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IS FIXED INVESTMENT THE KEY TO
ECONOMIC GROWTH?"

The strong relationship between fixed capital formation
shares of GDP and growth rates since World War I1 has led many
writers, such as De Long and Summers [1991,19921,to conclude
that the rate of capital formation or of capital formation in the
form of equipment, determines the rate of a country's economic
growth.' Yet, the strong association between fixed investment or
equipment investment and growth, particularly over spans of fifteen to twenty years, does not prove causality. The effects may
very well run from growth to capital formation, so that rapid
growth leads to high rates of capital formation. An earlier study
by Lipsey and Kravis [I9871 found that for five-year periods
within the longer spans, the rate of growth was more closely related to capital formation rates in succeeding periods than to contemporary or preceding rates. That result suggested that the
observed long-term relationships were due more to the effect of
growth on capital formation than to the effect of capital formation
on growth.
In this paper we address that issue by again examining
changes in capital formation and growth over successive five-year
periods, but with more formal methods of studying the direction
of causation. Our aim is to determine directions of influence and
their timing between capital formation ratios and rates of
growth.

* We wish to thank the referees and the editors for helpful comments,
J. Bradford De Long and Lawrence Summers for their data on equipment shares
of ca~italformation. and the Swedish Council of Research in the Humanities and
social Science for financial support. A fuller version of this paper appeared as
NBER Working Paper No. 4436 [19931.
1. See Levine and Renelt [I9921 for a survey of the literature.
O 1996 by the President and Fellows of Hanard College and the Massachusetts Institute
of Technology.
The Quarterly Journal of Economics, February 1996.
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TABLE I
REGRESSIONS
OF GROWTH
IN REALGDP PER CAPITA
ON FIXEDCAPITAL
FORMATION
DUMMIES
RATIOSWITHOUT AND WITH COUNTRY
Fixed capital formationIGDP
Preceding
period

Current
period

Following
period

Country dummies excluded
Coefficient
0.30
t-statistic
(3.42)
0.03
R2
No. of obs.
404

0.60
(5.71)
0.07
404

0.80
(8.94)
0.16
404

Country dummies included
- 1.00
Coefficient
(3.95)
t-statistic
0.16
R2
No. of obs.
404

-0.01
(0.04)
0.12
404

1.65
(6.78)
0.23
404

Real GDP per capita growth, 1965-1970,1970-1975,1975-1980, and 1980-1985 (ratio of end year over
inltial year).
Ratio of fixed capital formation to GDP, measured in current purchasing power parities, averaged over
five-years periods (1960-1965,1965-1970,1970-1975,1975-1981). 1980-1985, and 1983-1988).
Source. Summers and Heston [19911.

A first test of the timing issue is provided in the first part of
Table I, which shows simple regressions of five-year growth rates
in per capita GDP on preceding, current, and succeeding period
fixed capital formation rates (ratios of fixed capital formation to
GDP).2 The coefficients, t-statistics, and R2's increase as one
moves from the preceding period to the current one and then from
there to the succeeding period. From this timing relationship we
are led to suspect that the case for effects running from growth
rates to subsequent capital formation is stronger than that for
the effects running from capital formation to subsequent growth.
One risk in using pooled time series and cross-section data,
is that the cross-sectional differences among countries reflect per2. We chose five-year periods, partly to dilute cyclical influences, partly to
maximize the number of countries included and to use most of the years of the
ICP benchmark surveys (the basis for the Summers and Heston estimates), for
which the data should be most reliable. However, there is no theoretical basis for
this interval, and it might be worthwhile to experiment with others also. Much
shorter intervals might, however, give results reflecting business cycle developments rather than the longer term influences that are important for development.
A list of the 101 countries included in the study is provided in Blomstrom,
Lipsey, and Zejan [19941.
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manent characteristics of the countries that encourage or discourage both fixed investment and economic growth. Examples of
such characteristics might be the efficiency of government, the
degree of corruption, the level of violence, or the attitude of governments and populations toward individual achievement or enterprise. Any such relationship could give a false impression that
high fixed capital formation resulted in high growth, or vice
versa. To eliminate any such bias, we include country dummies.
The effect is to remove cross-sectional differences among countries, leaving only time-series variations to be explained. The
main result persists when intercountry differences are eliminated: growth seems to precede capital formation (see the second
part of Table I).
A more formal way of examining the direction of causality is
to apply tests in the Granger-Sims causality framework [Granger
1969; Sims 19721. We first estimate the following equations:
(i)RGDPC,

(ii) RGDPC,

= f (RGDPC,-,,

RGDPC,-,)

