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Abstract: Leamer and Levinsohn (1995) have recently proposed aformulafor empirical work in
international microeconomics summarized by the injunction to “Estimate, Don't Test!” Thisis
based on a perception that much of the empirical work has failed to be influentia asit tests
propositions we know ex ante to be false. We argue that the empirical work has been more
influential than they suggest. We use the example of recent work on the Heckscher-Ohlin-Vanek

model of trade to show how a cumulation of tests may be influential, even as no one test on its
own would be.



Empirical Tests of the Factor Abundance Theory:
What Do They Tell Us?

1 Estimate, Don’t Test?

In their masterful survey of recent empirical work on international microeconomics,
Leamer and Levinsohn (1995) expound a distinctive view on the appropriate aims of empirical
work in this area. In a phrase, they exhort researchers to “Estimate, don’t test!” The foundation
for thisadvice isaview that empirical work on trade has had very little influence on our beliefs
about the causes of trade. And they believe that thisis true because empirical researchers have
taken the theory too serioudly. In Leamer and Levinsohn’s view, we should

Understand that theorems are neither true nor false. They are sometimes useful and

sometimes misleading. If we approach a data base with the contrary attitude,

hoping to determine the verity or falsity of atheorem, we may statistically “reject”

the theory, but leave it completely unharmed nonetheless. After al, we aready

knew it wasn't literaly true. [p. 1341]*

That the study of international trade has been dominated by theory is evident to anyone
who turns the pages of the journals. Until recently, empirical work on international trade has been
accorded little of the prestige bestowed on theoretical advances. And, no doubt, much of the
existing empirical work failsto strongly influence the profession because it takes the theoretical
caricature too literaly.

Y et we believe that Leamer and Levinsohn understate the true influence exerted by the

existing empirical work. And we believe that the anti-testing perspective is not the appropriate

remedy. We will pursue these themes within the context of areview of selected work on the

! Leamer and Levinsohn also provide a caution the other direction -- not to treat the
theory too casually. Leamer’s (1980) own work on the conceptual problems underlying the
Leontief paradox provide a striking object lesson in the dangers of turning to empirics without a
clear tie to the theory.



Heckscher-Ohlin theory of trade, and use the recent work of Davis, Weinstein, et a. (1996) as an

example of our own view of how to focus an empirical project in away that will be persuasive.

2 Hasthe Empirical Work Been Influential ?

On the surface, the Heckscher-Ohlin theory of trade is the perfect example of a theory
which has been statistically rejected time and again, but which isin Leamer and Levinsohn’s
phrase “completely unharmed.” Leontief’s (1953) findings, apparently at odds with the most basic
predictions of the Heckscher-Ohlin theory, provoked alot of worrying.

But Leontief’ s results did not prevent the Heckscher-Ohlin model from being the
workhorse of international trade theory for the succeeding three decades. Economists had strong
prior beliefs that endowments have to matter for production and trade patterns, and that the
Heckscher-Ohlin model was the most sensible way of embodying these links. For this reason,
Leontief’ s results became known as a paradox rather than a refutation.

Notwithstanding this, the contrary empirical results have had a decidedly negative impact
on the influence of Heckscher-Ohlin within the profession. It is true that this remained muted
during a period when no alternative theoretical framework presented itself. However the rise of
the “new trade theory” in the 1980s was greatly smoothed by the apparent empirical shortcomings
of Heckscher-Ohlin. Thisis true to the point where it now borders on the disreputable to believe

that endowments matter much at all for intracOECD trade.?

2 The strong influence of the empirical results on economists’ views of the world is
exemplified by the interpretation of the results of Bowen Leamer and Sveikauskas (1987)
[discussed below] by Krugman and Obstfeld (1994, p. 78). The latter say that the BL S results
confirm that “trade just does not run in the direction that the Heckscher-Ohlin theory predicts.”



We want to argue that the disenchantment with Heckscher-Ohlin has rather proceeded too
far. However this does not lead us to suggest that we dispense with testing of the theorems.
Leamer and Levinsohn are surely correct when they assert that the theorems are neither correct
nor incorrect. What, then, are we to expect empirical testing to do? Our view is that we want tests
to narrow the bounds of beliefs that one can sensibly have about the world. Negative results do
not render the theory useless. But they do suggest that when considering the data of interest, this
particular constellation of assumptions may not be helpful in making sense of the world. Negative
results are interesting insofar as they rule out otherwise appealing sets of assumptions. This aso
suggests a second approach to testing. Thisisto look for ways of weakening the strict
assumptions of the theory in sensible directions in order to find a version that does in fact work.
By successive approximation, we should learn which of the assumptions of the model are most
crucial, and to which types of data sets one can sensibly apply the various versions of the theory.

