Growth and Inflation: A Cross-Country Study

Brian Motley

Research Officer, Federa Reserve Bank of San Francisco.
An earlier version of this paper was presented at the con-
ference®Monetary Policy inaLow Inflation Regime” spon-
sored by the Center for Economic Policy Research at
Sanford University and the Federal Reserve Bank of San
Francisco, March 4-5, 1994. | would like to thank Desiree
Schaan for excellent research assistance.

This paper examines the effect of inflation on real growth
in a Solow growth model using data from a cross section
of countries over a 30-year period. The advantage of using
a theoretical model is that it reduces the risk that the re-
sults will reflect data-mining. The results suggest that the
5 percentage point reduction ininflation fromthe 1970sto
the 1980s would increase the growth rate of real GDP per
head by between 0.1 and 0.5 percentage point. This effect
would beworth between 15 percent and 140 percent of one
year’'sincome. Even the lower of these projections would
be larger than most estimates of the costs of bringing in-
flation down.

Since the beginning of the 1980s, the Federal Reserve has
stressed its long-run commitment to achieving and main-
taining low inflation. A number of other central bankshave
espoused asimilar objective, and many have adopted (or had
imposed on them by their governments) numerical targets
for inflation and have followed monetary policies designed
to achieve them.! There have been a number of proposals
that the Federal Reserve also should focus its attention on
keeping inflation low and refrain from policiesthat are pri-
marily intended to affect output or employment.?

The argument that the Federal Reserve should empha
size holding down inflation comes from the twin beliefs
that inflation imposes costs that reduce economic welfare
and that monetary policy canlower inflation but cannot have
a permanent effect on real aggregate demand. This paper
focuses on the first of these points and examines the argu-
ment that persistent inflation leads in the long runto are-
duced growth rate of real GDP. Since a policy to reduce
inflationislikely to slow economic activity inthe short run,
it isuseful to estimate its benefits through higher long-run
output growth.

In the short run, faster real growth may be associated
with more rapid inflation. Often, this is because strong
growthistheresult of arisein aggregate demand that causes
real output toincrease at the sametimeasit bidsup prices.®
To reduce inflation, the central bank must curb aggregate
demand, and this may lower output and employment tem-
porarily. Thisiswhy resisting inflation often is unpopular.
However, this paper is concerned with the long-run rela
tion between inflation and real growth rather than with the

1. For example, Canada, New Zealand, and several European countries
have specified targets for inflation either as single values or as ranges.

2. This policy emphasis on keeping inflation low rather than keeping
employment or output high has come during a period of rising output
and employment and declining inflation both in the U.S. and in many
countries abroad. Whether it would continue if the world were con-
fronted with adeep recession isunclear. My judgment isthat most cen-
tral bankswould try to end adepression even if it were not part of their
official job description.

3. However, because of differing lags in the response of output and
prices to demand shocks, the observed contemporaneous correlations
between real growth and inflation are not necessarily positive (Judd and
Trehan 1995).
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short-run dynamics. If inflation has a long-run influence
on output (in levelsor growth rates), it is probably because
it affects aggregate supply rather than demand.

Inflation might affect aggregate supply in several ways.*
First, inflation may make it more difficult for households
and firms to make correct decisions in response to market
signals. When most pricesarerising, economic agents may
find it more difficult to distinguish between changesin rel-
ative prices and changesin the overall pricelevel. Thisdif-
ficulty may interfere with the efficient operation of the price
system and so slow growth.

Second, inflation imposes various costs that would dis-
appear if average priceswere stable. Familiar examplesare
themenu costs of changing pricesand wage ratesfrequently,
the search costsimposed on buyersand sellerswhen prices
change often, and the costs of economizing on holdings of
non-interest-bearing money. In addition, Feldstein (1996)
has suggested that even relatively low inflation imposes sig-
nifi cant deadweight | osses on the economy when thetax sys-
temisnot fully indexed. In additionto these pecuniary costs,
inflation also has social costs because it has differing ef-
fects on economic agents, with some benefitting and others
being harmed. These differential effects add to the uncer-
tainties that agents face, which may be undesirable even
for those who turn out to benefit. Moreover, private actions
taken to avoid these effects may hurt the overall economy
but yield no overall benefits. For example, in an inflation-
ary economy, talented persons may devotetheir energiesto
mitigating the effects of inflation rather than to devel oping
products and processes that would raise overal living stan-
dards. Unfortunately, these activities often are included in
measured GDP, which may make it difficult to identify the
negative effects of inflation.

Finaly, inflation may affect saving and investment de-
cisions, reducing the proportion of GDP devoted to invest-
ment and so causing the economy to accumulatelesshuman
or physical capital. For example, when inflation is high, it
often is more variable, thus harder to forecast. This may
make it more difficult to deduce the real returns on invest-
ments from available market information and may cause
savers and investors to be less willing to make long-term
nominal contracts or to invest in long-term projects. The
resulting reduced stocks of productive capital may, in turn,
imply lower levels of future GDP®

4. For a fuller discussion of the costs of inflation, see Peter Howitt
(1990).

5. This negative effect of inflation on capital formation might be offset
by the so-called Mundell-Tobin effect. Mundell (1963) and Tobin
(1965) each argued that although inflation makes financial assets less

These arguments suggest that there are anumber of rea-
sonswhy persistent inflation might tend to reducethelevel
and/or growth rate of GDPinthelong run. A cursory look
at the data suggests that they are consistent with these pre-
dictions. Using a sample of 58 countries with reasonably
high quality data,® the raw correlation between averagein-
flation and real per capita GDP growth between 1960 and
1990 is —0.25, which is significant at the 5 percent prob-
ability level. Barro (1991), Cozier and Selody (1992), and
Fischer (1993) also conclude that countries with higher
rates of inflation tend to have lower rates of real growth in
the long run.

