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Inferring Relative Factor Price Changes from Quantitative Data*
Robert E. Baldwin, University of Wisconsin-Madison
L. Introduction

As Travis (1964), Melvin (1968) and Vanek (1968) pointed out some thirty years ago, due to the
indeterminacy of the commodity composition of trade in models with two or more factors and at least as
many goods as factors, it is useful to interpret the Heckscher-Ohlin theorem in terms of the exchange of a
country’s relatively abundant productive factors for its relatively scarce factors. Testing this theorem
empirically now invariably involves calculating the factor content of the goods and services traded
internationally.l Some economists have also recently utilized measures of the factor content of trade to
draw inferences about the causes of observed changes in factor prices. In addition, other authors have
relied upon another important quantitative relationship in trade theory, namely, the behavior of factor
proportions within and among industries, to draw conclusions about the causes of factor price changes.

In section I and III of this paper, the appropriateness of linking these measures to factor price
changes is investigated within the general equilibrium framework utilized by trade economists. The
conclusion reached is that only under special assumptions are such linkages justified. Deardorff and
Staiger (1988), Deardorff (1997) and Panagariya (1998) have specified sets of assumptions under which
the factor content of trade can be used to indicate the effects of trade on relative factor prices. Section IV
presents empirical estimates of how trade may have affected the U.S. wage gap between more ¢ducated
and less educated workers in recent years that are based on these assumptions. Section V summarizes the
paper’s main conclusions.

*Paper prepared for National Bureau of Economics conference, “Topics in Empirical International
Economics: A Festshrift in Honor of Bob Lipsey,” December 3-4, New York, NY.



II. The Implications of Changes in the Factor Content of Trade in Trade Theory

Papers by Katz and Murphy (1992), Murphy and Welch (1991), and Sachs and Shatz (1994)
illustrate the use of the factor content of trade to inveétigate the impact of trade on relative wages. Factor-
content calculations are utilized to estimate the effect of trade on the magnitude and sign of changes in
relative demands for labor of different educational levels. Since the U.S. tends to export goods
intensively using highly educated labor and import goods intensively using less educated labor, they find
that trade tends to increase the domestic demand for more educated labor and decrease the demand for
less educated labor. Katz and Murphy (1992) find the impact of trade on the demand for all types of labor
to be moderate in the late 1960s and 1970s, but quite significant in the 1980s. For example, they estimate
that between 1979 and 1985, a period when the U.S. trade deficit was large and increasing, changes in
trade across industries increased the relative demand for male college graduates by 0.55 percent, while
reducing the relative demand for males who dropped out of school with 8-11 years of education by 0.63
percent. They conclude that these trade-induced changes in relative demand moved in the correct
direction to help explain the rising education differentials in the 1980s.

Consider the theoretical underpinning of these and similar statements in terms of the standard
Heckscher-Ohlin model. To begin with the simplest version of this model, assume there are two, freely
trading countries, A and B, who both produce two goods, X and Y, utilizing two factors of production,
less educated labor and more educated labor. Identical constant-returns-to-scale production functions are
assumed for both countries as well as perfect competition, perfect internal mobility of factors and
identical homothetic preferences. Figure 1 depicts the trading equilibrium for the two countries in terms
of the diagram first made familiar by Lancaster (1957) and Travis (1964) and later by Norman and Dixit
(1980) and Helpman and Krugman (1985). Let Op, indicate the total quantities of more educated and less

educated labor (measured from O,) that both countries possess initially, O.Q (equals Og Q") the

1 Interestingly, the first major empirical test of the Heckscher-Ohlin by Leontief (1953) also involved
calculations of the factor content of trade. However, Leontief did not present a formal theoretical model
justifying this approach.
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equilibrium total quantity of good X produced by both countries in equilibrium, and OAQ’ (equals Op,Q)

the equilibrium total quantity of good Y produced by both countries. The slopes of these lines are the
common equilibrium ratios of more educated to less educated labor used in producing the two goods.