= f (RGDPC,-,, RGDPC,-,,

IIW-,),

where RGDPC is growth in real income per capita, I h V is the
ratio of fixed capital formation to GDP, and t is the period (see
Table I). We interpret investment to be Granger-causing growth
when a prediction of growth on the basis of its past history can
be improved by further taking into account the previous period's
investment.
Estimating (i) and (ii) gives the following results (t-values
are in parentheses):
RGDPC, = 0.661 + 0.227 RGDPC, _
(7.0)
(3.7)

RGDPC,

=

, + 0.142 RGDPC, ,
-

(2.1)

R2 = 0.06
n = 303
0.660 + 0.228 RGDPC,-, + 0.142 RGDPC,-,
(6.7)
(3.5)
(1.9)
- 0.002 Ihv-,
(0.02)

Thus, we cannot reject the null hypothesis that capital formation
in the preceding period has no explanatory power with respect to
growth in the current period, given the past history of growth in
that country. The past history of growth is a poor predictor of
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current growth, but lagged investment does not improve the
prediction.
We can then reverse the question to ask whether past growth
has an effect on current capital formation rates, given the history
of capital formation rates. The results are as follows (t-values are
in parentheses):

The significant t-statistic on RGDPC,-, suggests that past growth
has a significant effect on current capital formation even after
past capital formation is taken into account. Even though the
past history of capital formation rates predicts current rates well,
past growth rates improve the prediction.
We have also included preceding, current, and following period fixed capital formation ratios in the growth regression concurrently. This regression tests a form of Sims [I9721 definition
of causality. As suggested by Geweke (see Harvey [1990, p. 3071),
we also included lagged values of the dependent variable to eliminate serial correlation. The results are as follows (t-values are in
parentheses):

This test again suggests that growth Granger-causes investment.3 The finding that INV,-, and INV, carry negative coeffi3. De Long and Summers emphasize machinery and equipment investment
rather than investment in fixed capital. Using their equipment investment variable in place of the fixed capital formation variable does not change our results.
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cients is probably related to the fact that all three investment
variables are highly correlated (0.89, 0.89, and 0.79).
In sum, informal and formal tests using only fixed investment ratios as independent variables give evidence that economic
growth precedes capital formation, but no evidence that capital
formation precedes growth. Thus, the causality seems to run in
only one direction, from economic growth to capital formation.

In an earlier paper, studying growth over the whole postWorld War I1 period, we found, in addition to fixed capital formation ratios, several other determinants of real GDP per capita
growth [Blomstrijm, Lipsey, and Zejan 19941. Among the significant variables were the initial (1960) real per capita income level
(i.e., a convergence or catch-up variable), the proportion of the
population in the relevant age group enrolled in secondary education (a proxy for the level of secondary education in the population), income changes that were due to changes in the world price
structure (we used this variable as a more general alternative
to excluding oil-producing countries), changes in the labor force
participation rate (intended to catch the effects of demographic
changes, particularly in birth rates, on the ratio of dependent
population to working population), and inflows of foreign direct
investment relative to GDP (a measure of the inflow of disembodied technology from abroad). Here we include these variables in
our equations and rerun the multiple regression, using pooled
five-year period data instead of data for the full 1960-1988
period.
If we pool cross-section and time-series observations, using
current period values for all variables other than fixed capital
formation4 and not eliminating the cross-section variation (first
part of Table II), we find, as in the single-variable equations mentioned above, that the results improve when capital formation
rates are dated later relative to output growth. The explanatory
power of the model, the coefficients, and the t-values for capital
4. We addressed the issue of timing and direction of causation also for these
additional variables and found for all of them, a causality pattern similar to what
we found for the investment variable: However, the effect of growth on the other
variables was much smaller than the effect of growth on capital formation, and
the impact of moving from preceding- to current- or to following-period values for
these variables in the growth equations was small: nothing like that of the same
process for fixed capital formation.
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TABLE I1
COEFFICIENTS
FOR FDIED
CAPITALFORMATION
RATIOS M MULTIPLEREGRESSIONS
EXPLAINING
GROWTH
IN REALGDP PER CAPITA
Fixed capital formationIGDP
Preceding
period

Current
period

Following
period

Country dummies excluded
0.25
Coefficient
t-statistic
(1.94)
R;!
0.12
No. of obs.
364

0.62
(4.56)
0.16
364

1.04
(8.85)
0.27
364

Country dummies included
-0.63
Coefficient
(2.43)
t-statistic
?Z;!
0.42
No. of obs.
364