However, Levine and Renelt (1992) and Levineand Zer-
vos (1993) argue that cross-section regression estimates of
the relation between GDP growth and avariety of potential
causal variables—including theinflation rate—tend to be
“fragile’ inthe sensethat theresultsare sensitiveto the pre-
cise set of variablesincluded in the equation. Thus, they ar-
guethat thisresearchisunusually subject to the dangers of
data-mining. This paper triesto deal with this problem by
basing the empirical analysis on awell-established theoret-
ical model of economic growth, by making use of the re-
strictions the model implies, and by avoiding the inclusion
of other variables. Thisapproach may provide more precise
estimates of relevant parameters and, perhaps more im-
portant, guard against the dangers of data-mining empha
sized by Levine and his co-authors. This paper concludes
that lowering inflation by 5 percentage points (roughly
equal to the declinein inflation in the U.S. from the 1970s
to the 1980s) would raise average annual real growth by at
least 0.1 percentage point and perhaps by as much as 0.5
percentage point. The effect is larger than most estimates
of the short-run costs of lowering inflation.

The plan of the paper isasfollows. Section | briefly dis-
cusses the Mankiw, Romer, and Weil (1992) extensionsto
the standard Sol ow growth model to incorporate two kinds
of capital —tangible and human—and to show how the
economy will evolvewhenitisaway fromitslong-run equi-
librium path. This section then extends the model further
to allow inflation to influence the rate of technical change,
which determines the growth rate of per capita GDP in
steady state equilibrium. Sections Il and |11 describe the
methodology and data for the empirical analysis that fol-
lows in Section V. A brief discussion of the quantitative

attractive, it might increase the willingness of investors to hold tangi-
ble assets because these may act as a hedge against inflation. The re-
sulting greater accumulation of tangible capital could result in an
increase rather than adecrease in the capital-labor ratio in an inflation-
ary ervironment.

6. This sampleis discussed in more detail in Section I11.
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significanceof the results comprises Section V, and the con-
clusions are summarized in the concluding Section V1.

|. NEocLAssicaL GROWTH

This paper takes off from Solow’s neoclassical growth
model (Solow 1956) and, in particular, from the paper by
Mankiw, Romer, and Weil (1992) (MRW) that showed that
a direct application of the Solow model could explain a
large proportion of the cross-country variation in long-run
GDP growth rates. | extend the MRW results by allowing
for the possibility that inflation tends to reduce the rate of
technical change.

Inthe Solow growth model, thelevel of output per worker
depends on the stock of capital per worker, which inlong-
run equilibrium depends on the supply of saving per worker.
Anincreasein the supply of saving allowsthe economy to
adjust toward a larger stock of capital and hence a higher
level of output. The model assumes that technical change
is Harrod neutral, i.e., technical progress is analogous to
increasing the supply of workers. The supply of labor is
measured in “effective workers’ and can be raised either
by increasing the number of workers or by making those
workers more effective through technical change.

When the economy reaches long-run equilibrium, the
capital stock (and hence the level of output) per effective
worker isconstant. Thismeansthat the equilibriumgrowth
rate of GDP per actual worker depends only on the rate of
technical change. Hence, any effect of inflation on steady
state growth must occur through influencing the pace of
technical change.”

MRW extend the Solow growth model by assuming that
total output, Y, depends on inputs of labor, L, and of both
tangible and human capital, K and H. Assuming a con-
stant-returns-to-scale Cobb-Douglas production function
(with parameters a and 3) and using lower-case letters to
refer to quantities per worker, real income and real income
per worker may be written®

1) Y, = KEHP(AL)P
yi = A PKEhP.

7. Solow assumed that labor force growth depends only on demo-
graphics and ignored the role of changes in labor force participation.
This means that the model makes no distinction between the popula-
tion and the labor force. | adopt this assumption.

8. Throughout the equations in the paper, lowercase letters refer to
quantities per worker. Thus, Y refersto total output and y to output per
worker. Note that MRW use lowercase letters to refer to quantities
per effective worker.

MRW show that in the long run the economy converges
to amoving equilibrium in which output is given by
. _ o+B a
(2) Iny; =InA T—a g BIn(n+g+<5)+l_o(_BIns,<+

B
|
g

1-a-B

=InAy +gt+y,In(n+g+8) +y,Ins +yzins, ,

where y; = (Y/L); = real income per worker in steady state
A = level of technology in period t
n = growth rate of labor force
g = growth rate of technical change
t =time
0 = depreciation rate for tangible and human cap-
ital
S« = investment in tangible capital as share of GDP
s = investment in human capital as share of GDP,

Since gt is the only term that changes over time, equa-
tion (2) implies that equilibrium real income per worker,
Vi, grows at rate g, the pace of Harrod-neutral technologi-
cal change. Constant returns implies that

¥1<0,¥,>0,y;>0, and y, + y3 = —-V;.

Thismeansthat moreinvestment (larger s¢ or larger s,) en-
ables the economy to reach a higher level of tangible or
human capital in equilibrium and hence more output per
head. Corversely, a higher depreciation rate (8) or faster
growth in the effective labor force® (n + g) meansthat the
economy will corverge to alower ratio of capital to effec-
tive labor in equilibrium and so to lower output per head.
At any point in time, an economy may not bein steady
state, especially sincereasonable parameter val ues suggest
that convergence to long-run equilibrium may take several
decades.’® Hence the growth rate over the short to medium
run depends not only on the factors that influence steady
state growth, but also on the current level of output (rela
tive to the equilibrium output) and the rate of convergence.
MRW show that when the economy isaway from its steady
state, the level and growth of output may be written'!

(3) Inyi—Inyo =gt + (1 -e™)[InAg+yyin(n + g + 9)
+Yolnse + yslns; —Inyg]

9. Since the stock of labor grows at rate n and technical progress occurs
at rate g, the effective labor force grows at rate n + g.

10. MRW estimate that it would take 35 yearsfor half of the adjustment
to steady state to occur (p. 423). This estimate is close to one made by
Sato (1966).

11. This equation differs slightly from the corresponding MRW equa-
tion because it refersto the growth of output per worker rather than per
effectiveworker. Itisderived by differentiating equation (2) with respect
to equilibrium GDP and using a Taylor approximation.
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with the same parameter definitions and restrictions asin
equation (2). In addition, MRW show that the convergence
parameter A dependson the other parametersof themode!:*2

4) A=(n+g+9)(1-a-p).