Assume that E describes the distribution of more educated and less educated labor between the
two countries, with country A’s endowments of these factors measured from O, and country B’s
endowments from Og,.2 Since E is above the diagonal, O4Opg, country A is relatively well endowed with
more educated labor compared to country B and country B is relatively well endowed with less educated
labor compared with country A. Country A, therefore, exports the relatively more educated labor-
intensive good, X, and imports the relatively less educated labor-intensive good, Y, while country B does
the opposite. Since tastes are identical and homothetic, each country ends up consuming the two goods in
the same proportions. Because each good is produced with the same factor proportions in both countries,
this implies, in turn, that each country ends up, in effect, consuming more educated and less educated
labor in the same proportions. Points on the diagonal O50Og;, such as C, satisfy this condition.

Let the equilibrium levels of production of X and Y for country A be O,G and GE, respectively,
and the equilibrium levels of consumption of these goods, OxH and HC, respectively. Consequently, GH
(equals EF) indicates the quantity of good X that country A exports as well as the amounts of more
educated and less educated labor embodied in these exports. Similarly, FC indicates the quantity of good
Y that country B imports and the proportions of more educated to less educated labor embodied in these
imports. Thus, net exports of more educated labor are EN, while net imports of less educated labor are
NC. Since the value of exports (equals the quantity of more educated labor embodied in exports times the
wages of more educated labor plus the quantity of less educated labor embodied in exports times the
wages of less educated labor) equals the value of imports (the quantity of more educated labor embodied
in imports times the wages of more educated labor plus the quantity of less educated labor embodied in

imports times the wages of less educated labor) in the absence of capital transfers, it follows that the ratio
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of the net exports of more educated labor to the net imports of less educated labor (the slope of the line
JECJ’) equals the ratio of the wages of less educated labor to the wages of more educated labor.3

Next, consider the effects of a change in factor endowments in the two countries. To take the
simplest case, assume that A’s endowments remain unchanged but that the endowment of less educated
labor in country B increases. This is depicted in Figure 2, which is the same as Figure 1 except that the
point indicating the two countries’ total endowments of the two factors shifts from Og, to Og,. The point
describing the distribution of the total endowments between the two countries, namely, E, remains
unchanged but the diagonal indicating points where the two factors are consumed in equal proportions
shifts downward from OAOg; to OaOg;. As is familiar in this simple model, the increase in country B’s
supply of its relatively abundant factor, less educated labor, causes its production-possibilities curve for
the two goods to shift outward in such a manner that, at any given price ratio of the two goods where both
are produced, the output of the less educated labor-intensive good, Y, increases and the output of the more
educated labor-intensive good decreases (the Rybczynski theorem). This, in turn, causes its offer curve of
the less educated labor-intensive good Y for the more educated labor-intensive good B to shift outward.
If the offer curve of country A of good X for good Y is less than infinitely elastic, the relative
international price of good Y will then fall, the wages of less educated labor will fall, and the wages of
more educated labor will rise (the Stolper-Samuelson theorem). Associated with the decline in the wages

of less educated labor compared to the wages of more educated labor will be a decrease in the ratios of

2 It is assumed that E lies within the parallelogram, O,QOg,Q’, so that factor-price equalization between
the two countries is achieved.
3 In equation terms,
WmXLm + WiXL = WmMLm + wiMLi
Wi Xim- MLm

or-— = ————  where wm and wi are the wages of more educated and less educated labor,
Wwm XLl - M.

repectively, while Xum- Mum and Xui - Mu are the net exports of more educated and less educated

labor, respectively.

While increasing the number of goods beyond two in the two-factor Heckscher-Ohlin leads to an
indeterminacy of the commodity composition of trade, it does not change this relationship between the
factor content of trade and relative wages.



more educated to less educated labor used in producing the two goods. (To keep the figure from
becoming too cluttered, the resulting change in the parallelogram depicting the factor-price equalization
region is not shown.)

Assume that C, is the new point of equal factor-proportions consumption for the two countries,
with the slope of the line between E and C,, namely, KEC,K’, indicating the new lower ratio of the wages
of less educated to more educated labor. As in the first situation, the ratio of country A’s net exports of
more educated labor, EN,, to its net imports of less educated labor, N,C,, equals the equilibrium ratio of
the wages of less educated to more educated labor. Thus, the change in relative wages can be inferred
from the change in net factor proportions embodied in traded goods.

