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Abstract: This paper presents an analysis of time-series data for the countries in the Summers- 
Heston (1991) data set, in an attempt to ascertain the evidence for or against the export-led growth 
hypothesis. We find that standard methods of detecting export-led growth using Granger-causality 
tests may give misleading results if imports are not included in the system being analyzed. For this 
reason, our main statistical tool is the measure of conditional linear feedback developed by Geweke 
(1984), which allows us to examine the relationship between export growth and income growth 
while controlling for the growth of imports. These measures have two additional features which 
make them attractive for our work. First, they go beyond mere detection of evidence for export-led 
growth, to provide a measurement of its strength. Second, they enable us to determine the temporal 
pattern of the response of income to exports. In some cases export-led growth is a long-run 
phenomenon, in the sense that export promotion strategies adopted today have their strongest effect 
after eight to 16 years. In other cases the opposite is true; exports have their greatest influence in the 
short run (less than four years). We find modest support for the export-led growth hypothesis, if 
"support" is taken to mean a unidirectional causal ordering. Conditional on import growth, we find 
a causal ordering from export growth to income growth in 30 of the 126 countries analyzed; 25 have 
the reverse ordering. Using a weaker notion of "support" - stronger conditional feedback from 
exports to income than vice versa, 65 of the 126 countries support the export-led growth hypothesis, 
although the difference in strength is small. Finally, we find that for the "Asian Tiger" countries of 
the Pacific Rim, the relationship between export growth and output growth becomes clearer when 
conditioned on human capital and investment growth as well as import growth. 
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I Introduction 

One of the most enduring questions in economics involves how a nation could 
accelerate the pace of its economic development. One of the most enduring 
answers to this question is to promote exports - either because doing so directly 
influences development via encouraging production of goods for export, or 
because export promotion permits accumulation of foreign exchange which 
permits importation of high-quality goods and services, which can in turn be 
used to expand the nation's production possibilities. In either case, growth 
is said to be export-led; the latter case is the so-called "two-gap" hypothesis 
(McKinnon, 1964; Findlay, 1973). 

The early work on export-led growth consisted of static cross-country com- 
parisons (Michaely, 1977; Balassa, 1978; Tyler, 1981; Kormendi and Meguire, 
1985). These studies generally concluded that there is strong evidence in favour 
of export-led growth because export growth and income growth are highly 
correlated. However, Kravis pointed out in 1970 that the question is an essen- 
tially dynamic one: as he put it, are exports the handmaiden or the engine of 
growth? To make this determination one needs to look at time series to see 
whether or not exports are driving income. This approach has been taken in a 
number of papers (Jung and Marshall, 1985; Chow, 1987; Serletis, 1992; Kunst 
and Marin, 1989; Marin, 1992; Afxentiou and Serletis, 1991), designed to assess 
whether or not individual countries exhibit statistically significant evidence of 
export-led growth using Granger causality tests. 

We adopt this dynamic approach, but make a number of important modifica- 
tions. First, we use data from a single source designed to provide a consistent set 
of comparable cross-country statistics on output - the purchasing power index 
data of Summers and Heston (1991). This data set avoids the standard difficulty 
that output valued at official exchange rates may not provide an accurate 
picture of a nation's stage of economic development. The intertemporal effect of 
this phenomenon is especially important when one is interested in the pattern of 
economic development. For example, as a country develops, its traded (i.e., 
exported) goods sector may grow relative to other sectors. Thus just as output 
has grown, the official-exchange-rate valuation of output will more accurately 
measure actual output precisely because exports constitute a larger fraction of 
output. This will make it appear to be the case that exports lead output regard- 
less of the underlying source of output growth. Use of the purchasing power 
measure attenuates this confounding measurement error effect, since its valua- 
tion of output relies less heavily on a country's traded goods. This paper uses 
data from Mark 5.5 of the Penn-World Table (Summers and Heston, 1991), 
which covers the years 1950-1990. 2 Our measure of income growth is total real 

2 Although the Summers-Heston (1991) paper includes data only through 1988 (Mark 5), an 
updated version (Mark 5.5) includes data through 1990. This version is available via anonymous ftp 



The Engine of Growth or its Handmaiden? 79 

gross domestic product in current international dollars, which is computed by 
multiplying the CGDP series for each country by its population. Exports and 
imports are also expressed in current international dollars, and are derived from 
the Penn-World Table. 3 

Second, this paper strives to provide a consistent set of measurements of the 
importance of exports in leading economic growth. We employ several proce- 
dures which, while not new, have not previously been applied to this problem. 
These measures enable us to go beyond mere detection of evidence for export- 
led growth to the measurement of its strength. 

The third modification is that we take account of imports explicitly. Other 
studies typically focus on the bivariate relationship between income and 
exports. 4 But as noted above, theory suggests that imports may play a central 
role in explaining export-led growth. Indeed, we find that omitting imports from 
the analysis may either mask or overstate the effect of exports on income. 

Fourth, for a subset of countries, we also investigate whether other often- 
omitted variables influence the relationship between income and exports. In 
particular, we find that conditioning on measures of physical and human capital 
generally sharpens inferences regarding the relationship between export growth 
and output growth. 