0.31
(1.26)
0.41
364

1.27
(4.88)
0.46
364

Dependent variable:
Real income per capita growth, 1965-1970, 1970-1975, 197Et1980, and 1980-1985 (ratio of end year over
lnitial year). Source: Summers and Heston [19911.
Explanatory variables:
1960 income per capita relative to that of the United States. Source: Summers and Hestan [1991].
The average ratio of secondary education to the number in the "appropriate" age group, 1965-1970,
1970-1975, 1975-1980, and 1980-1985. Source: UNESCO Yearbook, various issues.
Price deflator. Calculated a s PRICE* = CGDPC 1 RGDPC, ratio of end of year over initial year, where
CGDPC is GDP per capita a t current international prices and RGDPC is real GDP per capita a t 1985 international prices. Source: Summers and Heston [19911.
Ratio of fixed capital formation to GDP, measured in current purchasing power parities, averaged over
five-years periods (1960-1965, 1965-1970, 1970-1975, 1975-1980, 1980-1985, and 1983-1988). Source:
Summers and Heston [19911.
The change in the labor force participation rate, the ratio of labor force to total population, 196M970,
197G1975, 1975-1980, and 1980-1985. Sources: ILO, Labor Statistics Yearbwk; Summers and Heston
[19911.

Ratio of inflow of foreign direct investment to GDP, measured in current dollars, averaged over fiveyears periods (1965-1970,1970-1975, 1975-1980, and 1980-1985). Sources: IMF Balance of Payments tape;
UNCTC, Pansnational Corporations in World Development [19881.

formation increase when we use INV, instead of I h V - , , and increase further when we substitute INV,,, for IWt.
If we eliminate the cross-sectional differences among countries by including country dummies, we arrive a t the results
shown in the second part of Table 11. The pattern for the three
fixed capital formation measures survives the elimination of intercountry difference~.The only fixed capital formation coefficient that is positive and significantly different from zero is that
for fixed capital formation in the following p e r i ~ d . ~
5. Substituting the De Long and Summers equipment investment variable
for our fixed capital formation variable does not change the results significantly
in any of the regressions or the causality tests. For instance, the multiple regres-
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Finally, we also applied the Sims-causality test, discussed
above, to this multiple regression framework. The result with regard to the investment variable was essentially the same.
What, then, determines the rate of growth of a country? The
strongest contemporary cross-section and time series influences
we find, in the sense of being contemporary with the growth, are
increases in (1)prices relative to world prices, (2) the proportion
of students in secondary education, (3) the ratio of the labor force
to population, (4) the inflow of foreign direct investment relative
to GDP, (5) the investment ratio, and (6) the initial distance behind the United States [Blomstrijm, Lipsey, and Zejan 1993, Appendix Table 11. Some of these variables are important mainly in
cross-country comparisons, but do not seem to affect time series
changes in growth rates for individual countries, perhaps because they vary little over time within countries. The variables
that seem important over time are the initial distance behind the
United States in each period and the change in relative prices
during the period. Changes in the contemporary investment ratio
are not significant.

IV. CONCLUSIONS
Relating the growth rate of real GDP per capita to the share
of fixed investment or equipment investment in GDP, and to
other variables over long periods, De Long and Summers [1991,
19921 and most other studies conclude that the investment ratio
exerts a major influence on income growth. Dividing the postWorld War I1 period into five-year subperiods, we find that per
capita GDP growth in a period is more closely related to subsequent capital formation than to current or past capital formation.
Moreover, the results of simple causality tests suggest that
growth induces subsequent capital formation more than capital

sions with fixed effects, using a common sample size of 72 countries, give the
following result:
Fixed capital formation/GDP
Preceding
period
Coefficient
t-statistic
R2
No. of obs.

-0.49
(1.87)
0.51
265

Current
period
0.66
(2.58)
0.52
265

Machinery and equipmenVGDP

Following
period

Preceding
period

1.76
(6.12)
0.58
265

-1.10
(1.03)
0.50
265

Current
period
1.60
(1.49)
0.51
265

Following
period
5.00
(4.00)
0.54
265
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formation induces subsequent growth. Thus, we find no evidence
that fixed investment (or equipment investment) is the key to economic growth. This conclusion is in line with the last 25 years of
research in development economics, which shows that the path
to growth and development is much more than simply raising
saving and investment rates from 5 to 15 percent, as Arthur
Lewis, Walter Rostow, and others suggested in the 1950s. Institutions, economic and political climate, and economic policies that
encourage education, inflows of direct investment, lower population growth, and the efficient use of investment seem to be the
chief foundations for economic growth.

