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Abstract:

Recent empirica research to test the applicability of internationd trade theory (for example Davis
and Weingtein (2001), Trefler (1993, 1995), and Bowen, Leamer and Sveikauskas (1987)) has used the
theoretical construct provided by the Heckscher-Ohlin-Vanek (HOV) model asanull hypothess. These
tests have invariably rgjected the theory’s predictions. specificaly, the theory’ s predictions of trade flows
arefound to be an order of magnitude greater than those actually observed. Each of these papers, aswdll
as Davisand Weingtein (1998), has a so advanced explanations of thisfailure based upon country-specific
differences in technology and absorption.

In this paper | investigate the possibility that the rgection of the theory is due to the maintained
assumption of freeinternal mobility of factors across sectors.  Partid internal immohility is parameterized
withinthe HOV framework, and theimplicationsfor estimation derived. Results summarized hereindicate
that factor specificity isasgnificant component of the explanation of net trade flows among countries.

Thanksto Alfred Field and Wolfgang Mayer for comments.
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Introduction.

Empirica investigations of internationa trade patterns and volumes are often couched in terms of
the factor content of trade. Thisis an attractive restatement of the data for analyses linking internationa
trade to outcomes in factor markets. However, research in this area has uncovered a“ mystery”, to use
the termintroduced by Trefler (1995): the observed factor content of tradein cross-sectiond analysisbears
little resemblanceto that predicted by the Hechscher-Ohlin-Vanek (HOV) tradetheory. Recent empirical
research (e.g., Bowen, Leamer and Sveikauskas (1987), Trefler (1993), Trefler (1995), Harrigan (1997),
Davis et a. (1997) and Davis and Weingtein (2001)) has explored extensions to the theory necessary to
have it more closdly fit the observed data. A common thread of the conclusons is the importance of
country-specific differences(e.g., varying factor productivity, or homebiasesin consumption) inexplaining
the rgjection of the HOV theory.

Davis and Weingtein (2001) has been most successful at fitting the theory to the data. The key
extensoninitscaseistheinclusion of factor endowments as determinants of the technology choicesineach
country. Thisisjudtified in their analys's through appedl to an equilibrium without factor price equalization
(i.e., a“two-cong’ world) or through the introduction of less-than-perfect mobility of goods in international
trade. In this paper | introduce an dternaive explanation for the imprecison of the HOV theory: the
exisience of costs of factor mobility within countries. Theimplicationsof thisfor observed tradeflowsare
derived and tested for significance in data on endowments and trade flows for 33 countriesin 1983 first
used in Trefler (1995). Statistical tests provide strong support for this hypothesisin trade among the 33

countriesin 1983.
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Accounting for factor content.

Much of the reasoning in prior empirica work is embodied in the accounting for factor content.
Toillugratethis, | restate briefly theaccounting framework introduced by Bowen, Leamer and Sveikauskas
(1987) in empirica work. When observed production technologies are alowed to differ across trading
countries, the mystery of missing trade is reveded to be potentidly due to systematic deviations in
technologica choice across countries.

Thereare N commodities, and X, isthe (Nx1) vector of output produced in country c.! Thereare
M factors, and V. isthe (Mx1) vector of factor endowmentsin that country. A.isthe(MxN) matrix of unit
factor coefficients observed in country c. There are C countries in the trading system, and the world
productionand endowment vectorsare denoted X, and V,,, respectively. | will maintain threeassumptions
throughout this derivation: full employment in each country, the law of one price in individud goods, and
identica homothetic consumption preferences. Given those, the steps that follow represent a series of
accounting identities for trade and factor content.

With the assumption of full employment, factor endowments and output in country ¢ are linked
through the A, matrix in (1). Summation of (1) over dl C countriesyields (2). Use of thefact thet the X,
vectors for each country sum to world output vector X, definesin (3) an“average’ unit-factor coefficient

matrix A that will serve as a benchmark in what follows.

AcXc = Ve @

E(C::l A X, = E%:l V=V, (2)

1| follow the convention of representing multi-element matrices in bold characters.
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AX, =Vy 3

The dementsof A will in generd differ from the dements of any of theindividud A..
International trade is represented by a country-specific (Nx1) net export vector T, defined in (4),
with E. the (Nx1) vector of country-c expenditureson goods. If arepresentative country U ischosen, then

the net export vector can without loss of generdity be converted to factor unitsin country U by theidentity

(5).

Tc Xc - Ec (4)

AyT: = AgXc- Ay E ©)

Define the country-c share of world expenditure as S.2 With identica and homothetic
preferences across countries, and with a given and unique world price vector, the expenditure of country
¢ on each good will be the proportion S of the world expenditure (and production) of that good.?

Subgtituting this condition into (5) yidds (6).

2 The (Nx1) vector of international commodity pricesis denoted P. Individual-country incomeY
evaluated at world pricesis defined as the scalar Y, =P'X.. World income is defined as the summation of
nationa incomes: Y,=X¢_,Y =P’X,,. World expenditure is equa to world income, but individua-country
expenditures will differ from individua-country income by any trade surplus B, = P’ T,. Each country's
share in world expenditure is denoted by the scalar § = (Y. - B)/Y ,,.

3 Variations in demand across countries have been studied and found to be significant in explaining
trade by Linder (1961), and by Hunter and Markusen (1988), among others. While these are important
issues, | abstract from them in this discussion.
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AUTCEVC-AUSCXW (6)

Two subdtitutions make more transparent the various components of this identity.  Firdt, the “average’
factor-use matrix A can be added to and subtracted from the coefficient on S Xy, . Second, the country-c
factor-use matrix can be added to and subtracted from the coefficient on X.. Theidentities (1) and (3) can

then be subdtituted into the equation to yidd (7).

