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International Trade and American
Wages in the 1980s: Giant Sucking
Sound or Small Hiccup?
THEAMERICAN
DREAM
IS THATeach generation should live twice as well
as its predecessor. During the hundred years before 1973, real average
hourly earnings rose by 1.9 percent a year. ' At that rate earnings doubled
every thirty-six years, and the dream was realized.
The dream no longer holds. Since 1973 the United States has failed to
match its historic track record. In 1973 average real hourly earnings,
measuredin 1982 dollars by the consumer price index (CPI), were $8.55.
By 1992 they had actually declined to $7.43-a level that had been
achieved in the late 1960s. Had earnings increased at their pre-1973 pace,
they would have risen by 40 percent to more than $12.00. Or consider
averagereal hourly compensation. This is a more comprehensive measure
of the payments to labor because it includes fringe benefits as well as
earnings. Between 1973 and 1991, real hourly compensation rose by only
5 percent. However the growth of labor income is measured, it clearly
has slumped since 1973.
A second ominous development in the American economy has accompanied this slump: a dramatic increase in the inequality of earnings. In
This paper reflects research on a Brookings Institution project, "First Among
Equals," fundedby the Ford Foundation.We are gratefulto MartinNeil Baily, LawrenceKatz, EdwardLeamer,and JohnPencavelandparticipantsat the BrookingsPanel
and the NationalBureauof Economic ResearchSummerInstitutefor comments, Lael
Brainardand Paul Krugmanfor helpful discussions, Scott Bradfordfor researchassistance, andWayneGrayfor data.
1. See Johnsonand Stafford(1993, p. 1).
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particular, the earnings of skilled workers have risen sharply relative to
those of their less qualified counterparts. Bound and Johnson have calculated this divergence based on education. They found that between 1979
and 1988, the ratio of the average wage of a college graduateto the average
wage of a high school graduate rose by 15 percent.2 Steven Davis has
calculated this divergence in terms of work experience.3 He found that
between 1979 and 1987, the ratio of weekly earnings of males in their
forties to weekly earnings of males in their twenties rose by 25 percent.
The Employment Cost Index (ECI) tells a similar story. Assembled by the
Bureau of Labor Statistics (BLS), the ECI classifies workers by occupation, and it indicates that between December 1979 and December 1992,
the growth of compensation and earnings of white-collar occupations exceeded those of blue-collar occupations by 7.9 and 10.9 percent, respectively. However the skilled are distinguished from the unskilled, the sharp
rise in wage inequality between the two in the 1980s is clear. (See the
appendix for a brief discussion on making this distinction).
These two developments-sluggish and unequal real wage growthhave coincided with three major changes in the nation's international
economic relations.
The first is convergence: the change in the United States' comparative
position from global economic preeminence to "first among equals." In
the 1950s output per worker in the United States was twice that in Europe
and six times that in Japan. Today, both Europe and Japan have closed
most of the output gap.4 In addition, since the 1950s foreign stocks of
both human and physical capital have been growing more rapidly than in
the United States. The result has been a convergence in wage rates. In
1975 a trade-weighted average of foreign compensation rates expressed in
U.S. dollars was equal to 64 percent of U.S. levels. By 1980 this measure
stood at 72 percent, and by 1990 at 93 percent.5
2. Bound and Johnson (1992). The education differentialhas risen most sharply
amonginexperiencedworkers. Murphy(1992) found that in 1979 the hourlywage of a
college graduatewith fewer than five years of work experience was 30 percent more
thanthatof a high school graduatewith similarexperience. In 1989 this premiumhad
soaredto 74 percent.
3. Davis (1992).
4. McKinseyGlobal Institute(1992).
5. This measureincludestwenty-fourU.S. tradingpartners;it excludesBrazil, Mexico, and Israel. When these countries are included, the 1990 trade-weightedforeign
compensationmeasureequals 88 percentof America's. Data come from
manufacturing
the Bureauof LaborStatistics(1991).
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The second major change is globalization: the increased volumes of
foreign trade and foreign direct investment in America. Between 1970 and
1990 U.S. exports and imports rose from 12.7 percent of gross national
product(GNP) to 24.9 percent. During the 1980s the ratio of the stock of
inwardforeign direct investment to GNP, valued on a historic cost basis,
grew from 3 percent to 8.1 percent. Since the first oil shock in 1973,
Americans have been forced to adjust to foreigners as suppliers of raw
materials, as competitors in manufactures (such as automobiles), and,
finally, as bankers and bosses.
The third major change is spending: the shift in American spending
patternsin the 1980s, which produced record trade deficits. The Reagan
administration'scombination of expansionary fiscal policy and contractionary monetary policy helped cause an unprecedented appreciation of
the U.S. dollar until 1985. This record strength of the dollar priced many
Americanexporters out of the world market, and it made imports a bargain
for American consumers. The result was record trade deficits, which
increased from 0.5 percent of gross domestic product (GDP) in 1980 to
nearly 3.5 percent of GDP in 1987.
Because the United States' changed international economic relations
coincided with the slow and uneven wage growth, it is scarcely surprising
that the former has frequently been advanced as a primary cause of the
latter. This connection is often made in policy discussions-recall Ross
Perot, for example. In the 1992 presidential debates he claimed that ratification of the North American Free Trade Agreement would generate
"a giant sucking sound," with high wages and challenging jobs fleeing
to Mexico. This claim struck a nerve with millions, and helped him win
19 percentof the popular vote.
Many academics have also linked international factors to wage developments. For example, Johnson and Stafford argue that the erosion of
high returnsfrom American technological leadership has been the principal source of the slow rise in American real wages since 1973. Similarly,
Leamerclaims that increased capital formation abroadis leading inevitably
to "factor price equalization," in which American wage rates converge
with those in other countries. According to Leamer this convergence is
harmfulbecause it entails not simply a rise in foreign wage levels, but
also a decline in American wage levels. Reich argues that global competition has bifurcatedAmerican workers-and thereby American societyinto two groups: high-earning "symbolic analysts" whose talents are
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rewardedby globalization,and the mass of ordinaryproductionworkers
whoseearningsare depressedby it. Referringto growingwage disparity,
Murphyand Welch concludethat "the evolving patternof international
tradeis perhapsa primarycause of recentwage changes.''6
Otheracademics,however, have arguedthatinternationalfactorshave
playedonly a small role in recent wage changes. Borjas, Freeman,and
Katzmaintainthat tradeflows explain, at most, 15 percent(thatis, 1.9
percentagepoints)of the 12.4 percentincreasebetween 1980 and 1988 in
theearningsdifferentialbetweencollege-educatedworkersandtheirhighschool-educated
counterparts.Moreover,becausethe manufacturing
trade
deficitdeclinedfrom $106 billion in 1988 to $47 billion in 1991, their
methodwould attributeto trade less than one percentagepoint of the
disparityin relative wage growth that persists today. Davis finds that
increasedtradeis associatedwith a convergenceacrossseveralcountries
of relative-wagestructures.But he concludesthatthis factor-priceequalizationeffect has been morethanoffset by the growingdivergenceacross
countriesof relativeindustrywage structures.Freemanand Needels find
thatthe college-high school wage differentialincreasedonly slightly in
Canadaduringthe 1980s. They concludefrom this thatthe wage divergence in the United States was not the resultof "an inexorableshift in
the economicstructureof advancedcapitalistcountries,"but a reflection
of "specific developmentsin the U.S. labormarket."Berman,Bound,
and Grilichesdo not find much role for trade, and Bound and Johnson
findthattradeplayedbasicallyno role in America'swage changesin the
1980s. Instead,they ascribethese changes to technologicalchange and
changesin unmeasuredlaborquality.7
The effect of America's internationaleconomic relationson both its
realandrelativewages is thus a controversialtopic. It also consumesan
increasingpartof the policy debate.Althoughtradeinterventionis rarely
the ideal instrumentfor redistributingincome, it is often a temptingone.
Leamer,for example,arguesthatliberalizingtradewithdevelopingcountriessuch as Mexico costs the UnitedStatesan importantmechanismfor
maintainingthe wages of its least fortunateworkers.
In this paperwe try to advancethe debateby presentinga dataanalysis
6. Johnson and Stafford (1993); Leamer (1992); Reich (1991); and Murphyand
Welch(1991).
7. Borjas, Freeman,and Katz (1992); Davis (1992); Freemanand Needels (1991);
Berman,Bound, and Griliches (1993); and Bound and Johnson(1992).
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that uses insights from theory to investigatethe effect of international
tradeon America'srecentwage performance.We firstlook at the sluggish
growthof averagereal wages. As a first approximationwe expect the
performanceof averagereal wages to mirrorthe performanceof output
perworker.Accordingly,we explorereasonsfor the divergencebetween
real wages and labor productivity.Our main finding is that trade had
nothingto do with the slow increasein averagecompensation.The sluggishrise in realcompensationandthe accompanyingconvergenceof U.S.
and foreign wages reflected slow productivityin the nontradedgoods
sectorsof the Americaneconomy. Real productcompensationincreased
almostas rapidlyas outputper worker.Growthof realconsumptioncompensationlagged behindreal productcompensationbecause of a rise in
therelativepriceof housing(whichworkersconsumebutdo not produce)
and a decline in the relative price of investmentgoods (which workers
producebutdo not consume).
workWe nextconsiderthe rise in the relativewages of nonproduction
ers. Standardinternationaltradetheory, as laid out by Stolperand Samuelson,suggeststhatchangesin the relativereturnsof factorswill reflect
changesin the prices of the goods that they produce.8Many studiesof
relativewage performancehave ignoredthis process, however.9Instead,
theyfocus on tradevolumes and tradedeficits. As Bhagwatihas emphasized, tradedeficits are not the most suitablemeasuresof the effects of
tradebecausethey are not necessarilyassociatedwith relativewage behavior.10We focus insteadon the pricebehaviorof tradedgoods, andwe
findno evidencethatthe relativepricesof goods thatuse productionlabor
relativelyintensivelyhave declined.Fromthis evidence,we concludethat
effects.
relativeU.S. wages have not been drivenby Stolper-Samuelson
We do, however,find a positive associationbetweenthe growthof total
factorproductivityand the intensive use of nonproductionlabor. This
pointsto technologicalchangeas an importantsourceof changesin relative wages. Indeed, we argue that the pervasivedecline in the ratio of
production
to nonproductionworkersactuallyemployed-despite the decline in the relativewages of productionworkers-points to a dominant
rolefor technologicalchange, which has augmentedemploymentof non8. Stolperand Samuelson(1941).
9. Leamer(1992) is a noteworthyexception, but see footnote 39.
10. Bhagwati(1991).
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productionworkers. This accords well with anecdotal evidence of the shift
toward computer-controlled, flexible manufacturing systems.
We then consider and reject two more complex hypotheses about the
effect of trade on wages. We analyze models that assume complete specialization and the hypothesis that trade has eroded union rents. We conclude with a summary of our major findings and some observations on the
importantrole played by the productivity slowdown outside of manufacturing.

Average Wages
What has happened to real average wages of U.S. workers? To
answer this question, one must first define "wages." One source of
confusion reflects the inconsistent use of conceptually distinct data
series. The most commonly cited statistic, average real hourly earnings
of production workers, shows a decline of almost 11 percent between
1979 and 1991. By contrast, a second commonly cited series, average
real hourly compensation in the business sector, shows an increase of
1.5 percent during the same period. These series differ in two ways.
First, the average hourly earnings series samples only production and
nonsupervisory workers, while the hourly compensation series includes
all persons engaged in work (including the self-employed). Second, the
hourly earnings series reflects only wages, while the compensation
measure includes employers' contributions for social insurance and
private benefit plans (including retirement and medical care). Both differences are important, and the series have diverged for two reasons.
First, the wages of production workers have risen more slowly than
those of nonproduction workers. Second, fringe benefits for all workers
have increased more rapidly than wages.
The ECI offers an indication of the relative roles of these two factors
in earnings behavior. It suggests that half of the shortfall between the
average hourly series and average compensation reflects the relatively
slower increase in the earnings of production workers, and the other
half the relatively rapid rise in the costs of employer-provided taxes
and fringe benefits (especially medical care). Indeed, between December 1979 and December 1991, the ratio of average earnings of bluecollar workers to average earnings in the private sector declined by 5.7
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percent,and the ratio of average compensationto average earningsin
the privatesector increasedby 5.7 percent.
Froma theoreticalstandpointcompensation,ratherthanearnings, is
the relevantmeasureof wages. We expect workersto be hired as long
as theircompensationcost is less than their marginalrevenueproduct.
In equilibrium,therefore, we expect nominal compensationat time t,
w,, to equal labor's marginal revenue product at time t, mrp,:
w, = mrp, = Pt x mpp,.

(1)

Note that mrptis defined, as usual, as the productprice at time t, P,,
andthe marginalphysical productof labor at time t, mpp,.
Expressingequation 1 in logarithms and differentiatingit with respect to time produces

Pt +

wt =

(2)

mppt.

Here,w7denotesdlog(w,)/dt, etc. Changesin compensationare the sum
of changesin both productprices and the marginalphysical productof
labor.
In the long runin a conventionalneoclassical growthmodel, we also
expect changes in the marginal physical product of labor to match
changesin the average physical product(app) of labor, which equals
output per worker. Thus mpp

(3)

w

=

appt,

and we can write

= P + app.