If, however, trade is not balanced, this relationship will not longer hold. Assume that C is A’s
initial equilibrium consumption point when trade is balanced. Next assume that country A’s citizens
borrow fund from country B and increase their expenditures on both their import and export goods,
thereby leading to an increase in imports and decrease in exports.4 A standard result of the literature on
such transfers is that there will be no change in the terms of trade if tastes domestically and abroad are
identical and homothetic so that the increased domestic spending on these goods is matched by decreased
spending on them abroad. The new equilibrium point will still be on the diagonal O,Og, but closer to
Ogy. Net exports of more educated labor and net imports of less educated labor will change but the
relative prices of these two factors remain unchanged.

As noted earlier, the papers cited in the beginning of this section draw conclusions about the
importance of changes in trade on relative factor prices by comparing the changes in the proportions of
different educated groups embodied in net exports to the domestic supplies of these factors. However,

there is no unique relationship in the simple 2x2x2 Heckscher-Ohlin model between changes in the ratios

4 The existence of the debt and the need to repay the loan will tend, of course, to reduce spending in the
future, but the initial effect on expenditures will be positive Murphy and Welch (1991) and Katz and
Murphy (1992) take into account the increase in the trade deficit, but Sachs and Shatz (1994) do not. See
Deardorff and Hakura (1994, pp.93-94) for a more detailed discussion of this issue.



of factors embodied in trade to the total supplies of these factors and changes in relative factor prices.
For example, with a more inelastic international demand for good Y by country A, the same decrease in
the relative price of unskilled labor depicted in the shift in A’s consumption of factors from C to C; could
have been achieved with a smaller relative increase in B’s endowment of less educated labor. In this case
the ratio of the wages of less educated to more educated labor would still be indicated by the slope of the
line KEC,K’ but the new factor-consumption point in equilibrium would be on this line but closer to E.
The ratios of country A’s less educated and more educated labor embodied in net exports to the
endowments of these factors will be less at this new consumption point than at C, although factor prices
will be unchanged.5

Suppose that the increase in the endowment of less educated labor had occurred in country A
rather than country B because of (say) immigration into country A.6 This will shift A’s production
possibilities curve such that, at any price ratio at which both goods are produced, the output of the less
educated labor-intensive good Y will increase and the output of the more educated labor-intensive good X
will decrease. This shift results in a decrease in country A’s offer curve of good X for good Y so that
with an unchanged offer curve for country B, the price of the less educated labor-intensive good Y will
decline relative to the price of good X and, in accordance with the Stolper-Samuelson theorem, the wages
of less educated labor will fall relative to the wages of more educated labor. The decrease in the wages of
less educated labor relative to more educated labor (and thus the decrease in the ratio of more educated
labor to less educated labor embodied in net exports) could be the same as in the case where the increase
in the supply of less educated labor occurred in country B. Thus, it is not be possible to distinguish

between these two cases by focussing only on the factor content of trade. However, when observers

5 The factor content of more educated labor in exports could even decrease compared with C and thus
give the incorrect signal concerning the direction of change of this factor price. Bhagwati and Dehejia
(1993) also provide an example where the ratios of factors embodied in net exports to the domestic
supplies of these factors change but relative factor prices do not.
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express concerns about the effects of globalization on relative U.S. wages, they usually have in mind the
first case where the increased wage gap is brought about by an exogenous increase in foreign supplies of
goods intensively using less educated labor. In the second case the wider wage gap is due to a change in
domestic labor supply conditions that have general equilibrium implications for trade flows.

Technological progress in country A can also affect relative wages and the factor-content ratio in
a manner that cannot be distinguished from changes in these variables due to changed conditions in
country B. For example, more rapid neutral technological progress in industry X than in industry Y in
country A (with technological conditions unchanged in country B) or more rapid less educated labor-
saving technical progress in the X sector both reduce the relative wages of less educated labor without
any change in international commodity prices. Since both good X and good Y are produced with lower
ratios of more educated to less educated labor as the relative price of less educated labor declines, the
ratio of more educated to less educated labor embodied in net exports falls along with the relative price of
less educated labor.

