsumers choose a path of consumption C, that maximizes their utility U
over time. Specifically, they maximize the wtility integral: j5° Uy (Cr)e™#dt.
where p is the discount rate. subject to the constraint that accurnulated real
capital equals output less consumption: AK = Y- = EK—C: see equation
(2). If the utility function is isoelastic. Uy = (CF% — 1)/(1 — 8}, where 0 is
the inverse of the absolute value of the constant elasticity of marginal utility
with respect to consumption. the solution o this maximization problem is
the Ramsey rule:

1 -

g=3E-p)- {7)

Here g is the rate of growth of consumption and, therefore, also of output
and capital along the optimal consumption path.® The above solution for the

¢ the infiation tax is not included in the analysis, equation (5) simplifics to 7 = vd—g
by cquations (3) and (4). The MM schedule becomes steeper than shown in Figure 2 {its
slope changes from -1/2 to -1). but it retains the qualitative properties deseribed in the
toxt.

%1f money is included in the utility function so that Uy = [CR M./ Pe)*] “n-m
where A+ < 1 as in Fischer (1979). thea the optimol rate of growth of consumption.
real baiances. capital, and output is g = (E — p)/6{ + #)(1 ~ 1)+ 3, whieh is larger
than the growth rate shown in the text as longos 6 >0and A+p <l Without moncy in
the utility function {L.c.. with A =1 and g = 0), the above expression for optimal growth
simplifics to the one shown in the text. Sec also Sidrauski (1967).
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optimal rate of growth can be transformed into the muitiple of the saving
rate s and efficiency E. adjusted for real monetary expansion (Tobin, 1965,
and Sidrauski. 1967):

g=[s—(1-sp]E. (8)
where ¥ = =% This equation is derived by writing the flow of real saving
& first as the sum of the accumulated stocks of real capital AK and real
morey balances A(M/P) = (M/P) (m-~-7) and then as 2 fraction s of income
including accumulated real money balances, that is, ¥ + (M} Py(m — 7).10
This ylelds the following expression for the optimal propensity to save:!!

_SIY _gE+y

TR T Tixe 9)
Hence. after some manipulation:
L E—p)(E-v)
T ECE- B (10)

by equations (4) and (7). Therefore, the optimal saving rate is constant for
given v, E, p. and 6,12

If increased inflation reduces money demand and thus raises v for given Y,
then s must fall for given E, p. and 8, because ds/dv = —g(1—g/E)/(v+g)? <
Daslong as 0 < g < E. Quantitatively, however, this link turns out to
be weak, as can be confirmed by substituting the values of g- E, and »
used in Section 2.5 into the expression for ds/dv above. A potentially more
important inverse relation between inflation and saving can he derived {a)
by noticing that ds/dE = (v/E)[g(1 — 9/E) + (1 +v/E)pLl/ (v + g)%, which
is positive at least as long as 0 < 9 < Ej (b) by remembering that profit
maximization requires the real rate of interest r to be proportional to the
efficiency of capital E: and (c) by assuming that the nominal interest rate
does not adjust fully to changes in the rate of inflation (as. e.g., in Fisher,

YEquation (8) can also be derived by assuming a fixed saving rate without explicit
intertemporal optimization {as in Selow {1856} and Sidrauski {1967). for exampie). See
Sandmo (1968) and Dornbusch and Frenkel (1973) for expesitions of money and growth,

! Notice that s < 1 as long as ¢ < E.

124 fived saving rate s can alio be derived from the standard intertemporal optimiza-
tion model within the neoclassieal constant-returns-to-seale framework without money by
sssuming that § = s and p = 1—a — s, where ] = 18 the clasticity of output with respect
to capital if 8 =0 as in the text. Sce Kurz (1968).
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1630. and Mundell. 1963). Hence. increased inflation lowers the real interest
rate. reduces efficiency. and reduces the saving rate independently of the
elasticity of intertemporal substitution (rmore on this below).

Substituting m = ve — 7 into equation (8) gives the foilowing positive
relationship between inflation and growth for given v. ¢. 5. and E:

3]

g=sE—(l—s)cE+(E(1—_—i)£) . (11)

This equation is illustrated by the S5 schedule in Figure 2. The 55
schedule slopes up, because increased inflation reduces real monetary expan-~
sion for given nominal money growth {see equation (8)). and hence increases
the rate of growth of output for given v. ¢. 5. and E by equation (11). In
anticipation of the numerical analysis presented below. the S5 schedule is
steep in the figure. An increased budget deficit shifts the 55 schedule to the
left without affecting its slope, thus increasing inflation for given growth. An
increase in velocity increases the slope of the § S schedule without affecting
its position, thus reducing the rate of growth that is consistent with any given
rate of inflation. An increase in the saving rate shifts the 55 schedule to the
right and raises its slope. thus inereasing the rate of growth that is consis-
tent with low inflation and decreasing the rate of growth that is consistent
with high inflation. At last. an increase in efficiency reduces the slope of the
5§ schedule. but has an ambiguous effect on its position. As an empirical
matter. however. an increase in E is likely to shift the S5 schedule to the
right. because s > (1-- s)c for most reasonable values of 5 and c {see below).
thus reducing the rate of growth that is compatible with any given rate of
inflation.