Thissuggeststhat as a firstapproximation,we expect changesin real
compensationto match the change in outputper worker:
w7 -

(4)

= appt.

Now considerwhat happenedin the United States.
The Output-Wage Gap

We focus on the period since 1979, because 1979 is when slow
average wage growth and rising relative wage dispersion-the two
phenomenawe are interestedin-became apparent.The growthof output per worker in the United States slowed dramaticallyafter 1973.
But, as figure 1 illustrates, between 1973 and 1979 average real compensationincreased in line with output per hour in the U.S. business
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sector. From 1979 to 1991 outputper workergrew by 10.5 percent-a
very slow pace by historical standards.During the same period, however, real compensation(average hourly compensationdeflatedby the
CPI-U, the consumerprice index for urbanconsumers) grew by only
1.5 percent. Apparently, the growth of real compensation failed to
matchthe slow growth in outputper worker. Here, then, is the outputwage gap that needs explaining.
If workershave not seen their real incomes rise as rapidlyas output
perworker,it is quite naturalto assume that someone else has received
this difference. One candidate is owners of capital, and a second is
foreigners.Indeed, both the decade of greed and the effect of internationalconvergenceboth in reducingU.S. buying power and in shifting
incomeaway from labor have been cited as explanationsof the outputwage gap.1'
Theseexplanationscan be rejectedin favorof a morestraightforward
one thatinvolves the basket of goods to which P, refers. The P, used in
equation4 measuresa basket of goods produced in the United States.
The CPI used in calculating real compensation, however, measuresa
basketof goods typically consumedin the United States. The key point
is that the two baskets do not contain the same goods. It follows that
nominal compensation deflated by the CPI does not equal nominal
compensationdeflatedby a basketof productiongoods. Indeed, if nominalcompensationis deflatedby the outputdeflatorused in the businessoutputmeasuresof productivity, we find that between 1979 and 1991
realproductcompensationactually increasedby 9.5 percent-just one
percentagepoint less than the increase in outputper worker(table 1).
Thus if the appropriateP, is used to measure (w* - P*), equation 4
basicallydoes describe the United States from 1979 to 1991. By deflatingwages with the appropriateprices, the output-wagegap disappears.
This means that the income of the business sector has not shifted
away from wages and toward profits.12Indeed, in 1991 the share of
11. See Krugman(1992) on the decade of greed. See, for example, Johnsonand
Stafford(1993) on buying power;Leamer(1992) on the income shift.
12. DefineS as labor's sharein income, where W is the nominalcompensationrate,
L employment,P the price of output, and Q the quantity of output:S = WLIPQ.
Expressingbothsides in logs, takingthe derivativewith respectto time, andrearranging,
we get S* = W*-

P*

-

(Q*

-

L*). Here, S*

=

dLogS/dt, etc. So changes in labor's
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total compensationin the value added by the business sector was 65.6
percent,less than one percentagepoint lower than it was in 1979 (see
table 1). The share of compensation tends to rise during slumps and
fall duringrecoveries, and the sharein 1991 was higherthanin the late
1970s and was close to its 1970-90 average. Whatexplains the differences betweenthese outputdataandthe morepublicizedversionsbased
on householdandpersonalincome, which indicategrowinginequality?
As Cutlerand Katz convincingly demonstrated,the discrepanciesarise
becauseof data definitions.13 Unlike data on personalincome, data on
nationalincome accountsinclude in the returnto capitalbothreinvested
earningsand taxes on corporateearningsand exclude capitalgains and
interestpaid on the governmentdebt. The divergencebetween the output and income measurescan be ascribedto these differences. Profits,
therefore,did not increasedramaticallyat the expense of compensation.
Ourexplanationof the output-wagegap also means thattradedevelopmentsdid not shift income away from labor. We will describe, in the
context of a two-factor model, how the traditionalStolper-Samuelson
modelpredictsthatchanges in the termsof tradereducethe real product
returnof the factorused intensively in the productionof the good whose
relativeprice falls. The finding that real productwages have matched
productivitygrowth is an importantpiece of evidence that contradicts
those who use such a model to argue that the poor performanceof
averagewages in the United States reflects trade's raisingthe returnto
capitaland lowering the returnto labor. If tradehad done this, the real
productwage would have declined. Instead, it actuallyrose by as much
as productivity,which means that trade did not have the impactjust
described.
Indeed, the behaviorof the aggregateU.S. business sector between
1979 and 1989 matches the predictionsof a conventionalneoclassical
growthmodel with pure labor-augmentingtechnical change. We have
alreadynoted that factor shares were constant and that real product
compensationrose at the rateof growthof outputperworker.We should
add that the capital-outputratio remainedfairly constant. The growth
ratesof the net capitalstock of fixed nonresidentialcapitalandbusiness
shareareequalto the differencebetween changes in the productwage, (W* - P*), and
changesin outputper worker,(Q* - L*).
13. Cutlerand Katz (1991).
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Figure 1. Output per Hour and Real Hourly Compensation,1979-90
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Source: Council of Economic Advisers, Economic Report of the President 1993, table B42, p. 396; table B44, p. 398.

sectoroutputwere 31.5 percent and 29.6 percent, respectively.14As a
resultthe 1989 ratioof business sector profitsto net capitalstock of 9. 1
percentwas similar to the 1979 ratio of 8.7 percent.
To summarize,we find that if nominal compensationis deflatedby
productionprices ratherthanconsumptionprices, workersin the 1980s
were basically compensatedfor their growth in output per worker. If
workershad chosen to consume the productsthey actually produced,
they would have raised their real compensation by as much as the
improvementin productivitygrowth. The wage gap illustratedin figure
1 is thus almost totally due to a discrepancybetween the production
andthe consumptionwage. Apparently,the prices of the productsthat
workersconsumehave risen more rapidlythanthose thatthey produce.
Production versus Consumption Compensation

Threemajordifferences in the composition of the deflatorsfor productionand consumptioncompensationmerit attention.
First come investment goods. The CPI does not, of course, reflect
14. Capital-stockdata are from the January1992 Surveyof CurrentBusiness. Business-sectoroutputdataare from Council of EconomicAdvisers, 1993 EconomicReport
of the President,Washington,D.C.: GPO, p. 398.
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the prices of investmentgoods. The prices of the most rapidlygrowing
investmentgoods, computers,have declinedprecipitously,andhedonic
priceseries indicatethatproductivitygrowthin the computersectorhas
been particularlyrapid. Simply subtractinggross domestic investment
frombusiness-sectoroutputprovides a measureof consumptiongoods
output.15 The implicit deflator from this series suggests that between
1979 and 1991 real compensationin termsof consumergoods increased
by 5.1 percent(versus 1.5 percentusing the CPI-U). Thus, abouthalf
of the shortfall between consumption compensation and production
compensationcan be explained by the relative price decline of investmentgoods.
A second majorcompositionaldifference between consumptionand
productionprices is housing. Outputof owner-occupiedhousing is not
includedin the business-sectorprice measureput out by the BLS. The
cost of owner-occupiedhousing, however, constitutes20 percentof the
CPI, andthis cost has been inflatingparticularlyrapidly:between 1979
and 1991, the index of shelterprices increased 17 percentmorerapidly
thandid the rest of the CPI. If hourly compensationis deflatedby the
CPI minus shelter, then real compensation between 1979 and 1991
increasedby 5.8 percent. This estimate is roughlyequal to the previous
estimatethat was calculated using the business deflatorminus investmentgoods. 16
The third major difference between production and consumption
pricesinvolves internationaltrade. Importedgoods makeup partof the
consumptionbasket, but not the productionbasket. There is a widespreadview that foreign economic growthnecessarily increasesaggregate U.S. welfare because it provides increased opportunities for
trade.17 As Hicks pointedout long ago, however, this is not necessarily
correct.18 Given domestic output,nationalwelfaredependson the terms
15. This measure is crude because investment includes expenditureson imported
capitalgoods.
16. It should be noted that for workerswho own their own homes, the deflationof
real earnings by the CPI-U provides an unduly pessimistic view of income growth
becauseit neglects the "real" increase in their incomes earnedfrom home ownership.
The fact that housing output (including that imputedto owner-occupiedhousing) is a
componentof gross domestic product(GDP) helps explain why GDP per hourhas also
increasedfasterthanreal compensation.
17. See, for example, Williamson(1991).
18. Hicks (1953).
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of trade-the ratioof export to importprices. Foreigngrowthwill raise
aggregateU.S. welfare if it improves the nation's terms of trade by
providingeither larger marketsfor U. S. productsor cheaperimports,
or both. If growth induces foreigners to boost output of U.S. exportables (or to shift out of U.S. importables), U.S. welfare could be
reduced.19In principle, therefore,the sluggish increasein averageU.S.
real wages could reflect a decline in U.S. terms of trade. Johnsonand
Staffordhave formalizedthis argument.20
Given domestic output, real compensationrises when workersmust
give up fewer resourcesto obtain a given quantityof imports.Whether
real compensationactually rises in this way depends on two factors.
The first is the productivity with which factors can be combined to
producedomesticproducts,andthe second is the rateat which domestic
productscan be exchanged for imports-that is, the terms of trade. If
increasesin productwages match growth in domestic productivity(as
our worksays they have), then the level of real compensationdepends
on the nation's terms of trade.
In figure 2, we depict a fixed-weight measureof the terms of trade
over the period of interest. This series actually indicates a small improvementof 1.5 percent in the terms of trade. (Indeed, the broadest
measure,which uses GDP deflatorsfor all tradables,shows an increase
of 5.2 percent.).21 Otherthings equal, these slightly improvedtermsof
trademeantslightly higher real compensation.
The CommandGNP, put out by the Central Intelligence Agency
(CIA), also shows that the terms of trade actually raised real compensation. Designed to capture the effect of the United States' changed
internationalbuying power, CommandGNP differs from conventional
GNP in that it deflates nominal exports by the import deflatorrather
thanthe exportdeflator. If the terms of trade worsen, CommandGNP
falls relativeto GNP-as does U.S. internationalbuyingpower. Figure
3 shows that duringthe 1980s CommandGNP actually rose 2 percent
morethanGNP did. This means that U.S. buying power grew slightly
19. It shouldbe stressedthatsimply becausethe gains fromtradehave beenreduced,
it does not follow that protectionwould be a superiorpolicy.
20. Johnsonand Stafford(1993).
21. As shown in Lawrence (1990), excluding the prices of computers, oil, and
agricultureindicates that virtually no change occurredin the terms of trade for other
goodsandservices between 1980 and 1990.
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Figure 2. Current Account, Termsof lT-ade,and Real ExchangeRates, 1979-90
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Figure 3. Ratio of CommandGNP to GNP, 1959-91
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in the 1980s. Therefore, both fixed-weight terms of trade and Command
GNP indicated that trade-via the terms of trade-has actually been a
slightly positive factor in the performance of real compensation.
Of course, the terms of trade did fluctuate in the 1980s. A nation's
terms of trade can shift for two very different reasons. They can shift
because of competitiveness, that is, if consumers at home or abroad
change the quantities they would like to buy at given prices. They can
also shift because of changes in total spending. Domestic spending
tends to fall more heavily on domestic products than foreign spending
does. Accordingly, when domestic spending rises relative to foreign
spending, rising terms of trade are expected (in addition to a deteriorating current account balance). To evaluate the effect of competitiveness on terms of trade, therefore, we must control for the effect of total
spending.
Consider the behavior of the U.S. terms of trade in the 1980s. Notice
in figure 2 how the emergence of the current account deficit in the first
half of the 1980s was associated with both an improvement in the terms
of trade and an appreciation of the real exchange rate. Also notice how
both the terms of trade and the real exchange rate peaked in 1985 and
then moved back to roughly their 1980 levels by 1988. The current
account deficit, however, persisted. So the improvement in the terms
of trade was associated with a deterioration in the current account. This
association implies that the improvement in the terms of trade was not
caused by improved U.S. competitiveness, but instead reflected a surge
in U.S. spending relative to production.22
Although the real exchange rate and the terms of trade had nearly
returnedto their 1980 levels by 1990, the current account still has not.
American workers, therefore, have not yet paid the price in terms of
the loss of trade required to restore the trade balance in goods and
services to its 1980 level. If historical relationships prevail, in addition
to the required reductions in U.S. spending relative to income, a real
decline in the dollar on the order of about 10 percent will be required
to restore the trade balance to its 1980s levels.23 Because imports ac22. One mechanismby which the U.S. terms of tradewere shifted was changes in
the real exchangerate. If firms selling tradedgoods kept their price fixed in terms of
domesticcurrencies,the termsof tradeand the real exchangerate would be expectedto
movetogether.
23. Lawrence(1990).
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Figure 4. Output per Hour by Selected Sectors, 1979-91
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countfor about 13 percent of U.S. spending, the effect of this change
on living standardswould probablybe just above 1 percent.
Productivity Growth