To the extent that inflation interferes with the efficiency
of markets, it might tend to reduce the growth rate of labor
productivity, g, whichistaken as constant in the above equa-
tions. In this case, the growth rate of output per worker
would be reduced both in the steady state and during the
period of corvergence. If inflation were to cause uncer-
tainty and make savers and investors less willing to un-
dertake long-term projects, it might lower the rates of
investment in tangible and human capital, sc and s,. A re-
duction ininvestment would lower the steady state capital-
labor ratios (including both tangible and human capital)
and hence reduce the level of output per worker in long-
run equilibrium. In this case, the growth rate of output
would be affected during the transition to the steady state
equilibrium, but not after the economy reachesitslong-run
equilibrium path. Since this transition might take several
decades, however, a lower level of equilibrium GDP rela
tive to current GDP will imply slower growth for a very
long time.

Thus in this simple neoclassical framework, inflation
might influence real GDP growth by affecting either the
growth rate of productivity or the rates of investment in hu-
man or tangible capital. In this paper, | focus on the first
of these channels and assume that the rates of investment
in human and tangible capital are exogenous and indepen-
dent of inflation.

If inflation slows technical progress, thisimplies that

og
5 = , Where—=<0,
(5) g =9(1) p
where g, and T, are the rates of technical progress and of
inflation at time t. Thus, the level of technology at time't
depends on the history of inflation up to that time:

t

fo(re)ds
(6) A = A€ )
which may be approximated as
(7) A& — Abe(go+91ﬁ)t ’

where TTis average inflation between dates0 and t, and g,
is negative.3

12. Itisdifficult to find an intuitive explanation of thisresult, and MRW
do not provide one.

13. Cozier and Selody (1992) assume that the level rather than the
growth rate of technology is affected by inflation:

When this model of technology growth is substituted
into equation (3), theresult is

(8) Iny,—Iny, = (go + G, TOt + [1— €™ x
[InAg + y4In(n + gy + g, TT+ 8) + yolnsc + yslng, —Inyg].

Since g; is negative, the first term of this equation im-
pliesthat higher inflation may lower the steady state growth
rate of output per worker. However, theinitial negative ef-
fect of inflation on growth may be smaller than the steady
state effect because the adjustment to the new lower growth
rate takes time and because the rate of convergence to the
steady state is reduced.'

Il. METHODOLOGY

Several studies have used either cross-section or time se-
ries data to examine the relation between inflation and
growth. Cozier and Selody (1992), for example, estimate
cross-section equations that are similar to equation (8),
and Grimes (1991) estimates time series equations for a
sample of advanced countries. Inthis paper, | usebothtime
series and cross-section data. Initialy, | estimate cross-
section equations for five large samples of countries in
which the variables represent averages over along sample
period (1960-1990). This is the procedure used by MRW
and by Cozier and Selody. The results generally confirm
the Cozier and Selody finding of a negative relation be-
tween long-run inflation and real growth.

A potential problem with this procedure is that the ob-
served negative cross-section correlation between average
inflation and average growth over along period might be

(74) A = AT

One problem with this formulation is that the influence of inflation on
growth presumably would depend on how long it persists, so that ©
should depend ont. Also, it impliesthat the marginal effect of inflation
on output growth declines as the level of inflation rises, which seems
counterintuitive. Finally, this formulation, taken literally, implies that
the rate of technical change may not be defined if inflation is negative.

14. Equation (8) may be written in the form

(89) Iny, —Inyo = (go + @1t = (1 —eX)(Inyg —Iny,).

When this expression is differentiated with respect to t and then with

respect to TTwe obtain

a%Iny,
otoTt

Using therestriction that A = (N + gy + 9,71 + §(1 —a — B), this deriva-

tive may be written as

L. dlny; N oA
8h =g, +he M 22+ 1-At)eM(Iny, -1 =
(8b) g tAe o ( e (Iny, nyo)aﬁ

(80)% =g -e(a+B)g +e ™ (1-A)(Iny, —Iny,)1-a -B)g; .
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dueto afew major supply shocksthat had different effects
on the levels of prices and of output in different countries.
Suppose, for example, that an oil shock during the sample
period permanently raised the level of prices and lowered
thelevel of output in some countries but not in others. This
would mean that, over the whole sample period, the aver-
age rate of inflation would be higher and the growth rate
of real GDP would be lower in the countries affected by
the oil-shock than in those that were not affected. In this
case, across section might detect anegative correlation be-
tween average growth rates of prices and output over the
whole sample period even if, in fact, there was no causal
relationship between inflation and output growth.®

Thispossibility may be examined by estimating aseries
of cross sections over different (shorter) periods rather
than a single cross section covering a longer span. Each
different crosssectionisaffected by different supply shocks.
If we find a negative cross-section relation between infla-
tion and real growth in different periods, this would be
more consistent with a structural relation between growth
rates, rather than the effect of supply shocks on the levels
of prices and output. This is because supply shocks vary
over time and are likely to affect different countriesin a
different way and so would influence each cross sectionin
a unique way.

For this purpose, the data were divided into three sepa-
rate cross sections, each covering aten-year sample period:
1960-1970, 1970-1980, 1980—1990. These periods should
belong enough toidentify long-run relations. For each sam-
ple of countries, three cross-section equations were esti-
mated, subject to therestriction that the coefficients on the
non-inflation (“Solow”) variables were constant between
periods.® This pooled time series/cross-section estimation
technique should avoid the “supply-shock” problem that
arises when a single cross section is estimated, but it uses
al the data to obtain single estimates of the coefficients
on the Solow variables. | test whether the inflation coeffi-
cients are negative and also whether these inflation effects
are constant over the three subperiods. Thisshould provide
evidence as to whether any negative relation between in-
flation and output growth over the full 30-year period is

15. Thiseffect would not occur if the oil shock had exactly the same ef-
fect on the levels of output and pricesin all countries.

16. That is, the coefficientsonIn s, In sy, and In (n+ g, + g, 7T+ d) are
constrained to be the same for the three cross sections. As shown in
equation (8), the intercept terms in these equations include the log of
technology intheinitial period, log(A). Hence, it is not appropriate to
constrain these terms to be equal, because the initial period is different
in each cross section.

due to a persistent relation that appears in each subperiod
rather than to supply shocks that affect some periods but
not others.