2.4 Inflation and Growth

The simultaneous determination of the rates of inflation and growth is de-
scribed by the intersection of the two lines, 58 and MM. ic Figure 2. The
corresponding reduced-form solutions for inflation and growth are nonlinear
functions of the structural parameters of the model:

1 E
m=s (_1_47(3—::)—3) (12)

1
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TiE)E

Equation (13) follows directly from equations (4) and (8) and equation

(12) is obtained by substituting equation (13) into equation (6). Equation

{13} can also be derived directly from equation (2) and the expression for

real saving: S = AK + (m — n)(M/P) = s[Y + (m — m)(M/P)] that was

used in the derivation of equation (8). The qualitative comparative-statics
properties of the model are summarized in Table 9.

(13)

TABLE 2. Effects of Exogenous Increases in
v. ¢. 8. and E on Inflation and Growth

u ¢ s E
T + + - +
g + 0 + +

An increase in the autonomous components of the saving rate in effi-
ciency stimulates growth and slows inflation down, ceteris paribus.'® whereas
an increase in the autonomous component of velocity increases both infla-
tion and growth; the link between velocity and growth stems from the Tobin
effect introduced in equation (8). Insofar as the government budget deficit
1s financed through foreign borrowing, increased external indebtedness {ie.
an increase in the autonomous part of ¢) results in higher inflation without
ralsing growth as long as saving behavier and portiolio choice are impervious
to increased borrowing, Therefore. inflation and growth can be positively
or negatively correlated. or uncorrelated, depending on the changes in the
underlying exogenous parameters of the model. Any observed pattern of
inflation and growth must be the consequence of changes in their underly-
ing determinants. including the parameters of the present model. which is
compatible with a wide variety of such patterns.

The regression estimates presented in Section 3 are based on equation
(13).

Y Because the optimal saving rate depends on botk v and E, inter alie. as shown in
equation (10). other parameters of the model are implicitly assumed to change to make it
possible for s to change for given v and E, and so on.
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2.5 Numerical Analysis

Before turniog to the econometric analysis, 2 numerical calibration of the
model may illuminate its properties further. The structural parameters of
the model can all be quantified. Therefore. it is possible to test the sensitivity
of the equilibrium solution for the rates of inflation and growth to realistic
variations in the parameters. To conserve space. we restrict our attention to
the pattern of inflation and growth resulting from exogenous, mutually inde-
pendent variations in the parameters, without considering the implications
of endogenous. mutually interdependent parameter variations.

Structural parameters. The unweighted world average income velocity of
money. defined as nominal GNP divided by money holdings broadly defined
(My). was 3.6 in 1994 (see World Bank. 1996, Table 2). Accordingly. we
st v = 3.6 to start with. The overall central government deficit amounted
to 3 per cent of GNP on average in all reporting countries in 1994 {World
Bank. 1096. Table 2). We set ¢ = 0.03 initially.”* A broader measure of the
government budget deficit would be preferable for the purpose at band, but
internationally comparable figures on consolidated public-sector deficits are
not available. The gross domestic saving rate was 0.16 on average in 1994
(World Bank, 1996, Table 13). We set s = 0.16 initially. Finally, the ratio
of gross domestic investment 10 GDP was 0.21 on average in 1994 (World
Bank. 1996. Table 13). The efficiency of capital in each country equals the
inverted long-run equilibrium capital Joutput ratio. which equals the invest-
ment/GDP ratio divided by the depreciation rate. Weset £ = 0.30 initially.
This number is consistent with an average investment /GDP ratio of 0.21
and a depreciation rate of 0.05.% A broader measure of capital, including
hurnan capital. would be more appropriate here. but the requisite data are
unavailable for most of the countries reviewed above. The unweighted aver-
ages and corresponding standard deviations of the structural parameters are
summarized in Table 3.

UThis cstimate of ¢ docs not include inflation tax revenuc. Because of scigniorage,
increased inflation reduces the rate of monetary expansion m = vd = ve—" that is needed
to finance the government budget deficit for given v and ¢

g pecifically, E = & 37y {8/(0:/ Y1), were I,/ ¥ is the investment ratio in country 4,
§ 15 the depreciation rate. and n s the number of countries.
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TABLE 3. Means and Standard Deviations
of Structural Parameters

v c 3 E
Means 3.6 0.05 0.16 0.20
Standard deviations 2.4 0.05 .14 0.24

Note: The cfficiency of capital £ is the inverse of the eapital/output
ratio. which is assumed cqual to the ratio of investment to GDP,
divided by o depreciation rate of 0.05. Sources: World Bank (1996)
and authors’ computations,

feduced-form solution. Given the mean vaiues of the parameters listed
above. the eguilibrium solution to the model is 3.2 per cent inflation and
4.5 per cent growth per year. For comparison. the GDP deflator and real
GDP for the world as a whole rose by 14.8 per cent and 3.1 per cent per
year on average during 1980-90 (see World Bank, 1096, Table 11). Inflation
Is underestimated in the model in part because of the narrow definition of
the government budget deficit: z doubling of the deficit/ GNP ratio to 0.06
almost trebles the ecuilibrium inflation rate predicted by the model to 8.6
per cent without affecting growth.

