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1 Introduction
Heckscher-Ohlin theory is codified by four central propositions. The first
is the Heckscher-Ohlin Theorem itself; a country tends to export the goods
that use intensively the factors with which it is abundantly endowed. The
second is the Factor Price Equalization Theorem; international trade tends
to bring factor prices closer together, and thus a locally abundant factor that
is globally scarce will benefit from trade. The third is the Stolper-Samuelson
Theorem; changes in goods prices magnify changes in factor prices. The
fourth is the Rybczynski Theorem; at fixed factor goods prices and thus
fixed factor prices, changes in endowments magnify changes in outputs.

In my opinion (and perhaps Samuelson’s [15] too), the deepest aspect of
Heckscher-Ohlin theory is the reciprocity relationship inherent in the dual-
ity between the Stolper-Samuelson and the Rybczynski theorems. An econ-
omy’s Rybczynski effects are described by the Hessian of its national rev-
enue function, and its Stopler Samuelson effects are just the transpose of
that matrix. When one speaks of the effect that a rise in the price of apples
has on the wage rate, one is also describing exactly how the supply of apples
will change when the supply of workers increase, for fixed factor prices.

But a Rybczynski effect is really a local effect. It depends on the local
technology, and it has nothing to do with international trade per se. There is
nothing in trade theory requiring–and there is absolutely no empirical evi-
dence suggesting–that countries have identical technologies. So the simplest
form of Heckscher-Ohlin paradigm that we teach routinely is an uninterest-
ing theoretical construct with no empirical foundation.

Once one admits that countries have different technologies, then the fun-
damental question becomes, “How can one best describe factor productivity
differences between countries?” The usual tack is to posit factor-specific
technical difference or Hicks-neutral total factor productivity differences or
a combination of both. None of these adjustments is general in theory, and
none of them actually works empirically. So the whole field is searching for
an elegant way to describe these differences.

I describe them using factor conversion matrices. They are a general-
ization of the insight of Brecher and Choudhri [2], who described a model
with three goods and two factors where all three goods were produced. They
noted that goods prices would adjust so that every good would be produced
for a give set of factor prices. Helpman [11] extended there work, and I
will show how it generalizes. But the key insight is that typically many of
the same goods are produced and traded in every country. This fact implies
that there is an interesting and empirically robust relationship between factor
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prices and technologies in different countries.
Here is how one constructs a factor conversion matrix. Consider an in-

crease in the foreign endowment when goods prices are fixed. This will give
rise to marginal changes in the vector of foreign output. Then compute the
local factor content of these foreign Rybczynski effects. This linear mapping
is the factor conversion matrix.

Here is another interpretation of a factor conversion matrix. My work
starts from the presumption that trade equalizes goods prices, but it will
not equalize factor prices except in the most unusual circumstances. One is
immediately interested in how local factor prices translate into foreign ones.
The answer to this question is the transpose of the factor conversion matrix.

One way to reconcile Heckscher-Ohlin theory with the data is to use
Fisher and Marshall’s [6] artifice of a virtual endowment. This construct
begins by choosing a reference country. Then it takes the actual output of
each country and computes what factors would be necessary to produce that
output using the technology of the reference country. In essence, a list of
virtual endowments assumes that the assumptions of classical trade theory
hold true when technologies and factor prices are identical to those of the
reference country. Using these virtual endowments, one makes a theoretical
prediction about the factor content of trade measured according to the ref-
erence country’s technology. In empirical applications, this construct works
remarkably well.

In fact, there is a deep relationship between a county’s virtual endow-
ment and the factor conversion matrix. A country’s virtual endowment is
its productivity-adjusted actual endowment plus an error term that depends
on the reference country’s technology. The local factor content of this error
term is zero, but its factor content in the reference country may differ from
zero.

The rest of this paper is structured as follows. In the second section, I
will sketch out the preliminaries and describe the factor price non-equalization
relationship. The third section explores more deeply what factor content re-
ally means when countries have different technologies. The fourth section
gives a series of increasingly complex examples showing the usefulness of
factor conversion matrices. The fifth section presents some brief conclusions
and an exhortation for future research.
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2 Preliminaries
There are n goods and f factors. Let the f×1 vector w denote factor prices.
The description of production is an n× f technology matrix:

A(w)

whose rows correspond to goods and columns to factors. The canonical ele-
ment aij denotes the unit input requirement of factor j in the production of
good i. In classical trade theory, the mapping A(.) is assumed to be identical
for all countries. For fixed factor prices, the rows of A(w) define factors uses
for each good, and the convex combination of these rows is called the diver-
sification cones. If the economy’s endowment lies in that cone, then it can
produce positive amounts of all goods and employ its factors fully. If there
are more goods than factors, then there is an n − f dimensional subspace
of output that satisfies the full employment condition (when the technology
matrix has full rank).