Finally, we are able to determine the temporal pattern of the response of 
income to exports. In some cases export-led growth is a long-run phenomenon, 
in the sense that export-promotion strategies adopted today have their strongest 
effect after eight to 16 years. In other cases the opposite is true; exports have 
their greatest influence in the short run (less than four years). It may also be the 
case that a country may exhibit a strong export-led growth effect at particular 
frequencies (i.e., time horizon), even though there may be little evidence of the 
effect in the overall measure. 

While we feel that these findings are interesting in themselves, they also 
provide a set of facts that may serve as a guide to theorists who are currently 
working to develop better theories of economic growth. 

from the NBER (nber.harvard.edu). Since this paper was written, a further update (Mark 5.6) has 
been released and is also available via ftp. 
3 The variable O P E N  (exports + imports as ~o of CGDP)  is given in the Penn-World  Table, and 
the current net foreign balance (cnfb; as a percentage of CGDP)  can be obtained by the formula 
100 - cc - ci - cg = cnfb, where cc, ci, and cg are the percentage shares of consumption,  invest- 
ment  and government spending, respectively, in CGDP.  Then expor t s /CGDP = (OPEN + cnfb)/ 
200, and impor t s /CGDP = (OPEN - cnfb)/200. 
4 Exceptions are Serletis (1992), who includes imports; Ghartey (1993), who includes the terms of 
trade and the capital stock; and Kuns t  and Marin  (1989), who study the causal relationships 
between productivity, export growth, the terms of trade and OECD output.  
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2 The State of the Evidence 

R. G. Riezman et al. 

2.1 Existing Evidence 

Existing tests for the presence of export-led growth generally rely on the concept 
of Granger causality/ That is, it is customary to check whether exports help 
predict output once historical output has been taken into account. More specifi- 
cally, let xt denote exports and Yt denote output. Then estimate the following 
two equations by ordinary least squares: 

p p 

x t = ~ ajxt_j + ~ bfft_j + u, 

(1) 
p p 

y, = E cjx _j + E d y,_j + 
j= l  j= l  

and test the null hypotheses 

Hi: cj = 0 , j = 1 . . . . .  p, exports fail to Granger-cause 
(help predict) output; 

(2) 
H2: b~ = 0 , j = 1,..., p, output fail to Granger-cause 

(help predict) exports 6. 

If neither hypothesis is rejected, then exports and output are causally indepen- 
dent, whereas if both are rejected, there is bi-directional causality between the 
t w o .  7 

Table 1 lists several recent time-series studies of export-led growth, together 
with their methods, data sources and results. It is readily apparent that since the 
seminal paper of Jung and Marshall (1985), many refinements have been used in 
assessing the empirical evidence for export-led growth. These refinements in- 
dude modifications of the standard Granger causality test, including tests for 
optimal lag length (Chow, 1987; Darrat, 1987; Kunst and Marin, 1989; Ahmad 
and Kwan, 1991; Bahmani-Oskooee et al, 1991; Serletis, 1992; Marin, 1992; 
Ghartey, 1993; Oxley, 1993), tests for nonstationarity and/or cointegration be- 
tween the variables (Afxentiou and Serletis, 1991; Serletis; Oxley), and including 

5 The remainder of the paper focuses exclusively on the time-series approach to export-led 
growth, as opposed to the cross-sectional approach, or analyses of the determinants of growth along 
the lines of Barro (1991). 
6 As pointed out by several authors, the testing procedure described in (1) and (2) is valid only if 
x and y are (covariance) stationary time series. 
7 Many authors (including Granger, 1969) use the term "feedback" to describe the case of 
rejection of both null hypotheses in (2). Because we measure export-led growth using the "measures 
of linear feedback" introduced by Geweke (1982, 1984), we use the term "bidirectional causality" 
here to avoid confusion. 
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other variables besides exports and growth (Kunst and Marin; Serletis; Marin; 
Ghartey). Rather than present an exhaustive comparison of the results of all of 
these papers, we summarize some of the major differences below. 

In their work on causality and export-led growth, Jung and Marshall (1985) 
analyze the relationship between the growth rate of real exports and the growth 
rate of real output, for 37 developing countries. Depending on the outcome of 
Granger causality tests, as described above, they then characterize the countries 
in their sample as exhibiting one of four causal patterns: Export Promotion (EP, 
what we call export-led growth), Internally Generated Exports (IGE), Export- 
Reducing Growth (ERG), or Growth-Reducing Exports (GRE). This character- 
ization is made on the basis of the sign of the sum of the coefficients on lags 
of the causal variable in the equation for the dependent variable. Jung and 
Marshall find evidence for the export-led growth hypothesis in only four of the 
37 countries: Indonesia, Egypt, Costa Rica and Ecuador. 

Chow (1987) performs a similar analysis on eight of the most successful 
export-oriented newly industrialized countries (NICs), using the growth rate of 
manufacturing output as a measure of industrial development. With two excep- 
tions, Chow finds bi-directional causality in each country. 8 Direct comparisons 
with Jung and Marshall's results are hampered by the fact that Chow does not 
attempt to determine the sign of the relationship (i.e., whether export growth 
causes positive or negative output growth), as well as by the use of different 
variables. However, results for four of the six countries common to the two 
samples (Brazil, Korea, Mexico and Taiwan) differ across the studies. Jung and 
Marshall find no significant causality in Brazil or Mexico, and causality only 
from output to exports in Korea and Taiwan. The two papers draw similar 
inferences about the existence of causality in Israel, although Jung and Marshall 
argue that the effect is negative in each direction. 