Real GDP growth rates might vary systematically among
countries for reasons that are not captured by the variables
emphasi zed by neoclassical theory.’® Asaresult, growthin
any particular country might be systematically higher or
lower in each of the three cross sections. Oneway to alow
for this possibility is to include additional variables that
might capture such systematic differences among coun-
tries. However, since there is no obvious way of choosing
what variables to add to the estimated equations, this ap-
proach raises the danger of data-mining and would be
likely to lead to Levine's “fragility” problem. Hence this
approach was not used in this paper.

Instead, the three cross-section equati onswere estimated
by Zellner’'s (1962) seemingly-unrelated-regressions(GLS)
technique. Applied to a set of cross sections, this estima-
tion method assumes that each country’s real growth rate
in any subperiod is correlated with its growth rate in other
subperiods, but is unrelated to growth in other countries.
If a country experienced systematically higher than aver-
age (lower than average) growth for reasons that are not
captured by the structural variables in equation (8)—and
thus showed consistently positive (negative) errors in the
Cross sections—this estimation technique will alow for
this across-time covariance.

[11. DATA SOURCES

The data set used is the 1993 edition of the system of Real
National Accounts constructed by Summers and Heston
(2991). These accounts provide cross-country data on real
GDR, the price level, the working-age population, and the
share of tangible investment in GDP for the period from
1960 to 1990. In these accounts, the price level is defined
relativetothe U.S. pricelevel. Summersand Heston describe
this measure of prices as the “international price level.”
The inflation rate in the estimated equations is defined as

17. Fischer (1993) estimates panel regressionsthat combineannual time
series and cross-section data. The problem with this method—which
Fischer recognizes—isthat the annual time serieswill pick up demand-
side aswell as supply-side influences. By using only ten-year averages,
the estimates in this paper should isolate supply-side effects.

18. For example, astable palitical system might promote faster growth
because it encourages firms to innovate without fear that new technolo-
gieswill be misappropriated. Several studies have found that a variable
measuring the number of coups and revolutions is negatively correlated
with growth (see Barro 1991).
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the annual log difference of this international price level
plus the annual log difference in the U.S. GDP deflator.®®
Other research on the effects of inflation on growth fre-
quently uses the consumer price indexes for various coun-
tries. The advantage of the Summers and Heston data is
that the price and output indexes for all countries are taken
from a single source and so are more likely to be consis-
tently defined. The population growth rateis defined asthe
annual log difference of the working-age population. Fol-
lowing MRW, | assume a depreciation rate (&) for both
tangible and human capital of 0.03 and a growth rate of
technology in the absence of inflation (g,) of 0.02.

The equations were estimated for five samples of coun-
tries.?® The first sample, “All Non-ail,” comprises al 78
countries for which full 1960-1990 data are available. The
second sample, “High Quality,” excludes countries with
populationsin 1960 of lessthan onemillion or with primary
data to which Summers and Heston assign agrade of “D”;
it comprises 58 countries. Thethird sample, “OECD,” com-
prises 21 OECD countries excluding Turkey, Iceland, and
Luxembourg.?* Thefourth sample, “ OECD+,” enlargesthe
OECD sample by adding seven countriesinthe High Qual -
ity sample that have income levels above that of the poor-
est OECD country (Portugal). The countriesadded areHong
Kong, Israel, Mexico, Singapore, South Korea, Syria, and
Venezuela. Finally, the fifth sample, “Rest of the World,”
comprises the countries in the High Quality sample that
arenot in OECD+.

| use a variable constructed by MRW to measure in-
vestment in human capital . Thisvariable, which MRW call
SCHOOL, is defined as the proportion of the working-age
population that isin secondary school.?? MRW argue that
this proportion isaproxy for the share of GDP that isused
for investment in human capital. Unfortunately, SCHOOL
may be a poor proxy for differences in human capital in-
vestment among advanced countries, most of which pro-
vide high levels of education. | also estimated equations
using ameasure of the stock of human capital constructed
by the World Bank (Nehru, et al., 1995). The results from
these equations are similar to those presented below. In

19. Note that the empirical work in this paper was completed before the
revision of the U.S. national accountsin 1995.

20. Countriesthat are major producers of oil are excluded from all sam-
ples.

21. Luxembourg and Iceland are excluded because they are too small
and Turkey becauseitsGDP level isfar below that of other OECD coun-
tries.

22. David Weil kindly provided me with quinquennial dataon this vari-
able. These data were converted to annual series by linear interpolation
and then averaged over ten-year and thirty-year periods.

most cases, the estimates of the effect of these aternative
measures of human capital on growth are not statistically
significant.

V. EMPIRICAL RESULTS

In this section, | report the results of estimating equation
(8) for various cross-section samples and various time pe-
riods, and under various theoretical restrictions.

30-Year Cross-Section Results

Table 1 shows the results of estimating cross-section re-
gression equations over the full 30-year sample period.
These regressions are similar to those estimated by MRW
(MRW, TablesV and VI). | include these results to check
that they are broadly similar to those estimated by MRW,
who used an earlier version of the Heston-Summers data
set covering a somewhat shorter time period (1960-1985).
The egquationsin Table 1 impose the adding-up restriction
thaty; + v, +y3 =0; inall cases, an F test indicatesthat this
restriction cannot be rejected.?® The equations are esti-
mated by nonlinear regression to obtain estimates of a, [3,
and A 2* All the coefficients in these equations have the
signs predicted by theory and are statistically significant in
most cases.? Previous research suggests that a should be
close to one-third, and MRW argue that (3 should be be-
tween one third and one half.?® In the case of a, this pre-
dictionisroughly satisfied, but the estimates of (3 arelower
and, in the case of the OECD and OECD+ samples, im-
precise. Thismay bebecause SCHOOL isalesssatisfactory
proxy for human capital investment in advanced economies.

23. A table that does not impose the adding-up restriction is provided
in an earlier version of this paper (Motley 1994).

24. Therestrictionthat A = (n+ g+ d)(1—a — B) was not imposed. This
restriction would imply that A isavariablerather than a parameter since
it depends on n, the population growth rate. However, the estimated val-
ues of (1 —a — ) are between 0.3 and 0.6, and the mean value of n +
g + disbetween 0.06 and 0.07, which would imply avalue of A between
0.02 and 0.04.

25. The intercept terms are not statistically significant. Equation (8)
showsthat theintercept representsgt + (1—€) InAy, wheret=30. Since
the (log) level of technology in theinitial year (InA,) is arbitrary, the-
ory does not predict a value for this intercept. See footnote 16 above.