In summary, since exogenous shocks originating either within a country’s domestic economy or
abroad can produce similar effects on a country’s factor content of trade in a general equilibrium setting,
it is in general not possible to use this measure as a means of distinguishing between foreign versus
domestic causes of shifts in relative wages.7 For similar reasons, measures of relative changes in the
demand for different types of labor are also inadequate for attempting to determine the causes of changes
in relative wages.

When the analytical framework is expanded to consider the more realistic situation of three or
more factors and three or more goods, the ratio of the factor content of (say) more educated labor to less

educated labor in net exports no longer can be used as a measure of the relative wages of these two

6 The endowment point, E, in Figure 1 will shift to the right by the amount of the increase in the
endowment of less educated labor, for example, by OgOg;.
7 Deardorff and Hakura (1993), Deardorff (1997) and Leamer (1993 and 1996) all stress this point.



factors. Consider, for example, a two-country, three or more goods Heckscher-Ohlin model with three
factors. In a depiction of the integrated free trade equilibrium, such as shown in Figure 1 for two factors,
the endowment point E would be a point in three-dimensional space. The trading equilibrium C at which
both countries consume the three factors in the same proportions would also be represented by a point in
this space. The differences in the quantities of each of the three factors between E and C would give the
net trade in each factor in moving from autarky to free trade. This trade in the factors would be indicated
by moving along a straight line from E to C. The relative prices of the three factors would be depicted as
a plane that passed through both points E and C. However, many different planes can be generated that
rotate on a straight line between E and C. Consequently, unlike the two-factor case, there is no unique
relationship between the factor content of trade and relative factor prices. Depending on the nature of
technology and consumer preferences, a particular content of the three factors in net exports can be the
result of many different price relationships among the three factors and trading relationships among the
three factors. Consequently, one cannot draw inferences about the price relationship between any two of
the factors, e.g., more educated and less educated labor, from the amounts of these factors embodied in
trade The observed net imports of less educated labor may, for example, be the result of exporting more
educated labor for less educated labor and also exporting capital for less educated labor. Comparing
exports of more educated labor with total imports of less educated labor to infer the price of less educated
labor for more educated labor would be incorrect under these circumstances. The same point holds with
regard to comparisons of the proportions of these factors embodied in trade.

1. The Implications of Changes in Factor Proportions Within and Among Industries in Trade
Theory

As noted in the Introduction, some economists stress the importance of within-industry shifts in
factor proportions in contrast to between-industry changes in these proportions in reaching conclusions

about the relative importance of different factors that may have brought about the increase in wage



inequality. The paper by Berman, Bound, and Griliches (1994) illustrates this approach. Berman et al
investigates the relative importance of skill-biased technological change, increased trade, and increases in
defense spending in explaining the shift in demand away from unskilled and toward skilled labor in U.S.
manufacturing over the 1980s. Utilizing skill indexes based on the relationship between hourly earnings
and the occupational classifications of blue-collar and white-collar workers, they first show that a
significant part of the skill upgrading between 1973 and 1987 was due to a shift in the economy from
production (blue-collar) workers to non-production (white-collar) workers. (They present evidence that
shows production workers to be less skilled than non-production workers.®) They then decompose the
increase in the proportion of non-production workers in U.S. manufacturing into that part due to their
increased use within industries and that part due to the shift in production toward industries using high
proportions of such workers. For explaining the shift in employment toward non-production workers, the
authors argue that increases in international trade, as measured by the ratio of imports plus exports of
manufactures to manufacturing shipments, and increases in military expenditures affect the skill
composition of labor demand primarily by shifting inter-industry labor demand from industries intensive
in the use of production workers to those intensive in the use of non-production workers. In contrast, they
contend that biased technological change shifts the skill composition of labor demand within industries.

Berman ef a/ find that the within-industry component of the shifts in the demand for labor
dominates the between-industry component. Furthermore, when they allocate employment in each of 450
industries to four sectors (domestic consumption, exports, imports, and defense procurement) and assume
that imports replace employment in import-competing sectors, they find that the between-industry

contribution of imports and exports to the rise in the share of non-production workers is small. Therefore,

8 Further evidence is presented in Berman, Machin and Bound (1997).
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they conclude that the role of trade in shifting employment away from industries that intensively use
production labor has been quite small.