Unlike these two papers, Serletis (1992) also includes the growth of imports in 
his analysis. In Canadian data from 1870-1985, he finds that export growth 
causes GNP growth over the full sample and in the pre-WWII subsample. At 
the same time, he finds no evidence that import growth causes either export 
growth or income growth. 

Marin (1992) presents a vector autoregressive (VAR) analysis of data for 
Germany, the United Kingdom, the United States and Japan. Using quarterly 
data for manufactured exports, the terms of trade, OECD output and labor 
productivity, Marin performs preliminary tests for the cointegration of exports 
and productivity (i.e., tests of whether the two variables have a long-run equilib- 
rium relationship). Although he finds no conclusive evidence of cointegration 
between these two variables, he does find evidence of a cointegrating relation- 
ship between exports, productivity and the terms of trade, except for the UK. 

8 Note that Chow uses Sims's version of the Granger-causafity test; 3 future values (leads) of each 
variable are included in the regression equations (1), along with 3 lags. 
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Marin's Granger-causality tests support the export-led growth hypothesis for 
the four countries in his study, but he finds that the "quantitative impact of 
exports on productivity seems to be negligible," (Matin, 1992, p. 685) on the 
basis of the sum of the autoregressive coefficients on lagged values of exports in 
the productivity equation. 

Other large-scale studies reach divergent conclusions regarding export-led 
growth. Bahmani-Oskooee et al. (1991) examine 20 less-developed countries 
(LDCs), all of which are also studied by Jung and Marshall. Although they find 
evidence of a causal relationship between exports and growth in half of these 
countries (including cases in which their two test procedures gave different 
results), they find evidence of a unidirectional positive relationship 9 only in 
Nigeria and Taiwan. Like Jung and Marshall, they find evidence for export-led 
growth in Indonesia. However, the two papers reach different conclusions for 
Korea, Taiwan and Thailand (export-led growth in Bahmani-Oskooee et al; 
export-reducing growth, causality from growth to exports, and internally gener- 
ated exports, respectively, in Jung and Marshall). 

Afxentiou and Serletis (1991) find no export-led growth in any of the 16 
industrial countries in their sample. Although they find unidirectional causality 
from output growth to export growth in Norway, Canada and Japan, there is a 
ten-year lag in the effect for the latter two countries. The only other causal 
relationship they find is bidirectional causality in the U.S. 

The clear message from table 1 is that a great variety of techniques, data 
sets and country groups have been employed in empirical assessments of the 
export-led growth hypothesis, with an equally wide variety of results. Our main 
motivation in undertaking the present study was a desire to reconcile these 
diverse results, or at least to discover why they could not be reconciled. More- 
over, our use of the Summers-Heston (1991) data set and Geweke's (1984) 
measures of linear feedback also illustrates the value of measuring any export- 
led growth effects, as opposed to simply detecting them. 

In interpreting the results below, it will prove useful to be precise about how 
we translate patterns of causality into statements about export-led growth. 
When used in this paper, "export-led growth" means that there exists a causal 
ordering (either direct or indirect) from export growth to income growth, with 
no "return loop" to export growth. For example, the bidirectional causality 
found by Chow does not meet our definition of export-led growth, since output 
growth Granger-causes export growth. Clearly, our definition is not unique. 
However, we feel that it is the best in terms of emphasizing the extent to which 
export growth leads income growth. 1~ 

Broadly speaking, the results of bivariate Granger causality tests we per- 
formed with the Summers-Heston data are consistent with those of other 

9 Based on the sign of the sum of the autoregressive coefficients, as in Jung and Marshall (1985) 
and Matin (1992). 
t0 Theoretical reasons for exports leading growth are summarized in, inter alia, Jung and Marshall 
(1985, p. 3), or Kunst and Matin (1989, p. 699). 



86 R.G. Riezman et al. 

authors, who find tittle evidence of export-led growth.11 Of the 126 countries for 
which results are available, only 16 display evidence of export-led growth (i.e., 
unidirectional causality from exports to income) at the 10 percent significance 
level3 2 There is evidence of "growth-led exports" in 14 countries, while only 
three appear  to have bidirectional causality between exports and income. Thus, 
the majority of the world's countries exhibit no clear causal ordering between 
exports and income. However, as we argue below, the results of bivariate 
Granger  causality tests do not provide a comprehensive picture of the evidence 
regarding export-led growth. 

In order to conserve space and simplify exposition, the body of this paper 
presents results only for a subset of countries in the Summers-Heston data set. 
This subset includes Hong  Kong, Indonesia, Japan, (the Republic of) Korea,  
Malaysia, the Philippines, Singapore, Taiwan and Thailand: results for all 
countries in the sample are collected in an unpublished appendix.~ 3 We focus on 
these countries in particular because they are often cited as instances of the 
success of export promot ion  strategies. 

Table 2 presents the results of the bivariate Granger  causality analysis for our 
subset of countries. Here, evidence in favour of the export-led growth hypothesis 
consists of export growth (x) causing income growth (y), by which we mean that 
the null hypothesis of no causality from x to y is rejected at the 10 percent 
critical level, but not vice versa, by which we mean the null of no causality from 
y to x is not  rejected at the 10 percent level. Columns 3 and 5 present marginal 
significance levels for the Granger-causality tests, while columns 7 and 8 contain 
the same information for the tests of no (unconditional) linear feedback in 
the sense of Geweke (1982). Further discussion of Geweke'~ linear feedback 
measures is given below. Causal inferences based on each of these tests are given 
in the final two columns of the table. 