Some authors such as Schott [16] and and Romalis [14] have emphasized
that countries seem to produce goods in different cones of diversification. In
essence, countries produce different goods depending upon what their factor
endowments are. This is a plausible explanation for the lack of factor price
equalization that is obvious in the data, but it ignores the important fact that
countries produce and trade every good, defined at the level of aggregation
for the data used in empirical studies. It may be the case that countries pro-
duce a particular good using very different techniques, but it is not true that
countries trade different subsets of goods. The taxonomy of macroeconomic
accounts is just too coarse readily to confirm readily these ideas.

The columns of A(w) have an interesting interpretation too. They define
a region that I shall call the goods price diversification cone. If commodity
prices p lie in that region, then there non-negative factor prices w such that

A(w)w = p

There is an extensive empirical literature showing that countries have differ-
ent technologies. Implicit in that literature is the fact that countries manage
to produce (and trade) almost every good at the usual level of aggregation
for national accounts. The empirical literature that emphasizes that countries
produced in different cones of diversification tends to ignore this important
empirical fact. Perhaps it is more appropriate to state that this literature im-
plicitly assumes that countries actually produce different goods, even though
they are classified as identical in national income accounts.
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2.1 Common prices
It is natural to study a model where

Ai(wi)wi = p = Aj(wj)wj , (1)

where perhaps Ai(.) 6= Aj(.) or wi 6= wj or both. If the former is true,
then we are assuming that the the two countries have fundamentally different
technologies, and if the latter is true, then we are abandoning the assumption
of uni-valence explored by Gale and Nikaido [8], Chipman [3], and others.
This equation is a formalization of Schott’s [17] observation that countries
almost never specialize at an industry level.

I hope it is not too much of a distraction to call the relationship in (1) the
phenomenon of factor price non-equalization. This equation captures what
I consider the two most salient aspects of the data: (1) countries’ technolo-
gies are different; and (2) all goods are produced and traded everywhere. I
would argue that the main distraction from a more complete understanding
of Heckscher-Ohlin theory has been an undue fixation on factor price equal-
ization and the assumption of identical technologies. My aim in this paper
is to free the profession from these psychological fetters.

Let us assume that both countries are competitive in both goods; this is
equivalent to assuming that the intersection of the two goods price diversifi-
cation cones is not empty. In particular, I am assuming that for some goods
prices p, there exist local factor prices such that the two systems of equations
implicit in (1) have solutions.

Equation (1) pushes Bernhofen’s [1] logic to the extreme; it underscores
that tests based upon countries being in different endowment diversification
cones may not be warranted. Studying unit values for highly disaggregated
goods, Schott [17] and Hallak [9] both might argue that there are systematic
quality differences in some goods classified as identical in trade statistics.
Of course, equation (1) is a statement about prices, not unit values. Also,
rhis equation also abstracts from trade costs, but I have shown elsewhere [6]
that trade costs are not a significant deterrent to trade at the two-digit level
of aggregation.

Consider fixed Leontief technology matrices Ai and Aj . The set of pos-
sible world prices that allow every good to be produced in both countries is
the intersection of two f -dimensional cones defined by column spaces of Ai

and Aj . For a fixed p in that sub-space,

wi = A+
i p + (I −A+

i Ai)zi

for some zi ∈ Rf . In this expression A+
i is the Moore-Penrose pseudo-

inverse of the technology matrix of Country i.
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It is important to emphasize that this expression gives the set of all possi-
ble factor prices in Country i that are consistent with observed goods prices
p. It consists of a particular solution and a homogeneous term. The homo-
geneous term in this expression I−A+

i Ai is the aspect of local factor prices
that has nothing to do with goods prices. This term can differ from zero
only if there more factors than goods or if the local technology matrix is not
of full rank. If f > n, then local factor supplies usually pin down factor
prices. (These kinds of considerations are of course extraneous in a study of
the relationship between goods prices and factors prices.) If the local tech-
nology matrix does not have full rank, then either at least two goods use all
factors in the same proportions or two factors are used by all industries in
the same proportion. Both of these cases are of little general interest to a
trade theorist, and I will not pursue them in this paper. Indeed, it is often the
case that

I −A+
i Ai = 0,

a fact that I will assume in the rest of my discussion. It is certainly true
in almost all empirical applications, since macroeconomic accounts usually
record a much larger number of goods than factors.