Ay Te= (Ve- S V) - Sc(Ap - AX, + (Ay - AJXc ()

The |eft-hand-sde term in (7) isameasure of the factor content of country-c trade, andiseasily caculated
from the unit factor coefficient matrix of representative country U and from the trade vector of country c.
The firgt term on the right-hand side is a many-factor measure of the factor abundance of country c. The
second term measures the biasfromintroducing A, due to technologica differences of the representative
country U from the benchmark world average. The third term measures the bias from introducing Ay in
terms of specidization according to comparative advantage. Goodsthat can be purchased from suppliers
with relatively lower unit cogt in country ¢ than that observed in representative country U will presumably
be produced in greater quantity in country c.

To illugrate this, condgder without loss of generdity row i of vector equation (7).

Ay T = Vic- S Viw - S(A -ADX, + (Aiy - A X (8)
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The right-hand-side expressions can be expanded to:

(A - A) Xy = [(Ai - AAIA X + [(Aizy - A)AGIA X gy + ...

+ [(Ainu = A Ainl AinX o ©)
(A - A) Xy = Zy By AyXju (@)
A - Aid Xe = [(Aigy - Audl/Aid Ae X+ [(Aizu = AdAizd Az Xo + ...

*+ [(Ainu = Aind)/Aind] Ainc Xne (10)

Aiu - A X = Zj Yichichjc (10)

The coefficient B;; = [(Aju - Aj)/A;j] represents the percent by which the factor-use ratios for factor i in
productionof good j for country U differ from the average world factor-use ratiosin production. Notethat
itisinvariant to the country observed. The coefficients ;. = [(Ajju - Ajjd/Aijd represent the percent by
whichthefactor-useratio for factor i to produce good j in country ¢ deviates from the same ratio observed
in production in country U.

A common implication of dl theories of internationa trade and factor content considered here is
that these coefficients do not vary by goodsfor giveni and c. With thissmplification, the relation of factor

content to factor abundance provided in (8) can be restated as.

Ay T = (1+B)(Vic - ScViw) + (Yie - Bi) Vie * Xic forali (11)

This accounting for factor content illuminates three sources of the observed factor content for country ¢
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when cdculated through use of A, . Firdt, the observed factor content is a function of the factor
abundance of country cin factor i. Thisis measured by the difference (V.- S;Vi,). Theimpact of factor
abundance on observed factor content will be dependent upon the choice of representative country U. |If
country U haslower unit factor coefficients than the benchmark world average, then 3; will be negativeand
the observed factor content will be less than factor abundance will predict. Second, observed factor
content for country c isafunction of the deviation of country-c unit factor coefficients from those of the
benchmark world average as represented by (y;. - ;). If country c haslarger unit factor coefficientsthan
in the benchmark world average, then the observed factor content will be reduced ill further. The third,
denoted by ., is the deviation from the identity due measurement error, to violations of the maintained
hypotheses, and to the variation in these coefficients by good j. This component is treated as a normaly

digtributed random error in what follows.

Nesting trade theories in explaining factor content.

The message of this accounting exercise is quite sraightforward: the mystery in the raionship
between the factor content of trade and the relative factor abundance of trading countries may be due to
usng A,y to convert trade volumes to “ observed” factor content. Thisingght isnot origind —in fact, the
contributions of Bowen, Leamer and Sveikauskas (1987), Trefler (1993, 1995) and Davis and Weingtein

(2001) can be viewed in part as efforts to gauge the degree of imprecision introduced by use of A;y.*

4 All three of these papers advanced hypotheses to improve the factor-abundance explanation for the
factor content of trade based upon equation (6) above. All advanced explanations that led to differing A,
across countries. Bowen, Leamer and Sveikauskas (1987) investigated the implications of country-
specific differences in productivity; Trefler (1995) examined productivity differences, both neutral and
non-neutral, as well as the introduction of home bias in consumption and production of non-tradeables;
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There is extensive empirica evidence of the differencesin A, across countries, but two recent papers
provide systematic cross-country evidence on these differences. Harrigan (1998) provided a unified
examinaionof productivetechnol ogiesand factor reallocation for 10 OECD countriesfor the period 1970-
1990 and found evidence of sgnificant differencesin relative factor use acrosstrading countries. Heaso
found indirect but sgnificant evidence of interna factor immobility in his estimation of product-share
equations.  Davis and Weingtein (2001) used data on technology for 10 OECD countries and on
absorptionfor 30 countries (10 OECD and 20 outside). It aso found systematic differencesin technology
use across countries and a strong correl ation between those differences and the pattern of observed trade.
Central to its success was the modeling of the unit factor coefficients in each country as functions of the
country’ s factor abundance. This occursin the results that follow aswell, dthough the cause of thelink is
different: in Davis and Weingtein (2001) frictions in goods markets cause the link between technology
choice and factor abundance, while hereit is costly mohility of factorsin internd factor markets
Equation (11) representsthe hypothesisthat the observed factor content of trade can be explained
by the factor abundance of countries adjusted for the fact that A, differ across countries. A complete
theory will include a specification for the divergence of the A, asevidentin 3; and y;.. | will demondrate
in the following sections that the specifications of (11.1) and (11.2) nests the competing hypotheses of A,

divergence.