In columns 4 and 6 of table 2, we report the average response of each variable 
to a unit shock in the other, over a 16-year period. ~4 This provides a means 
of assessing the sign of the relationship between export growth and output 

11 An appendix containing a complete set of our results for all 126 countries, as well as the details 
of the computation of the conditional linear feedback statistics reported below, is available via 
anonymous ftp from iks.biz.uiowa.edu. The file is called "RSW95.zip" and is in the \pub directory. 
lz The majority of the 24 missing countries have insufficient data for one or more variables to 
allow estimation. The major oil-exporting countries (e.g., Saudi Arabia, Kuwait, the United Arab 
Emirates) have been excluded from Mark 5.5 of the data set. 
13 Tables 4 and 7 below include additional countries, in order to illustrate specific points. The 
appendix is available upon request from the authors. See note 11. 
14 Doing this requires identifying economic shocks (to exports, to income) from statistical resi- 
duals. We follow Sims (1980) and use a World-causal chain scheme whereby the export shock is the 
residual in the export equation and the output shock is that part of the output residual which is 
orthogonal to (uncorrelated with) the export shock O.e., exports are ordered "first"). We do not 
consider alternative identifying restrictions or causal orderings in this paper; for this reason, the 
results should be taken as suggestive. 
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growth. ~ 5 For example, a unit shock to export growth in Korea (i.e., a one-time 
doubling of exports) leads to an average increase in the rate of income growth 
of 0.22 percent per year for 16 years. Doubling income leads to a drop in export 
growth of 0.14 percent per year over the same period) 6 Of all the countries in 
our study that display evidence of export-led growth, none has a negative 
response of income to export shocks. Column 9 in the table presents the variable 
OPEN from the Summers-Heston (1991) data set, which is the share of trade in 
CGDP. The values reported are for the most recent year available (1990 unless 
indicated). 

2.2 The Role of Import Growth 

With one exception, previous studies of export-led growth have not addressed 
the role of import growth in the export-income relationship. Serletis (1992) 
includes lagged values of import growth in his examination of Canadian data, 
and finds no Granger causality from import growth to either income growth or 
export growth. That is, letting m t denote imports, he estimated equations of the 
form 

p p p 

x t = ~ ajxt_j + ~ bjyt_j + y' fjmt_j + u, 
i = l  i=1 i = l  (3)  
p p p 

Yt = ~ cjx,_j + E dyt-J + ~ gjmt-j + vt 
i=1 i=1 i=1 

and tested the null hypotheses 

H1: cj = 0 , j = 1 . . . .  , p (exports fail to Granger-cause output in 
the three-variable universe) 

(4) 
HE: bj = 0 , j = 1, . . . ,  p (output fail to Granger-cause exports in 

the three-variable universe), 

as well as similar hypotheses regarding the fj and 9j. Table 3 reports the results 
of Granger causality tests in this three-variable system, for the countries listed 
in table 2.17 

5 Using the sign of the sum of the autoregressive coefficients, as is done in Jung and Marshall  
(1985), Mat in  (1992) and Bahmani-Oskooee et al. (1991), amounts  to examining the impulse re- 
sponse at an infinite horizon. 
16 The impulse response analysis discussed here differs from many  such applications, in that  we 
do not  (necessarily) think of the changes in growth rates as being induced by policy changes. Rather, 
it is our analogue to summing  our  estimated autoregressive coefficients (see the previous footnote). 
17 Note that  this version of Granger  causality tests exclusion restrictions on each equation sepa- 
rately, rather than  in a full three-variable VAR. The conditional linear feedback measures reported 
below are based on such a trivariate system. This difference, combined with sampling error, accounts 
for the disparity in results between our Granger  causality and conditional linear feedback tests. 
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Table 3. Granger-causality tests, 3-variable system 

89 

Country Data x - ~  ya,b y ~ X X ~ m y --r m m --, x m --, y 

HONG KONG 1960-90 0.1562 0.1557 0.3946 0.0652 0.3108 0.2722 
INDONESIA 1960-90 0.1442 0.8001 0.8710 0.7633 0.9159 0.1774 
JAPAN 1950-90 0.6564 0.0105 0.0574 0.0823 0.0093 0.7552 
REP. OF KOREA 1953-89 0.0406 0.2763 0.0091 0.3866 0.0454 0.0846 
MALAYSIA 1955-90 0.3609 0.5146 0.0889 0.3727 0.0588 0.0070 
PHILIPPINES 1950-90 0.3136 0 .0029 0.0565 0.0001 0.1117 0.1698 
SINGAPORE 1960-90 0.9162 0.8546 0.3814 0.6479 0.2972 0.7786 
TAIWAN 1951-90 0.0953 0.1527 0.3351 0.7924 0.8939 0.8371 
THAILAND 1950-90 0.5530 0.1458 0.1137 0.1776 0.4905 0.6979 

a x is the growth rate of exports; m is the growth rate of imports; y is the growth rate 
(total GDP in current international dollars; see Summers and Heston, 1991). 
b Marginal significance level for the null hypothesis of no unidirectional causality. 