26. With a Cobb-Douglas production function and perfect competition,
o and 3 represent the shares of total income going to tangible and hu-
man capital, respectively. In advanced countries, physical capital receives
about one-third of total income (a=%;) and labor about two-thirds.
MRW suggest that 50 to 70 percent of labor income represents the re-
turn to human capital, implying that human capital receives between
one-third and one-half of total income (¥;< B <%,). See MRW (1992) p.
417.
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For all samples, the estimated values of the corvergence
parameter, A, range between 0.01 and 0.04 and are close
both to those estimated by MRW and to the values pre-
dicted by theory.

Table 2 adds inflation terms to these equations. Again,
the adding-up restriction that y; + vy, + y; = 0 could not be
rejected (see F statigtics), so only the equations that im-
posethisrestriction are reported. The coefficient on infla-
tionisnegativein all casesandisstatistically significant in
most samples.?’ Thus, the results generally support the ex-

27. In the OECD sample, for example, which includes the U.S, the p-
val ue exceeds 97 percent. Only in the Rest of the World sample is the

TABLE 1

21

panded MRW model and confirm earlier findings that in-
flation reduces long-run growth.

To check that the regression estimates of the effects of
inflation are not overly influenced by afew outlying obser-
vations, Figures 1-5 show scatter plots in which average
annual inflation is plotted against the part of real growth
that is not explained by the Solow variables.?® These plots

effect of inflation on growth statisticaly insignificant (p-value of 64
percent). In developing countries, it appears that inflation may make
growth more difficult to achieve, but there are other considerations that
are more important.

28. These Figures are based on the equation estimates in Table 2.

ResTrICTED EsTiMATES oF MRW ConbpiTioNaL CoNVERGENCE MobEL, 1960—-1990
DerPeENDENT VARIABLE: Loc DiFFeReENCE GDP pER WORKER

SAMPLE ALL Non-oIL HigH QuALITY OECD OECD+ REest oF THE WORLD
A: CONVERGENCE PARAMETER 0.015 0.019 0.028 0.042 0.013
(0.003) (0.004) (0.005) (0.006) (0.006)
a: Output ELAsTICITY 0.296 0.387 0.360 0.296 0.342
WRT PHYsicaL CAPITAL (0.064) (0.105) (0.130) (0.099) (0.228)
B: OutruT ELASTICITY 0.362 0.257 0.095 0.109 0.185
WRT HumAN CAPITAL (0.055) (0.100) (0.121) (0.119) (0.200)
F Test oF ADDING-UP RESTRICTION 0.066 0.075 0.042 0.800 0.211
CriTicAL VALUE AT 5% 4.00 4.00 4.49 4.28 4.24

TABLE 2

ResTrRICTED EsTimAaTES OF MRW ConbpITiIONAL CoNVERGENCE MoDEL, 1960-1990, wiTH INFLATION
DePeENDENT VARIABLE: Loc DiFFERENCE GDP PER WORKER

SAMPLE ALL Non-oIL HicgH QuALITY OECD OECD+ REesT oF THE WORLD
A: CONVERGENCE PARAMETER 0.015 0.019 0.036 0.043 0.011
(0.003) (0.004) (0.007) (0.006) (0.006)
a: OutpuT ELASTICITY 0.288 0.365 0.260 0.267 0.387
WRT PHYsicaL CAPITAL (0.063) (0.105) (0.132) (0.103) (0.243)
[: OutruT ELASTICITY 0.371 0.274 0.093 0.095 0.192
WRT HuMAN CAPITAL (0.054) (0.099) (0.112) (0.123) (0.207)
0;: INFLATION EFFECT —-0.024 —-0.026 —-0.140 —-0.031 -0.011
(0.014) (0.015) (0.061) (0.020) (0.012)
F Test oF ADDING-UP RESTRICTION 0.000 0.225 0.105 1.381 0.024
CriTIcAL VALUE AT 5% 4.00 4.00 454 4.30 4.26
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show that the regressi on equations do appear to have picked
up anegative rel ation between inflation and growth that af -
fectsalarge number of countries. Although it must be ad-
mitted that alarge part of the variation in growth between
countriesremainsunexplained, itisworth emphasizing that
anegativerelation is clearly observablein Figure 3, which
refers to advanced countries like the U.S.

The coefficients on inflation in Table 2 imply that in
long-run steady state a 10 percent inflation rate will reduce
annual per capita growth in an average country by about
Y, percentage point.?® In the near-term, the effect on growth
would be somewhat less because the economy adjusts to-
ward its slower growth path gradually. For example, for the
High Quality sample shown in Table 2, the effect of a 10
percent inflation is to reduce annual growth by 0.26 per-
centage point if maintained indefinitely, but by only 0.15
percentage point after ten years.*® In the OECD sample,
the estimated effect of inflationismuch larger, with 10 per-
cent inflation reducing annual growth by 1.4 percentage
points in steady state (about 1 percentage point after ten
years). This effect of inflation seems so large that it is nat-
ural to suspect that it may reflect the presence of a small
number of outlying observations. However, Figure 3 sug-
gests that this is not the case. Also note that Figure 4
suggests that the smaller estimated effect of inflation on
growth in the OECD+ sample is due largely to the influ-
ence of two outlier countries (Mexico and Isragl) that ex-
perienced much higher inflation rates than other OECD+
countries3! For other advanced countriesoutsidethe OECD,
the effect of inflation appears to be of the same order of
magnitude as for OECD countries.

Short-Sample Cross-Section Results

Asdiscussed earlier, itispossible that the negative rel ation
between average inflation and average growth over the full
30-year period reflectsonly the effects of afew supply-side
shocks that raised the level of prices and reduced the level
of real output in afew countries simultaneously. To check
for this possibility, sets of three cross-section equations
were estimated over shorter (ten-year) time periods.

29. With steady growth of 2 percent (the assumed rate of Harrod-neu-
tral technical change), per capita GDP will double in 35 years. If the
growth rate were slowed to 13/, percent, this doubling would take four
more years.

30. These estimates are made under the assumption that the economy
isin steady state equilibrium before the inflation rate rises.