We said that output per worker since 1979 has grown more slowly
thanit did in previous decades. To analyze this slowdown, we divided
the growth in business-sector output per hour into two components:
manufacturingand nonmanufacturing.Figure 4 displays this breakdown. Here, manufacturingoutputis measuredin 1987 dollars, which
tendsto bias downwardproductivitygrowthbefore 1987 becauseof the
treatmentof computer-priceweights. Despite this bias it is strikingthat
in the 1980s manufacturingactuallyperformednear its historicnorms.
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Between 1979 and 1990 output per hour in manufacturing grew 30.7
percent, measured in 1987 dollars. During the same period nonmanufacturing output per hour grew by only 4.5 percent. This weak performance in nonmanufacturing productivity is the primary cause of the
slump in aggregate productivity growth-and therefore in real wage
growth as well.24
Some believe that these data reflect considerable mismeasurement.25
It is noteworthy, however, that before 1973 productivity growth in the
nonmanufacturing portion of the business sector was only slightly
slower than that recorded in the manufacturing portion. No historical
evidence, therefore, indicates that productivity growth is inevitably
slower outside of manufacturing. Moreover, before 1973 measurement
problems did not prevent the detection of significant productivity increases outside of manufacturing. To attribute the entire slowdown in
services productivity to measurement problems, it is necessary to argue
not only that productivity in services is difficult to measure, but also
that this measurement has recently grown more difficult to make.
Some have argued that trade has kept the U.S. manufacturing sector
smaller than it would otherwise have been. As we will emphasize below, it is treacherous to assume that a trade deficit represents forgone
domestic output. Closing the trade deficit need not imply growing domestic output. It could simply imply shrinking domestic expenditure.
Nonetheless, assume that trade deficits do represent forgone domestic
output. More manufacturing activity from a smaller trade deficit would
boost manufacturing's share in overall business output. This higher
share, in turn, would imply higher overall business productivity. Thus,
closing the trade deficit would raise aggregate productivity.
Do the data support this story? In 1991 the manufacturing trade
deficit was $47 billion, approximately 5 percent of manufacturing value
added. Had the manufacturing sector been 5 percent larger thanks to
elimination of the trade deficit, it would indeed have carried a larger
weight in the business sector. But this larger weight would have in24. Gullickson(1992) corroboratesour result. He estimatesthatmultifactorproductivityin U.S. manufacturingincreasedby 1.6 percenta year between 1979 and 1988exactly the same rate recorded between 1948 and 1973. He also demonstratesthat
manufacturing
accountedfor all of the 0.8 percent annualincrease in multifactorproductivitygrowthin the privatebusiness sector.
25. See Baily and Gordon(1988) for a more complete analysis.
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creasedthe level of business-sector productivitygrowth accumulated
between 1979 and 1991 by only 0.3 percent. Eliminating the trade
deficit, therefore, would not have appreciablyboosted Americanproductivity.
International Comparisons

Data on productivityand earnings in other countriesare difficult to
obtain. The BLS, however, does compile data on outputand earnings
per worker for France, Germany, Japan, and the United Kingdom.
These data are reportedin table 2. Several featuresare worthnoting.
First, in contrast to the U.S. experience, real earnings in the four
economies grew significantly over the decade. The result has been a
convergenceof foreign real earningstowardU.S. levels.
Second, the primarysource of the difference in earnings behavior
betweenthe United States and other countrieswas the differencein the
growthof nonmanufacturingoutputper employee. Table 2 decomposes
overallproductivitygrowth between the manufacturingand nonmanufacturingsectors of each country. Almost all of the U.S. productivity
growthand a high shareof the productivitygrowth in the United Kingdom occurredin manufacturing.In contrastin Japan,France, andGermanyproductivitygrowthin nonmanufacturingcontributed57 percent,
67 percent, and 75 percent, respectively, to the overall rise in productivity. These figures imply that productivitygrowth outside manufacturing(plus changes in the share of manufacturingin overall output)
accountedfor 70 percent, 91 percent, and more than 100 percentof the
differences in overall productivity growth between the United States
and Japan, France, and Germany, respectively. Differences between
theUnitedStatesandthe United Kingdom,by contrast,reflectedmainly
manufacturingperformance.
Third,in the threeEuropeaneconomies a shift in income distribution
towardprofitsslowed down the growth in productwages, and production andconsumptionwages grew at aboutthe same pace. In these two
respects, the three economies differed from the United States. Japan,
however, resembled the United States. There, profit shares remained
constant, but consumption wages grew more slowly than production
wages.
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As noted in McKinsey, output per hour in the service sector remains
higher in the United States than in other industrial economies.26 This
American lead has been shrinking during the past two decades, however. Because most services are not traded, this improved relative performance abroad is likely to reflect domestic developments thereincreased education, increased investment rates, and technological improvements-rather than the removal of barriers to trade.27
It is striking how much attention has focused on relative U.S. manufacturing performance and how little on the slowdown of productivity
growth in U.S. services.28 Before the quantitative importance of this
productivity development has been taken into account, it is particularly
inappropriate to interpret the convergence in international real wages
as evidence of international trade's factor-price equalization (FPE).
FPE is a basic result of standard international trade theory, which says
that under certain conditions (including the use of identical technology
and reasonably similar factor endowments), free trade equalizes factor
prices across countries. It is important, therefore, to distinguish the
international factor-price convergence caused by FPE from that caused
by productivity or technological convergence. This distinction is especially critical because technological catch-up in the nontraded sector
of follower nations might well improve, rather than reduce, real wages
in the leading country.29
To conclude, we have found that trade played very little role in the
performance of average real compensation in the United States in the
1980s. Consumption-deflated compensation lagged production-deflated
compensation because of the relative rise in housing prices and the
relative decline in investment prices (especially computers). Compensation grew slowly mainly because productivity in the service sector
grew slowly. These results indicate that the most important determinants of U.S. average compensation in the 1980s lay in the behavior of
the domestic economy.
26. McKinseyGlobal Institute(1992).
27. Foreign direct investment, on the other hand, may have contributedto this
convergence.Accordingto the United Nations (UNCTC, 1991), in 1970 foreign direct
investmentin services accounted for 25 percent of the global stock of foreign direct
investment.By the late 1980s the sharewas close to 50 percent.
28. For a focus on services instead, see the paperby Baily in this volume.
29. Muchdependson the effect of foreign income growthon the termsof trade.
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Figure 5. Evolutionof Wagesand Employmentin Manufacturing
to productionwages
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Relative Wage Performance
We have calculated that in American manufacturingbetween 1979
and 1989, the ratio of mean annualwages of nonproductionworkersto
productionworkersrose by nearly 10 percent (figure 5A).30 This fact
corroboratesthe evidence presented in the introductionon growing
wage inequality, and it is worrisome for two reasons. First, the increased wage divergence sharply reverses the trend from 1945 until
1979 of wage convergence between production and nonproduction
workers. Second, sluggish average real wages and diverging relative
wages imply that unskilled workers actually suffered declines in real
wages in the 1980s.
One obvious explanationfor this divergenceis relativelaborsupply.
All other things held constant, the wage differential between skilled
andunskilledlabor should grow if the supply of unskilled laborgrows
more than the supply of skilled labor. Studies suggest that shifts in
relativesupplies of labor in the 1980s may explain some of the wage
behavior, but they also suggest that most of the shift remains to be
attributedto demand.31Indeed, in the 1980s college graduates and
women, two groups experiencing rising relative wages, also experiencedrising relative supply. White-collaroccupationsconstituted67.2
percentof employmentin 1983, and they represented90 percentof the
rise in employmentbetween 1983 and 1990. Similarly, managerialand
professionalspecialty occupationsaccountedfor 24 percentof employmentin 1983 and 45.7 percentof the growthbetween 1983 and 1990.32
was $19,517,
30. In 1979the meanwage of nonproductionworkersin manufacturing
and the mean wage for productionworkers was $12,829. In 1989 these wages were
$34,866 and $21,112, respectively. Note that these wage measures do not include
compensationsuch as health insurance.The previous section noted that total compensationratherthanjust wages is the appropriatemeasureof factorreturns.Unfortunately,
dataon totalcompensationthatdistinguishbetweennonproductionandproductionworkers were not readilyavailable. Therefore,we use the wage datathat we have in light of
this caveat.
31. See, for example, Borjas, Freeman, and Katz (1992) on the immigrationof
unskilledworkers,andKatz and Murphy(1992) on the slowdownof the growthin welleducatedentrants.See Murphyand Welch (1992) and Bound and Johnson(1992) for
convincingargumentson demandas a majorexplanationfor the shift in relative labor
supplies.
distinction
32. The mappingis quite tight between the nonproduction-production
andthe white-collar-blue-collardistinction. We define as "white-collar" occupations
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If manufacturing
shifts its demandaway fromproductionworkersand
towardnonproductionworkers, the wage differentialbetween the two
groupsshouldgrow. A second stylized fact from the data supportsthis
labor-demand
story. Figure 5B shows the evolutionof the ratioof nonproductionto productionworkersemployedin manufacturing.The ratio
rose25 percentbetween 1979 and 1989, from0.35 to 0.44. This rise was
muchsharperthanthe gentle upwardtrendof the earlierpostwardecades.
Thus both the relative wages and the relative employmentof nonproductionworkersrose in Americanmanufacturingin the 1980s. This
combinationindicates that the labor-demandmix must have shifted
towardnonproductionlabor.33
Severalfacts supportthis indication. Between 1983 (the earliestyear
for which consistent occupation data are available) and 1990, the rise
in nonproductionworkers in manufacturingwas heavily concentrated
in two occupationalcategories: managersand professionalspecialties.
Duringthese seven years, employmentin these categories grew by 25
percent, while employment in total manufacturinggrew by just 4.7
percent.Growthin these two categories constituted91.5 percentof all
employmentgrowthin manufacturingduringthis.period.This trendhas
continueddespite the perceptionthat middle-level managersin manufacturingare being laid off. Between March 1990 and March 1992,
overallemploymentin manufacturingdeclined by 1.6 million workers,
or 7.6 percent, but employmentof managersand the professionalspecialties actually increasedby 0.7 percent.
Thereis no doubtthat the labor-demandmix shifted towardnonproductionlabor. The question thus becomes why the demandfor nonproductionworkersin manufacturinghas been so strong.
Framework

To determinethe relative contributionsof trade and technology to
shifts in labor demand, consider a general productionfunction for industryj at time t.
such as managerialand professionalspecialty;technical, sales, and administrativesupport;and service occupations. See the BLS Handbook.
33. A simple exercise of drawing relative-supplyand relative-demandschedules
showsthatrelativewages and relative employmentcan rise only if the relative-demand
scheduleshifts towardnonproductionlabor, regardlessof what happensto the relativesupplyschedule.
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Qjt = OjtFJ(Sj,,
Uj,,Kj,),

(5)

whereQjtis the outputof industryj, F'(-) is the time-invariantproduction function of industryj, and Oj, is the Hicks-neutraltechnology
parameterfor industryj at time t that boosts the productivityof any
given combinationof inputs. The factors of productionemployed at
time t are capital (K,), skilled (or nonproduction)labor (S,), and unskilled (or production)labor (U,). The demandschedulefor each factor
is the appropriatefirst-ordercondition of the profit-maximizationproblem. At time t, industryj demandsfactor i accordingto

(6)

).
wijt= Pjt x Ojtx FJ,t(

Here, wij,equals factor i's marginal revenue product in industryj at
time t.34 It is the amountthat industryj is willing to pay factor i for a
unit of its services. In equilibrium,this amountequals the actualwage
setby the market.Pj,is the exogenously given priceof outputin industry
j at time t, and FJ-,()is the partial derivative of Fi(-) with respect to
factor i at time t.