Davis and Weinstein (2001) use the Dornbusch, Fischer and Samuelson (1978) mode to predict differing
capital-labor ratios across countries and introduce separate cones for subsets of countries. All these will

imply different A, across countries. Bowen, Leamer and Sveikauskas (1987) aso introduce the possibility
that there are errors in measurement of S, but these expenditure-based explanations are not nested here.
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Bi =[(Aiu - A)YA] = b (11.1)

Yie=[(Aiu - Ad/Aid =a.- h R (11.2)

Equation (11.1) indicates that [3; in this modd is potentidly varying by factor. Equation (11.2) indicates
that v;. will have a country-specific component (g.) and a component proportiona to a measure of the
country’ s factor endowment (R,). Two such measures will be introduced and discussed below.
Hypothesis: Heckscher-Ohlin-Vanek theorem: With an assumption of costless interna
mohility of factors within each economy and under the conditions of incomplete specidization leading to
factor-price equaization, dl factor-usematrices (A, Ay, ad A, for each country c) will converge eement-
by-dement tothematrix Ayo. Thus, thistheory predictsthat b = g. = h for dl i and c. Equation(11) is

reduced to (12).

€= Xic (12)

Thisis the hypothesis rgected strongly in previous literature, most famoudy by Trefler (1995).
Hypothesis: Productivity differences across countries: Trefler (1993, 1995) demonstrates
that if thereis perfect interna factor mobility and country-specific productivity differentids acrossA, inthe
trading economies, thenthemode as specifiedin (11) but withV, andV,, redefinedintermsof “effective”
(i.e., productivity-adjusted) factor unitswill be gppropriate. Definingthe“ effective’ productivity of factors
in country ¢ by ¢, and the share of the world endowment of factor i found in country ¢ by o, this

hypothesis defines (13).



Costs to Mobility - 10

AiU Tc = (d)U/Ecd)coic)[(Vic - chiw) + ((ch)coic/d)c)'l)vic] * Xic forali (13)

The coefficients g, are exogenoudy determined by productivity differences between country ¢ and country
U.> Thecoefficientsb; will differ by factor, and will belarger for afactor if that factor is disproportionately
found inlow-productivity countries. The coefficients hy will be zero. Hypothesis: Costs to Mobility
of Factors. Therearecogsinvolvedin redlocating factorsamong industries within an economy, and these
cogswill differ by factor of production. There are many possible sources of these costs-- costsincurred
by the factor in rel ocating to anew industry, reduced productivity in an expanding industry due to the need
for learning-by-doing among new factor entrants, a “lemons’ problem among factors available to an
expandingindustry. Even in the absence of monopoly or monopsony power in theseindustries, these costs
lead to a divergence between the factor price and the margina vaue product, and to less redlocation of
factorsin response to final-good price incentives than would otherwise be expected.

The appendix providesamodd of optimal factor re-alocation in responseto relative price changes
that indi cates the economics of these coststo mobility. Theseimplicationscan beillugtrated inthefollowing
equations for a small open economy c with factorsi and j, with expanding industry z and contracting

industry y, and with p the rddaive price of good z in terms of .

5> |If the most productive country is given ¢ = 1, then ¢, is the quantity of the factor in country ¢
necessary to be equally productive to one factor in the most productive country.
Then g, = (dy-p)/d. and b = (dy-P.,i)/dyi » Where b, = Z.d.0;. and o;. is the share of factor i
endowment found in country c.

6 There can also be turnover among expanding industries and among contracting industries. These
are neglected in what follows, but could easily be incorporated.
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Aiyc /pAizc = Tic (141)

Ajyc /pAJZC = ch (142)

T, and 7. areindices of the coststo factor mohility derived inthe gppendix. They differ acrossfactorsand
lie between zero and unity.” For countriesinwhich factorsmovein responseto rel ative-price changes, the
existence of these costsleadsto lessfactor alocation than would otherwise occur. Unit factor coefficients
in the expanding industry remain higher, and in the contracting industry lower, than would occur with no
codsto factor mobility. For countriesin which industry y is expanding, the left-hand ratios of (14.1) and
(14.2) are set equdl to the reciprocals of T, and 1. Itisaso possiblethat country ¢ facesacost of factor
mohbility that outweighs the gains from specidization. In that instance, factors are not redlocated to the
comparative-advantage industry. Trade occurs, but in the reduced quantities associated with a fixed-
endowment economy and at the pre-price-change unit factor coefficients.

The coststo-mohbility hypothesisthusimplies that in a set of countries participating in free trade
there will be two groups of countries. those that have reallocated factors to comparative-advantage
industriesand thosethat have not reall ocated factors® Thesizeof the ;. and T, define membership in the
two groups and the volume of trade observed. Consider aset C of countries, indexed by ¢, and consider
just the two factors of capital and labor. Each potentialy hasits own mobility-cost coefficient T, and t, .

One source of the cost to mohility can bethe regulatory climate and sophigtication of ingtitutions supporting

7 With no cogts to factor mobility, T, =1, = 1.

8 Here again, the taxonomy can be expanded to include those that have allocated a subset of factors
toward the comparative-advantage industry.
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the factor market, and these will be country-specific. Thus the size of the ditortionary wedge, and the
divergencein A,, will have a country-specific component. Another potentid source of differencesin T,
across countries will be the reative factor abundance of the economy. If the margina cost of redllocation
isincreasing in the number of factorsreallocated, then ;. will be dependent upon the quantity reallocated.
In thisingtance, the ;. will be increasing in the reative factor abundance of the economy and the most
abundant economies will (other things equa) have the largest unit factor coefficients. A third caseisthe
oneillugrated in the gppendix: for margina coststo mobility constant in any period but decaying over time,
the digtortion coefficients are the same for dl countries.  Countries with factor abundance sufficient to
trigger pogitivefactor redllocation will convergeto the same unit factor coefficient, whilethose scarceinthe
factor and with postive factor realocation will converge to a different, smaler, unit factor coefficient.
Those countries with zero redlocation of factors will have unit factor coefficients that differ by country.
The modd with costly internd factor mohbility but no differencein productivity across countrieswill
have non-zero coefficientsb; and h for equations (11.1) and (11.2). The b, are predicted to be larger for
factors in which country U is abundant relative to the world average endowment. With cogts to factor
mohbility the abundant factor will not be reallocated as much as would otherwise be the case toward
industries usng the abundant factor intensvely. By similar reasoning, b; will be smaler for factorsin which
the benchmark country is scarce relative to the world average. g. will be zero for dl c. However, if
country c is abundant in factor i relative to country U, then h will be negetive. | consder two measures