Consider now the sensitivity of the reduced-form equilibrium rates of
inflation and growth to variations in the structural parameters of the model,
An increase in velocity by one standard deviation from 3.6 to 6.0 increases
inflation from 3.2 per cent to 6.7 per cent, ceferis paribus, but leaves growth
practically unchanged: the growth rate rises only from 4.5 per cent to 4.6
per cent. because the 55 schedule in Figure 2 is nearly vertical. An increase
of the deficit/GNP ratio by one standard deviation from 0.03 to 0.08 (with
¥ = 3.6 again) makes inflation jump from 3.2 per cent to 12.2 per cent without
afiecting growth, hecause s and v are independent of e by assumption. A
decrease in the saving rate by one standard deviation from 0.16 to 0.02 {with
¢ = 0.03 again) increases inflation from 3.2 per cent to 5.1 per cent and
reduces growth substentially from 4.5 per cent to 0.6 per cent. Finally, an
improverent in efficiency by one standard deviation from 0.30 to 0.54 (with
¢ = 0.16 again) increases growth from 4.5 per cent to 7.7 per cent and reduces
inflation from 3.2 per cent to 1.6 per cent. These experiments show that
inflation and growth move within a reasonable range in response to realistic
variations in the parameters of the model. Tn particular, exogenous shocks to
¢ and E produce a negative correlation between inflation and growth, whereas
exogenous shocks to v and. especially, ¢ produce no such correlation.
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Quantitatively. the inclusion of the Tobin effect in the growth equation (8)
does not make much difference. Without money in the model. the neoclassical
growth equation of Harrod, Dormar. and Sclow is restored: g = sE. and the
55 schedule in Figure 2 becomes vertical. The corresponding reduced-forn
solution for inflation is = (vc— 3E)/2. The qualitative comparative-statics
properties of the simplified model are the same as in Table 1. except the plus
sign in the lower left corner of the table is replaced by zero. Quantitatively.
not much would be lost by abstracting from the role of money and portfolio
choice in the growth process described in equations (8) and (11) with a
constant velocity of money.

Towards the regression analysis. The next step is to consider the poten-
tial effects of infiation on the structural parameters of the model. and to
investigate the implications of these effects for economic growth in the long
run on the basis of equation (13). In particular. the saving rate. efficiency.
and velocity may all depend on the rate of inflation.

Tirst. the saving rate varies directly with the real interest rate and in-
versely with inflation, provided that increased inflation reduces the real inter-
est rate (Fisher. 1930; Mundell 1963).76 The optimal saving rate is positively
related to efficiency by equation (10] and thus also to the real interest rate.
Moreover, inflation may increase uncertainty about the future and thus ad~
versely affect saving independently of interest rates {Sandro, 1970). Either
way. by reducing saving. increased inflation retards growth by equation (13).
ceteris paribus. Second. inflation reduces efficiency by driving a wedge be-
tween the returns to real and financial capital (Gylfason, 1996a). This link
is explicit in the model through the dependence of efficiency on velocity in
equation (3). Third. the velocity of roney varies directly with inflation. be-
cause inflation reduces the real value of money indeperdently of efficiency
{Tobin. 1965; Tanzi. 1982). Through this channel per se. increased inflation
can stimulate growth.'”

16T his tink is by now fairly weli established in the cmpirieal literature. For a recent
overview of the cvidence, see, ¢.g., Gylfason {1993:519. Tabie 1}.

¥ Morcover. the ratio of the budget deficit to GNP varies directly with inflation through
the erosion of tax revenues {Tanzl, 1978). Inercased inflation can amplify itself through
all the above channels: by raising the deficit and velocity and by reducing the saving rate.
incrensed inflation feeds back on itsclf.

15



3 Estimation

3.1 Data

We use two sets of unbalanced panel data in parallel. based on the Penn World
Tabies and the World Data Bank, The data cover the peried 1960-1993 and
comprise seven units of five-year averages for the variables in question. In
the first regression we use World Data Bank data for 170 countries with o
maximum of seven observations per country and a minimum of one (986
degrees of freedom): therefore. the panel data are said to be unbalanced. As
we move step by step to a more general model specification, the number of
observations decrezses until in the last model we are left with 447 degrees of
freedom and 109 countries. When we move to the Penn World Tables. the
maximum number of countries is 145 (857 degrees of freedom). which drops
in stages to 94 countries (365 degrees of freedom) in the final regression. This
approach enables us to use as much as possible of the information available for
each model. For z detailed description of the two data sets, sce Appendix A;
see also Appendix B for a list of the countries {and the number of ohservations
per country) included in the estimation.