To specify the labor market completely, one must add a supply
schedulefor factor i in industryj. The quantityof factor i suppliedto
industryj probablydependson at least the wage thatfactori can receive
both in industryj and elsewhere, that is, on wi. and wi_j. Quantity
suppliedprobablydoes not depend on Pj, or Oj,, however. In this case
shifts in Pj, and Ojtidentify the supply schedule as shifts in the demand
scheduletrace it out.
In the following discussion we assume that the schedules are parameterizedas described. We can therefore study shifts in the demand
for laborby studying shifts in Pj, and Oj,. First, we analyze how internationaltradechangesPj,. Then we analyzehow technologicalprogress
changesOj,.
International Trade Theory and Relative Wages

The classic Hecksher-Ohlin-Samuelson(HOS) tradetheoryassumes
a worldof constantreturnsto scale andperfect competition.One of the
basicimplicationsof this theory, typically set in a two-good worldwith
34. This equation is derived, as was equation 1. Here, however, we distinguish
betweenlabortypes and among industries. We also representmppij,as the productof
Oi, and F>,,(-).
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trade, is the Stolper-Samuelson theorem. This theorem states that an
increase in the price of a product raises the return to factors used
relatively intensively in the production of that good and lowers the
returnto factors used relatively sparsely. International trade thus redistributes income by changing the terms of trade. To understand the Stolper-Samuelson process, consider a small open
economy that produces two products, software and textiles, with two
factors, skilled and unskilled labor. "Open" means that this country
freely trades both goods with the rest of the world. "Small" means
that this country's production and consumption choices do not influence
its terms of trade. Instead, these relative prices are determined in the
rest of the world. Furthermore, suppose that software uses skilled labor
relatively intensively.35 Initially, the country settles at some equilibrium
output mix of software and textiles. To produce this mix, firms employ
the country's skilled and unskilled labor. The labor market generates
an equilibrium wage for each type of labor; at this wage the quantity
of labor demanded by firms equals the total quantity supplied in the
economy.
We can illustrate this equilibrium by choosing the production isoquants for software and textiles that correspond to their given relative
price. In figure 6A these are drawn as SS and TT, respectively. Note
that SS lies above and to the left of TT. This indicates that software
uses skilled labor relatively intensively. If both goods are produced,
both isoquants must be tangent to the line that indicates the ratio of
factor prices, (WIlW1). These tangency points indicate the ratios of
skilled to unskilled labor (S/U), and (SIU), used to produce software
and textiles, respectively.36
Now suppose that the international price of software rises. This is
depicted in figure 6B as an outward shift in the relevant textile isoquant
to T'T'. The country will seek to make more software and fewer textiles. Output in textiles declines, releasing some of both factors. Output
35. This is an assumptionaboutthe technologyof production.It meansthatfor any
givenrelativewages, the ratio of skilled to unskilledlaboremployedin makingone unit
of softwareexceeds the ratio of skilled to unskilledlaboremployed in makingone unit
of textiles. Because there are only two goods and two factors in this economy and
becausesoftwareuses skilled labor relatively intensively, it follows that textiles use
unskilledlaborrelativelyintensively.
36. If technologicalcapabilities are the same throughoutthe world, the uniquerelationshipbetweenthe prices of goods and the prices of factorsleads to FPE.
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in software expands, requiring more of both factors. Because software
employs skilled labor relatively intensively, the overall economy's relative demand shifts toward skilled labor and away from unskilled labor.
If factor prices remained constant, however, the factor quantities released by textiles would not match those demanded by software because
of the different factor intensities of the goods. The textile industry
would release too much unskilled labor and too little skilled labor
relative to the demands of the software industry.
Wages must therefore change. The wage for unskilled labor falls,
and the wage for skilled labor rises. The new equilibrium ratio of the
relative price of factors is (W1/W)' >(Wj1W1). This higher ratio induces
firms to substitute away from skilled labor and toward unskilled labor,
and this substitution lowers the ratio of skilled to unskilled labor employed in each industry. (In figure 6B, this substitution is represented
as a flattening of each industry's (SIU) ray to (SIU)'.) Textiles thus
releases less unskilled labor and more skilled labor relative to what it
would have released without the wage change. Similarly, software demands more unskilled labor and less skilled labor relative to what it
would have required without the wage change. Wages move just enough
to reemploy all labor; at this point the economy attains its new equilibrium.
In the new equilibrium the economy makes more software and fewer
textiles. This new output bundle implies a shift in the economy's relative factor demand toward skilled labor and away from unskilled labor.
This shift has two important effects. It raises the wage for skilled labor
and lowers the wage for unskilled labor. It also lowers the ratio of
skilled to unskilled labor employed in both industries. Overall, changed
terms of trade have translated into changed factor returns and changed
factor-employment ratios by shifting the demand for these factors. With
reference to equation 6, the wij,s change because both the Pjts and the
FJ,(t)schange (the latter because of the new relative employment levels
in all industries). Thus, it is not trade volumes that matter in the StolperSamuelson process. It is the change in prices of traded goods.
We have presented the Stolper-Samuelson process in a very simple
model. One might wonder whether the process still operates in more
The short answer is that it
complicated-yet more realistic-models.
does. The model can be extended, for example, by allowing either or
both of the industries to be imperfectly competitive thanks to increasing
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returns to scale. Helpman and Krugman lay out the basic imperfectcompetition models, and they find that Stolper-Samuelson still operates.37 The model can also be extended by increasing the number of
factors of production and goods. Ethier studies how Stolper-Samuelson
and other theorems generalize in a model with many factors and many
goods.38 He finds that Stolper-Samuelson still operates but differently,
depending on the number of goods and factors. If the number of factors
equals the number of goods, the model can identify, after a change in
a good's price, the factor whose price rises in terms of every good and
the factor whose price falls in terms of every good. If the number of
factors does not equal the number of goods, the model cannot unambiguously identify these two factors. We acknowledge this qualification
but assume in the work that follows that the simple Stolper-Samuelson
story can be applied to the data. As a first approximation we think that
this is a reasonable assumption.
Existing Work on Trade and Relative Wages
Did this process help increase the relative wages of skilled workers
in the United States in the 1980s? Surprisingly, no study of America's
income distribution in the 1980s has explicitly considered this question.39 Instead, studies of relative wages that look at the role of international trade have focused on either trade volumes and trade deficits
or the effect of changes in the prices of traded goods on relative industry
wages.40,41

37. Helpmanand Krugman(1985).
38. Ethier(1984).
39. The one exceptionis Leamer(1992), who appliesStolper-Samuelsonto estimate
the impactof the North AmericanTradeAgreementon labor and capital in the United
States. In particular,he exploits the reciprocitybetween the Rybczynskiand StolperSamuelsontheorems by first estimating Rybczynski partial derivatives in production
functionsandthen calling these estimatesof Stolper-Samuelsonpartialderivatives.The
logic of this methodis clear, but Leamer'sassumptionsaboutthe empiricalapplicability
of reciprocityare debatable. In particular,trade theory says that Rybczynski partial
derivativesarenot well definedwhenthe numberof goods exceeds the numberof factors.
40. On the first focus, see Borjas, Freeman,and Katz (1992); Davis (1992); Katz
andMurphy(1992); andMurphyandWelch (1992). On the second, see Revenga(1992).
41. BoundandJohnson(1992) find some role in the overallchangesin the premium
earnedby male college graduatesrelative to high school graduatesfor industry-specific
effects. Of the 0.163 change in the ratio of earnings,they ascribed0.0 16 to changes in
sharesaccountedfor by high- and low-wage industries,0.02 to industrywage effects,
and0.013 to changes in the incidence of unionism.
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The studies that calculate the quantities of factors embodied in trade
volumes or the trade deficit do not relate precisely to the StolperSamuelson theorem. For example, Borjas, Freeman, and Katz calculate
the quantities of skilled and unskilled labor embodied in the U.S. trade
deficits up through 1987 and call these quantities the "international
factors" that influence wages.42 Borjas and his colleagues reason that
these embodied labor supplies should be combined with the endowment
of factors in the United States to obtain "effective" labor supplies in
the United States. All other things equal, a large effective supply of a
factor lowers its return. Because the United States tends to import
unskilled-labor-intensive products, larger trade deficits in the 1980s
meant a larger relative effective supply of-and therefore a lower relative wage for-unskilled labor.43
Borjas, Freeman, and Katz conclude that U.S. trade deficits accounted for no more than 15 percent of the growth in inequality of U.S.
wages. When the United States' trading partners are considered, it is
not surprising that estimates of the factor supplies embodied in U.S.
trade indicate relatively small effects on wages. In 1990, 70 percent of
U.S. manufacturing imports came from members of the Organization
for Economic Cooperation and Development (OECD)-countries with
endowments and wage structures very similar to those in the United
States. In 1980 hourly compensation in other OECD countries was 83
percent of U.S. levels. This dropped to 64 percent by 1985 but then
increased to 103 percent by 1990.44 In 1981 only 25 percent of U.S.
manufacturing imports came from developing nations. By 1990 this
share had increased to only 30 percent.45
Although the approach used by Borjas, Freeman, and Katz enjoys a
long tradition, it is rather weakly grounded in standard trade theory.
42. Otherexamplesof this approachinclude Lawrence(1984) and Kreuger(1991).
43. Policymakerssometimes use a particularlyegregious version of this approach.
They use a rule of thumbthat says each $1 billion of manufacturingoutputrepresents
twenty thousandjobs. With this rule, they argue that a trade deficit of $100 billion
representstwo million Americanjobs lost.
44. EuropeanCommunitywages were,the same as U.S. wages in 1980 and are 15
percenthigher today. Wages in the newly industrializingcountries of Asia were 12
percentof U.S. levels in 1980 and are 25 percenttoday. Overall, on a weightedaverage
with twenty-fourforeign countries, foreign wages have increasedfrom72 percentto 88
percentof U.S. levels.
45. As a percentageof GDP, however, manufacturingimports from developing
nationsgrew duringthe 1980s, from 1.2 percentin 1981 to 2.1 percentin 1990.
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Standardtrade theory does discuss effective factor supplies, but it does
not develop clear empirical tests for their effect on relative wages.
Indeed, it suggests that trade deficits per se have no necessary relationship to factor returns.46 That is because trade deficits depend on both
production and consumption activity: they are the excess of expenditure
over production.47 The Stolper-Samuelson theorem, however, deals
only with production activity: shifts in production prompted by shifts
in the terms of trade. Changes in the trade deficit that leave the terms
of trade unchanged do not change relative factor returns.
To clarify this point, return to our small open economy. Suppose
that it is at full employment with balanced trade and that its residents
decide to consume more than they produce. They import more and pay
for this trade deficit with a capital account inflow. Obviously, because
the economy remains fully employed, the trade deficit does not cost
jobs. Moreover, because the economy is small, the terms of trade do
not change-and this means that relative factor returns do not change.
Domestic spending is simply exceeding the economy's productive potential.48But the trade deficit does change the country's effective factor
supplies as defined by Borjas, Freeman, and Katz. They would therefore
incorrectly conclude that relative factor returns must change.
As Bhagwati has emphasized, relative price changes are the critical
intervening variable in the chain of causation from trade to factor
prices.49 Ex post trade volumes are a poor measure of the ex ante
pressures generated by trade. If international competition forced U.S.
46. Some empiricalwork has used factor endowmentsto test trade theory results
otherthan the Stolper-Samuelsontheorem. For example, Bowen, Leamer, and Sveikauskas(1987) use effective factor supplies to test the law of comparativeadvantage.
In addition,some theoreticalwork has linked effective factorsuppliesto factorreturns.
Deardorffand Staiger (1988) discuss the conditionsunderwhich changes in the factor
contentof tradecan relate to changes in relative factorprices. Unfortunately,when the
modeldoes not restrictpreferencesand technology to be Cobb-Douglas,only average
relationshipscan be derived between factor content and factor returns.Deardorffand
Staigerdo not lay out an empirical strategy for testing their model's results, so how
exactly Borjas, Freeman, and Katz (1992) relate to their work is unclear. As for the
relationshipbetween tradedeficits and factorreturns,thinkof the transferproblem.
47. The entireliteratureon the transferproblemis devotedto determiningthe direction in which a tradedeficit (or the accompanyinginternationaltransferof capital)will
movethe termsof trade.
48. If the countryis large, the terms of trade could move in either direction, dependingon demandpatterns.
49. Bhagwati(1991).
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workers to lower their wages, domestic firms might be able to hold on
to their domestic market shares. By examining only trade flows, however, one might conclude that trade had no impact on wages. In principle, even if trade flows are small, changes in the prices of traded
goods could have large effects on the prices (and thus factor returns) of
domestically produced substitutes. All of these considerations suggest
that prices, rather than quantities, provide a better picture of the shocks
originating from trade.
Empirical Evidence of Stolper-Samuelson
To explore the implications of the Stolper-Samuelson theorem, we
examined the data for relationships consistent with the process's working. All other things equal in the Stolper-Samuelson framework, a rising
relative wage of skilled labor should manifest itself in two relationships:
first, a fall in all industries in the ratio of skilled to unskilled labor
employed, and, second, an increase in the international price of skilledlabor-intensive products relative to those of unskilled-labor-intensive
products. We consider each of these propositions in turn.
Our data set covers the U. S. manufacturing sector through 1989.
Data on prices and quantities of inputs and outputs come from the Trade
and Immigration Data Base of the National Bureau of Economic Research. Data on U. S. terms of trade come from the export and import
price indexes produced by the BLS.5O We have limited ourselves to
manufacturing because very little data exist on trade in services. Because trade in manufactures constitutes nearly 70 percent of total U. S.
trade, however, the Stolper-Samuelson process is unlikely to have a
large role in overall trade without having a large role in manufacturing
trade.51
50. The export and import price indexes are generatedfrom quarterlysurveys of
firmsengaged in trade. The NBER data base draws primarilyfrom the AnnualSurvey
of Manufactures;see Abowd and Freeman (1991, introductionand summary)for a
detaileddescriptionof this data base. Recall that in our data set "skilled labor" is
definedas nonproductionlaborandthat "unskilledlabor" is definedas productionlabor.
See the appendixfor more on this. In addition, all SIC classificationsin this data set
come from the revision #2 scheme. Revision #3 replaced#2 startingin 1988, and it
redesignatedabout 25 percent of #2's industries. All data from 1988 and 1989 have
been concordedback to revision #2.
51. The UnitedStateshas a comparativeadvantagein nonproduction-labor-intensive
products.In 1979 the exports-weightedratio of nonproductionto productionlaborem-
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First, we consider whether industries experienced a fall in the ratio
of nonproduction to production labor employed. If the Stolper-Samuelson process alone had influenced American wages in the 1980s, rising
relative wages of nonproduction labor would have compelled all industries to substitute toward production labor. Figure 7 checks whether
industries did substitute in this way. It plots the percentage change
between 1979 and 1989 of relative wages and relative employment in
manufacturing industries disaggregated at the two-, three-, and fourdigit SIC levels. Higher relative wages of nonproduction labor combined with a lower ratio of nonproduction to production labor employed
would move industries into each of the upper-left quadrantsof figure 7.
Regardless of the level of disaggregation, however, only about 10
percent of all industries moved this way.52 Indeed, one of the remarkable features of American manufacturing in the 1980s was a pervasive
increase in the ratio of nonproduction to production workers employed-exactly the opposite of the HOS prediction. At every level of
disaggregation, at least half of all industries (measured by share of total
manufacturing employment) moved to a new equilibrium in the upperright quadrant. This equilibrium entails both higher relative wages and
higher relative employment of nonproduction labor. Thus, the majority
of industries accompanied rising relative wages with rising, not falling,
relative employment. So figure 7 indicates that Stolper-Samuelson was
not the predominant influence on relative labor demand in the 1980s.
Two points should be emphasized. First, we have conducted our
analysis at several levels of disaggregation to eliminate the possibility
that outsourcing was an important reason for the shifts in relative labor
use. By using industry data to explore the Stolper-Samuelson effects,
we assume that we can identify each product with a unique industry
and each industry with a unique production process. In practice, however, industries may make products using processes that differ in their
factor intensity. For example, the production of semiconductors could
involve both research and development (R&D), which uses skilled labor, and assembly, which uses unskilled labor. The availability of
cheaper foreign labor might result not in the shrinking of entire indusployedin U.S. exportindustrieswas 0.501; the analogousratio for importswas 0.384.
In 1989 these ratioswere 0.539 and 0.433, respectively.
52. At the two-digit level, 8.2 percent;at the three-digitlevel, 9.8 percent;and at
the four-digitlevel, 9.5 percent.
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Figure 7. PercentageChanges in the 1980s in the RelativeWagesand Relative
Employmentof Nonproductionand ProductionLabor in Manufacturing
B. Three-digitSIC industries
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Source: Employment and wage data come from the NBER's Trade and Immigration Data Base.