The implications of these findings are best understood by analyzing the possible within-industry
and between industry factor-proportion effects of various causes of the shifts in relative wages within a
general equilibrium framework. Consider, for example, the effects of an increase in the share of
international trade in gross domestic product. While they do not discuss reasons why the ratio of a
country's exports and imports to its output can increase, causes that seem to be consistent with what they
have in mind are a reciprocal reduction in tariffs among countries or a general decrease in transportation
costs. In these situations, trade could expand as a share of a country's gross domestic product without any
change in international prices of traded goods.

To examine the effects of such changes, again consider a standard two-factor (skilled labor and
unskilled labor), two-good (a skilled labor-intensive good and an unskilled labor-intensive), two-country
Heckscher-Ohlin model with homothetic preferences, in which the home country exports the skilled
labor-intensive good and the foreign country exports the other good. The endowments of the two types of
labor are assumed to remain fixed in the two countries. Even if the reciprocal reductions of tariffs or the
decrease in transportation costs do not change the international prices of the two goods, these changes
will increase the relative domestic price of each country's export good. If we further assume that labor
coefficients are fixed in each country, each country's output levels for the two goods will not change nor
will there be any change in the use of skilled versus unskilled labor within each country. Under these
circumstances there will be no within-industry or between-industry effects on the use of skilled versus
unskilled labor. However, as the relative domestic prices of the goods change, the real wages of skilled
labor will increase relative to the wages of unskilled labor in the home country and fall in the foreign
country, in accordance with the Stolper-Samuelson theorem.

If factor coefficients are not fixed, the output of the skilled labor-intensive good will expand in

the home country, and its output of the unskilled labor-intensive good will decline. These shifts tend to
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increase the demand for skilled labor relative to unskilled labor.” At the same time, in response to the
changes in relative factor prices, there will be a substitution in production of unskilled labor for skilled
labor in the home country, thereby decreasing the ratio of skilled labor to unskilled labor in the two
industries.”” The opposite will take place in the foreign country. Thus, as trade expands, there are both
within-industry and between-industry shifts in the relative use of skilled and unskilled labor."" Both shifts
take place concurrently.

Unskilled labor-saving technical progress also brings about relative shifts in labor demand among
industries as well as within industries. Consider, for example, the case where technical progress that is
saving of unskilled labor takes place to the same extent in both industries in the sense that at unchanged
factor prices the relative reduction in unit costs is the same in both sectors.'” Besides the within-industry
shift toward the greater the use of skilled compared with unskilled labor in both sectors, the output of the
unskilled labor-intensive industry (the import-competing sector) will increase relative to the output of the
skilled labor-intensive industry (the export sector) at given product prices.”” As long as the country is too

small to affect its terms of trade, these within-industry and between-industry effects will not change

® The opposite will take place in the foreign country. For simplicity, it is again being assumed that the
international price ratio does not change.

"This is possible even though the country's total endowment of each factor remains fixed, since these
ratios are weighted averages.

''See Baldwin (1995, pp. 27-30) for a diagrammatic explanation of this case and the example of
unskilled labor-saving technical progress discussed in the following paragraph..

In the standard Lerner diagram depicting unit value isoquants for the skilled labor-intensive and
unskilled labor-intensive goods, technical progress defined in this manner shifts both unit value isoquants
based on constant product prices toward the origin so that the lower constant outlay line that must be
tangent to both isoquants in equilibrium has the same slope as the constant outlay line tangent to the
initial unit value isoquants. In other words, with this uniform technical progress across sectors, relative
factor prices remain unchanged if product prices remain unchanged. Since the technical change is
unskilled labor-saving, the ratio of skilled to unskilled labor used in producing both goods is, however,
greater at the new tangency points than initially.

®In this two-factor, two-good model, the output of the unskilled labor-intensive good must increase
relatively more than the skilled labor-intensive good at given product prices in order to fully employ the
available endowment of unskilled labor.
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relative factor prices. However, if the country is "large" in the sense of being able to affect its trading

terms, the relative increase in the supply of the unskilled labor-intensive good will tend to decrease the
price of this good, thereby reducing the relative wages of unskilled workers. Nevertheless, if the labor
coefficients are fixed under a given technology, there will be no further changes in relative outputs. But if
substitution between the two factors is possible, these changes in the relative prices of the goods and
factors will lead to further between-industry and within-industry shifts. The lower relative price of the
unskilled labor-intensive good will lead to a decrease in the output of this good relative to the skilled
labor-intensive good.