Comparing factor productivities across countries is essentially the study
of factor price differences. There is no elegant way to model factor pro-
ductivity differences across countries, but the fact that almost every country
seems to be able to produce almost every good and trade it on world markets
has important implications for trade theory. Since p = Ajwj

wi = A+
i Ajwj + (I −A+

i Ai)zi. (2)

Fisher and Marshall [6] call the transpose of the f × f matrix A+
i Aj in (2)

the factor conversion matrix. It maps factor prices in country j into those in
country i.

Each column of A+
i Aj shows how the corresponding factor price in

country j maps onto all the factor prices in country i. The factor conver-
sion matrix is a linear mapping, and it takes into account how the factor uses
in country j project most immediately onto those in country i. Leontief’s
[12] idea of factor-specific technical differences corresponds to the special
case where the factor conversion matrix is diagonal. In empirical applica-
tions, its off-diagonal elements are large, and there is no theoretical reason
to restrict it in this manner.
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2.2 Local prices differ
Imagine that each country had different local technologies and different lo-
cal prices.1 Trade costs or idiosyncratic local monopoly markups might still
allow prices to be roughly comparable across borders. We could consider a
model where

pi + ui = p = pj + uj ,

where pi are local prices, ui is akin to measurement error and p are common
world prices. Then

wi = A+
i wj + A+

i vij , (3)

where vij = −ui +uj . Equation (3) states that factor prices in country j can
be related bilaterally with those in country i, up to some measurement error
that depends upon local conditions in each country. In the usual case where
n > f and Ai has full rank, the pseudo-inverse has a simple formula

A+
i = (AT

i Ai)
−1AT

i ,

the projection matrix used by econometricians. Hence A+
i Aj is given by

estimating a system of seemingly unrelated regressions without constants.
Each column of Aj–representing a factor’s use in every sector in country
j–is regressed against all the factor uses in every sector in country i. The
coefficients from this regression form the column of A+

i Aj that shows how
a factor price in country j maps onto all the factor prices in country i.

The residuals from those regressions are estimates of how important bi-
lateral price differences are for factor productivity comparisons. Since the
seemingly unrelated regressions all have the same right hand variables–the
technology matrix of country i–ordinary least squares is consistent. Hence
one could get a sense of how important deviations of local prices from
world prices are in determining factor productivity differences across pairs
of countries. This exercise has a little of the flavor of what [5] have done, but
it uses all the information in two countries technology matrices to estimate
the f2 parameters that completely characterize productivity differences in a
linear system. This is exactly the technique that Fisher and Marshal [6] use
to solve the mystery of missing trade.

3 What does factor content really mean?
If countries produce and manage to trade every good in spite of having fun-
damentally different technologies, then local technologies adapt to interna-

1This subsection was inspired by a referee’s comments.
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tional economic conditions, at least in the long run. But then the services of
a unit of capital in the local economy may have very little to do with those
of a trading partner. Hence the very definition of the factor content becomes
problematic.

Let yi be the output vector produced in country i. Its local factor content
is

vi = AT
i yi

where vi is the local vector of endowments and where we have imposed the
full employment condition. But what the factor content of this output vector
from the point of view of some reference country 0? It is natural to define:

ṽi = AT
0 yi.

Notice that the reference country’s virtual endowment is its actual endow-
ment. The same fact is true for any country that has an identical technology
with that of the reference country. Fisher and Marshall [6] define ṽi as coun-
try i’s virtual endowment when the technology matrix A0 is the reference.
Using a reference country allows meaningful international comparisons of
factor services. In essence it answers this question, What would the endow-
ments of every country be if the world actually satisfied the assumptions of
Heckscher-Ohlin theory and were viewed through the lens of a reference
country’s technology?