of relative factor abundance:
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Ryic= (Vic - chiw) - (Viu‘ ScViw) (15-1)
1 if (Vie- SViw) > 0and (Vig- SViw) <0 (15.2)
R2ic = 0 if (Vic - chiw) >0 and (ViU' chiw) >0or

(Vie- SViw) <0and (Viyg- SViw) <0
-1 if (Vic- SViw) <0and (Viy- SViw) > 0
Thefirst definition compares both country-c and country-U endowmentsto theworld averageto determine
relative abundance of country c to country U, while the second identifies relative abundance through a set
of inequdities on factor abundance. R, isequd to 1 if country ¢ has afactor abundance and country U
does nat; itisequa to-1if country U hasthe factor abundance and country ¢ does not. It isequd to zero
if the two countries both are abundant, or both scarce, in that factor.

Although thelinkage from cogtsto trade volumeisindirect, introduction of such costsinto amodel
of endowment-based internationd trade provides testable restrictions upon the estimated coefficients. It
hasimmediateimplicationsaswdll for theinterpretation of therg ection of endowment-based tradetheories
provided by Bowen et d. (1987), Trefler (1993, 1995), Davis et d. (1997) and Davis and Weingtein
(2001). Thus, thefollowing sectionsinvestigatetheimplicationsof factor-redlocation costsusing aggregate

trade data.

Hypothesis testing.
Equations (11), (11.1) and (11.2) represent a complete system of equations for testing these
hypotheses. The productivity, costs-to-mobility, and HOV hypotheses are embodied in restrictions upon

the values of by, g, and h as noted above.
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Data: Thedataset employedin Trefler (1993, 1995) isused for thisestimation.® He collected data
on commodity trade, income and factor endowments for the year 1983 for N=33 countries and M=9
productive factors. He used the US unit-labor-coefficient matrix for that year (A, to derive the factor-
equivdent of the net trade vector. The data are stacked in a M*N-element vector for joint cross-
country/cross-factor estimation. | have used the datato replicate the results of Trefler (1995). In contrast
to Trefler (1995), | use aSummers/Heston purchasing power parity measure of expenditureshare S, inthe
results that follow.® For comparable scaling, the data are divided by the appropriate world factor
endowment. Lower-case letters indicate scalars and vectors whose € ements have been divided by the

appropriate element of V,,. Thus, the estimation equation (11) will take the form after rescding:

AiU Tc / Viw = tic = (1+b|)(V|c - Sc) + (gc Ic_ h Rkic' bl) Vi + Xic for all i’ for k:1,2 (16)

b, and hy have dimension (1*M). g, hasdimension (1*C,), while | isa(C,* (M*N)) country-identification

matrix of zerosand ones!! Ry isthe (M*(M*N)) matrix of factor-abundance measures defined in the

preceding section. Heteroskedadticity remains, and generdized least squares estimates are obtained by

® Thanks to Professor Trefler for making these available.

10" In Conway (2001) | also consider an adjusted S, under the maintained hypothesis that the HOV
model predicts well the pattern but not necessarily the volume of trade. The results using this aternative
measure are found in the appendix. The results are largely as found with the purchasi ng-power-parity
form of §.

11 The number C, represents the independent groups of countries in the sample. In the largest
specification there are 32 country-specific g. because by definition y;, = 0. In subsequent specifications
the number of g is reduced to five and eight through testing for equality of estimates of g, across
countries.
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a two-stage process of least-squares regression and division by country- and factor-specific standard
errors of the regresson residua X

There are 50 regression coefficients estimated in the initid regression — nine estimates of b, nine
edimates of h and 32 estimates of g.. That regression provesto be not sgnificantly different from onein
which the countries are aggregated into eight country groups. Table 1 reports the results of estimation of
(16) with Ry, used as the proxy for factor abundance in v;. and with g estimated for eight country
groups.’2. Thecoefficientsg, - gy, arethe country-specific percentage deviationsof unit factor coefficients
in the country grouping from the unit factor coefficientsin the US. Since the US has arguably the highest
productivity on average at that time, it isnot surprising thet the coefficients dl have negative Sgns. Further,
the relative magnitudes of the coefficients are reasonable — the least productive grouping of countrieshad
unit factor coefficientsover double those of the US on average, whilethe seventh group (including Belgium,
France, UK and Switzerland) had unit factor coefficients only 13 percent larger on average. For al of
these groups the g - gy, coefficients are sgnificantly less than zero. For the find group, induding only
Trinidad and Tobago, the g,,,, coeffident isinggnificantly different from zero.

The b coefficients are the estimates of B; for thissample, and they takethe expected signs.® The
hypothesis of productivity differences predictsthat these coefficientswill be negative on average, asthe US
is more productive than the average trading country. With cogtly factor mobility, these coefficients will be

more pogtive for factors in which the USis abundant relativeto theworld saverage. Asanticipated, the

12 The eight groups include the 32 countries, as indicated by the assgnments at the bottom of Table 1.

13 The nine factors of production measured in this analysis (with acronyms in parentheses) are capital
(K), professiond and technical labor (LPT), clerical labor (LCL), saleslabor (LSA), service labor (LSE),
agricultura labor (LAG), production labor (LPR), cropland (NCR), and pastureland (NPA).
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postive coefficients are those on cropland and pastureland (bycr, bypa) - Next, though negative, are
capital (by) and skilled labor (b, pr, b1, by pr) Categories. Those most negative arethoseinwhichtheUS
ismost scarce: agricultura labor (b ac) and saleslabor (b, sa).