3.2 Estimation Methods

The industry standard when investigating partial correlations between eco-
nomic growth and other variables in a cross-section of countries is to use
Ordinary-Least-Squares { OLS) estimation with durnmy variables, as in Barro
(1991) and Mankiw. Romer, and Wheil (1992). Since the inclusion of dummy
variables represents a lack of knowledge about the underlying modei, it is nat-
ural te describe this lack of knowledge through the error terrg of the statistical
model. The model-specification problem in turn suggests that the structyre
of the error term may be a complex one, since it is asswmed to result in part
from the effects of omitted variables. The difficulty arises because the error
term is likely to consist of time-related €rTors, cross-sectional errors, and a
maixture of both in a panel of countries. The random-effects panel model
i$ a natural solution to this problem.)® The basic regression model for an
unbalanced panel data set is:

Yir = X + g, (14)
!$This method has also been wsed by De Gregorio (1993}, for example,
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whered = 1..... N. ¢t € [1.T] and u, is based on the following decomposition:
Uy = € ¥ phy + M

=, is the individual country effect, u, is the time effect. and 7;, is the purely
random effect. This estimator is designed to allow the systematic tendency
of u; o be higher for some countries than others (individual country effect).
and possibly also higher for some periods than for others (time effect). It
treats the constant term in X as a rendom variable. so that its stochastic
component. g;, can be included in the error term of the regression, Because
the constant term is common for all of the time series of a given country, the
covariance matrix of the errors in (14) is no jonger diagonal and the equation
has to be estimated by Generalized Least Squares. However. because the
random-effects model treats the country-specific effect as part of the error
term. it suffers from possible bias due to a correlation with the regressors. see
Hausman and Taylor (1981). We assume that individual error components
are uncorrelated with each other. both across sections and time.

3.3 Exogeneity

Recently there has been a growing conceri about simultaneity bias in the
empirical growth literagure. This highlights the need for either explicitly
modeling endogenous variables or using instrumental methods. In this vein.
we are concerned with the exogeneity of inflation. investzent, and the school
enrolment variables when estimating the semi-reduced form of our growth
equation.

It is important that regressors which are treated 2s conditioning variables
are (weakly) exogenous to sustain efficient and valid inference. The concept of
weak exogeneity applies when there is immateria) loss in ignoring information
in the marginal distribusions of the conditioning (independent) variables.
Exogeneity modeling can been regarded as an attempt to ascertain if the data
can be used for modeling economic growth without modeling the marginal
processes. 1.e., inflation, investment. and school enrohment.

The test is performed by estimating and saving the residuals from each
equation for the marginal processes. 1.¢.. the equations for inflation. invest-
ment. primary education, and secondary education. The residual for the
variable (equation) of interest is then inserted into the growth equation. If
the outcome is insignificant, or if the residuals of the equation in question
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and the growth equation are not correlated. the hypothesis that the variable
under serutiny is weakly exogenous is not rejected. In this case the marginal
process can be left unmodeled, see Verner {1995).

In Table 4 we show the results of the four margina)] processes using both
data sets.

<Table 4. Modeling of Endogenous Variables:

The explanazory variables are chosen by intuition rather than on the basis
of formal theory.

Inflation is conditioned on initial GDP, openness, investmens. and a
dummy for the OECD countries. Open economies are supposed to be less
inflation-prone than closed economies. because foreign competition keeps do-
mestic inflation in check. High investment rates can either raise or reduce
iflation. depending on the interaction of the effects of capital accurmdation
on agegregate demand and supply. Finally, high inflation is less prevalent in
the OECD countries than in the rest of the world on account of mere matyre
menetary. fiscal, and financial institutions. Measures of government budget
deficits were not tested, despite equation (12), because then a large number
of countries and observations would have been lost from the sample,

The intuition for the investment equation is that higher GDP results in
higher investment rates. The higher the inflation, the lower the investment
rate as a result of increased exposure to risk, because inflation makes it more
difficult to accurately determine relative prices and increases the difficulty of
entering into long-term contracts. Increased OpEnness vis-g-vis the rest of the
world means more access to foreign technology, which can possibly lead to
a decline in production costs. Education increases investment opportunities,
because it creates possibilities for utilizing new technologies. Also. ncreased
education enhances the productivity of capital,

Various factors influence the primary eprolment rate. First, a larger GDP
means that more resources are devoted to edueation, humaa capital accumi-
lation, and the attendant buildup of technological leadership. In the second
place, primary education enrclment depends on the demographic dispersion
of the population indicated by the share of agriculture in GDP.