There is nothing radical about this definition. For example, Davis and
Weinstein [5] begin their exploration of the factor content by defining a
world average technology matrix, a concept that has little theoretical co-
herence. Any author trying to test Heckscher-Ohlin theory has to come up
with some proxy for a world technology, and we are using a definition that
is theoretically cogent and also rationalizes the data.

A virtual endowment can be related to the factor conversion matrix.
Since AT

i yi = vi, we may write

yi = (AT
i )+vi + (I − (AT

i )+AT
i )zi (4)

for some zi ∈ Rn. In the usual empirical case where the number of goods
exceeds the number of factors, the actual output yi may not correspond to
the particular solution in (4), but any difference will have net local factor
content of zero. The economic intuition is that every production possibility
frontier in an economy with more goods than factors will have flats along
which the factor content of output is identical. The mathematics follows
from the fact that the homogeneous part of (4) projects onto the null space
of AT

i so the term zi uses no extra local factors on net.
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Hence the virtual endowment is:

ṽi = AT
0 (AT

i )+vi + ui (5)

where ui = AT
0 (I − (AT

i )+AT
i )zi is the factor content in the reference

country of the difference between the actual output in country 1 and the
particular solution to (4). Again ui has no factor content in country i, but it
may have factor content in the reference.

A country’s national income satisfies this relation:

pT yi = pT (AT
i )+vi + pT (I − (AT

i )+AT
i )zi

where again zi is chosen as the difference between the particular solution
and the actual local output. Since Aiwi = p, we may write pT = wT

i A
T
i .

But then
pT (I − (AT

i )+AT
i )zi = 0

since the expression in parentheses projects onto the null space of the AT
i .

The economic intuition is that any output on a flat of the local production
possibility frontier has the same national revenue. In other words, the error
term in (5) consists of the factor content in the reference country of a vector
of output in Country i that is orthogonal to world prices.

This observation offers a theoretical and empirical advantage. Consider
factor prices w0 in the reference country. Note that

wT
0 ṽi = pT (AT

i )+vi = pT yi.

where I have used (4) and the fact that wT
0 A

T
0 = pT . Hence a country’s

virtual endowment evaluated at factor prices in the reference country gives
its actual GDP.

Let world output be y =
∑

i yi, and the world’s virtual endowment be
ṽ =

∑
i ṽi . Since the local share of world income is si = pT yi/p

T y,

si = wT
0 ṽi/w

T
0 ṽ

If factor prices w0 in the reference country are observable, then the actual
GDP shares in the world economy can be computed easily from a list of
virtual endowments. Hence empirical implementations of these ideas are
simple and also theoretically consistent.

We close this section with a fundamental theoretical observation. The
transpose of the factor conversion matrix defined in (2) is the local factor
content in country j of the Rybczynski matrix in country i. It is worth writ-
ing this fact explicitly

(A+
i Aj)

T = AT
j (AT

i )+ (6)
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where I have used the symmetry property of the Moore-Penrose pseudo-
inverse (AT

i )+ = (A+
i )T . In sum, the factor conversion matrix is both the

only theoretically cogent way of relating factor prices in country j with those
in country i and its transpose is the factor content in country j of country
i′s Rybczynski matrix.

4 Examples
This section will present a sequence of increasingly complicated examples
that illustrate the fundamental concepts described above. Each case will
consider world economies that consist of two countries. All of my exam-
ples will use Leontief technology matrices. But of course, every technology
matrix has fixed coefficients when one is only considering small changes in
factor prices. Likewise, Rybczynski effects make sense only when goods
prices and thus factor prices are fixed. So every one of my examples is more
general than will appear at first glance.

4.1 A Ricardian model
There are three goods and one factor of production. Let the technology for
the first country be

A1 =

 1
2
3

 .

and that in the second country be

A2 =

 10
20
30

 .

These technologies were obviously chosen so that every country could pro-
duce every good. In particular, no country has comparative advantage in
anything, but the first country has an absolute advantage in everything. In
particular the intersection of the two price diversification cones is the ray in
R3 generated by the vector (1, 2, 3)T . The transpose of the factor conversion
matrix is:

A+
1 A2 =

[
1/14 2/14 3/14

]  10
20
30

 = 10.
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In other words, wages in the first country are ten times higher than in the
second; this fact reflects exactly the productivity differences between coun-
tries.