Theory providesanother test of the productivity hypothesisintheestimated b;. If productivity done
determined the estimated vaues of b, then it would be the case that (1+b) = (¢ /d,,;) for eachi. Table
4 reports the results of a comparison of these two magnitudes. The benchmark average productivity is
cdculated from the estimated g, and the actua shares of the factors in the world totd, and is reported in
the firgt two columns for the two regressions. The third and fourth column compare (1+0) and ($y/d,)
for the results of Table 1, while the fifth and sixth columns compare these for the results of Table2. While
there is evidently a smilarity, there are dso differences captured in iy not implied by the productivity
differences. AnFtest of the restriction that b, is due only to productivity differencesis rgected for both
specificaions asindicated in Table 3. Figure Lillustratesthe divergence between productivity-based va ues
and the actua estimatesfor R, If estimatesfal onthediagond line, then they mirror the predictions based
on the productivity hypothesis done. The cost-to-mobility hypothesis predicts that the estimates will not
fdl on the diagond. Points above the line will represent factorsin which the USis abundant, while points
below the line represent factorsin which the USis scarce. Thetwo points above the line are the two land
variables, whilethe pointsfarthest below theline are agricultura labor and saleslabor. Thus, these coincide
with our prediction.

Thefina st of coefficients are the h. With coststo factor mobility, v, is predicted to be negative
when country c is abundant in a factor rdative to country U and positive when country c is scarce in a

factor relative to country U. h isthen posgtive under this hypothes's, while zero under the productivity or
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HOV hypotheses. The coefficient estimates reported in Table 1 indicates the percent by which the unit
factor coefficients diverge between country ¢ and country U when the countries differ in factor abundance.
For example, the coefficient he = .20 indicatesthat the unit capita coefficients of the USwill be 20 percent
larger on average than in countries with capital scarcity. Similarly, h o = .51 indicates that the unit
coefficients of agriculturd labor inthe USwill be 50 percent smaler on average than those observed in
countries with an abundance of agricultura labor. The estimates of these factor-abundance effects are
sgnificantly different from zerofor capital and for dl typesof labor. The coefficientshycg and hypa indicate
unit coefficientsin land in the US that are over 100 percent higher than those observed in countries with
scarcity of ether sort of land, athough the point estimates are measured imprecisely.

Table 2 employs R;;. from (14.1) as the specification for factor dbundance. It predicts that the
difference in unit factor coefficients between country U and country ¢ will be proportiond to the rdative
factor abundance of country c. This coefficient will be increasing in the cost of factor mobility. Theb; for
capita and labor categories are quite Smilar to those of Table 1. The point estimates bycg and byp, are
negative inthiscase, but asin Table 1 areless negative than the others and are inggnificantly different from
zero. The g. are dso quite smilar; the countries collect into a smaler number of groups, but their reative
szesindicate asmilar reaionshiptothe US. Theh, takethecorrect sgn. Six of thenine(h pr. h sa, N se
h ac, N pr, @Nd hypa) are Sgnificantly different from zero. The point estimates accord well with priorson
costs to factor mobility, snce the largest vaues are found on the two types of land, and the next largest in

capitd. Among labor types the ranking (h pr > h pr > h s = hol >hac > h ) aso corresponds to

priors about relative cogts to labor mobility.
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Conclusions and extensions .

Recent empirical testsbased on cross-country datahave called into questiontheoretica predictions
based upon relative factor abundance. The accounting framework of this paper clarifiesthat thisisduein
part to the common convention in the literature of using the US unit factor coefficient matrix as aproxy for
the actua technologica choices of the trading countries. The vdidity of this proxy is a prediction of the
Heckscher-Ohlin-Vanek model, and rgections of HOV are aso rejections of this proxy.

Further examination of the data uncovers two regularities of note. First, there is evidence of the
productivity differentia acrosscountriesfound by Trefler (1993, 1995) and thosefollowing. Second, there
is evidence of a factor-abundance effect — countries abundant in a factor tend to have higher unit factor
coefficients than those for whom the factor isscarce. Both make sgnificant contributionsin explaining the
difference between actua and predicted trade.

There are both descriptive and andytica implications of these results. On the descriptive end, it
is clear that cross-country factor-content analyses based on use of a benchmark country should be
interpreted carefully. Systematic variation in unit-factor coefficients of the magnitude described here will
cause severe biasin results of any effort to explain the factor content of trade. On the andytica end, there
isstrong evidence that akey explanation of observed factor content of tradewill befound in factor-specific
differences—both the b; and the h; coefficients of the estimation results have that characterigtic. The costs
to-mohility hypothesis is congstent with this, and the coefficients estimated are of orders of magnitude
congstent with that hypothesis.

The recent literature, including Schott (2001) and Davis and Weingtein (2001), has introduced

factor abundance to the analysis of trade volumes through apped to the existence of multiple cones in
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production. These theories dso predict an impact of factor abundance on unit factor coefficients. At the
level of aggregation of trade used in this study, the econometric results reported here have little power
againg an dternative hypothesis of multiple cones. Thisisafascinating direction for future research using
more disaggregated data.