tries, but rather in the international migration of particular production
processes within an industry. This outsourcing could be confused with
a change in production techniques if the data are analyzed at an aggregate level. The foreign outsourcing of assembly operations in semiconductors, for example, would raise skill intensity in the data for the
industry as a whole because of the shrinking assembly activities,
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whereas separate data on R&D and assembly might indicate no shift in
relative factor use.53
The fact that the rise in ratio of nonproduction to production workers
is as pervasive at the four-digit level as it is at the two-digit level
suggests that the rise does not reflect outsourcing. Berman, Bound, and
Griliches corroborate this evidence against outsourcing.S They note
that the 1987 Annual Survey of Manufactures reported that foreign
materials constituted only 8 percent of all materials purchased in manufacturing in 1987. Moreover, only a small fraction of materials purchased typically come from an establishment's own industry: 2 percent
of materials originated in the same four-digit SIC category, 7 percent
in the same three-digit category. They calculate that replacing all outsourcing with domestic activity would raise manufacturing employment
of production workers by just 2.8 percent.
Second, all we can conclude from examining the relative employment ratios is that the Stolper-Samuelson effect was dominated by some
larger effect. The sum of these effects was that most industries employed relatively more, not relatively less, nonproduction labor. We
cannot yet say anything about the absolute size of the Stolper-Samuelson effect. Perhaps it was large; perhaps it was nonexistent.
To determine the absolute size of this effect, we examine international prices. Figures 8A and 8B graph percentage changes over the
1980s in industries' import prices against the ratio of nonproduction to
production labor employed in these industries in 1980. In figures 9A
and 9B the import prices are replaced with export prices. In each pair
of figures, the first classifies industries at the two-digit SIC level, and
the second at the three-digit SIC level.55
Nonproduction-labor-intensive products are those that employ a high
53. The BEA collects the most comprehensivedataon the activityof multinationals.
It does notreleaseall these databy countryat the three-digitSIC level of disaggregation,
however,to avoid revealingthe identityof individualcorporations.
54. Berman,Bound, and Griliches (1993).
55. Unfortunately,the BLS does not reportprices for all industriesbetween 1979
and 1989. The importprices cover 93 percentof all manufacturingemploymentat the
two-digitlevel and50 percentat the three-digitlevel. The exportpricescover 64 percent
of all manufacturing
employmentat the two-digit level and48 percentat the three-digit
level. We assumethatthe price movementsin these industriesare reasonablyrepresentative.In addition,a minorityof industrieswere not coveredas far backas 1980. Almost
all of these, however,were coveredby 1982 andwere thereforeincludedin the diagrams.
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Figure 8. PercentageChanges in the 1980s of Import Prices by Industry Versusthe
Nonproduction-WorkerIntensity of Industries
A. Two-digitSIC industries
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Figure 9. Percentagechanges in the 1980s of Export Prices by Industry Versusthe
Nonproduction-WorkerIntensity of Industries
A. Two-digitSIC industries
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ratio of nonproduction to production labor.56 If Stolper-Samuelson had
any influence at all, then the international prices of these products
should have risen relative to the international prices of productionlabor-intensive products. But figures 8 and 9 do not indicate a rise in
the relative price of nonproduction-labor-intensive goods. Instead, the
trend lines suggest that the relative price of nonproduction-labor-intensive products actually fell.57
Weighted-average price increases corroborate this suggestion. For
both import and export prices at the three-digit level, we have constructed two price indexes. One weights each industry's price rise by
the industry's share in 1980 employment of nonproduction workers, the
other by the industry's share in 1980 employment of production workers.58 As table 3 shows, import prices weighted by shares of nonproduction labor rose by 26 percent in the 1980s. Weighted by shares of
production labor, import prices rose by 28 percent. Similarly, export
prices weighted by shares of nonproduction labor rose by 26 percent in
the 1980s. Weighted by shares of production labor, they rose by 30
percent.
Thus, the data suggest that the Stolper-Samuelson process did not
have much influence on American relative wages in the 1980s. In fact,
because the relative price of nonproduction-labor-intensive products fell
slightly, the Stolper-Samuelson process actually nudged relative wages
toward greater equality. No regression analysis is needed to reach this
conclusion. Determining that the relative international prices of U.S.
nonproduction-labor-intensive products actually fell during the 1980s
is sufficient.59
56. To ensurethatno factor-intensityreversalsoccurredduringthe decadethatcould
changethe results, we also plotted changes in the terms of trade against employment
ratioscalculatedfor 1985 and 1989. These plots were very similarto figures 8 and 9;
they thereforehave not been included.
57. These trend lines plot the estimated percentageprice changes obtained from
regressingactual percentage price changes on the ratio of skilled to unskilled labor
employedand a constant. None of the four regressionsestimateda coefficient on the
ratiothatwas significantlynegative at even the 10 percentlevel of significance.
58. These price indexes were also calculated using 1989 employment shares as
weights.The resultswere virtuallyidentical, so only the resultswith 1980 employment
sharesas weights are presented.
59. If we had seen the relative internationalprices of nonproduction-labor-intensive
U.S. productsrise, regression analysis would have been appropriateto determinethe
contributionof Stolper-Samuelsonto U.S. wage changes relative to other factors such
as technologicalprogress.
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Table3. Employment-WeightedPercentageChanges in InternationalPrices and
Hicks-NeutralProductivity,1980-89
Percentage change, 1980-89
Industry

International
prices

Hicks-neutral
technology

Effective
prices

Import-producing
Nonproductionweights
Productionweights
Difference

26.0
28.1
-2.1

20.5
11.9
8.6

46.5
40.0
6.5

Export-producing
Nonproductionweights
Productionweights
Difference

26.3
30.0
-3.7

18.6
10.7
7.9

44.9
40.7
4.2

Sources: International-price data come from the Bureau of Labor Statistics. Employment and technology (total-factor
productivity) data come from the National Bureau of Economic Research's Trade and Immigration Data Base and Wayne
Gray.
Notes: Nonproduction weights weigh each industry's price and technology change by that industry's share of total
manufacturingemployment of nonproduction labor in 1980. Production weights weigh each industry's price and technology
change by that industry's share of total manufacturing employment of production labor in 1980. All industries are defined
at the three-digit SIC level.

Technological Change and Relative Wages
We have concluded that changes in the Pj,s prompted by international
trade did not contribute to the growing U.S. wage dispersion in the
1980s. This leaves changes in the Hicks-neutral technology parameters,
the Oits. The Ojts, like the Pjts, are indexed only by industry. Changes
in Oj,s, therefore, shift the labor-demand equations, as do changes in
the Pjfs. Industries with rising Ofjsattract producers and shift relative
factor demands, as do industries with rising Pjts. Thus, under the assumption of given prices, Hicks-neutral technological change occurring
more rapidly in the nonproduction-labor-intensive industries should increase the relative wage of nonproduction labor.
We can therefore test for the influence of Hicks-neutral technical
change on relative wages as we tested for the Stolper-Samuelson process. All other things equal, this change should manifest itself in two
relationships similar to those analyzed for the Stolper-Samuelson process. First is a fall in all industries in the ratio of skilled to unskilled
labor employed; second is greater Hicks-neutral technological progress
for skilled-labor-intensive products relative to unskilled-labor-intensive
products. Again, we examine each of these propositions in turn.
We measure growth of the Ojts as the growth of total factor produc-

Brookings Papers: Microeconomics2, 1993

200

Figure 10. PercentageChanges in the 1980s of TotalFactorProductivityby Industry
versus the Nonproduction-WorkerIntensity of Industries
A. Two-digitSIC industries
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tivity (TFP) in each industry j. The TFP growth for an industry is
calculated as the growth of real output minus the weighted average of
the growth of the costs of five real inputs: nonproduction labor, production labor, capital, energy, and intermediate materials.60Transforming the annual changes into decade-long changes allows testing for their
cumulative effect.
Figure 7 demonstrates that, as with international prices, Hicks-neutral technological change was not the predominant influence on relative
labor demand in the 1980s. If it had been, industries would have moved
into the upper-left quadrant as higher relative wages for nonproduction
labor prompted lower ratios of nonproduction to production labor employed.
To check the absolute size of the effect of Hicks-neutral technological progress, look at figures 1OA and 1OB. They graph percentage
changes in industries' TFP during the 1980s against the ratio of nonproduction to production labor employed in these industries in 1980.
Figure IOA classifies industries at the two-digit SIC level; figure lOB
at the three-digit SIC level. If Hicks-neutral technological change raised
the relative wage of nonproduction labor, it did so by raising TFP more
in the nonproduction-labor-intensive products. Figures IOA and lOB do
not display such a change.
When technology increases are weighted by shares of production and
nonproduction labor, however, we do find that technological change
has been concentrated in industries that use nonproduction labor intensively. As we did for import and export prices at the three-digit level,
we calculated two different weighted-average TFP increases for both
export and import industries.61 Table 3 shows that in the import industries, TFP weighted by nonproduction-labor shares rose by 20.5 percent
in the 1980s. Weighted by production-labor shares, however, TFP in
the import industries rose by only 11.9 percent. Similarly, in the export
industries, TFP weighted by nonproduction-labor shares rose by 18.6
60. WayneGrayof ClarkUniversityin Massachusettsprovidedthese TFP numbers.
He assumedthatcost sharessum to one and therebycalculatedthe cost shareof capital
as a residual.He also assumedthatcapacityutilizationof capitalremainsconstant.Real
capitalinputis thereforea constantproportionof the real capital stock, and the rate of
capital-inputgrowthis simply'the rate of capital-stockgrowth.
61. As was done with prices, these TFP indexes were also calculatedusing 1989
employmentsharesas weights. The results were virtuallyidentical, so only the results
with 1980 employmentshares as weights are presented.