ofincome 

Table 4 demonstrates the importance of import  growth in the causal ordering. 
Omit t ing imports  can result in both  "type I" and "type I I"  errors - spurious 
rejection of export-led growth as well as spurious detection of  it. In columns 2 
through 7 we present the marginal  significance levels for the Granger  causality 
F-tests in two systems: the two-variable system of export  growth and income 
growth, and a three-variable system with impor t  growth  (m) included. Com-  
paring the two rows for each of  the six countries listed, we find that  the omission 
of  impor t  growth can mask significant causality between exports and income, or  
may  cause spurious causality. 18 For  examples of  the former, consider Ghana ,  
South Africa and Korea.  In  the two-variable system of expor t s  and income, 
there is no  significant causal ordering for these countries. However,  the second 
row for each of these countries shows that  there does exist a significant two- 
stage causal chain, running from exports to imports  to income, as well as a 
direct expor ts - to4ncome chain. There is also evidence of  bidirectional causality 
between exports and imports  in Korea.  

In  Japan, the "growth-led exports" phenomenon  apparent ly  operates bo th  
directly and indirectly through imports. Again, there is evidence of  bidirectional 
causality between exports and imports. 

The remaining countries in table 4 provide evidence of  the possibility that  
causal inferences in the two-variable system may  be due to omit ted variable 
bias. In  each of  these countries, significant causality in the first row disappears 
in the second. The "growth-led exports" inference for Argentina does not  
change, but it is apparent ly  an indirect causal chain, f rom income to imports  to 
exports (a "reverse two-gap model"). By contrast,  the (bivariate) export-led 
growth evidence for Peru is reversed completely in the trivariate system, re- 

1 s For simplicity's sake, we will use the term "exports" instead of"growth rate of exports," and so 
on. When we wish to refer to the level of any variable we will say so explicitly. 
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Table 4. Granger-causal orderings, 2-variable vs 3-variable systems 

R. G. Riezman et al. 

x ~ y  y ~ x  x ~ m  y ~ m  m ~ x  m ~ y  

GHANA 0.2309 0.8141 
0.0068 0.8096 0.0521 0 .3552  0.6667 0.0226 

SOUTH AFRICA 0.2249 0.4357 
0.0177 0 .6549 0 .0314 0.0258 0.1103 0.0017 

ARGENTINA 0.6289 0.0144 
0.5029 0 .3726 0 .3530 0.0261 0.0959 0.4956 

COLOMBIA 0.0641 0.0340 
0.0216 0 .5229 0.0783 0 .5796 0 .4980 0.2218 

PERU 0.0146 0.9991 
0.1493 0.2891 0.4988 0.0785 0 .0074 0.9612 

SWEDEN 0.0079 0,6523 
0.2723 0 .7658 0 .0003 0 .0220 0 .0344 0.4092 

JAPAN 0.8530 0.0135 
0.6564 0 .0105 0 .0574 0.0823 0.0093 0.7552 

REP. OF KOREA 0.3200 0.1242 
0.0406 0.2763 0.0091 0 .3866 0.0454 0.0846 

a Entries are marginal significance levels for null hypotheses of no Granger causality. Notation 
parallels that of Table 3. 

vealing an indirect link similar to that in Argentina. In Colombia, exports 
appear to cause both income and imports, while in Sweden there is evidence of 
bidirectional causality between exports and imports, with imports being caused 
in turn by income. 

As we have seen, imports may play the role of a confounding variable in 
causal ordering (i.e., imports affect both income and exports). Failure to account 
for imports can therefore produce misleading results. In the remainder of this 
paper, all our results explicitly account for imports. 

2.3 Perspect ive  on the Evidence  

There are two major problems with the use of Granger causality tests in 
searching for export-led growth. The first concerns the difference between statis- 
tical significance of the Granger causality F-tests and the strength of the rela- 
tionship between exports and income. Marginal significance levels (or p-values) 
cannot be interpreted as indicators of the strength or weakness of any causal 
relationship. While p-values are certainly of interest, they are arguably of sec- 
ondary importance to a consistent measurement of the causal relationship itself. 
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The second major problem is the limited time horizon of Granger causality 
tests. A finding that exports Granger-cause income means only that the variance 
in the one-step-ahead forecast error, made from predicting income linearly using 
its own past, is reduced when lags of exports are included. There is no a priori 
reason to think that any causal relationship between exports and imports must 
necessarily become apparent in a year. 19 

We present two ways of addressing these problems. The first is the decompo- 
sition of forecast error variance, and the second uses the measures of conditional 
linear feedback developed by Geweke (1984). Both methods provide measure- 
ments of the strength of feedback between exports and income, which are com- 
parable across countries. These measures also allow for a flexible time horizon. 
These techniques have been used for some time in the empirical macro- 
economics literature, but to our knowledge have not previously been applied to 
the study of export-led growth. 

3 New Measures of Export-Led Growth 

3.1 Forecast Error Variance Decomposition 

The forecast error variance decomposition (FEVD) is a way to answer the 
question, "How much of the variance in forecast errors of future income growth 
can be attributed to innovations in export growth?" This technique is standard 
in the VAR approach; for details, the reader is referred to Doan (1992), Sims 
(1980), etc. 