31. Notethat the scale of inflationin Figure4issmaller thanitisin Fig-
ure 3.
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Table 3 shows the results of estimating three cross-
section equations covering ten-year periods from 1960
—1970, 1970-1980, and 1980-1990. These sets of cross-
section equations were estimated as systems of “seem-
ingly-unrelated” regressions, an estimation method that
assumesthat each country’sreal growth ratein any decade
iscorrelated with itsgrowth ratein other decades but isun-
related to growth in other countries. For all five samples of
countries, the adding-up constraint cannot be rejected, so
this restriction is imposed. To focus on the effects of in-
flation, for each group of countriesthe three ten-year cross
sections were estimated subject to the cross-equation re-
striction that the coefficients on the “Solow” variables
wereequal. Theintercept termswere allowed to vary, since
these terms include the logarithm of technology in theini-
tial year of each decade.®? The coefficients oninflation were
allowed to vary across decades, but equations al so were es-
timated with these coefficients constrained to be equal . For
each set of equations reported in Table 3, the left column
allowstheinflation coefficientsto vary among decades and
the right column constrains these coefficients to be equal.

For the equations in which the inflation coefficients are
not constrained, Table 3 shows that only one of these co-
efficients (that for the OECD countries from 1960-1970)

32. See footnotes 16 and 25 above.
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is marginaly and insignificantly positive, with the re-
mainder being negative.3 For most groups of countries,
the measured impact of inflation on growth isweaker (and
less significant) in the 1970-1980 decade. If the long-sam-
ple resultsin Table 2 were due primarily to the permanent
effects of supply shocks on the levels of prices and output,
one would expect that the apparent effects of inflation on
growth would be greater during the 1970s, since that decade
was dominated by the effects of two major oil shocks. Thus
the short-sample resultsin Table 3 argue against this* sup-
ply shock” interpretation of the results. For al five groups
of countries, the effect of inflation is significantly negative
during the decade of the 1980s.

If the coefficients on inflation in these equations are
constrained to be the same in each decade, they are sig-
nificantly negative in all cases. These estimates of infla-
tion’s effect on growth are about the same as those from
the 30-year cross sections; they indicate that 10 percent in-
flation would reduce annual real growth in steady state by

33.Inall groupsof countriesand all sample periods, the hypothesisthat
the inflation effect is negative cannot be rejected at standard probabil-
ity levels. However, in about half of the equations, the hypothesis that
the effect of inflation is zero also cannot be rejected.

TABLE 3

about Y, percentage point.3* Again, the estimates of thein-
flation effect for the advanced countries appear rather high,
but they are statistically significant.

Soline-Regression Results

The earlier discussion of the disruptions caused by infla-
tion suggests that its negative effect on rea growth would
begreater at high than at low inflation rates. Fischer (1993)
attempted to confirm this hypothesis by estimating “ spline
regressions.” In a spline regression, the coefficient on in-
flation is allowed to vary with the inflation rate.®® Fischer
used annual panel data, with each observation represent-
ing annual real GDP growth in a given country and given
year. A disadvantage of this procedureisthat the short-run
relation between inflation and output growth islikely to be
dominated by demand-side effects or by temporary supply

34. These equations differ from those in Table 2 in that the intercepts
(not reported) vary between decades, and the residuals for each coun-
try are correlated across decades. For all samples of countries, a chi-
squared test of the restriction that the inflation coefficients are constant
acrossthethree decadesisnot rejected at the 5 percent probability level.

35. See Greene (1993) for adiscussion of spline regressions.

RestrIicTED EstiMAaTES oF MRW ConbiTioNaL CoNVERGENCE MobEL, 1960-1970, 1970-1980, 1980-1990
DePENDENT VARIABLE: LoG DiFFERENCE GDP PER WORKER

SAMPLE ALL NoN-oIL HicH QUALITY OECD OECD+ REesT oF THE WORLD

A\: CONVERGENCE 0.014 0.014 0.015 0.015 0.035 0.035 0.038 0.038 0.009 0.009
PARAMETER (0.003) (0.003) (0.003) (0.003) (0.005) (0.005) (0.003) (0.003) (0.004) (0.004)

a: Output ELAsTICITY 0.364 0.362 0446 0.443 0.298 0.300 0.333 0.333 0406 0.419
WRT PHYsicaL CAPITAL (0.059) (0.058) (0.093) (0.090) (0.095) (0.089) (0.079) (0.079) (0.178) (0.182)

B: OutpuT ELASTICITY 0.299 0.300 0.177 0.182 0.056 0.069 —0.023 -0.019 0.230 0.216
WRT HumAN CAPITAL (0.049) (0.048) (0.087) (0.084) (0.089) (0.083) (0.088) (0.085) (0.153) (0.154)

0,: INFLATION EFFECT —-0.028 -0.028 —-0.158 -0.110 -0.031

(0.009) (0.007) (0.066) (0.002) (0.007)

0y: INFLATION EFFECT —0.065 —0.058 0.001 -0.181 —-0.051
1960-1970 (0.024) (0.043) (0.307) (0.099) (0.032)

01: INFLATION EFFECT -0.013 -0.014 -0.092 -0.019 -0.029
1970-1980 (0.027) (0.022) (0.072) (0.040) (0.024)

0,: INFLATION EFFECT —-0.028 —-0.028 —-0.159 -0.111 —-0.029
1980-1990 (0.010) (0.008) (0.070) (0.002) (0.012)

X2: Test oF CONSTANT 1.646 2177 0.974 4.680 0.579
INFLATION COEFFICIENT

CriTicAL VALUE AT 5% 5.99 5.99 5.99 5.99 5.99
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shocks rather than by the long-run effects of inflation on
technology that this paper emphasizes.

Tables 4 and 5 report spline regressions in which each
observation represents real GDP growth in a given coun-
try during a given decade. Again, Zellner’'s GL S estima-
tion procedure for seemingly-unrelated regressions was
employed. For the All Non-oil and High Quality samples,
the data were divided into three groups with average infla-
tion rates above 15 percent, between 5 and 15 percent and
below 5 percent, respectively. For the OECD and OECD+
samples, asingle “break point” of 5 percent inflation was
chosen, since there were amost no observations with in-
flation rates above 15 percent. The coefficient oninflation
is constrained to be constant between decades.®

36. Thiswas necessary because there are insufficient high-inflation ob-
servations in any single decade cross section to permit estimation of
meaningful spline regressions.