The relative decline in the wages of unskilled labor will also lead to a substitution of unskilled
labor for skilled labor in each industry. Because of these offsetting forces, both the output of the skilled
labor-intensive good relative to the output of the unskilled labor-intensive good and the ratio of skilled to
unskilled labor used in producing the two goods could end up lower than their initial levels.

While this general equilibrium analysis supports the authors’ conclusion that the increased use of
skilled labor relative to unskilled labor within industries is consistent with unskilled labor-saving
' technical progress playing a dominant role in explaining the shift in relative wages in the 1980, their
factor-use findings are not inconsistent with international trade playing an important role in accounting
for the increased wage inequality. As explained above, the relative wages of unskilled workers could
have fallen due to product-price changes caused by increased trade without any or very little between-
industry or within-industry changes in the use of skilled versus unskilled labor. The increase in the wage
gap brought about by increased trade under these circumstances could have been even greater than the
increase associated with the within-industry factor-use shifts documented by Berman et a/ that are
consistent with the technology hypothesis.

IV. The Deardorff-Staiger Model for Inferring Relative Factor-Price Changes from Changes in the Factor
Content of Trade: An Empirical Analysis

Deardorff and Staiger (1988), Deardorff (1997) and Panagariy (1998) show that, under special

conditions, changes in relative factor prices can be inferred from changes in the factor content of trade.
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Deardorff and Staiger (1988) demonstrate that there is an equivalent autarky equilibrium associated

with each trading equilibrium for a country under trading conditions with incomplete specialization in the
following sense.'* If the factors embodied in the country's exports are subtracted from its initial factor
endowments and the factors embodied in the country's imports are added to its initial factor supplies (the
factors embodied in trade being calculated with the country’s own technology), then with the same prices
of goods as prevailed in the trading equilibrium, a competitive production equilibrium exists in which the
consumption of goods and factors are the same as in the trading equilibrium.

As these authors point out, the insight for this relationship is simply that changing the endowment
of factors in this manner provides the country with an endowment equal to the factor content of
equilibrium consumption. Thus, the constructed autarky equilibrium merely endows the economy with
the factors needed to produce what it had consumed with trade, thereby obviating the need for trade at the
prevailing prices of goods and factors. Deardorff and Staiger (1988) then proceed by making the strong
assumption that both preference and production functions are Cobb-Douglas. Cobb-Douglas production
functions imply that each factor earns a constant share of the revenue of each industry, while Cobb-
Douglas preferences imply that consumers spend a constant share of their total expenditures, E, on each
good. In autarky, where consumers' expenditures on any good equal the revenue of the industry
producing the good, the two relationships together imply that each factor's total income (from
employment in all industries) is a constant fraction of consumer expenditures. Thus, letting w; be the

return of the i factor, L;*the endowment of this factor under autarky conditions, and c; the constant

fraction for the factor, the following relationship holds:

wiLi? = ¢iE. (1)

" It is not necessary to assume identical technologies across countries.
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Next, consider two equilibria for this country, numbered 1 and 2, that involve trade. With

trade, equation (4) does not apply directly. However, equilibrium factor prices with trade can be
expressed in terms of what they would be without trade in an equivalent autarky equilibrium, the factor
endowments of which are B = L (the actual endowments) minus S (the factors needed to produce what is
exported less the factors needed to produce replacements for what is imported). Thus, letting L ® be the
actual factor endowments of the country (assumed to be the same in both trading equilibria), the price of
factor i in each trading equilibrium, w;* and w;', can be expressed in terms of total expenditures in each
trading equilibrium, E? and E' (consumer preferences are assumed not to change), the unchanged
endowment of the factor L, and the net contents of trade in the factor in the two trading equilibria, S;'

and Siz, as follows:

t_ CiEt h —
wi = ———,where t=1,2 (2)

L!-S

If we compare the price of factor i in the two trading equilibria, we have:

wi _ENLY-S)

. 3
wi  E'(L-SD) ©)

If expenditures are the same in the two equilibria, the relationship can be simplified to:

11 «? ol
wi-wi _Si-Si

w B )

Consequently, with unchanged Cobb-Douglas preferences and technologies for a country and unchanged

expenditures and factor endowments between two trading equilibria, the relative change in the price of
any factor can be expressed in terms of the change in the content of trade in the factor and the factor
endowment of the equivalent autarky equilibrium of the number 2 trading equilibrium (which equals the
factor content of consumption in this equilibrium).