It is important to note that this analys's has abstracted from expenditure-side differences across
countries in deriving results. In Conway (2001) | have demongtrated the importance of considering
expenditure-side variationsin interpreting the mysteries of Trefler (1995). Further work inthisareaaswell

will be useful.
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Table 1
Regression Results: Equation 15 (R,;)

Appr ox
F Val ue

977. 89

Pr

<.0

Appr oxi mat e
95% Confidence Limts
-0. 3990
-0.3414
-0. 3676
- 0. 4832
-0.3178
-0.8331
- 0. 4405
-0.9561
-0.7338

- 0. 5689
-0.5113
-0. 4438
- 0. 3486
-0. 3032
-0. 2619
-0.1863
- 0. 2080

Sum of Mean
Sour ce DF Squar es Squar e
Regr essi on 26 457535 17597.5
Resi dual 271 4968. 4 18. 3337
Uncorrected Tot al 297 462504
Corrected Tot al 296 453179
Appr oxi mat e

Par anmet er Esti mate Std Error

by -0.2824 0. 0592

b pr -0.2795 0. 0314

b o -0. 2909 0. 0390

b sa -0. 4576 0. 0130

b s -0.2724 0. 0231

b ac -0.7809 0. 0265

b pr -0. 3270 0. 0576

bner 0. 0652 0.5187

brea 0. 2200 0. 4845

(o] -0.5256 0. 0220

O -0.4672 0. 0224

O -0. 3970 0. 0238

Ov -0.3112 0. 0190

Ov -0. 2479 0. 0281

v -0.1912 0. 0359

O -0.1388 0. 0241

Ovit - 0. 0507 0. 0799

hy 0. 2004 0. 0648

h pr 0. 2380 0. 0321

hia 0. 1574 0. 0420

h sa 0. 3644 0. 0197

h s 0. 2040 0. 0233

hiac 0. 5077 0. 0228

h pr 0. 2535 0. 0519

hner 1.0305 1.4913 -

hyea 1.2424 1. 1446 -
Groups. |: Bangladesh, Indonesia

II: Pakistan, Thailand, Uruguay
I11: Sri Lanka, Panama, Greece

IV: Colombia, Yugodavia, Spain, Audria
V: Portugd, New Zedland, Japan, Netherlands, Denmark, Sweden, Norway

VI: Irdand, Israel, Hong Kong, Singapore, Germany, Canada
VII: Itay, United Kingdom, Belgium, Finland, France, Switzerland

VIII: Trinidad/Tobago

RPRrOOOOOOO

. 0729
. 1748
. 0747
. 3255
. 1580

4628
. 1513
. 9055
. 0111

- 0.
- 0.
- 0.
- 0.
- 0.
- 0.
- 0.
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> F

001

1658
2176
2142
4320
2270
7287
2135

. 0865
. 1739

. 4824
. 4232
. 3502
. 2737
. 1926
. 1205
. 0913
. 1066
. 3279
. 3011
. 2402
. 4032
. 2499
. 5525
. 3558
. 9665
. 4959
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Table 2
Regression Results: Equation 11 (R;)
Sum of Mean Appr ox
Sour ce DF Squar es Squar e F Val ue Pr > F
Regr essi on 23 454395 19756. 3 683. 59 <. 0001
Resi dual 274 8108. 9 29. 5946
Uncorrected Tot al 297 462504
Corrected Tot al 296 453179

Appr oxi mat e Appr oxi mat e

Par anet er Esti nat e Std Error 95% Confidence Limts
bk -0.3367 0.0853 -0.5046 -0.1687
bLpr -0.2914 0.0378 -0. 3659 -0.2170
bLa -0.2988 0.0524 -0.4020 -0. 1956
bLsa -0.5141 0.0156 -0. 5449 -0. 4834
bLse -0.3281 0.0290 -0.3852 -0.2709
BLac -0.7311 0.0334 -0.7969 -0. 6652
bLer -0.3834 0.0713 -0.5238 -0.2431
Bk -0.2098 0. 4987 -1.1917 0.7721
Drpa -0.2795 0. 4200 -1.1064 0.5474
g -0. 4849 0.0303 - 0. 5445 -0. 4253
g -0.4080 0.0781 -0.5617 -0. 2544
g -0.3541 0.0242 -0.4018 -0. 3065
Oiv -0.2199 0. 0287 -0.2765 -0.1633
gv -0.0697 0.1018 -0.2701 0.1308
hk 10. 2133 5.5311 21.1023 -0.7721
hipr 5. 8668 1.1670 8. 1641 3.5694
hia 3. 8681 2.5207 8. 8007 -1.1241
hisa 1.1844 0. 0900 1. 3615 1.0073
hise 3. 8681 0. 6421 5.1321 2. 6040
Niac 1.9220 0. 1257 2.1695 1. 6745
hipr 7.5787 1.9235 11. 3655 3.7920
Rk 124. 7 210. 4 538.9 -289.6
hrpa 19. 1704 7.8016 34.5292 3.8116

Groups.  |: Bangladesh, Indonesia, Pakistan, Thailand, Uruguay, Sri Lanka, Panama, Greece
II: Irdand, Hong Kong, Singapore
[11: Colombia, Yugodavia, Spain, Austria, Portugd, New Zedand, Japan,
Netherlands, Denmark, Sweden, Norway, Germany
IV: Israd, Itdy, United Kingdom, Belgium, Finland, France, Switzerland, Canada
V: Trinidad/Tobago
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Test: productivity differences
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Test: cost to mobility hypothess
h=0fordli
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F tests of Coefficient Restrictions

Rlic

0.27

192.05
19.26

894.12

14.38
39.23

22.61

30.68

Table3

Table4

R2ic

0.22

178.86
35.29

590.98

21.75
92.67

37.69

21.59

DF

(24,247)