Because the FEVD is based on the decomposition of the covariance matrix of 
the three-variable vector autoregression (VAR), and because this decomposition 
is not unique, the fraction of the forecast error in income attributable to exports 
generally changes depending on the ordering of the variables. In order to set a 
criterion for export-led growth, we seek countries in which exports explain at 
least 25 percent of the variance of the five-year-ahead forecast of income, when 
exports are placed second in the decomposition ordering. In other words, this 
ordering gives imports the "first shot" at explaining the variance of income 
forecasts. We chose a five-year horizon based on evidence for a world business 
cycle of roughly that duration (Riezman and Whiteman, 1991). Countries that 
meet our criterion are thus the ones in which the role of export growth is 
particularly strong in explaining income growth. 

19 This study, like most  others, uses annual  data. 
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Table 5. Five-year forecast error variance decomposition 

R. G. Riezman et al. 

Country x - m - ya m - x - ya % yb 

H O N G  K O N G  18.97 11.60 67.93 
INDONESIA 22.88 44.60 44.53 
JAPAN 2.85 2.82 94.37 
REP. OF KOREA 17.43 24.38 63.35 
MALAYSIA 67.18 19.48 21.29 
PHILIPPINES 3.47 3.49 89.61 
SINGAPORE 56.61 4.65 42.33 
TAIWAN 58.18 17.58 39.16 
THAILAND 22.23 13.04 59.08 

a Entries are the percent of the five-year forecast error in income which is attributable to 
innovations in exports, for the given ordering. 
b Percentage of income forecast error variance attributable to income innovations. 

Table 5 reports FEVD results for the Wold-causal chain orderings x - m - y 
and m - x - y.20 The last column of the table reports the fraction of income 
forecast error variance explained by income innovations. This column gives an 
indication of the degree to which income growth is exogenous with respect to 
export growth and import growth. 

3.2 Measures ofLinear Feedback 

Unconditional linear feedback: The linear feedback measures developed by 
Geweke (1982, 1984) provide an alternative to both Granger causality tests and 
the FEVD. These statistics are designed not just to detect a feedback relation- 
ship (i.e., a causal ordering) but to provide a measure of its strength. While 
the Granger causality statistics simply reflect whether forecast error variance 
is reduced by adding another variable, it is useful to consider the extent of 
this reduction. Let Fx-~r denote the measure of linear feedback from exports 
to income. The reduction in the variance of the (one-step-ahead) mean squared 
income forecast error, when exports are included in the regression, is given 
by - e x p ( - F x ~ r ) .  Pierce (1982) notes that 1 - e x p ( - - F ~ r )  can be interpreted 
analogously to the coefficient of determination (R 2) in ordinary regression. As 
noted by Geweke (1982), F~oy has all the features one expects in a measure - it 
is positive, monotone, and (in its R 2 form) lies between zero and unity. The 
absence of Granger causality from x to y is equivalent to F~_~y = 0. Further- 
more, these measures are invariant under filtering of the time series by (possibly 

20 See footnote 10 above. 
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different) invertible lag operators. Finally, when the data are measured in com- 
parable units (e.g., the growth rates used here) this measure is comparable across 
countries. 

We report the marginal significance levels for the test of (unconditional) 
linear feedback in Table 2 (columns 7 and 8), along with the bivariate Granger- 
causality results. These statistics are monotonic transformations of the F statis- 
tics computed in Granger causality tests for a system of (possibly vector-valued) 
time series u and v. When multiplied by the sample size, these measures have 
an asymptotic chi-square distribution, with degrees of freedom equal to the 
number of lags if u and v are univariate. 21 The two measures of causality are 
generally consistent. Of the 33 countries that exhibit a significant Granger- 
causal ordering, 31 have the same ordering as measured by Geweke's linear 
feedback measures. A causal ordering is somewhat more likely using Geweke's 
measures; 13 countries have evidence of "Geweke feedback" but no Granger 
causality. Only two countries exhibit significant Granger causality but no linear 
feedback. 22 In addition, for the countries that pass one test but not the other, 
the marginal significance levels are not "off" by very much. 

Conditional linear feedback: When income is forecast using lags of itself and 
imports, adding lagged values of exports reduces forecast error variance by an 
amount given by the same formula as above, but using Fx-*ylm, the measure of 
conditional linear feedback from exports to income (Geweke, 1984). Both the 
conditional and unconditional measures can be decomposed by frequency in 
order to examine the nature of the causal relationship at various time horizons. 
This feature is discussed in the next section. 

The great attraction of the measures of conditional linear feedback is that they 
allow us to focus on the causal relationship between exports and output, while 
at the same time controlling for imports. This helps us avoid the "omitted 
variables" situation described in section 2.2. In contrast to the unconditional 
linear feedback measures however, there is no tractable asymptotic distribution 
theory available for the conditional measures. We therefore use Monte Carlo 
integration to compute Bayesian posterior distributions for these statistics 
(computational details are given in the Appendix, along with our non-informa- 
tive prior distribution). 

Table 6 presents the conditional linear feedback statistics for our subset of 
nine countries. (Results for all countries are presented table 9.) The conditional 
linear feedback measures in table 6 are expressed in their "R z'' version for 
ease of exposition. Thus, point estimates indicate that for Hong Kong, roughly 

21 When u and v are multivariate, the degrees of freedom is equal to (number of lags) * (dimension 
of u) * (dimension of v). See Geweke (1982, 1984) for a more complete description of these measures. 
z2 Actually, these two countries (Syria and Taiwan) show evidence of significant but different 
causal orderings under the two measures: export-led growth under Granger causality, but bidirec- 
tional causality under Geweke's measures. Apart from these two, the "Granger causal set" of 
countries is a proper subset of the "Geweke feedback set." 
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19 percent of the one-step ahead forecast error variance for income growth 
is explained by export growth, after the effects of import growth have been 
accounted for. Conversely, 25 percent of the forecast error variance for export 
growth is explained by income growth. 