What about the dual of this productivity difference? Consider a marginal
increase in the endowment of the first country. It is typical to say that the
local Rybczynski effect is not defined because there are more goods than
factors. In this case, it does not matter where this extra labor is put to work.
In Country 2, the factor content of the marginal output produced in any
sector in Country 1 would be ten Country 2 workers.

4.2 The Textbook 2× 2 Model
Let the technology for the first country be:

A1 =

[
2 1
3 1

]
.

Again, rows correspond to goods and columns to factors. From now on, the
first column corresponds to capital and the second to labor. I am assuming a
technology with fixed coefficients; the unit input requirements are indepen-
dent of factor prices. The first good is locally labor-intensive, and the second
is locally capital intensive. The technology for the second country is:

A2 =

[
20 2
30 2

]
where all the variables are analogous.

The transposed factor conversion matrix is

A+
1 A2 =

[
−1 1
3 −2

] [
20 2
30 2

]
=

[
10 0
0 2

]
One can read the (local Country 1) Rybczynski effects immediately from
A+

1 : capital is an enemy of good 1; and labor is an enemy of good 2. In this
simple case, the Moore-Penrose pseudo-inverse is just the usual inverse of
the technology matrix. Also, factor prices in Country 2 map into those in
Country 1 in the obvious way:[

r1
w1

]
= A+

1 A2

[
r2
w1

]
=

[
10r2
2w1

]
These are Leontief’s factor-specific technology differences, and they are
never in the data.2

2Maskus and Nishioka [13] find evidence of factor-augmenting technical differences that are
correlated with factor endowments.
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Consider again the dual interpretation of this matrix. Imagine a unit
increase in the endowment of capital in Country 1. Now the Rybczynski
effect is unique, and it can be read directly from the first row of A+

1 : the
output of the first (locally labor-intensive) sector contracts by one unit; and
the output of the second (locally capital-intensive) sector increases by one
unit. The local factor content in Country 2 of these output changes 10 units
of capital, exactly as it should be.

Now consider Country 1’s virtual endowment, when Country 2 is the
reference. Let Country 1 have these resources:

v1 =

[
K̄1

L̄1

]
.

Then its virtual endowment would be:

ṽ1 = (A+
1 A2)

T v1 =

[
10K̄1

2L̄1

]
.

In fact, these are exactly the endowment adjustments that [18] posited. It is
obvious that each unit of capital in Country 1 is ten times as productive as
a unit of capital in Country 2; likewise, workers in Country 1 are twice as
productive as those in Country 2.

I hope I have convinced you that the factor conversion matrix makes
sense. Now I will introduce an interesting generic theoretical case that is
actually typical of the data. No one has ever discussed these kinds of factor
differences before. Again, let the technology in the first country be:

A1 =

[
2 1
3 1

]
.

Now the technology matrix in the second country is:

A3 =

[
21 2
30 1

]
.

The technology matrix of Country 2 differs only slightly from the first case.3

But these minor differences have big practical effects. Now

A+
1 A3 =

[
−1 1
3 −2

] [
21 2
30 1

]
=

[
9 −1
3 4

]
3There are many topologies on the space of matrices, and each is induced by a vector norm.

The 1-norm focuses on differences in factor-specific productivities, the ∞-norm on total factor
productivity by industry, and the 2-norm (spectral norm) and the Frobenius norms focus on aspects
of both kinds of technical differences. In this case ‖A2 − A3‖1 = 1, ‖A2 − A3‖∞ = 1, and
‖A2 − A3‖2 = 1. On the other hand, ‖A1 − A2‖2 ≈ 32.5 So the slight difference between A2

and A3 is well within the usual measurement error.
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The small differences in technology have been chosen so that two diver-
sification cones–those for endowments and prices– are large enough so that
both countries can produce both goods and employ all their factors. One
need not be afraid of the negative off-diagonal element in the factor conver-
sion matrix. For example, if factor prices in Country 2 are w2 = (0.1, 0.5)T ,
then goods prices are p = (3.1, 3.5)T and factor prices in Country 1 are
w1 = (0.4, 2.3)T Since these linear mapping are continuous, there is an
open set of goods prices such that factor prices in both countries are strictly
positive. In the first case, capital was seen to be ten times as productive in
Country 1; now rents in Country 1 are only four times higher than those in
Country 2. In the first case, wages were twice as high in Country 1; now they
are more than four times higher than in Country 2. Fix goods prices. Then
small changes in technology gives rise to big changes in factor prices–the
magnification effect in a different guise.