(9, 271)
(8, 271)

(26, 271)

(32, 247)
(8, 271)

(9, 271)

(9, 271)

Costs to Mobility - 25

Critica
Vdue

1.52

1.88
1.94

1.55

1.45
1.94

1.88

1.88

Comparison of Estimated b; and those implied by Productivity Hypothesis

(bwi

Factor Roic Riic

K 1.22 1.33
LPT 1.24 1.32
LCL 1.24 1.33
LSA 1.44 1.50
LSE 1.30 1.37
LAG 1.82 181
LPR 1.34 1.43
NCR 1.27 1.30
NPA 1.19 1.23

Usng R2i<:
(1+b)

0.7176
0.7205
0.7091
0.5424
0.7276
0.2191
0.673
1.0652
1.22

(bU/ (I)wi

0.819672
0.806452
0.806452
0.694444
0.769231
0.549451
0.746269
0.787402
0.840336

Usng Ry;.

(1+h)  du/dyi

0.6633  0.75188
0.7086 0.757576
0.7012  0.75188
0.4859 0.666667
0.6719 0.729927
0.2689 0.552486
0.6166 0.699301
0.7902 0.769231
0.7205 0.813008
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Appendix

Introduction of costs of factor mobility.

Congder the resource-dlocation problem of a profit-maximizing economy with the potentia to
produce two goods (Z, Y) for the local and world market. Each good is produced with aconstant-returns
technology using two factors (K, L). Good Y isthe numeraire good, with the relative price of Z denoted
p Thewageisdenoted w, therent on capitd r, and thediscount rate for thefirmy' sintertempora decison-
mekingisp. Factorsarein fixed supply. Ineach country, al labor is paid the same wage, and dl capital
the same renta rate, no matter the productivity in that period.” The economy makesits decisions a time
0 with an infinite horizon of paymentsin mind.

Factors can be moved from production in one sector to production in the other, but are not
immediately equaly as productive as factors dready employed in the sector.  The productivity lossinthe
expanding sector involved in redlocation of factors is modeled by the sequences {q, } 7-; and {Qk} 5-1-
Each dement of {q, } 7-; and {qx} 7=, measures the percent by which the productivity of the redllocated
factor isless than that observed in factors aready in the industry.”

The measured factor supplies (L,4, Ly1, K21, Ky4) aegiven by the quantity of labor or capitd in
the sector after the redlocation, while the effective factor supplies (L%, L, K3,K$,) modify the measured
factor supplies by the productivity loss associated with the redllocated factors.  includes this redllocation
cost. For an economy in which relative price changes cause a once-off increase in production of industry
Z, the measured and effective stocks of factors of production for the t" period after the relative price

change are:

Z-industry factor use
measured: L,=L-Ly,+AL,
K, = K-Kyt AK,.
effective: L% = L-Lyo+(1-q ()AL = Lz - (DAL,
K% = K-Kyot (1-0k()AKz.= K210k (D) AKZ

Y -industry factor use: measured equdls effective
L§t =Ly; =Ly, - ALz
K§ = Ky1 = Kyo - AK;

' The results of this analysis are negated if the firm is able to pay each factor its margina value
product in each period. Those redllocating factors would then earn less in the beginning, with factor
payments subsequently rising nearly to equa the payment to factors originaly in the sector.

" For example, {Q,}5-1={.5,.5,0,0,0,0, ...} indicates that the reallocated labor will be half as
productive as labor aready in the sector during periods 1 and 2, and will be equally productive thereafter.
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with g (t) and g, (t) representing the vaues of the mohility cost sequence for period t.

In this economy, with expanding Z industry, the shrinking Y indudtry is assumed to have no productivity
loss. If the rdative-price shock were reversed, however, the Y industry would be the one with effective
factor supplies deviating from measured factor supplies.

Consider the initid dlocation of factors to be defined by L., Ky,. Theinitid wage w, can be
defined w, = F_ (Kyo,Lyo) and theinitid rentd r, = Fe(Kyo,Lyo). Theinitid relative priceis p,.

Optimal factor reallocation.

The asymmetric nature of factor redll ocation costs necessitates examination of optimaity conditions
intwo parts— one for the response to arise in relative commodity price, and onefor the responseto afall
in the relative commodity price.

Suppose that re-optimization is necessary because of anew vauep, > p, that is assumed to be a
permanent change. There will be a one-time shift in factors in period zero of AL,, AK,. toward
productionof Z. DefineL; and Ky, asthe post-shock allocation of factorsto good-Y production. There
isfull employment throughout. However, due to the cost of factor mobility, the effective factor alocation
to industry Z will be less than the actud dlocation during at least a portion of the time horizon..

The maximization problem for the firm is then:

max Bt (Y + puZd)/(1+p) (A1)
AL;,AK,
subject to Y. =FKy, Lyo)

Z,=G(K%, L3)
AL, > 0,AK; >0

The Kuhn-Tucker conditions for a maximum define a st of inequditiesin the vaue of margina products
in thetwo indudiries.

o0 [-Fk(Kya, Lyp) + piGr(KS , L) (1-0k(D)]/(1+p) < O AK; >0 (A2
o0 [-RL(Kyy, Ly)+ piGL(KS , L) (1-au(1))/(1+p) < O AlL; >0 (A3)

With postive factor redlocation, the first inequadity in each set becomes an equdlity.

Define the distortion effect of the cost of mohility for positive factor redlocation as:

T = D=0 PIC(KS , L3)/Gr (K21, Lz0)](1-0k (D)/(1+p)" (A4.1)
T = 27 P[GLKS ) L)GL(K 21, Lz)](1-q (1))/(1+p)' (Ad.2)

These digtortion coefficients will equa unity for costless mobility, and will generaly be less than one with
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positive coststo mobility."!  The first-order conditions for positivefactor realocation can then be restated
as.