There is evidence for export-led growth when the bulk of the Fx__,y[m distribu- 
tion lies to the right of the Fy_~xh m distribution. Note that in Taiwan, the 90 th 
percentile of the distribution of Fr_.xl, ~ lies below the 10 th percentile of the Fx_.rL,, 
distribution. We believe this constitutes strong evidence of export-led growth, 
and use this condition as our preferred criterion for assessing the conditional 
linear feedback estimates. 

This criterion for export-led growth is met in 19 of the countries in our 
sample. 2s Comparable evidence in favor of"growth-led exports" is present in 10 
countries, including Japan and Korea in table 6. 24 It therefore seems that the 
export-led growth hypothesis is somewhat more likely than its converse. 

Expressing the feedback measures in terms of percentage of forecast error 
variance explained is also useful in cases where no clear causal ordering is 
present. For example, although a causal ordering is indicated in only three 
countries in table 6, point estimates of the predictive power of exports in 
explaining income growth exceed the converse in six of the nine. 25 Moreover, 
feedback from income growth to export growth is stronger for these nine 
countries than that for the sample overall: point estimates of the R 2 version of 
Fy_~l,, are 40 percent for the countries in table 6, and 34 percent for all 126 
countries. Comparable figures for F~_.yl, . are 36 percent in both groups. It would 
therefore seem that although the conditional feedback measures provide weak 
support for export-led growth in these countries, the strength of the causal 
relationship differs little, on average, from the world as a whole. 

An interesting pattern emerges when our results are compared with those of 
Jung and MarshaU (1985), Bahmani-Oskooee et al (1991), and Afxentiou and 
Serletis (1992). First, we tend to find evidence of export-led growth more often 
than these authors. Using our weaker criterion, we find export-led growth in 
nine of the 37 countries studied by Jung and Marshall (compared to their four); 
in five of 20 studied by Bahmani-Oskooee et al (they find three); and in three of 
16 studied by Afxentiou and Sedetis (who found one). Second, although there 
are instances where our conclusions match those of these other authors, our 
results differ in general. For example, we confirm Jung and Marshall's findings 
in their four "export promotion" countries (Indonesia, Egypt, Costa Rica, Ecua- 

2s An alternative criterion would be for ffx~rl,, > F(9~ and /?r~l~ < Fx(L~b~ where /3 and F r 
denote the point estimate and the jth posterior percentile, respectively, of the indicated measure of 
feedback. This weaker criterion has more of the flavour of a standard one-sided hypothesis test. 
Measured in this way, 30 countries (24~ of the sample) show evidence of export-led growth. 
24 Or 25 (20~ of the sample), using the weaker criterion of footnote 18. 
25 "Point estimates" are computed using the posterior mean values of VAR parameters. Also, note 
that Indonesia, the Philippines and Singapore narrowly miss satisfying our weaker criterion; the 
required difference in posterior deciles is less than 1~ in each case. 
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dor), 26 but of the 27 causal inferences made by the others, we reach the same 
conclusion in only eight (including Ecuador and Indonesia). I t  could be that this 
is due to the fact that  none of these three papers includes import  growth in their 
analysis, or to differences in data sets, length of sample period or technique. 

Additional light can be shed on our results by considering the relationship 
between a country's openness and the support  for the export-led growth hy- 
pothesis in that country. Table 7 lists the 10 countries with the "strongest" 
(conditional) causal inference in each direction (i.e., from exports to income and 
vice versa). In measuring strength, we computed the difference between the R 2 
for exports causing income and the R 2 for income causing exports. We interpret 
this difference as the relative strength of export-led growth, and report it as the 
variable RSX in table 7. We also report each country's degree of openness. 

Examination of table 7 shows that openness is neither necessary nor sufficient 
for a causal inference between exports and income. In the 20 countries in table 
7, the correlation between openness and the relative strength of exports is just 
0.0883. 27 This result suggests that the success or failure of trade policies in 
stimulating income growth depends on more than merely increasing the volume 
of trade. 28 

3.3 The Temporal Nature of Export-Led Growth: Conditional Feedback 
by Frequency 

A key motivation for the use of Geweke's measures of linear feedback is that 
these statistics may be additively decomposed by frequency. This enables us to 
examine not only the overall strength of a causal relationship, but also the 
temporal  horizon over which it acts. We may therefore gain new insights into 
whether export-led growth is a long- or short-term phenomenon, if it is particu- 
larly strong at business cycle frequencies, etc. Details of the frequency decompo- 
sition are given in the Appendix. 29 

26 Ecuador is another "borderline" case, similar to the countries in footnote 22. 
27 For all 126 countries analyzed, this correlation is 0.0246, while for those for which we make a 
causal inference, it is 0.0654. 
28 Indeed, the fact that some of the word's most open economies are those of sub-Saharan Africa 
suggests that the trade-growth relationship is not a simple one. 
29 Note that this decomposition addresses a different issue than that of selecting the appropriate 
lag length in a standard Granger causality test. The latter is concerned with the appropriate 
specification of the autoregressive representation of the system; the former is derived from the 
moving average representation. 
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Figures 1 and 2 illustrate the usefulness of the frequency decompositions. 
The figures compare the conditional feedback between exports and income for 
Japan and Korea, respectively. According to table 6, both countries display 
strong evidence of growth-led exports. However, the temporal nature of the 
relationship is quite different, as the figures show. In Japan, feedback from 
exports to income is virtually nonexistent at all frequencies (figure la). Although 
the posterior medians of the various distributions are around 20 percent for 
cycles of 5.3 years or less, the corresponding point estimates never exceed 10 
percent. Feedback from income to exports (figure lb) is much stronger at all 
frequencies; point estimates increase from just under 60 percent in the very short 
run, to 90 percent in the long run. 