REFERENCES
Blomstrom, Magnus, Robert E. Lipsey, and Mario Zejan, "Is Fixed Investment the
Key to Economic Growth?" NBER Working Paper No. 4436, 1993.
Blomstrom, Magnus, Robert E. Lipsey, and Mario Zejan, "What Explains the
Growth of Developing Countries?" in William Baumol, Richard Nelson, and
Edward Wolff, eds., International Convergence of Productivity (London: Oxford University Press, 1994), pp. 243-59.
De Long, J. Bradford, and Lawrence Summers, "Equipment Investment and Economic Growth," Quarterly Journal of Economics," CVI (19911, 445-502.
De Long, J. Bradford, and Lawrence Summers, "Equipment Investment and Economic Growth: How Strong Is the Nexus?" Brookings Papers on Economic
Activity (19921, 157-211.
Granger, C. W. J., "Investigating Causal Relations by Econometric Models and
Cross-Spectral Methods," Econometrica, XXXVII (19691, 424-38.
Harvey, Andrew C., The Econometric Analysis of Time Series, 2nd edition (Heme1
Hempstead: Philip Alan, 1990).
Levine, Ross, and David Renelt, "A Sensitivity Analysis of Cross-Country Growth
Regressions," American Economic Review, LXXXII (19921,942-63.
Lipsey, Robert, and Irving Kravis, Saving and Economic Growth: Is the United
States Really Falling Behind? (New York: The Conference Board, 1987).
Sims, Christopher A., "Money, Income and Causality," American Economic Review, W I (1972), 540-52.
Summers. Robert. and Alan Heston. "The Penn World Table (Mark 5): An ExQuarterly Journal of
tended Set of ~nternational~ o k ~ a r i s o n1950-1988,"
s,
Economics, CVI (19911, 327-68.

http://www.jstor.org

LINKED CITATIONS
- Page 1 of 2 -

You have printed the following article:
Is Fixed Investment the Key to Economic Growth?
Magnus Blomström; Robert E. Lipsey; Mario Zejan
The Quarterly Journal of Economics, Vol. 111, No. 1. (Feb., 1996), pp. 269-276.
Stable URL:
http://links.jstor.org/sici?sici=0033-5533%28199602%29111%3A1%3C269%3AIFITKT%3E2.0.CO%3B2-0

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

[Footnotes]
1

A Sensitivity Analysis of Cross-Country Growth Regressions
Ross Levine; David Renelt
The American Economic Review, Vol. 82, No. 4. (Sep., 1992), pp. 942-963.
Stable URL:
http://links.jstor.org/sici?sici=0002-8282%28199209%2982%3A4%3C942%3AASAOCG%3E2.0.CO%3B2-J

References
Equipment Investment and Economic Growth
J. Bradford De Long; Lawrence H. Summers
The Quarterly Journal of Economics, Vol. 106, No. 2. (May, 1991), pp. 445-502.
Stable URL:
http://links.jstor.org/sici?sici=0033-5533%28199105%29106%3A2%3C445%3AEIAEG%3E2.0.CO%3B2-A

Equipment Investment and Economic Growth: How Strong is the Nexus?
J. Bradford de Long; Lawrence H. Summers; Andrew B. Abel
Brookings Papers on Economic Activity, Vol. 1992, No. 2. (1992), pp. 157-211.
Stable URL:
http://links.jstor.org/sici?sici=0007-2303%281992%291992%3A2%3C157%3AEIAEGH%3E2.0.CO%3B2-X

NOTE: The reference numbering from the original has been maintained in this citation list.

http://www.jstor.org

LINKED CITATIONS
- Page 2 of 2 -

Investigating Causal Relations by Econometric Models and Cross-spectral Methods
C. W. J. Granger
Econometrica, Vol. 37, No. 3. (Aug., 1969), pp. 424-438.
Stable URL:
http://links.jstor.org/sici?sici=0012-9682%28196908%2937%3A3%3C424%3AICRBEM%3E2.0.CO%3B2-L

A Sensitivity Analysis of Cross-Country Growth Regressions
Ross Levine; David Renelt
The American Economic Review, Vol. 82, No. 4. (Sep., 1992), pp. 942-963.
Stable URL:
http://links.jstor.org/sici?sici=0002-8282%28199209%2982%3A4%3C942%3AASAOCG%3E2.0.CO%3B2-J

Money, Income, and Causality
Christopher A. Sims
The American Economic Review, Vol. 62, No. 4. (Sep., 1972), pp. 540-552.
Stable URL:
http://links.jstor.org/sici?sici=0002-8282%28197209%2962%3A4%3C540%3AMIAC%3E2.0.CO%3B2-%23

The Penn World Table (Mark 5): An Expanded Set of International Comparisons, 1950-1988
Robert Summers; Alan Heston
The Quarterly Journal of Economics, Vol. 106, No. 2. (May, 1991), pp. 327-368.
Stable URL:
http://links.jstor.org/sici?sici=0033-5533%28199105%29106%3A2%3C327%3ATPWT%285%3E2.0.CO%3B2-D

NOTE: The reference numbering from the original has been maintained in this citation list.