In the sections that follow, we describe what we view as this process of successive
approximation for the case of the Heckscher-Ohlin theory. We begin with a highly selective
overview of previous empirical work, with an emphasis on the Heckscher-Ohlin-Vanek
framework. In the subsequent section, we sketch some recent work of our own on the HOV
theory with decidedly more positive results. We conclude by noting some directions that we

believe would be useful for additional empirical investigation.



3 PreviousWork: A String of Empirical Re ections

The seminal empirical critique of Heckscher-Ohlin is due to Leontief (1953).* He used
data on input requirements and US trade to measure capital to labor ratios in US imports and
exports separately. To universal surprise, widespread dismay, and scattered consternation, he
showed that US imports were more capital intensive than US exports. This suggested that the US
isrelatively labor abundant, aresult ever after known as the “Leontief Paradox.” Leamer (1980)
showed, however, that Leontief applied a conceptually inappropriate test of the Heckscher-Ohlin
hypothesis. When he re-examined the same data in a conceptually correct way, the paradox
vanished. Nonetheless, this paradox refused to perish. Brecher and Choudhri (1982) pointed out
that one (counterfactual) implication of Leamer’s approach isthat US expenditure per worker
would have to be lower than for the world as awhole. Stern and Maskus (1981) applied Leamer’s
(1980) approach to US data for both 1958 and 1972, finding the Leontief paradox held in the
former but not in the latter year. Extensive surveys of previous work on Heckscher-Ohlin can be
found in Deardorff (1984) and Leamer and Levinsohn (1995).

Recent empirical work has focused on a higher dimensiona version of the theory called
Heckscher-Ohlin-Vanek (HOV). Rather than focusing on the pattern of trade in goods, it focuses
on the net factor content of trade. Let ¢ be an index for countries, and W stand for the world. Let
V¢, §°, and T° be respectively the vector of endowments, the share of world income, and the net
goods export vector of country c. Let B be amatrix of direct factor inputs and A be the input-

output matrix. Then the fundamental HOV relation can be expressed as:

* It is worth noting that Leontief did not view his own work as contradicting the Heckscher-Ohlin model. Rather
he saw it as evidence against the notion that the US was capital abundant. Later authors, however, came view his
work as providing “the single biggest piece of evidence against the factor proportions theory.” [Krugman and
Obstfeld (1994), p. 77]



1) AT =Ve-gVY

This theory has previoudly been examined by Maskus (1985) and Bowen, Leamer, and
Svelkauskas (1987) -- henceforth BLS. Equation (1) asserts a vector equality between what we
may term the “measured” net factor content of trade (Ihs) and the “predicted” net factor content
of trade (rhs). If we assemble these for the full complement of countries, the theory asserts an
equality between two matrices of measured and predicted net factor contents. Rows of the
matrices correspond to various factors, while columns correspond to particular countries. Two
basic tests have been applied to this. One is known as the “rank test.” It looks across
corresponding rows or columns of the two matrices to seeif there is a high rank correlation. The
other is known as the “sign test.” It checks to see whether the factors that the theory predicts a
country will export on net in fact are exported. This amounts to seeing whether corresponding
cells of the two matrices have the same sign.

The results of Maskus (1985) and BL S (1987) have severely undermined confidence in the
robustness of the Heckscher-Ohlin framework. Maskus carried out both sign and rank tests on
datafor two time periods (1958 and 1972), and for three high quality factors (professional,
unskilled labor, and capital). He reports results only for the United States, perhaps because the
Leontief paradox had focused on it. The sign test is correct for only one factor in 1958, but for all
threein 1972. This might be seen to suggest that the Heckscher-Ohlin-Vanek relations fare well,
at least in the latter period. However, the test lacks power. As Maskus notes, if we consider the
aternative that the signs were determined randomly, we will have two or fewer sign failures out
of six tries 34.4 percent of the time. Moreover, even if we limit ourselves to the 1972 data, under
the same alternative, there will be no sign violations (as in his data) one in eight times. The results

were, if anything, worse in the rank test. The direct measures of US factor abundance relative to



the rest of the world were stable, with physical capital most abundant, professionals second, and
unskilled labor least abundant. However, the trade-imputed measures of factor abundance in 1958
suggested the US was most abundant in unskilled labor, and least abundant in physical capital!
The 1972 trade-imputed measure of factor abundance showed unskilled labor shifting dramatically
to be least abundant, and reverses the relative abundance of physical capital and professionals. A
repeat of the tests, restricted to OECD data, yielded no improvement. As Maskus notes,
“paradoxical outcomes may be the rule rather than the exception.”