TABLE 4

Table 5 suggests that in advanced economies (that is,
OECD and OECD+), the effect of inflation on real growth
isnegligible at inflation rates of less than 5 percent but is
much larger when inflation exceeds 5 percent. The infla-
tion coefficients are not statistically significant at inflation
rates below 5 percent, but are significantly negative when
inflation exceeds 5 percent. However, the hypothesis that
these coefficients do not change at 5 percent inflation can-
not berejected (seet statisticsfor spline). Figure 6 displays
ascatter plot of the OECD sample which confirmsthat the
estimatesare not dominated by afew outlying observations.

For the OECD sampl e, the coefficient oninflation above
5 percent isthe sameorder of magnitude asthe coefficients
estimated earlier inthe 10- and 30-year cross sections. Fig-
ure 6 again shows that the regression equation is picking
up arelationship that is not merely the result of the influ-
ence of afew extreme observations. For the OECD+ coun-
tries, the inflation coefficient is about the same as for the

ResTrICTED EsTiMATES OF MRW ConbpITIONAL CoNVERGENCE MoDEL, 1960-1990, SpLINE REGRESSIONS
DePENDENT VARIABLE: Lo DiFFeERENCE GDP PER WORKER

SAMPLE ALL Non-oIL HigH QUALITY ResT oF THE WORLD
A: CONVERGENCE PARAMETER 0.014 0.015 0.009
(0.003) (0.003) (0.004)
a: Outrput ELASTICITY 0.351 0.422 0.421
WRT PHYsicaL CAPITAL (0.061) (0.093) (0.194)
B: OutpuT ELASTICITY 0.305 0.199 0.201
WRT HumMAN CAPITAL (0.050) (0.086) (0.270)
0y INFLATION LESS THAN 5% —0.290 —-0.024 —0.207
(0.278) (0.145) (0.181)
0;: INFLATION BETWEEN 5% AND 15% -0.116 —-0.130 —0.040
(0.088) (0.065) (0.080)
0;: INFLATION GREATER THAN 15% -0.012 —-0.022 —-0.025
(0.017) (0.012) (0.010)
t TEST OF SPLINE AT 5% INFLATION 0.79 -0.87 0.72
t TEST OF SPLINE AT 15% INFLATION 1.08 153 0.18
NumBER oF OBSERVATIONS 93 58 27
WITH INFLATION LESS THAN 5%
NuUMBER oF OBSERVATIONS 132 89 45
WITH INFLATION BETWEEN 5% AND 15%
NumBER oF OBSERVATIONS 44 35 26

WITH INFLATION GREATER THAN 15%
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TABLES

RestrIicTED EstiMaTES oF MRW ConbiTioNAL CoNVERGENCE MobEL, 1960—1990, SpLINE REGRESSIONS
DePENDENT VARIABLE: LoG DiFFERENCE GDP PER WORKER

SAMPLE OECD OECD+
A\: CONVERGENCE PARAMETER 0.037 0.039
(0.005) (0.004)
a: Outrut ELASTICITY 0.328 0.266
WRT PHYsicaL CAPITAL (0.084) (0.079)
B: OutpuT ELASTICITY 0.055 —-0.013
WRT HuMAN CAPITAL (0.081) (0.084)
0;: INFLATION LESS THAN 5% 0.022 0.007
(0.130) (0.139)
0y INFLATION GREATER THAN 5% —-0.200 —0.119
(0.071) (0.012)
t TEST OF SPLINE -1.49 -0.84
NumBER oF OBSERVATIONS 24 3L
WITH INFLATION LESS THAN 5%
NUMBER oF OBSERVATIONS 39 53

WITH INFLATION GREATER THAN 5%

OECD countries. For both the OECD and OECD+ sam-
ples, these resultsimply that at inflation rates above 5 per-
cent, a1 percentage point increase in inflation will reduce
steady state growth by at least 0.1 percentage point.

For the All Non-ail, High Quality, and Rest of the World
samples, the estimates are more puzzling since they seemto
indicate that the margina effect of inflation on real growth
—although always negative—isless at highinflation rates
than at low.3” For al three samplesin Table 4, theinflation
coefficients are less negative for inflation rates of more
than 15 percent than at lower inflation rates. A similar re-
sult was found by Fischer (1993). A possible explanation
isthat at high rates of inflation, institutions and activities
devel op that enable economic agents to reduce the conse-
guences of inflation. There may be a measurement biasin
the output data in that some activities that serve only to
counter inflation may be included in the measured GDP of
high-inflation countries. It is worth noting that the esti-
mated inflation effect for High Quality countries with in-
flation rates below 15 percent is of the same order of
magnitude as for OECD countries.

37. For the All Non-oil and Rest of the World samples, the marginal ef-
fect of inflation isimplausibly large at inflation rates below 5 percent.
However, for the High Quality sample, we cannot reject the hypothesis
that the effect of inflation isthe same for infl ation rates below 5 percent
asfor inflation between 5 and 15 percent.
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V. ARe THESE RESULTS
QUANTITATIVELY IMPORTANT?

Between 1982 and 1992, inflation in the U.S. was about 5
percentage pointslower than during the previousten years.
Inflation has come down even more during the 1990s. The
empirical results reported in the preceding section imply
that reducing average inflation by 5 percentage points
should raise long-run growth in per capita GDP in atypi-
cal country by at least 0.1 percentage point. The results
both for advanced countries and for countries with moder-
ate inflation rates, which may be more relevant for judging
thelikely benefits of price stability inthe U.S,, yield higher
estimates. Also the splineregressionsindicate that the dele-
terious effects of inflation set in at quite low rates of infla-
tion and are not confined to situationsin which inflation is
very high. Indeed, some of these regressions suggest that
the marginal effect of inflation in slowing long-run growth
may be greater at medium inflation rates than at very high
rates. Moreover, for non-OECD countries with inflation
ratesin the same range as OECD countries, the effects are
of the same order of magnitude. The overall conclusion
from the results is that a 5 percentage point reduction in
inflation could boost annual growth by between 0.1 and 0.5
percentage point.