One use of this relationship is to ask the following question: What would the gap in wages

between highly educated and less educated workers have looked like in (say) 1987, if, given U.S. factor
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endowments, preferences, and technology, and expenditures in that year, U.S. trade policy had been

adjusted to hold the factor content of U.S. net exports (measured in U.S. techniques of production for
1987) at (say) their 1977 levels?"’

The equation for calculating the change in the wage gap under this hypothetical scenario is:

1977 1987
[1 Sh - Sh 1987
1987' 1987" 1987" Twh
Wh "~ W _ Bh 1 (5)
' - 1977 1987 -
1987 SI - Sl

Wi [1 + ] w]l987

1987'
Bi

where the left side is the hypothetical wage gap between highly educated (h) and less educated (1) labor in
1987 as a ratio of the wages of less educated workers in the hypothetical 1987 economy that still exports
in net factor terms what it had in 1977, S;' is the observed content of net exports of the i"™ factor (highly

educated or less educated labor) in year t (1977 or 1987) measured in U.S. technologies of year t, and
Bi1987’ is the U.S. endowment of factor i in 1987 minus S;'**’. The difference between the hypothetical
wage gap calculated by this formula and the actual wage gap can be interpreted as that part of the gap

attributable to the actual change in trade between 1987 and 1977. Since the actual change in trade

between these two years could be due to changes in U.S. factor endowments and preferences or

'] am grateful to Robert Staiger for suggesting the use of equation (8) to test the effect of changes in

the factor content of trade on relative wages.

ey
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technology as well as changes in foreign competition, it should be emphasized (see Deardorff, 1997)
that this equation does not isolate the effects of foreign competition on the wage gap,

The results of the calculation for the 1987-77 period as well as for the 1977-67 period are
presented in Table 1. As indicated in the table, in 1987 the wages of highly educated workers (workers
with 13 or more years of education) exceeded those of less educated workers (workers with 12 years or
less) by 50.3 percent compared to 38.0 percent in 1977. The hypothetical gap in 1987 would have been
48.0 percent if factor trade had been the same as in 1977. Thus, the change in trade between these years
(whatever it causes) contributed 2.3 percentage points to the 12.3 percentage point increase or 18.7
percent) in the increase in wage inequality.

If 1977 factor trade had been the same as in 1967, the gap hypothetically would have been 36.4
percent in contrast to the actual wage gap of 38.0. The interpretation is that the actual change in trade
between 1967 and 1977 contributed 1.6 percentage points to the 1977 gap. The actual wage gap fell from
51.0 percent in 1967 to 38.0 in 1977, a decline of 13.0 percentage points. The change in trade reduced the
narrowing of the wage gap by 11 percent (=1.6/(13.0+1.6).

In a recent paper, Deardorff (1997) extends the Deardorff-Staiger model beyond just Cobb-
Douglas production functions and preferences to cover all CES production functions and preferences.16
In doing so, he shows that the elasticity of a factor price (suitably normalized) with respect of its
endowment is —1/the elasticity of substitution. Therefore, (approximating changes in logs by percentage
changes), the percentage change in a factor price will be —1/elasticity of substitution times the change in
factor content as a fraction of endowment. Modifying the changes in factor contents as a fraction of
endowments in equation (5) by using substitution elasticities of (say) two and five rather than unity

implies that the hypothetical wage gap in 1987 would have been 49.2 percent and 49.9 percent,

16 Panagariya (1998) extends the earlier Deardorff-Staiger model in this manner. Krugman (1995)
derives a related result. As Panagariya points out, Krugman confines his attention to infinitesimally small
changes so that he is able to derive a locally reduced-form elasticity of substitution between skilled and
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respectively, rather than 48.0 percent, if factor trade had been the same as in 1977. Thus, with these
substitution elasticities, the change in trade between these years accounts for only 8.9 percent and 3.2
percent, respectively, of the increase in wage inequality over this period.