BLS likewise report results widely viewed as undercutting Heckscher-Ohlin-Vanek. An
important contribution was extending the test to a much broader set of countries (27) and factors
(12). Thus, whereas the Maskus test was based on a matrix of only three cells for each time
period, the BLS matrix had 324 entries. Because of the greater dimensionality of the matrix, it
became possible to conduct sign and rank tests not only for a single country across factors (asin
Maskus (1985)), but also for a single factor across countries. The sign test was correct more than
half of the time for eleven of the twelve factors, but was correct over 70 percent of the time for
only four in twelve. The sign matches were correct more than half the time for 18 of 27 countries,
but over 70 percent of the time for only 8 of the 27. Only 61 percent of the total sign matches
were correct. They note that independence between the signs of corresponding entries can be
rejected at the 95 percent level for only one factor in twelve, and for only four of the 27 countries.
In effect, in determining which factors' services would on net be exported or imported,
Heckscher-Onhlin did little better than a coin-flip.

The rank proposition fares no better. BL S report both rank correlations and the proportion of
correct rankings when entries are compared two at atime. A zero correlation is rejected for only

four of the 12 factors and eight of the 27 countries. Moreover, one factor and five countries have



the wrong sign on the correlation. While the pairwise comparisons get over 50 percent correct
rankings for 22 of the 27 countries, the same istrue for only three of the 12 factors (all land
variables). In sum, BLS note that the sign and rank propositions yield the Heckscher-Ohlin-
Vanek model relatively little support.

The pessimism regarding Heckscher-Ohlin was partly relieved by Trefler (1993), only to be
revived by Trefler (1995). They represent alternative approaches to resolving the problems
identified by BLS. The former follows up on Leontief’ s suggestion that the failure of Heckscher-
Ohlin may be due to factor-based differencesin efficiency. Trefler chooses the efficiency factors
so that the Heckscher-Ohlin-Vanek equations fit exactly. He then shows that the implied
productivity differentials correlate nicely with evidence on cross country differencesin wages and
rentals, suggesting a version of adjusted factor price equalization.

Trefler (1995) returned to the simple Heckscher-Ohlin-Vanek framework using the US B
matrix, BYS. In one exercise, he graphed the net factor trade residuals,

&r =BYS( - Ay LT - (ve - VW), against the predicted net factor trade, V- £VW. Theory
would predict that these should be centered around the line &1 = 0. Instead they closely followed
theline&r = - (V¢ - VW), or equivaently, BUS(I - A)'lT = 0. This says that measured net
factor trade is approximately zero, to which he applied the colorful moniker “the case of the
missing trade.” Thisis certainly a serious difficulty for an endowments-based model of trade.
After considering a variety of alternatives, he identifies neutral technological differences and a
home bias in consumption as the most likely culprits for the missing trade. However, by working
with trade data -- rather than production and absorption data -- he can only test thisindirectly.

The technical differences are estimated rather than observed. Thus, while these papers provide



some glimmerings of hope for Heckscher-Ohlin, they also serve to underscore the serious
empirical shortcomings of the smple mode.

Recently, afew authors have studied Heckscher-Ohlin using United States regional data, asin
Horiba (1992), and Grimes and Prime (1993).* The rationale for such studies is that the
conventiona assumptions of identical technologies and preferences, factor price equalization, and
free trade are more likely to hold for regions of a single country than across different countries.
However, an important flaw underlies both studies -- the United States is treated as a closed
economy, which isinherently anti-Heckscher-Ohlin. They assume that the factor content of
regional consumption is proportiona to the US -- rather than the world -- endowment. If this
were so, then there would be no reason for the US to trade with the rest of the world. More
importantly, if one ignores the rest of the world, the model does not have determinate predictions
about the factor content of trade. The genera model yields predictions for any region visa vis the
rest of the world, but not relative to any subset of regions or countriesin the world. In addition,
there are problems in interpreting the data. As Grimes and Prime note, their data treats US
regional exports to the rest of the world as though they are consumed at the port of exit,
wherever they may come from, and wherever they are destined. They also adopt a curious
measure of some of their endowments, one closer to a measure of output than input. For example,
the measure of “agricultural endowment” isthe “value of agricultura products sold by farmsin
millions of dollars.” This comes close to reducing the production side of the Heckscher-Ohlin

model to atautology, and so testing only homothetic preferences. The authors deserve credit for

* An earlier set of papers sought to examine Heckscher-Ohlin with regional data, as in Horiba (1973). However,
these primarily relied on the method of Leontief (1953), which is vulnerable to the criticisms of Leamer (1980).



attempting to implement aregiona Heckscher-Ohlin model. However, data problems and
methodological flaws make interpretation of their results difficult.

What has determined the influence wielded by the various papers surveyed above? It is surely
not that they abandoned testing in favor of estimating a model to fit the data. Rather the influence
of each has depended on the sensible and sensitive matching of theory and data to mark bounds of

how well or poorly the data and theory match.