The secondary enrolment rate is conditioned by the same variables as
the primary one. and is, in addition, dependent on the primary enrolment
rate and the openness of the economy. Openness matters for enrolment,
because more education is demanded with increased access to new forejgn
technologies,
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As stated earlier, we enter the residuals from these regressions into our
growth model. one series at a time. In Table 5 we show the result of an r-
test of the hypothesis that the coefficient on the residual in question is zero.
We also show the correlation between these residuals and residuals from the
growth eguation.

<Table 5. Tests for Exogeneity>

The null hypotheses of zero coefficients are not tejected. Moreover, the
correlations between the residuals from the endogenous-variable equations
and the growth equation are weak. The conclusion is that weak exogeneity
cannot be rejected. Therefore. we are not concerned with modeling the mar-
ginal processes or using instumental-variables methods. These findings are
in line with those of Verner (1995) for the period 1983-1990 based on the
Penn World data set.

3.4 Estimation and Diagnostics

We analyze the robustness of our results by applying a variation of Leam-
er's (1983) extreme-bounds test. The robustness of the inflation parameter
is examined by alterations in the conditioning inforreation set. The first
and seventh regressions consist of the standard {unconditional) convergence
regression, In the second and eighth regression we include the variable of
interest. inflation. and in regressions (3)-(6) and (9)-{12) we acd variables
that are widely believed to explain the rate of growth of GDP per capite.
If the parameter on inflation does not change signs or become insignificant
during this exercise. it is considered to be robust according to Leamer's test.
If, on the other hand. it does change sign or significance. it iz said to be
fragile: see Levine and Renelt (1992).

In Table 6 we report our findings on the partial association between
srowth and inflasion. the standard errors of the estimates {SE). the degrees
of freedom (DF). and some diagnostic tests.

<Table 6. Partial Association Between Growth and Inflation>

To test for potential misspecification of functional forms. i.e.. for omisted
variables. we use the Ramsey RESET test. The functional form is tested
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agalnst a more general relationship involving higher-order terms in the re-
gression.” The test is performed by saving the residual from the growth
equation. squaring it. and adding it as an explanatory variable in the growth
oquation. If the outcome is significant. the hypothesis of misspecification
cannot be rejected. In the first four models. the hypothesis of misspecifica-
tion cannot be rejected. In model (5). on the other hand, misspecification is
strongly rejected. In model (6). misspecification is only marginally rejected.
In models (7) to (10}, misspecification cannot be rejected. but it is strongly
refected both in models (11) and (12). First-order autocorrelation is rejected
in all cases on the basis of the Durbin-Watson autocorrelation test. Nor-
mality of errors is rejected in the Jarque-Bera test. as is often the case in
large data sarples. see Figure 3.2° At last. we tested for heteroscedasticity
using the Breusch-Pagan (1089) Lagrange-Multiplier test. The hypothesis
of heteroscedasticity was rejected both in the Penn World and World Bank
data.¥!

<Fig. 3. Histograms for Models (1) to (12)>

The rest of this section describes in further detail the resuits obtained for
the variables considered as determinants of gowth.

Initiel GDP: Model (1) represents an unconditional B-convergence re-
gression.® The GDP parameter reflects the speed at which poor countries
converge towards rich ones. This parameter is insignificantly different from

The distinctive feature of the Ramsey RESET test is that it omphasizes the fact that
the rescarcher often has the same information sct when deciding how to test his model
as when choosing his specification. Without additional information. the test variable
for the hypothesis of omitted variables should reficet the paucity of information about
alternatives, Ramsey assumed that the offect of omitted variables can be proxied by an
{unknown) analytic function of X3 in equation (14): see Godfrey (1990: 106).

0 7The rejection of normality stems from excessive kurtosis, which is a consequence of long
tails duc to cutliers, A substantinl departure from nermality would invalidate statistical
inference. We did run robust reprossions on modcls (5) and (11} using the Huber (1973)
robust estimator. thus in cffect imposing a normal distribution on the residuals, but the
results remained virtually unchanged.

A slight modification of the Brousch-Pagan test was made to be able to relax the
assumption of normal residuals. The Brewsch-Pagen test statistic is distributed os X (3).
For the Penn World data the test statistic is 248, and for the World Bank data. 8.42. The
cut-off point is 11.34 at the 1 per cent level.

*Both the magnitude and statistical propertics of the convergence parameter should be
taken with a grein of salt. Evans {1996) and Evans and Karras (1996) show that traditional
estimation procedures produce invalid inference anless the economics have identical first-
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zero and small. implying a speed of convergence of only 0.1 per cent per
vyear.”® This is contrary to the conventional wisdom found in the conver-
gence literature. which predicts a convergence speed of approximately 2-3
per cent per year. However. our findings are in line with those of Barrow
and Sala-i-Martin (1995:445) when using World Bank figures on GDP. In the
Penn World data set the convergence pararmeter has the right sign in ail the
regressions but is insignificantly different from zero in model (8). when the
investment variable is added. With a convergence speed of 1.2 per cent in
madel (11). convergence is more rapid in the Penn World data than in the
World Bank data. This is less than the 2-3 per cent usually found in the
literature. sec Barro and Sala-i-Martin (1995:445). Nerlove (1998) illustrates
the different estimates of the rates of convergence obtained with different
estimation techniques. In particular. he shows that the use of the standard
fxed-effects panel models biases the results towards finding relatively rapid
convergence. Our findings are thus in line with those of Nerlove.