In Korea, the pattern of feedback from exports to income is similar to that for 
Japan in the short run, with point estimates around 20 percent (figure 2a). 
However, feedback in this direction becomes much stronger in the long run, 
exceeding 80 percent in the very long run. The pattern of feedback from income 
to exports (figure 2b) is nearly the mirror image, with point estimates declining 
from 70 percent at cycles of 4.57 years to just over 10 percent at the longest 
cycles. Using the criteria introduced in the last section on a frequency-by- 
frequency basis, we find weak export-led growth (i.e., (x ~ y), in the notation of 
table 6) for Korea for cycles longer than 10.67 years. In Japan, we find at least 
weak growth-led exports at all cycles longer than 2.29 years, with our stronger 
criterion met for cycles of eight years or longer. 

Although this decomposition of the conditional linear feedback measures by 
frequency provides a more detailed analysis of export-led growth within a par- 
ticular country than was possible before, it leaves unanswered the question of 
why the export growth-income growth relationship differs across countries. The 
answer to this question requires a level of detailed analysis at the individual 
country level which is clearly beyond the scope of this paper. However, we 
believe this type of analysis can be used to direct future research into the 
appropriate implementation of export promotion policies in particular countries. 

3.4 The Role of Investment and Human Capital 

Given the results presented so far, a natural question arises: How do we know 
that our three-variable system is free of the "omitted variables" problem dis- 
cussed above? In particular, what would happen if our analysis used human 
and/or physical capital accumulation as additional conditioning variables? 
Table 8 provides a partial answer. There we present values of the feedback 
between exports and income, conditional on human capital growth and in- 
vestment growth as well as import growth, for the countries in table 6 
(except Taiwan, for which we do not have a sufficiently long series for human 
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capital). 3~ A comparison of these two tables shows that the strength of condi- 
tional feedback in each direction increases with the addition of variables to the 
conditioning set. The sole exception is in Korea, where Fy-~xlh, i,m is lower than 
Fy~xl,~. Evidence for growth-led exports remains strong in Japan, but weakens 
considerably for Korea. Our weak criterion for causal inference is now met in 
Indonesia (export-led growth) and Thailand (growth-led exports). Malaysia, 
Singapore and Thailand now have stronger feedback from income growth to 
export growth than vice versa; this is the reverse of the results in table 6. Table 
8 therefore suggests that our results may be subject to some degree of omitted 
variable bias. 

4 Conclusions 

This paper has addressed some of the limitations of existing methods of 
detecting evidence for the export-led growth hypothesis. In particular, we have 
shown that failure to account for the role of import growth can produce mis- 
leading results in the analysis of the relationship between export growth and 
income growth. We have presented two alternative methods of measuring the 
export-income relationship, which allow us to control for the effect of imports. 
Use of these measures (the FEVD and conditional linear feedback) also permits 
us to investigate the nature of export-led growth at flexible time horizons, rather 
than focusing on a one-year horizon. 

We believe our analysis points out several facts that need to be considered by 
theorists developing models of economic growth. First, export-led growth, when 
interpreted as a unidirectional causal ordering from exports to income, finds 
modest support in the Summers-Heston data set, seeming slightly more likely 
than the reverse ordering. Thirty of the countries in our study meet this defini- 
tion of export-led growth, compared to 25 which have growth-led exports. The 
particular definition used (especially whether one interprets bidirectional cau- 
sality as a form of export-led growth) may increase the prevalence of export-led 
growth still further. For  example, the strength of conditional linear feedback 
from exports to income is stronger than feedback in the opposite direction in 65 
of the 126 countries we study. Second, the role of the growth rate of imports 
cannot be ignored when examining the relationship between export growth 

3o The human capital measure is primary school enrolment as a percentage of primary school age 
children in each country (UNESCO), through 1990. Because this data is available only every five 
years from 1960-1985 for most countries, we use linear interpolation to estimate the data for the 
missing years. Investment is the total investment expenditure in CGDP (Summers and Heston, 
1991). 
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and income growth. Third, the effects of export growth on income growth not 
only vary across countries, they are not uniform over time for the same country. 
In particular, even in a country such as Korea, which exhibits overall evidence 
of growth-led exports, there may be time horizons at which feedback from 
exports to income dominates that from income to exports. This suggests that it 
may prove fruitful to examine the temporal nature of export-led growth more 
closely, in addition to its geographical occurrence. 

Regarding the question raised at the beginning of the paper, "How can a 
country accelerate the pace of its economic development?" our results provide 
little in the way of policy prescriptions, nor were they intended to. They do 
indicate that trade and growth interact in an important and subtle way that 
merits further research. 
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