The public and some poaliticians raise a number of con-
cernswhen aslowdown is proposed by the central bank to
counter inflation pressures. Although the benefits of price
stability accrue over the long run, the costs of moving to
zero inflation are felt in the short run. Furthermore, anin-
crease in growth of less than ¥, percentage point does not
sound like much, even when those benefits are expected to
accrue indefinitely. Finally, the impact of the reduction of
inflation on the current generation is less than that indi-
cated by the steady state results because the speed of con-
vergence to a new steady stateis slow.

In order to judge whether the move toward price sta-
bilility in the past two decades will prove to have been
worthwhile, we need to measure the present value of the
long-run benefits in order to compare them with the up-
front costs. This calculation is sensitive to the interest rate
used to discount future benefits, but rough calculations
suggest that the benefits exceed the costs by a wide mar-
gin. For example, with a 40-year working life, a 3 percent
real discount rate, and aconvergence parameter of 2Y, per-
cent (A = 0.025), areduction in inflation that would yield
a 0.1 percentage point boost to steady state growth would
increasethe discounted lifetimeincome of atypical worker
by an amount equal to about 15 percent of one year’'s in-
come, while a 0.5 percentage point boost to steady state
growth would be worth aimost 140 percent of one year's
income. These estimates of the benefits of lower inflation

appear to exceed the costs of bringing inflation down,
which have been estimated as amounting to at most 1215
percent of one year's GDP for a 5 percentage point reduc-
tion ininflation (Ball 1993, Mankiw 1992, p. 309).

V1. SUMMARY AND CONCLUSIONS

The results of this study generally confirm those reported
elsewhere. Looking acrossawide cross section of countries,
| find asystematic tendency for higher rates of inflation to
be associated with slower real growth. | have estimated the
model over arange of different samplesand different time
periods. Inamost all cases, inflation has anegative impact
onreal growth. Although standard testsimply that in some
samples, the estimated coefficient oninflation is not statis-
tically significant at conventional levels, the cumulative ev-
idence generally supportsthe hypothesis. To guard against
data mining, the data have been analyzed using a theoret-
ica model of economic growth. No additional variables
have been added to this model.

The scatter plots shown in Figures 1-6 indicate that, al-
though the model leaves alot of the intercountry variation
in rates of growth unexplained, inflation has a negative ef-
fect on real growth that iseconomically and in many cases
statistically significant. Thus, although one cannot claim
that inflation is a magjor source of differences in rates of
growth between countries, it does appear to be a system-
atic factor explaining at least part of these differences.
Moreover, the results imply that it is a factor influencing
growth in both advanced and |ess devel oped countries. Fi-
nally, arough cal cul ation suggeststhat the benefitsfrom get-
ting inflation down—although they will accrue only slowly
and over along period— may exceed the short-run costs of
doing so. Much of the cost of bringing inflation down was
bornein the early 1980s. If low inflation isto continue, fu-
ture increases in inflation will have to be resisted. The re-
sults of this paper suggest that the short-run costs of such
resistance probably will be worth bearing.



28 FRBSF Economic Review 1998, NuMBER 1

REFERENCES

Ball, Laurence. 1993. “How Costly is Disinflation? The Historical Evi-
dence.” Business Review, Federal Reserve Bank of Philadelphia
(November-December).

Barro, Robert J 1991. “Economic Growth in a Cross Section of Coun-
tries.” Quarterly Journal of Economics (May).

Cozier, Barry, and Jack Selody. 1992. “Inflation and Macroeconomic
Performance: Some Cross-Country Evidence.” Working Paper 92-
6, Department of Monetary and Financial Analysis, Bank of Canada
(November).

Feldstein, Martin. 1996. “ The Costs and Benefits of Going from Low In-
flation to Price Stahility.” NBER Working Paper 5469 (February).

Fischer, Stanley. 1993. “The Role of Macroeconomic Factors in
Growth.” NBER Working Paper 4565 (December).

Greene, William H. 1993. Econometric Analysis. New York: Macmillan.

Grimes, Arthur. 1991. “The Effects of Inflation on Growth: Some In-
ternational Evidence.” Weltwirtschaftliches Archiv (December).

Howitt, Peter. 1990. “Zero Inflation as a Long-Term Target for Mone-
tary Policy.” In Zero Inflation: The Goal of Price Sability, ed.
Richard G. Lipsey, Policy Study 8. Toronto, Canada: C.D. Howe
Ingtitute.

Judd, John P, and Bharat Trehan. 1995. “The Cyclical Behavior of
Prices: Interpreting the Evidence.” Journal of Money, Credit and
Banking (August).

Levine, Ross, and David Renelt. 1992. “ A Sensitivity Analysisof Cross-
Country Growth Regressions.” American Economic Review (Sep-
tember).

, and SaraJ Zervos. 1993. “What We Have L earned About
Policy and Growth from Cross-Country Regressions?’ American
Economic Review (May).

Mankiw, N. Gregory. 1992. Macroeconomics. New York: Worth Pub-
lishers.

, David Romer, and David N. Weil. 1992. “A Contribution
to the Empirics of Economic Growth.” Quarterly Journal of Eco-
nomics (May).

Motley, Brian. 1994. “Growth and Inflation: A Cross-Country Sudy.”
CEPR Publication No. 395, Center for Economic Policy Research,
Sanford University (March).

Mundell, Robert A. 1963. “Inflation and Real Interest.” Journal of Po-
litical Economy (June).

Nehru, Vikram, Eric Svanson, and Ashutosh Dubey. 1995. “A New
Database on Human Capital Stock in Developing and Industrial
Countries: Sources, Methodol ogy, and Results.” Journal of Devel-
opment Economics 46 (April) pp. 379-401.

Sato, K. 1966. “On the Adjustment Timein Neo-classical Growth Mod-
els.” Review of Economic Studies (July).

Summers, Robert, and Alan Heston. 1991. “The Penn World Table
(Mark 5): An Expanded Set of International Comparisons, 1950-
1988.” Quarterly Journal of Economics (May).

Tobin, James. 1965. “Money and Economic Growth.” Econometrica
(October).

Zélner, Arnold. 1962. “An Efficient Method of Estimating Seemingly
Unrelated Regressionsand Testsfor Aggregation Bias.” Journal of
the American Statistical Association (June).