Africa dummy: In all the above models we use a continent dumimy vari-
able for Africa. The reason for this is that the models are not likely to
capture some irregularities believed to cause. or inhibit. growth in Adricen
countries. The Africa dummy is significantly different from zero in all of the
above regressions.

Inflation: In model (2) we add inflation to our regression as the variable
of most interest to us. The parameter on infiation has the right sign and
is strongly significant statistically in all the regressions and both data sets.
The efiects of an increase in inflation from 5 te 3) per cent on per year
from one country. to another annual growth is -0.6 per cent in the World
Bank data. mode! (5), and -1.3 per cent in the Penn World data. model

order autoregressive dynamie structurcs and o]l permancnt cross-sectional differenees in
per capita output are controlled for. Furthermorc Lee. Pesaran, and Smith (1996) argue
that imposing homogencity on the slope cocfRcients will result in inconsistent fived-effects
cstimation of the convergence parameter. The usc of the random-cffects estimator tackies
the problem in part. but since the time-related ervor is still common for the whole sample.
the estimator could bias the result. To test for this, one could cstimate the convergence
parameter for individual countrics and average the result. I the average does not depart
sigmificantly from the cross-seetional coefBcient, the estimator is unbiased. Because we
only have a meximum of seven observations for cach country, this method s not feasible
in our case and, furthermore. we are morc interested in other cocfficients.

2This would imply & eapital share of G.9587 in the Solow model with a population growth
rate of 1 per cent per year. o productivity increase of 2 per cent per year. and o depreciation
rate of B per cent per yoar.



{11). These estimates are a bit lower than those reported in several of the
studies summarized in Table 1. but they are nevertheless well within the
.1.0 to -1.5 per cent range reported by Barro (1995) based on the Penn
World data and also the representative estimate of -1.2 per cent reported
by Bruno and Easterly (1995). The inflation coefficient neither changes sign
nor becomes insignificant as we add regressors. and therefore, according to
[eamer's extreme-bounds test. it seems to be robust.

Trvestment: Model (3) includes investment as a proportion of GDP. The
parameter on investment is economically and statistically significant every-
where 2nd bas the right sign. According to our equations {5) and (11) in
Table 6, an increase in the investment rate from 20 per cent to 30 per cent of
GDP from one country, or time. to another increases growth by 1.5 to 1.6 per
cent a year. ceteris paribus. This result is thymes well with those of Levine
and Eenelt (1992) and Sachs and Warner (1995b).* While an investroent
effect of this magnitude may appear plausibie. a reliable assessment of the
contribution of imvestment to growth cannot be offered without adjusting
investment for quality. which is an important topic for further rescarch.

Openness: In Model (4} we add the share of trade (exports plus imports)
in GDP a3 a measure of openness. The hypothesis of a zero coefficient is not
rejected in the World Bank data, except in model {8), but this coefficient is.
on the other hand. highly significant throughout in the Penn World data. The
magnitude (0.017 in the Penn World data. model(11)) is in the neighborhood
of the 0.014 to 0.016 range reported by Dowrick (1995).

Primary ezports: Model (3) includes the ratio of primary exports to GDP
{see Sachs and Warner, 1995h). Our findings support their hypothesis that
abundant natural resources are a mixed blessing in terms of growth, as also
found by Gylfason (1996b). Our henchmark estimates in models (5) and
{11) are a bit lower than those of Sachs and Warner. The economic growth
differential between countries where primary exports amount to 10 per cent
and 20 per cent of GDP is approximately -0.5 to -0.8 according to Sachs
and Warner but -0.3 to -0.6 according to our findings, ceteris paribus. These
results are 2150 in line with Lane and Tornell {1996), who explain the nega-
tive relationship between economic growth and abundant natural resources
by the so-called voracity effect.?® Moreover, some types of primary export

M For comparison, the impact of investment on growth reported by Barro and Sala-i-
Martin (1995:433} is much smaller, and is also insignificant in some of their regressions.

5 The intuition behind the voracity effect is as follows. An inerease in the rate of return
o capital in on. ceonomy with abundant natural resources comprises two conflicting effects:
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production involve limited labor skills and low technology. and may thus be
lnversely related to human capita] {Gylfason, 1996b). This may to some
extent explain the negative effect of primary exports on growth.