How can a seeming increase in the productivity of labor in sector 2 ac-
tually result in a measured decrease in the wage in Country 2 relative to that
in Country 1? The answer is that factor-specific productivity comparisons
only make sense in very special cases. These cases are not at all generic in
theory, and they do not hold in the data.

For a trade theorist it is natural to recognize that measured labor produc-
tivity actually depends on the general equilibrium structure of the economy.
The difference between the first and the second cases in this subsection is
that capital becomes slightly less productive and labor slightly more produc-
tive. Hence total factor productivity has decreased in sector 1 and increased
in sector 2 in that country. An increase in total factor productivity is identical
to a local price increase for that sector, since more revenue is earned with the
same factor inputs. Thus the factor prices effects in Country 2 combine two
Stolper-Samuleson effects: (1) a decrease in the local wage and an increase
in the local rentals rate because TFP has decreased in the labor-intensive sec-
tor 1; and (2) a reinforcing decrease in the wage and increase in the rentals
rate because total TFP in sector 2–the capital-intensive sector–has increased.
The whole empirical literature on testing the Heckscher-Ohlin model has ig-
nored these kinds of effects.

Let us end this sub-section with an illustration of the virtual endowment
of Country 1. Again Country 2 is the reference. Now Country 1’s virtual
endowment is:

ṽ1 = (A+
1 A2)

T v1 =

[
9K̄1 + 3L̄1

−K̄1 + 4L̄1

]
.

Again the off-diagonal element in the factor conversion matrix might be
worrisome. But, for any endowment of Country 1 in its diversification cone,
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the capital labor ratio is between two and three. So the second element of this
virtual endowment is always positive. For example, if v1 = (250, 100)T ,
then ṽ1 = (2550, 150)T . These endowment adjustments are what Leontief
[12] was searching for.

4.3 The Real World
In almost all empirical applications, the number of goods exceeds the num-
ber of factors, and there are at least two factors. Here is the simplest such
case. Technology in the first country is

A1 =

 1 1
2 1
3 1

 .

and technology in the second country is:

A2 =

 1 0.5
1 1
2 1

 .

These technologies were chosen so that goods prices p = (2, 3, 4)T lies
in the intersection of their price cones. The unique local factor prices that
correspond to these goods prices are w1 = (1, 1)T and w2 = (1, 2)T .

The factor conversion matrix is

A+
1 A2 =

[
−1/2 0 1/2
4/3 1/3 −2/3

] 1 1/2
1 1
2 1

 =

[
1/2 1/4
1/3 1/3

]

Fisher and Marshall [7] call the tranpose of A+
1 the Rybczynski matrix for

Country 1. It is obvious that capital is the local friend of sector 3 and the
local enemy of sector 1. It is also clear that labor is the local friend of the
two most locally labor-intensive sectors and the enemy of the most capital-
intensive one. I hope it does not do too much violence to a theoretical purist
to call this one element of the supply correspondence the Rybczynsi matrix
for this country. Using the duality of the Stolper-Samuelson and Rybczyn-
ski matrices implicit in the Hessian of the national revenue function, my
colleague and I make this argument more precisely in [7].

The factor conversion matrix itself is not too controversial, since all of
its elements are positive. But I would be remiss not to emphasize again the
two central points of this paper: (1) sector-specific productivity differences
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do not make sense in general; and (2) this matrix is the unique linear map-
ping that describes factor productivity differences for all goods prices in the
intersection of the two price diversification cones.

It is easy to check that

w1 =

[
1
1

]
= A+

1 A2w2 =

[
1/2 1/4
1/3 1/3

] [
1
2

]
Again, let Country 2 be reference. Then the virtual endowment of Country
1 is:

ṽ1 =

[
K̄1/2 + L̄1/3
K̄1/4 + L̄1/3

]
This virtual endowment confirms that both capital and labor seem to be less
productive in Country 1 than in Country 2.