202

BrookingsPapers: Microeconomics2, 1993

percentin the 1980s. Weighted by production-laborshares, TFP in the
exportindustriesrose by only 10.7 percent.
Apparently,technological progress was concentratedin the skilledlabor-intensiveindustries. This helped raise the wages of skilled labor
relative to unskilled labor. Indeed, it more than offset the effect on
relativewages of the decline in the relative internationalprice of nonproducts. To see this, define (Pj, x Oj,) as
production-labor-intensive
the "effective price" of good j at time t.62 The percentagechange over
time in a good's effective price is simply the sum of the percentage
changein its internationalprice and the percentagechange in its Hicksneutral technology parameter. So adding the weighted-average increases in Pjt and Ojtin table 3 yields the weighted-averageincreases
in effective prices. The concentrationof Hicks-neutraltechnological
industriesoffsets the concenprogressin nonproduction-labor-intensive
intrationof internationalprice increasesin production-labor-intensive
dustriesif and only if the nonproduction-weightedincreasein effective
pricesexceeds the production-weightedincrease.
Table3 confirmsthatthis was the case. Forbothexportsandimports,
the nonproduction-weighted
increasein effective price was larger.This
meansthatthe combinedeffect of internationalprices andHicks-neutral
technology was to shift the labor-demandmix toward nonproduction
labor.This shift helped raise the relative wage of nonproductionlabor.
We can place this result in historical context by looking at the evolutionof effective prices before 1980. Unfortunately,data on termsof
tradego backonly to 1980, so we use domestic pricedeflatorsinstead.63
Table4 lists effective-price changes (weighted as before) duringthree
decades for all manufacturingindustries at the three-digit SIC level.
Notice thatthe difference between growth in effective prices weighted
by nonproductionlabor and growth weighted by productionlabor was
1.6 percentduring the 1960s, 1.7 percent during the 1970s, and 4.1
percentduringthe 1980s. This sharprise is consistentwith the increased
62. Because both Pj, and Oj, are indexed only by industry,we can call the product
of the two an effective price. Internationaltradetheoristsoften use this constructionto
studysimultaneouslychanges in the terms of tradeand in technology.
63. These calculationsassumethatchanges in these domesticprice deflatorstracked
changesin internationalprices. This is a weakerassumptionthanthe law of one price:
it allows prices to differ across countriesby some fixed constant.
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PercentageChanges in Domestic Prices and
Table4. Employment-Weighted
Hicks-NeutralProductivity,1960-89
Percentage change
All manufacturing
industries

Domestic
prices

Hicks-neutral
technology

Effective
prices

1960-69
Nonproduction
weights
Productionweights
Difference

13.3
13.4
-0.1

12.6
10.9
1.7

25.9
24.3
1.6

1970-79
Nonproduction
weights
Productionweights
Difference

88.1
93.3
-5.2

13.4
6.5
6.9

101.5
99.8
1.7

1980-89
Nonproduction
weights
Productionweights
Difference

33.1
32.3
0.8

11.5
8.4
3.1

44.6
40.7
3.9

Sources: All data come from the National Bureau of Economic Research's Trade and Immigration Data Base and Wayne
Gray.
Notes: Nonproduction weights weigh each industry's price and technology change by that industry's share of total
manufacturingemployment of nonproduction labor in 1980. Production weights weigh each industry's price and technology
change by that industry's share of total manufacturing employment of production labor in 1980. All industries are defined
at the three-digit SIC level.

wage dispersionof the 1980s. Notice, too, that in the 1970s the conincentrationof technology growth in nonproduction-labor-intensive
dustrieswas even larger than in the 1980s. This concentrationin the
1970s was overshadowed by the concentrationof price increases in
industries,however-precisely what would
production-labor-intensive
have been expected in light of the declining U.S. terms of trade.
So the growthpatternof Hicks-neutraltechnology offset the growth
patternof internationalprices. This helped shift the labor-demandmix
towardnonproductionlabor and therebyhelped raise the relative wage
of nonproductionlabor. We should emphasizethat because the relative
supply of educated workers actually increased in the United States
duringthe 1980s, the demandeffects must have been particularlypowerful. The Hicks-neutraltechnology growth was not the predominant
influenceon the labor-demandmix, however. As discussed earlier,
Hicks-neutraltechnology growththat is concentratedin the nonproduction-labor-intensiveindustriesshould lead to a falling ratio of nonpro-
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ductionto productionlabor employed in all industries.Figure 7 shows
clearly, however, that, in reality, this ratio was rising in nearly all
industries.
One possible explanation for this relative employmentshift is that
technologicalchange was "biased" toward the use of nonproduction
labor.64Indeed, Berman, Bound, and Griliches conclude that technological changethatsaves productionlaboris the most likely explanation
for the shift in demand toward nonproductionworkers. They support
this conclusion with strongcorrelationsbetween skill upgradingwithin
industriesand increased spending by firms on computersand research
anddevelopment.65 Kreugercorroboratesthe importanceof biasedtechnologicalprogresswith his estimate that from one- to two-thirdsof the
1984-89 increase in the premiumon education was relatedto the use
of computers.66Bartel and Lichtenberg find that industries that use
young technologies pay a premiumwage.67

Qualifications
We have been able to reject the simplest theories assertingthat internationaltrade has placed downwardpressureon the relative wages
of unskilledlabor. Because the United States tends to importunskilledlabor-intensiveproducts, the problem with these explanationsis that
they imply an improvementin the U.S. terms of trade. As we have
demonstrated,however, the terms of trade were basically flat in the
1980s (and actually declined in the 1970s).
Complete Specialization

Thereare theoriesthatbreakthe tight relationshipbetweenthe terms
of tradeandrelative factorprices by assumingcomplete specialization.
64. In the frameworkpresentedearlier, biased technologicalprogresscan be representedby allowing Fi(-) to vary over time.
65. Berman,Bound, and Griliches (1993).
66. Kreuger(1993).
67. Bartel and Lichtenberg(1991). It is unclearwhetherthese workersjustify their
higherwages. BerndtandMorrison(1992), however, finda negativeassociationbetween
use of high-technologyequipmentand total factorproductivity,althoughthey also note
that increasesin high-techequipmentare laborusing.
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Thesetheorieshave the intriguingimplicationthatunskilledworkersin
the United States are facing difficultiesbecause there are too few of the
poorestcountries, ratherthan too many. One version of the argument
stressesthe impact of internationalcapital flows; another,the internationaldiffusion of technology.68In both versions wage rates in the rich
countryfall at the same time that its terms of tradedecline.
In the version that emphasizescapital mobility, there are threetypes
of goods, differentiated by capital intensity. Only the rich country
producesthe most capital-intensiveproduct(computers),and only the
poor country produces the least capital-intensive product (textiles).
Both countries produce the mid-range product (radios). Initially, the
wage-rentalratio is higher in the rich than in the poor country. As
capitalshifts into the poor country, it increasesits productionof radios.
Thisprocessnot only shifts the poor countryaway fromthe production
of textiles andtowardradios, but also shifts the rich countryaway from
theproductionof radiosandtowardcomputers.Withinthe richcountry,
therefore, the Stolper-Samuelson mechanism operates by releasing
morelaborthancapital from the shrinkingradioindustry.This requires
a lowerwage-rentalratio to restorefull employment.In the poor country an analogous effect operates to raise the wage-rentalratio. When
the countrieshave sufficiently similar relative factor endowments,relativefactorprices converge. This model has been presentedusing capital andlabor;however, it could readily be presentedusing skilled and
unskilledlabor.
Three-goodmodels with technological diffusion can generatea similarresult.Considertechnological change in a simple Ricardianmodel.
The world is divided into pairs of lead and follower countries.69The
lead countryinitially specializes in the two more technologically sophisticatedproducts(computersandradios), while the follower country
specializesin the least (textiles). With technological advancein radios
in the follower country, productionof radios shifts from the lead to the
followernation. Again, this process shifts the rich countryaway from
the productionof radios and towardcomputers. It also shifts the poor
countryaway from the productionof textiles and towardradios. The
resultis an increase in the relative price of textiles. Real wages in the
68. Leamer(1992) presentsthe first version. Collins (1985), Johnsonand Stafford
(1993), andKrugman(1979) presentvarietiesof the second version.
69. In Collins (1985) the argumentinvolves three countries.
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lead country fall because the decline in the relative price of nowimportedradiosis offset by the increasein the relativeprice of textiles.
Fromthe standpointof the lead country, the problemis too little productionof textiles and too much productionof radios.
Integratingthe effects of laborforce growth, technologicaldiffusion,
and capital mobility in a single model requiresconsiderablefortitude.
Thishas been done by Dollar in a model with completespecialization.70
Dollar shows that in the short run, labor-force growth in the South
raises the terms of trade and the level of wages in the North. This rise
in Northernwages, however, increases the rate of diffusion of both
technology and capital to the South. This long-runeffect, as we have
seen, tends to worsen the North's terms of trade and equalize wages
betweenthe two regions.
Do these theoriesprovide a betterexplanationof U.S. developments
in the 1980s? Ourfindings in the previous sections suggest thatthey do
not. First, in the two-factormodels with capitalandlabor, we expected
to see the terms of trade declining, the wage-rentalrate falling, and
productwages falling behind average productivitygrowth. We found,
in fact, unchangedterms of trade, no decline in the wage-rentalratio,
and productwages that matched productivity. Similarly, a two-factor
modelwith nonproductionand productionworkersdid not predictwhat
we actually found: constant terms of trade, the relatively similar performanceof importprices using productionand nonproductionworker
sharesas weights, and the widespreadshift towardthe use of nonproductionworkers. Therefore, we reject these models because they did
not predictthe facts of the 1980s that we actually saw.
Union Wage Premiums

So far, we have assumed that competition is perfect in the labor
market.There is considerable evidence, however, that wages reflect
rentsdue to unions and other factors.7'One hypothesisis thattradehas
hada particularlyadverseeffect on the wages of productionworkersin
unionizedmanufacturingindustries.This effect could operateeitherby
reducingthe numberof unionizedjobs thatare availableor by reducing
the premiumearned by unionized workers. Bound and Johnson find
70. Dollar(1986).
71. See, for example, Katz and Summers(1991).
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thatchangesin the shareof unionizationexplainjust 0.013 of the 0.163
rise in the premiumearnedby male college graduatesover high school
graduatesin the 1980s. Blackburn,Bloom, and Freemanfind that declines in the share of less educated workers employed in sectors with
substantialrents can explain only between 10 and 25 percent of the
increasein skill differentials for males.72 We find that the premiums
paid to unionized workers in manufacturinghave not declined. The
EmploymentCost Index reportsthat between 1979 and 1989, the nominal compensationgrowth of nonunionizedmanufacturingproduction
workersexceeded that of unionized manufacturingproductionworkers
by only 2.31 percent. This small difference is inconsistentwith internationalcompetition's having squeezed union wages in traded-goods
sectorsin the 1980s.
Nontraded Goods

The divergence of productivitygrowth between manufacturingand
nonmanufacturingmay have played an importantrole in the wagedispersionstory. Between 1960 and 1980 the share of goods in real
spendingremainedroughly constant(43.5 percentin 1960 versus 44.4
percentin 1980), while the shareof goods in nominalspendingdeclined
(from 49.5 percent to 45.2 percent). These two facts imply that the
priceof goods relative to services was falling. In addition,the long-run
incomeelasticity of demandfor goods is less thanunity. Fallingrelative
prices for goods, however, have induced a shift in spending toward
goods thatis large enough to offset the tendencyfor the shareof goods
in real spending to decline. The price elasticity of aggregate goods
demandis also less than unity. Consequently, the share of goods in
nominalspendinghas declined secularly.
Theseeffects appearto have operatedmorepowerfullybetween 1979
and 1989 because of the slowdown in the productivitygrowth of services. The shift toward spending on goods is in fact a response to the
increaseddisparitybetween productivitygrowth in manufacturingand
productivitygrowthin services. Althoughthe decline in relativeprices
of goodsis difficultto quantifyprecisely, a varietyof measuresindicate
thatit was unusually large in the 1980s. In the 1960s and 1970s, for
example, the GNP deflator for goods declined relative to the overall
72. BoundandJohnson(1992); Blackburn,Bloom, and Freeman(1990).
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GNPdeflatorby 5.0 percentand 5.7 percent, respectively. In the 1980s
this decline increasedto 13. 1 percent. Similarly, the commodityprice
componentof the CPI declined relative to the services componentby
16.2 percentand 13.3 percentin the 1960s and 1970s, respectively, but
by 23.9 percent in the 1980s. And while the purchasingpower index
for finished goods fell by 5.3 percent in the 1960s and actually rose
relativeto the GNP deflatorin the 1970s, it fell by 10.9 percentin the
1980s.
If the overall demandfor goods is inelastic, an increase in productivity growththat is passed throughto final demandwill, on balance,
reduce the demand for factors of productionused to produce goods.
Althoughthe share of nonproductionworkershas been rising in manufacturing,the ratio of productionworkersto employmentin manufacturingwas almost twice as high as the ratio in the overall economy61 percentto 33 percent. Accordingly, the divergence in overall productivity growth could be a factor in reducing the relative wages of
productionworkers. In this case, one mechanism for increasing employmentopportunitiesfor productionworkers would be an improvementin nonmanufacturingproductivity.

Conclusions
We have examinedthe pressuresthatstem fromtradeby emphasizing
price ratherthan quantitybehavior. We have found that tradehas not
been the major contributorto the performanceof U.S. average and
relativewages in the 1980s. The constancy of the U.S. terms of trade
duringthe decade casts doubt on the argumentthat technological diffusion has robbedU.S. workers of their rents associated with technologicalleadership.Similarly, ourfindingthatworkershave, on average,
been compensatedfor their product wages casts doubt on those who
invokea Stolper-Samuelsonprocess as the sourceof pooraveragewage
performance.In addition, we doubt that a Stolper-Samuelsonmechanism has played an importantrole in placing pressureon production
workerwages. Indeed, both importand export prices indicate that the
relativeprice of production-labor-intensiveproductsactuallyincreased
slightly duringthe decade. Both the traditionaltwo-good and the more
sophisticatedthree-good models with complete specializationforecast
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thatthe relativedecline in the wage of U.S. productionworkerswill be
associatedwith an increase in the ratio of productionto nonproduction
labor.We have found, however, a pervasive shift in U.S. manufacturing towardthe increaseduse of nonproductionlabor despite the rise in
its relativewage.
This shift suggests that technological change has been the more
importantpressureon wages for productionworkers. Total factor productivity growth has been higher in manufacturingindustries, which
use nonproductionworkers relatively intensively. Such a TFP change
also implies an increase in the ratio of productionto nonproduction
labor,however. This means that in additionto TFP growth, technological progresswas probablybiased towardnonproductionlabor. Finally,
those who focus on real wage behavior without paying attention to
productivitygrowthoutside of manufacturingare writingHamlet without the Prince. The majorsource of real wage convergencebetweenthe
UnitedStates and other majorindustrialeconomies besides the United
Kingdomlies in the disparateperformanceof services productivity.In
addition, an importantpressure on the relative wages of production
workersmay have been slow productivitygrowth in services.