School enrolment: Finally, model (6} includes proxies for human capital,
primary and secondary enrolment ratics, which are normally used in this kind
of work. Neither variable is significantly different from zero. The primary
enrolment ratio even appears with the wrong sign. Two recent studies, Kyri-
acou {1991) and Benhabib and Spigel (1992), using estimated average school-
ing of the labor force in a cross-section of countries. found no statistically
significant effect of schooling on growth when controlling for convergence,
Wolff (1994). using attainment rates and various other variables that have
been used as proxdes for human capital, reports results similar to that of Kyr-
lacou and Benhabib and Spigel. Using a flow (enrclment} to proxy a stock
(buman capital) seems problematic. Also, enrolment rates are only partial
measures of the rate of investment in human capital and, more importantly.
do not account for differences in the quality of schooling, Statistically this
results in a negative temporal relationship between the human capital vari-
able used and output growth, see Islam (1995). Finally. measuring output
{human capital) by input (number of pupils) scems likely to by misleading.

4 Conclusion

Because inflation is a monetary phenomenon and economic growth is real,
many economists find it unlikely that inflation can have lasting, systematic
effects on growth.?® Others disagree, including central bankers: they argue
that price stability is 2 prerequisite for rapid growth.

The econometric evidence reported in this paper supports the latter view.
From 1960 to 1993, increased inflation tended to retard growth in a large
group of countries at all income levels, both across countries and over time,
The link betweer inflation and growth appears fairly strong, both statistically
and economically: an increase in inflation from 5 per cent to 50 per cent a

a direct effect that increases the profitability of investment one to one, and an indirect
appropriation effect that leads powerful interest groups to attempt to grab a greater share
of national wealth by demanding more transfers from the rest of the society. See Lane and
Tornell (1996).

% For example, Barro and Sala-i-Martin {1995) co not mention inflation as a potential
determinant of growth, Sec also Sala-i-Martin’s sceptical discussion of Fischer (1991:368-
378).
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year from one country or time to another reduces the rate of growth of GDP
per capita by 0.6 per cent 1o 1.3 per cent a year according to our benchmark
regressions (see Table 6. eolumns 5 and 11), other things being equal. The
Lk is nonlinear: growth is relatively more sensitive to an increase in inflation
by, say, 45 percentage points a year at low than at high rates of inflation. The
link also seems quite Tobust: it survives the stepwise introduction of several
further conditioning variables including (2) initial income (o capture the
catch-up effect. or convergence}. (b) investment {unadjusted for quality). {c)
human capital (as measured by primary- and secondary-school enrolment),
(d) primary exports {to capture the inefficiency caused by rent seeking. the
Dustch disease. and perhaps also by the spillover effects of low technology
and low-skilled labor in some primary-export industries. e.g.. agriculture in
developing countries). and (¢) 2 dummy variable for Africa.

The effect of inflation on growih is significant and sizeable both in the
panel regressions based on the World Data Bank and in those based on the
Penn World Tables. The inflation effect Is stronger in the Penn World data.
where growth drops by 1.3 per cent a year ceteris paribus as inflation goes
up from 5 per cent to 50 per cent & year, compared with a 0.6 per cent drop
in zrowth in the World Bank data. according to our benchmark regressions
(se¢ again Table 6, columns 5 and 11). A likely explanation for the differ-
ence is that the growth figures in the Penr World Tables are adjusted for
differences in purchasing power across countries, in contrast to the unad-
justed growth figures from the World Bank. Inflation-prone countries, whose
currencies periodically become overvalued in real terms, tend to have real ex-
change rates that are too high (i.e.. exceed their normal equilibrium values)
on average over long periods. This may harm foreign trade, economic effi-
clency (E in equation (13)). and growth. The impact of inflation on growth
through this chanpel is generally more transparent in the purchasing-power-
parity-adjusted measures of GDP than in the unadjusted figures. because
the unadjusted figures tend to overstate GDP. when the currency is over-
valued: indeed. the main purpose of PPP adjustment is precisely to correct
output for unrealistic exchange rates. In our sample. and in the world, there
are many more (small) countries with overvalued currencies than there are
(large) countries with correspondingly undervalued currencies. Hence the
possible bias, which may also help explain why, thus far, relatively few em-
pirical growth studies have been based on World Bank data (see Table 1.
column 4}.

But the avervaluation of national currencies is not the sole possible source
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of the observed link between infiation and growth. far from it. Inflation may
also distort production by driving 2 wedge between the returns to real and
financial capital. and by thus reducing liquidity and hence also efficiency. It
may. moreover. reduce saving and the quality of investment by reducing real

capital stock. Inflation can de detrimental to economic growth through one or
all of these channels, as shown in equation (23).% The relative importance
and interplay of these transmission mechanisms is an important topic for
further econometric research.