The usefulness of such empirical estimates is a matter of judgement. Panagariya (1998) argues
that the assumptions underlying the calculations are so stringent that the procedure cannot be considered a
reliable guide to measuring the contribution of trade to wage inequality. He points out that empirical
studies do not support the assumption that elasticities of substitution in production are the same across
industries and, moreover, that there is no evidence of identical constant elasticity of substitution utility
functions across goods. He also notes that the analysis requires the absence of any trade-induced
technical changes and any trade-induced changes in factor endowments and tastes. These are important
qualifications, but it seems to me that the underlying assumptions are sufficiently reasonable to provide
another useful empirical means of roughly assessing the relative importance of trade versus other factors
in influencing the extent of wage inequality.

V. Conclusions

One main conclusion of the paper is that relative factor prices cannot, in general, be inferred from
measures of the factor content of trade. In a simple two-factor Heckscher-Ohlin model with two or more
goods, the ratio of the relatively abundant factor embodied in net exports to the relatively scarce factor
embodied in net imports does measure the relative prices of the two factors, provided trade is balanced.
However, this relationship breaks down when there are three or more factors. Measures of changes in the
quantities of factors embodied in net exports to the domestic supplies of these factors are not reliable
indicators of factor-price changes even in the simple 2x2 Heckscher-Ohlin model.

Another conclusion is that within industry versus between industry shifts in the relative factor

proportions used in producing traded goods are not adequate indicators of the relative importance of the

unskilled labor without having to assume that all production and utility functions have identical constant
elasticities of substitution.
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different exogenous factors affecting relative factor prices. In a general equilibrium model with factor
substitution, exogenous changes in factor endowments, tastes and technology all affect both the
proportions of factors used within industries and the proportions of these factors used among industries.
There is no unique relationship between the type of exogenous change and the relative importance of
these two types of shifts.

As Staiger and Deardorff (1988) show, if technologies and preferences are Cobb-Douglas, factor
prices are systematically related to factor endowments. Using the relationships that they derive and U.S.
data on factor supplies, relative wages, and the factor content of trade, section IV of the paper estimates
that the change in trade between 1977 and 1987 contributed about 19 percent of the increase in wage
inequality between these years. Between 1967 and 1977, the change in trade reduced the narrowing of
the gap that took place between these years by about 11 percent. Using Deardorff’s (1997) extension of
the Staiger-Deardorff analysis to cover all constant elasticity of substitution technologies and preferences,
it is also shown that the contribution of trade would have been about one-half or one-fifth as large as these
figures if the substitution elasticities had been two or five, respectively. It should be stressed not only that
the assumptions underlying this analysis are very stringent but that the portion attributable to trade could
have been brought about by domestic changes in factor endowments, preferences and technology as well

as increased foreign competition.
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Table 1

The Effect of Changes in Trade on the Highly Educated/Less Educated
Labor Wage Gap, 1967-1977 and 1977-1987

1977=Yeart 1987=Yeart

1967= Year t-1 1977= Year t-1
Hypothetical Wage Gap in Yeart,
Holding Factor Trade at Year t-1 364 480
Level
Actual Wage Gap in Yeart 380 .503
Gap in Year t Attributable to Change
in Trade Between Year t and Year t-1 015 023

Sources: Data on wages and proportions of workers by education groups and industry are from the March Current
Population Surveys. Data on the value of exports and imports are from the 79 industry (the two-digit level of
classification) input-output tables published by the Bureau of Economic Analysis (BEA) of the U.S. Department of
Commerce. These data are expressed in real terms, using the implicit price deflator for personal consumption
expenditures from the National Income and Product Accounts. The Census Bureau’s industry classification is
concorded to the BEA’s input-output industry classification. Employment and price data are from the Output and
Employment Database of the Office of Employment Projections, Bureau of Labor Statistics. Estimates of the direct
and indirect labor content of exports and imports are based on the BEA’s 1977 and 1987 input-output tables.