Appendix: Identifying the Skill Level of Workers
Identifyingthe skill level of workersis always a problemin empirical
work. A worker's skill level probablygrows with some combinationof
education, on-the-job training, and work experience. Pinpointing a
worker'sskill level clearly requiresa broadrange of data, which, unfortunately,most data sets do not contain. The AnnualSurveyof Manufactures(ASM), for example, distinguishesnonproductionfrom production workers, but it does not track employees' education or work
experience. Faced with these limited data, economists usually make
skill distinctionsmorecrudely. Two of the most commonmethodsmake
occupationaldistinctions. The CurrentPopulationSurvey(CPS) distinguisheswhite-collarfrom blue-collarlabor, andthe ASM distinguishes
nonproductionfrom productionlabor. In each case, the formergroup
usually is called "skilled" and the latter group "unskilled."
The obvious concernwith these occupationaldistinctionsis thatthey
misclassifytoo many workers. Considerthese two workers:an experi-
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enced machine-tool technician with a bachelor's degree in computer
science who programsthe computersdriving these tools, and a recent
high school dropoutwho files reportsand runs mail. If they both work
for a manufacturingfirm, the nonproduction-production
distinctionwill
classify the technician as unskilled and the office runneras skilled.
Clearly, this seems wrong. The worry is that such misclassifications
arethe rule ratherthan the exception, that is, that using either nonproor white-collar-blue-collarto categorizeskill levels
duction-production
misplacesan unacceptablyhigh numberof people.
Berman, Bound, and Griliches convincingly argue, however, that
these methodsprobablyclassify the majorityof people correctly. Bermanandhis colleagues comparethe nonproduction-production
distinction, the blue-collar-white collar distinction, and the more-educatedless-educateddistinction. Insofar as education is arguablythe single
most importantdeterminantof one's skill level, it is reasonable to
assume that the education distinction is the most reliable one. The
questionthen becomes how closely do occupationaldistinctionsmatch
the educationone. Berman, Bound, and Griliches conclude "that the
relationship. . . is quite tight."73 The conclusion is based on datathey
assembledon the educationalattainmentby broadoccupationalgroups
for 1973, 1979, and 1987. The datashow thatnonproductionandwhitecollar workersconsistently have more years of educationthanproduction and blue-collar workers. This holds true even for clerical nonproductionworkers. It seems clear, then, thatoccupationaldistinctionsdo
providea reasonableseparationbetween the more skilled and the less
skilled.
Ourwork on relative wages uses ASM data. In light of this discussion, we feel comfortable considering nonproductionworkers to be
moreskilled than productionworkers.

73. Berman,Bound, and Griliches (1993).

Comments
and Discussion
Comment by Robert E. Hall. Lawrenceand Slaughterhave taken on
a controversialand interestingtopic. Their approachis uniformlyreasonableand successful. They bring a strong dose of serious economic
analysisto a subject that badly needs it.
Thepuzzles aboutwages in the United States thatmotivatethe paper
are, first, the low growth in the overall purchasingpower of earnings
duringthe past two decades and, second, the wideninggap betweenthe
wages of highly educated and less educatedworkers. The point of the
paperis thatrising worldwide competitionis not a contributorto these
trends.
The authorsstart their investigation of the true culprits from the
observationthat product wage growth in manufacturing-the sector
mostaffectedby internationaltrade-has not slowed down at all. U.S.
manufacturing
workerscan buy a muchlargerquantityof manufactured
goodswith theirearningsnow thanthey could ten or twenty years ago.
The factorsexplaining the stagnationof the overall purchasingpower
of earningsare rising prices in housing and in certainotherpartsof the
nonmanufacturing
economy, notably mining and utilities.
In additionto the disappointingperformanceof the prices of nonmanufacturing
consumer goods, the authorsnote that declining prices
of investmentgoods are anotherimportantfactor in explainingthe gap
betweenthe growing command of earnings over manufacturedgoods
andthe stagnatedcommandover consumptiongoods. I find their discussionincomplete.Investmentgoods are intermediategoods. It is true
thatthey are not consumed directly by households, but their services
are inputsto the productionof consumer goods. Presumably,the au211
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thors would not single out a pure intermediate product such as steel for
the same treatment-they would not claim the declining relative price
of steel as a reason for differences between trends in product wages and
real wages.
The main purpose of the paper is to consider evidence on what I will
call the Perot Hypothesis: increasing competition in world markets for
products made by less-skilled workers is lowering U.S. welfare. The
authors make the powerful point that the welfare effects on the United
States of changes in world markets are measured by changes in U.S.
terms of trade. When increased world competition lowers the relative
price of a class of products, the United States suffers if it is a net
exporter of that type of product and gains if a net importer. In fact, the
United States is a net importer of low-skill-intensive products. The
average American should gain if the Perot Hypothesis is correct. And
the aggregate terms of trade for the United States have improved, as
the paper's figures 2 and 3 show.*
The paper takes a closer look at the Perot Hypothesis within manufacturing. It shows directly that the relative prices of skill-intensive
goods have fallen, not risen as the hypothesis would require. Increasing
global competition has not dumped larger volumes of products made
by low-wage, less-skilled workers onto the world market. On the contrary, the relative price effect has gone in the other direction. I find this
a fully convincing refutation of the Perot Hypothesis.
The paper also investigates what would happen to skill intensity if
the relative prices of skill-intensive goods rose, that is, if the Perot
Hypothesis were true instead of false. Absent changes in the supplies
of high- and low-skill workers, there would be an increase in the relative
wages of skilled workers. Every industry would lower its skill intensity.
Shifts in the composition of employment toward high-skill industries
would keep the overall composition of employment constant.
I am puzzled by the authors' approach to testing the employment
implications of the Perot Hypothesis. They find that skill intensity rose
in most industries. But that finding tells us nothing, given the big
positive change in the skill composition of the labor force. The authors
wrote, "all we can conclude from examining the relative employment
*Thereare importantpitfalls to measuringthe termsof trade, includingthe fact that
a significantfraction of imports and exports are not arm's length sales, but rather
movementswithin the same firms. See Ranganand Lawrence(forthcoming).
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ratios is that the Stolper-Samuelsoneffect was dominated by some
larger effect.

. .

. We cannot yet say anything about the absolute size

of the Stolper-Samuelsoneffect. Perhapsit was large; perhapsit was
nonexistent." The largereffect is the trendtowarda more skilled labor
force. It seems to me that they could look at the skill intensity of each
industryrelative to the overall average. There would be supportfor the
PerotHypothesisif the skill intensity of most industriesfell relative to
the nationalaverage.
Having disposed of the Perot Hypothesis, the authors turn to the
explanationstressedby theirpredecessors,biasedtechnicalchange.They
considerHicks-neutralchange that is biased across industries-faster
in the more skill-intensive industries. With respect to employmentintensity, this hypothesis has the same implicationas the Perot Hypothesis: decliningskill intensityin every industry,madeup by composition
shifts toward skill-intensive industries. The same evidence that cast
doubt on the Perot Hypothesis also casts doubt on the hypothesis of
industrybias.
Figures IOA and lOB provide a direct check on industry bias of
technical change. They show no correlationbetween growth of total
factorproductivityand skill intensity. But the authorsarguethat some
kind of invisible correlation is lurking in the data. Their evidence is
that average productivitygrowth is greater if industriesare weighted
by sharesof skilled laborthan if they are weightedby unskilledshares.
To be convincing, the authorsshould develop a more directmeasureof
the correlationand explain why it is not apparentin the raw data.
The papercontains only a single short paragraphon the hypothesis
on changes in relative wages in the 1980s that has received the most
attentionfrom economists, the factor bias in technicalchange. Several
authorshave concluded that only technical change that makes skilled
workersmore productiveand unskilled ones less productivecan rationalize the complete set of changes that occurredin the labor marketin
the 1980s. Furtherconsiderationof factor bias seems a top priorityin
this line of research.
I have a general misgiving about the use of the production-nonproductiondistinctionto capturedifferencesin skills. Manynonproduction
workersareclerical workers,janitors, securityguards,andthe like, not
in the elite of the laborforce. Manyproductionworkershave significant
problem-solvingroles; only a tiny fraction have routine assembly-line
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jobs. Data are certainly available by industry and occupation to study
the issues of this paper in more detail.
I like the relentless application of simple general equilibrium concepts in this paper and the related emphasis on what can be learned
from prices as well as from employment and wages. The bottom line is
that worldwide competition is not the source of the poor growth of real
earnings among American workers, nor is it the source of the painful
decline in the real earnings of workers with less education and skills.
Rather, the overall poor performance of real earnings is the result of
skyrocketing housing costs and poor productivity growth in utilities and
mining. These are sectors that have been particularly influenced by
regulatory change over the past two decades. With respect to the growing dispersion in earnings, we are left with the hypothesis that there
has been a sharp shift in technology favoring people with advanced
general skills-Robert Reich's "symbolic analysts." It is a fascinating
question, yet unanswered, why this shift began so sharply twenty years
ago, when modernization previously had been a boon to the worker
with lower skills.

Commentby Steven J. Davis and Robert H. Topel: Anemic real wage
growth and sharp, sustained increases in wage inequality are two of the
most distressing aspects of U. S. economic performance during the past
twenty years. These wage developments coincided with strong international trade growth, dramatic swings in the real exchange rate value
of the dollar and the U. S. trade balance, an upsurge in foreign direct
investment on U.S. soil, and a remarkable internationalization of economic activity in many capital markets. In the eyes of many, this
coincidental timing points to growing globalization of the economy as
the major culprit in America's poor real wage performance and increased earnings inequality. This perception about the recent past effects of globalization underlies much of the popular antipathy toward
the North American Free Trade Agreement and other policy decisions
that are seen as promoting further globalization.
With these facts and perceptions as backdrop, Robert Lawrence and
Matthew Slaughter undertake a direct, frontal assault on the view that
international trade growth-has been the
globalization-especially,
main driving force behind slow real wage growth and rising wage
inequality in the United States. In the course of executing this assault,
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they effectively debunk the view that international trade developments
explain the slow growth in average real wages since 1973. They also
build a case against the view that international trade developments
contributed to increased wage inequality. In this regard we find their
analysis less persuasive. Although we concur with their conclusion that
emphasizes the role of technical change favoring more skilled workers,
we think the role of international trade developments in recent U. S.
relative wage behavior remains an open question.
Average Real Wage Performance
Lawrence and Slaughter deftly guide readers through a sequence of
calculations that shed light on the phenomenon of slow real wage
growth. They first show that a common measure of wage performancethe average real hourly wage of production workers-greatly understates the growth of overall worker compensation. Based on the consumer price index for urban households (CPI-U), real hourly wages of
production workers fell by 11 percent from 1979 to 1991, whereas real
hourly compensation in the business sector grew by 1.5 percent. The
latter measure covers nonproduction workers and self-employed persons, and it encompasses fringe benefits in addition to wages and salaries. More rapid wage growth for nonproduction workers and more
rapid growth of nonwage compensation each account for about one-half
of the discrepancy between these two measures of real wage performance.
Between 1973 and 1979 average real hourly compensation increased
in line with output per worker in the U.S. business sector. Hence, the
blame for slow real wage growth during this interval rests squarely with
the slow growth of labor productivity. Although greater globalization
could in theory cause a sharp increase in capital's share of income in a
capital-rich country such as the United States, Lawrence and Slaughter
show that no such development transpired in practice.
Labor productivity continued to grow slowly after 1979, but real
compensation grew even more slowly. From 1979 to 1991 output per
worker in the business sector rose by 10.5 percent, whereas real hourly
compensation (using the CPI-U) rose by a mere 1.5 percent. Lawrence
and Slaughter show that this "output-wage gap" reflects a divergence
between the consumption wage and the product wage after 1979. Two
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factors account, in roughly equal measure, for this divergence: an increase in the relative price of housing, which workers consume but do
not produce; and a decline in the relative price of business investment
goods, which workers produce but do not consume. Once again,
changes in labor's share of income played no important role in the slow
growth of average real compensation during this period. Nor does an
adverse movement in the terms of trade (over the period as a whole)
help account for the relatively slow growth in the consumption wage.
Thus, Lawrence and Slaughter's calculations lead to three important
conclusions. First, average real wages grew slowly during the past
twenty years, because labor productivity grew slowly. In this respect,
a deeper explanation for slow real wage growth awaits an explanation
for the slowdown in productivity growth. Second, after 1979 two other
important factors in the slow growth of the consumption wage were the
rising relative price of the housing stock and the falling relative price
of business investment goods. As Bob Hall has observed, the main
puzzle here involves the apparent failure of price declines for business
investment goods to work their way through the chain of production to
(measured) price declines for consumer goods. Third, international
trade played no important role in the slow growth of real wages through
either a terms of trade effect or an effect on labor's share of income.
Relative Wage Performance and the Stolper-Samuelson Mechanism
Turning to explanations for relative wage movements, Lawrence and
Slaughter develop two main pieces of empirical evidence. One piece
involves changes in the relative wages and quantities of skilled labor
in the U.S. manufacturing sector. The second piece of evidence involves changes in the relative prices of products that differ with respect
to labor skill intensity. Both types of evidence speak to the empirical
implications of the Stolper-Samuelson mechanism by which international trade influences domestic factor intensities and relative factor
prices.