¥ Deprediation s not included in cquation (13), but can casily be added.
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5 Appendix A. The Data

We use data from the World Data Bank arnd the Penn World Tables. The
variables are:

o Growth of GDP: For the World Bank data this is 2 five-year average
of the log difference of GDP per capita in 1987 US dollers, given by
the formula: 135 (logiGDP) — log{GDP;.1)). The RGDPCH (real
GDP per capita at 1985 international prices, chain index) is vsed for
the Penn World GDP growth rates.

o Initial GDP: GDP per capita measures the total output of goods and
services for final use occurring within the domestic territory of a given
country, regardless of its ailocation to domestic and foreign uses. GDP
at a purchaser values {market prices) is the sum of GDP at factor cost
and indirect taxes less subsidies. GDPy is the first observation in the
corresponding five-year interval. For the Penn World regressions we
use RGDPCH as defined above.

« Inflation: This variabie is defined as /(1 + ), where = is the five-
year average of the log difference of the GDP defiator. This transforma-
tion refiects the magnitude of the inflation distertion in production (as
in Gylfason, 1996b) and, equivalently, the implicit inflation tax rate. It
is intended to capture the nonlinear relationship between growth and
infiation: growth is thus less sensitive to an increase in inflation from
500 per cent to 600 per cent per year than, say, an increase from 0 to
100 per cent per year. The deflator is derived by dividing current-price
estimates of GDP at purchaser values (market prices) by constant-price
estimates. The World Bank inflation measure is used for all regressions.

« Investment: This is a five-year average of the sum of gross domestic
fixced investment and the change in stocks, as a percentage of GDP. for
the World Bank regressions, and for the Penn World regressicns we use
gross domestic investment, private and public, as percentage of GDP.

s Openness: This iz 2 five-year average of the sum of exports and im-
ports of goods and services divided by GDP. Exports {imports) of goods
and services represent the value of mercbandise exports (imports) plus
amounts receivable from (payable to) nouresidents for the provision of



nonfactor services to residents. Nonfactor services include transporta-
tion travel. insurance. and other nonfactor services such as government
trapsactions and various fees. For the Penn World regressions we use
five year-average of the sum of exports and imports of gods and ser-
vices divided by CGDP (real GDP per capita at current international
prices).

Primary exports: Lack of data made a five-year average impossible.
Instead, if one measurement fell fnto the five-year period. it was used.
Exports of primary products comprise commodities in SITC revision
1. sections 0 through 4 and 68 {food and live animals, beverages and
tobacco. animal and vegetable oil and fat. and crude materials). The
World Bank measure of primary exports is used in all regressions.

Primary education: Here we use five-year averages of gross enrol-
ment of students at the primary levels as a percentage of school-age
children as defined by each country and reported to UNESCO. Only
four or sometimes three measurements were available in some pericds,
but this probably causes no harm where these series are not undergoing
any dramatic changes between years. For some countries with unjversal
primary educatior, the gross enrolment ratios may exeeed 100 percent.
because some pupils are younger or older than the local primary school
age.

Secondary education: Here we use five-year averages of gross enrol-
ment of students at the secondary levels as a percentage of school-age
children as defined by each country ard reported to UNESCO. As with
primary education, only four or sometimes three measurements were
available in some periods. Late entry of more mature students as well
as repetition and "bunching” in the final grade can influence these ra-
tios,
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TABLE 1. Inflation and Growth: Querview of Empirical Studics

Studies Countries  Periods Data {Souree} Effeets of an in-
crease in inflation
from 5 to 50 per
cept o year on

growth

Thirlwall and Barton (1971} 51 19581967  Cross scction  Not available
(UN)

Heitger (1985) 115 1956-1980 Panel data, 0.9 to -L5
(PWT)

Kormendi and Meguire (1985} 47 1950-1977  Cross scction  Not available
(IMF). PC

Barre (1990} 117 1960-1985 Cross seetion  Iusignificant ond
(PWT), PC weak

Fischer {1991) 73 1970-1985  Cross section -2.1
(PWT), PC

Grimes {1991) 21 1960-1987 Panel data -5.0
(IMF)

Gylfason {1991} 37 1580-1985  Cross seetion -2.0
(WE). PC

De Gregorio {1592a, 1992k, 1993) 12 1950-1985  Cross acetion  -0.7
{BW.WE.,PWT).
PC

Roubini and Sala-i-Martin {1992) 98 1960-1985  Cross section  -2.2
(BW). PC

Fischer {1993) 50 1960-1989  Cross section -1.8
(WB)

Motley (1394) 78 1960-1990  Cross section  -1.3 to 4.5
(PWT), PW

Barro (1995) 106 1960-1990  Cross section -1.0 te -1.5
{PWT), PC

Brune and Easterly {1995) 97 1961-1992  Ponel data -1.2
(WE}, PC

Gylfason (1996b) 160 1985-1995  Cross section  -2.4
(WE). PC

Taylor {1996) United 1952-1993  Time series -11.2

States

Note:r PWT denotes Penn World Tables; WEB, World Bank; IMF, International Monertary Fund: BW. the
Barro-Wolf data set, and UN, United Nations, PC rofers to the use of GDP per capita and PW. per worker.
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