4 Which Assumptions Matter for the HOV Theory?

In this section we will sketch some recent work of our own [Davis, Weinstein, et al. (1996)]
which likewise aims to determine which of the HOV assumptions are crucial to get the theory to
work. We make two important modifications from the ssimple HOV framework. Thefirst isto
consider the possibility that the technology implemented is not identical everywhere. Thisleads us
to focus on the implications of the model for regions of Japan for which the assumption of
identical technologiesis more plausible. In contrast to other regional models of Heckscher-Ohlin
trade, we do this while continuing to embed our model in atheoretically appropriate way within
the full world equilibrium. The second modification isto ignore trade data as such, and instead
focus on the components -- production and absorption. This allows us to test separately the
Heckscher-Ohlin theories of the location of production and pattern of consumption. By examining
them separately, we know the source of any deviations that arise when we assemble the pair to a
full test of the trade theory.

We first consider the Heckscher-Ohlin theory of the pattern of production under the
assumption that all countriesin the world utilize the same input coefficients. Our results find little

support for this version of Heckscher-Ohlin, confirming earlier studies. The results improve



dramatically, though, under the more modest assumption that al Japanese regions share a
common set of input coefficients. In this formulation, Heckscher-Ohlin is quite successful in
accounting for the location of production according to the standard tests. We aso show that this
result is robust to altering the degree of aggregation in the definition of factors.

We then turn to the Heckscher-Ohlin theory of the pattern of consumption. We examine this
first by considering Japanese regional absorption, which the theory suggests should be
proportional to world net output. To implement this test requires an ability to move from gross to
net output figures, hence an assumption that the Japanese input-output matrix is common to the
world. The Heckscher-Ohlin model of proportiona absorption does surprisingly well under this
assumption. We next consider the milder hypothesis that Japanese regional consumption is
proportional to national consumption, a result strongly supported in our model. In al, the
Heckscher-Ohlin theory of consumption stands up remarkably well as a smple description of the
data, at least for the regions of Japan.

We then assemble this information for afull test of the Heckscher-Ohlin theory of the net
factor content of trade. Our earlier results showed that the theory could not account for the
international pattern of production. Hence no point is served by looking at the implied net factor
content of trade of the various countries, as positive results would have to be spurious. Instead,
we focus on accounting for the net factor trade of the Japanese regions. Three approaches are
developed. The first establishes a benchmark. It uses data on actual world factor endowments,
implicitly assuming again that all countries use the same input coefficients. We show that the
model performs poorly and replicate Trefler’s (1995) “mystery of the the missing trade.” In the
next two cases, we examine this using the endowments imputed to the world, given their

measured output, as if they had used the Japanese input coefficients. In the first of these, we



assume that Japanese regional absorption is proportional to world net output. This model isa
marked improvement over that based on measured world endowments, and largely eliminates the
missing trade. In the last case, we consider this under the assumption that Japanese regional
consumption is proportional to national consumption. Thisyields no further improvement,
demonstrating that changing the consumption model is not necessary to better the model’ sfit.

An important question is whether the results we have obtained using regiona data have
important implications for the relevance of Heckscher-Ohlin-Vanek to the international economy.
We believe that they do. First, note that, although we have principally been concerned with the
predictions for regiona data, we have consistently applied models that encompass the full world
genera equilibrium. Second, we have replicated in the regional framework the most serious
problems that have afflicted the Heckscher-Ohlin-Vanek model when applied in its ssimple form to
international data. Third, once we have made aterations in our specification that are both sensible
and consistent with the spirit of the model, we have had excellent results. We believe that the
approach that we have developed in the regional framework holds great promise when
appropriately applied to cross-country data.

In sum, we find that the Heckscher-Ohlin model under the conventional restrictive
assumptionsis a poor predictor of the international pattern of production, hence of net factor
trade. However, this changes markedly when applied to predictions for regions of Japan. Given
the long string of empirical failures of Heckscher-Ohlin, it is surprisingly successful as atheory of
the location of production and the pattern of consumption, hence the net factor content of trade
of these regions. We identify the assumption of universal factor price equalization as the crucia

element to relax to improve the results on the HOV theory.



5 Conclusion

Recently Leamer and Levinsohn have called for are-orientation or empirical work in
international microeconomics. It may be summarized in their injunction to “Estimate, don’t test!”
However areview of recent empirical work on the HOV model suggests that the cumulation of
tests isinformative and influential, even where any one alone might not be. They give us
successive approximations that allow us to see the circumstances under which a particular theory
is useful. Thus we suggest instead that researchers both estimate and test. Rather than dispense
with tests, we suggest a ssimple criterion: Do they narrow the range of sensible application of the

theory? A test is useful when we can reply in the affirmative.
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