According to Stolper-Samuelson, international trade affects relative
wages through its impact on relative product prices. Because unskilled
labor is relatively abundant in the rest of the world, greater international
openness drives down the relative U.S. price of traded goods that intensively utilize unskilled labor in production. This relative price effect
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brings about a contraction of traded goods sectors that intensively utilize
unskilled labor and an expansion of traded goods sectors that intensively
utilize skilled labor. The sectoral reallocation of production activity
drives down the relative demand for and relative wage of unskilled
workers in the U. S. economy. Consequently, all sectors shift factor
intensities toward unskilled labor.
In confronting these theoretical implications with the data, Lawrence
and Slaughter interpret nonproduction and production workers as skilled
and unskilled labor, respectively. According to their data, the ratio of
annual wages for nonproduction workers to annual wages for production
workers in the U.S. manufacturing sector rose by 10 percent between
1979 and 1989. During the same period the ratio of nonproduction to
production worker employment rose from 0.35 to 0.44. Qualitatively
similar patterns of relative wage and quantity movements occurred
within most manufacturing industries between 1979 and 1989.
Because an explanation for a rising skill premium 'a la StolperSamuelson requires a shift away from nonproduction workers within
sectors, these facts reject the most straightforward trade-based interpretation of increased wage inequality. As Lawrence and Slaughter emphasize, an explanation for a rising skill premium based on Hicksneutral technical change at the sectoral level also implies a shift away
from nonproduction workers within sectors. Thus, neither international
trade nor Hicks-neutral technical change appears to be the dominant
driving force behind increased wage inequality. Instead, the simultaneous increase in the relative wages and quantities of more skilled
workers indicates that technical change has been skill-biased in the
sense of inducing more intensive use of skilled labor at any given
relative wage.
The Role of Skill-Biased Technical Change
By this route Lawrence and Slaughter arrive at the conclusion that
skill-biased technical change within sectors was a key driving force
behind the growth in wage inequality. Several other researchers have
arrived at the same conclusion, and in most cases by essentially the
same route. Berman, Bound, and Griliches provide evidence that foreign outsourcing cannot account for the pronounced shift away from
production workers, thereby reinforcing the skill-biased technical
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change interpretation of the relative wage and quantity evidence. ' Davis
and Haltiwanger show that the shift toward nonproduction workers
occurred disproportionately at larger plants during the period 1977 to
1986.2 They also document the pronounced upgrading of manufacturing
workers' educational and occupational skill intensity since the late
1960s. Krueger argues that dramatic declines in the price of computing
power and the consequent spread of personal computers in the workplace shifted the production function in ways that favor more skilled
workers.3
The argument for the skill-biased technical change hypothesis is a
bit like inferring the existence of Pluto, because Neptune's orbit does
not otherwise fit the predictions of theory. Surely, the hypothesis of
Pluto's existence became more compelling when Pluto was actually
sighted in a telescope. Likewise, explanations for a rising skill premium
that stress skill-biased technical change will become more compelling
when we observe Pluto's counterparts on our computer screens. In
Lawrence and Slaughter's analysis, and in much other work on relative
wage behavior, skill-biased technical change is largely a name for our
ignorance. Economists need a great deal more research in the same
spirit as Krueger's study of the role of computers-research designed
to find Pluto.
Another problem with the skill-biased technical change hypothesis
becomes evident when the nonmanufacturing sector is examined. To
appreciate the problem, consider the most widely used measure of skill
intensity: years of schooling. Although we have not examined the data,
we are confident that average years of schooling rose across a broad
range of nonmanufacturing industries during the 1979-91 period. Of
course, we also know that the education premium rose sharply during
this period. Hence, to fit the relative wage and quantity facts in the
nonmanufacturing sector, we are again driven to the hypothesis of skillbiased technical change. But, as Lawrence and Slaughter stress, output
per hour in the nonmanufacturing sector grew by a mere 4.5 percent
between 1979 and 1991. This meager growth in labor productivity does
not fit comfortably with an explanation for relative wage developments
that postulates an important role for skill-biased technical change. We
1. Berman,Bound, and Griliches (1993).
2. Davis and Haltiwanger(1991).
3. Krueger(1993).
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are left with a conundrum: If skill-biased technical change has been
important, why has labor productivity growth been so slow? We can
offer no answer, but posing the question heightens our suspicions about
the data. Either productivity growth or changes in the skill intensity of
workers are not being measured correctly.
Stolper-Samuelson Again: Should Prices or Quantities Be Used to
Gauge Trade Effects?
Well-known studies by Borjas, Freeman, and Katz and Katz and
Murphy use the factor content of international trade to draw inferences
about the impact of trade flows on relative wages.4 Because the embodied labor skill content differs among goods, changing trade flows potentially alter effective relative labor supplies. The United States tends
to import goods that embody a high intensity of unskilled labor and to
export more skill-intensive goods. Consequently, a growth in balanced
trade or an expansion of the trade deficit increases the implicit relative
supply of unskilled labor. By measuring these implicit relative supply
shifts and specifying an aggregate production function, Borjas, Freeman, and Katz and Katz and Murphy estimate the contribution of changing trade flows to U. S. relative wage movements. The largest estimated
effects are associated with the sharp expansion in the U.S. trade deficit
during the early 1980s. Borjas, Freeman, and Katz estimate that growth
in the trade deficit accounted for 15 to 25 percent of the rise in the
college-high school wage differential between 1980 and 1985.
Lawrence and Slaughter develop a trade theorist's critique of this
"quantity" approach to gauging the impact of trade on relative wages.5
At the heart of this critique lies the Stolper-Samuelson theorem. The
theorem says that "relative [product] price changes are the critical
intervening variable in the chain of causation from trade to factor
prices." Thus, the theorem directs the empirical researcher to examine
the terms of trade rather than trade flows in gauging the impact of trade
on relative wages. Further, Lawrence and Slaughter clearly explain how
the implicit relative supply shifts embodied in changing trade flows can
lead to incorrect inferences regarding trade's impact on relative wages.
After examining the pattern of product price changes for traded man4. Borjas,Freeman,and Katz (1992); Katz and Murphy(1992).
5. See Bhagwati(1991); and Deardorffand Hakura(1993) for similarcritiques.
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ufacturing goods, Lawrence and Slaughter conclude that "the StolperSamuelson process did not have much influence on America's relative
wages in the 1980s. In fact, because the relative price of nonproductionlabor-intensive products fell slightly, the Stolper-Samuelson process
actually nudged relative wages toward greater equality." In our view,
this conclusion is premature. Several considerations argue in favor of
a more tentative assessment of the evidence developed by the authors.
One important consideration involves the role of technical change.
Once technical change (whether Hicks-neutral or skill-biased) is accepted as a major driving force behind relative wage movements, relative price movements for traded goods no longer provide an accurate
indicator of the direction or magnitude of trade's effects on relative
wages. Technical change that favors skilled workers could easily mask
Stolper-Samuelson effects that raise the skill premium. Suppose, for
example, that relative wage movements reflect declining barriers to
international trade and relatively rapid productivity growth in skillintensive export sectors. Suppose, also, that the demand elasticity for
skill-intensive goods is greater than one and less than infinity. In this
scenario, easier trade raises the relative price of skill-intensive export
goods, whereas productivity growth lowers it. Both developments drive
up the relative wage for skilled workers. According to this scenario,
the productivity-induced decline in the price of export goods would
cause Lawrence and Slaughter to attribute an unduly favorable effect
of trade on wage inequality developments.
A related consideration arises in connection with scale economies.
Some skill-intensive export sectors (such as software development)
exhibit large fixed costs and small marginal costs of production. For
these sectors globalization offers a wider scale of operations over which
to spread fixed costs and generate revenues. Some part of these additional revenues are likely to accrue to skilled workers. Here, globalization can raise returns for skilled labor, even as it brings greater
competition that drives down unit product prices. One suspects that
globalization helps to enrich Microsoft employees, even thought it facilitates greater competition and lower software prices.
These remarks suggest that a focus on the terms of trade, as advocated by trade theorists, comes with its own pitfalls. Although we
accept the Lawrence and Slaughter critique of the quantity approach
adopted by labor economists, it is not apparent to us which of two
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imperfectapproachesdelivers more reliable inferences. Our hesitancy
to acceptthe authors'conclusion about trade's relative wage effects is
reinforcedby two additionalconcerns. First, we would like to see the
analysis recast in terms of better indicators of worker skill intensity,
such as educationalattainmentor a more detailed occupationalbreakdown. We are quite preparedto believe thatnonproductionworkersare
typically more skilled than productionworkers, but the relative skill
levels of these two categories probablyvaries greatly across industries
and perhaps over time. Second, we would like to see the analysis
extendedbeyond the manufacturingsector. Much recent growthin internationaltradeoccured in skill-intensive sectors thatexport services.
It seems likely that this component of trade growth has contributedto
rising real and relative wages for highly skilled workers.
In conclusion, we think the link between internationaltrade and
relative wage behavior remains an open issue. Neither the focus on
tradeflows adoptedby labor economists nor the focus on the terms of
tradeadvocatedby tradeeconomists has yet settled the issue.
General Discussion: Several participantsexpressedreservationsabout
thepaper'sfindingthatimportshave, by andlarge, not been responsible
for the widening gap between the wages of higher- and lower-skilled
workersin the United States. Those disagreeingwith the authors'results
suggestedthattheirtreatmentof technologicalchangein the U.S. economy as exogenous may be hiding the effects of trade on wages. Paul
Romer,JohnHelliwell, and MartinBaily all arguedthattechnological
changecannot be considered exogenous because some portion of apparenttechnologicalchange in the United States is drivenby the globalizationof production,as low-skilled, labor-intensivemanufacturing
tasks graduallymove from the United States to low-wage countries,
such as Mexico, while the most skill-intensive jobs continue to be
performedin the United States. This globalizationof production,therefore, reduces the relative demand for unskilled workersin the United
Statesand thus lowers their wages relative to skilled workers.
Timothy Bresnahan, however, suggested that determiningthe endogeneityor exogeneity of technologicalchangeis unimportantbecause
the most importantfactor behind this change is the computerizationof
work, particularlywhite-collar work, which is occurringin the larger
eco iomy and is not directly connected with trade. Whethercomputer-
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ization has actually increased productivity is irrelevant, Bresnahan said,
because it has shifted the demand for labor toward those with computer
skills, thereby raising the relative wages of certain classes of skilled
workers.
Robert Gordon also was not convinced that the paper shows that
imports have had minimal effects on wages in the United States. He
argued that looking at terms of trade for relative prices cannot shed
light on the marginal effects of opening up a closed economy to trade.
If those effects are to be assessed, one should look at the factor markets
as well as the product markets, he said, noting that immigration has
reduced the relative wages of low-skilled workers in states receiving
large numbers of immigrants.
Several participants commented on methodological and measurement
issues. Gordon argued against using the CPI to compute real wages
during the 1977-83 period, because at that time mortgage interest rates
were causing an upward bias in that index. He suggested using a chainweighted personal consumption deflator.
Commenting on work he had co-authored on the extent to which
industry structure is related to effect of trade on wages, Henry Ergas
said that for almost all of the eleven industrial countries he examined,
increased import penetration had significant effects in reducing relative
wages in a given industry when that industry was characterized by few
economies of scale and little product differentiation. By contrast, he
said, in industries characterized by significant economies of scale and
extensive product differentiation, increased trade exposure actually increased relative wages. In the latter case, this phenomenon may be
attributable to increased trade having a positive effect on productivity,
which in turn results in increased worker compensation. He suggested
that the authors look at the effects of industry structure and imperfect
competition on the behavior of wages in the face of import competition.
Richard Gilbert suggested that expansion of product differentiation
that widens the price gap between the highest- and lowest-quality products may affect the relative income of different classes of workers.
Gilbert argued that if it can be assumed that people with higher incomes
consume higher-quality goods, a widening price gap between the highest- and lowest-quality goods results in a more rapidly rising price index
for higher earners than for low earners. In such a case, Gilbert argued,
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creatingseparateprice indices for earners of different income levels
would be necessary to determinetheir real relative wages.
FrankLichtenbergnoted that one of the majorfindingsof the paper
is that the apparentdivergence of productivitygrowth and real wage
growthis due to the divergencebetween the GDP deflatorand the CPI.
He wonderedif the deflator-CPIdivergence could persist over the long
run. Citing computersas an example, he said that if their price falls,
computersshould become an increasing share of capital stock, which
in turnshould reduce the cost of capital and, eventually, should result
in lower consumerprices. If it were true that the divergence could not
persist,he argued,the CPI mightbe expected to grow more slowly than
the GDP deflatorin the future.
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