-Fu(Kya, Lyg) + piGu(Kz1, Lzt = 0 (A2.1)
-F Ky, Lyp) + piGL(Kz, Lz)T =0 (A3.1)

The choice varidblesremain AL,, and AK,, but the digtortion affects the optimal dlocation. For T ad
T, less than unity, there will be less redlocation of factors to the expanding industry than would have
occurred otherwise.

Asthe Kuhn-Tucker conditionsindicate, it is o possible than no factor reallocation will occur.
In that case, the discounted present value of the productivity losses through reallocation exceeds the
discounted vaue of future profitability. The inequaities yield the conditions

1> F(Kyo, Lyo)/PiGi(Kzo, Lzo) > Tk (A5.1)
1> F (Kvo Lyo)/PiGL(K 2o, Lzg) > 11 (A5.2)

with the margina value products of the two industries diverging in this case aswell.V The Z-industry
margind value product exceeds that in the Y industry, indicating the incentive to reallocate in the absence
of costs to mobility. However, the second inequdity indicates that those incentives are not sufficient to
outweigh the cogts to mobility.

If p; < p., then the incentive to redlocation of factorswill betoward Y. The optimization program
isanalogousto (A1), but with costs to factor movement in the opposite direction.  For non-zero factor
flows, the optimality conditions become

-Fe(Kyg, Lyd)te + P1Gi(Kz1, Lz) =0 (A2.2)
-FL(Kyp, Ly)t + piGL(Kz, Lz) =0 (A3.2)

These differ only intherolesplayed by t« and 7, .Y

' The inclusion of non-negative g (t) and q_ (t) will, other things equal, keep the coefficients at or
below unity. It is mathematically possible that the term in brackets — the ratios of marginal products with
effective and measured factor alocations — will be sufficiently greater than unity in short-run adjustment.
Thiswill, in extreme cases, cause the coefficient to rise above unity. | abstract from those cases here.

V|t is the case that other variants exist with one factor reallocating and the other factor not. Those
cases extend the logic presented here in predictable ways, and so are not presented in detail.

v The definitions of T, and t, will differ aswell. For example, in this case

Tk = Bizo [Fc(Kyt , Ly)/Fe(Ky1, Ly )] (1-ck (B)/(1+p)"
Since the factor-reall ocation costs are symmetric, | anticipate that these differences will be small and
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The existence of this cost to mobility, even though it decays to nothing over time, leads to afactor
dlocation that in the long run differs from the one observed in the absence of costs to mobility. The
coeffidents tx and T, indicate the degree of deviation from the no-cost alocation. Consider two polar
extremes. When g =0, then 1; = 1 and the factor market in question has the Heckscher-Ohlin
characterigtic of costless factor redlocation. It is straightforward in (A2.1) and (A3.1) to check that the
resulting alocation of factors will be the textbook equdity of the value of margina product in each period.
Wheng, = 1, then t; = 0 and factor j isaspecific factor. Reallocationisso costly that no factor movement
will occur; there will be acorner solution with (A2) and (A3) becoming inequdities. The reallocation-cost
parametersthusdivide countriesinto two groupsin their responsesto relive price movements. thosewith
unchanged productivefactor alocations and those with expanding productionintheindustry withincreased
relative price. The gppendix provides an illustration of this divison using a Cobb-Douglas technol ogy.

Much of the recent empirical research on the determinants of international trade patterns and
volumes has employed unit factor coefficients as indicators of technologica choice rather than quantities
of factorsredlocated. Definetheunit labor coefficientsa, ; and a, y astheratiosof labor used in production
to the quantity produced intheZ and Y industries, respectively. The unit capita coefficients ac; and acy
aredefined smilarly. For production technologiesfor which the margina product and average product are
identica, the optimdity conditions for expanding-Z economies can then be rewritten:

&y &z = (A6.1)
aylaz =1 (A6.2)

and gmilar conditions result for expanding-Y economies and for non-specidizing economies. The vaue
of the unit factor coefficients are clearly dependent upon the distortion coefficientsin this case, and will be
for more genera technologies aswell.

There are many testable hypothesesthat can be drawn from thismodel. One set of these concerns
the dynamic of factor redllocation and productivity after relative-price shocksin open economies. Thisis
afertileareafor futureresearch, but onewhich | do not enter here. A second set concernsthe steady-state
pattern and volume of internationd trade. In this area, the consderation of costs to factor mobility sheds
light on anumber of empirical mysteries

A Cobb-Douglas example.
A Cobb-Douglas technology with coefficients 1 and v is chosen for amplicity. In the case of p;

> Po

Y= (Kyo - AKZ)Y (Lyo - AL (A7)
Z, = (K-Kyot (1-0¢)AK )" (L-Lyo+(1-g )AL (A8)

abstract from them in the analytics. The simulation results reported below incorporate the differences in
Ty across sectors.
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The Kuhn-Tucker conditions then take the form:
(VW) (@&zlay) < P Tk AKz =0 (A23)
(-v)(A-w)@a/ay) < pr. AL, >0 (A3.3)

and for non-zero factor movement, [(1- v)W(v(1-W)] (t/t.) = [(a v/ay)/(a Za7)] -

Thereis an andogous set of equations for an economy with Y expanding:

(VW (av)tk < P AKy 20 (A2.4)
(-v)(T-w)@day)w <p ALy =0 (A34)

and for non-zero factor movements,  [(L-v)W(v(1-Ww))] (to/tx) = [(@v/aw )/ (@ az)]-

I