Let me close this section with a controversial example. Assume now that
prices change to p = (1.98, 3, 4)T ; thus the prices of the first good has fallen
slightly. This price vector no longer lies in the price diversification cone for
County 1. Classical trade theory reminds us that there is a discontinuous
output response: Some sector must shut down. Perhaps different sectors
shut down in different countries because their technologies are not identical
But in practice, all sectors in every country continue to operate. How can
this be?

What local factor prices are a “best guess” for those that would allow
this phenomenon to occur? These are given by:

ŵ1 = A+
1 p ≈

[
1.01
0.973

]
In fact p̂1 = A1ŵ1 ≈ (1.98, 2.99, 4.00)T is the vector lying in the column
space of Country 1’s technology matrix that is closest to the actual price vec-
tor. It is just the least squares projection of this vector onto the price diversi-
fication cone in Country1. The two elements of ŵ1 are the OLS estimates of
the rentals rate and wage rate that would best rationalize the observed data
on technology and goods prices!

The “best guess” is a local Stolper-Samuelson effect. The world price
of the locally label-intensive good fell by 1%, The local wage fell by 2.7%
while local rents rose by 1%. Thus changes in world prices correspond to
the usual understanding of a Stolper-Samuelson effect for local prices in the
price diversification cone that are very near the new world prices.

I chose this price change for a reason. It corresponds to a 1% increase in
the total factor productivity of the first sector in Country 2, a large country
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whose factor prices are fixed. Hence the new world prices lie in the price
diversification cone of the new technology matrix for that country. (Nominal
factor prices are still w2 = (1, 2)T , but real income in Country 2 has risen
because the output of good 1 has increased.) Thus the factor conversion
matrix A+

1 A2 is the best guess for the local Stolper-Samuelson effects in
Country 1 of sector-specific technical progress in Country 2. These are akin
to the effects Harrigan [10] described.

5 Conclusion
This paper has has argued that factor conversion matrices are a computation-
ally simple and theoretically elegant way of comparing factor productivities
differences when countries have different technologies. The Factor Price
Equalization Theorem has been the Achilles’ heel of trade theory for too
long. But Heckscher-Ohlin theory does not really depend upon it. One can
speak about factor content, as long as one has a proper way of comparing
factors across countries. Defining productivity-adjusted factors or “effec-
tive” factors is neither theoretically generic nor empirically accurate.

The factor conversion matrix is the local factor content of the foreign
Rybczynksi effects. Its transpose is the unique linear mapping that translates
local factor prices into foreign ones for all world prices in the intersection of
the price diversification cones.

Fisher and Marshall [6] already have applied these ideas empirically to
good effect. Once one admits that the most banal form of Heckscher-Ohlin
theory does not fit the data, one has to come up with a new theoretical pre-
diction.4 That prediction has to deal forthrightly with adjustments to factor
productivities across countries. I know this is a harsh statement, but I have
shown clearly here that one can make appropriate theoretical predictions
using factor conversion matrices. For example, robust tests using virtual en-
dowments have already verified all these ancillary assumptions: (1) constant
returns to scale; (2) goods prices are equalized across countries; (3) there is
no home bias in consumption; (4) preferences are identical and homothetic;
(5) there is no home bias in consumption; and (6) it is not necessary to as-
sume that some goods are not traded.

Once one appreciates that Heckscher-Ohlin theory applies to local tech-
nologies, one can make appropriate empirical predictions. Skill-biased tech-
nical change may raise wages of local skilled workers and raise wages of un-

4The work of Choi and Krishna [4] is a step in the right direction, but [1] casts doubt on their
exact empirical findings.
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skilled workers abroad. Likewise the process of capital accumulation in one
country may increase the share of heavy industry in the local economy but
decrease it abroad. Development paths are country-specific, not universal.

References
[1] Daniel M. Berhhofen. Multiple cones, factor price differences and

the factor content of trade. Journal of International Economics,
79(2):266–271, 2009.

[2] Richard A. Brecher and Ehsan U. Choudhri. The Factor Content of
International Trade Without Factor-Price Equalization. Journal of In-
ternational Economics, 12(3-4):277–283, May 1982.

[3] John S. Chipman. Factor Price Equalization and the Stolper-
Samuelson Theorem. International Economic Review, 10(3):399–406,
October 1969.

[4] Yong-Seok Choi and Pravin Krishna. The FactorContent of Bilateral
Trade:An Empirical Test. Journal of Political Economy, 112(4):887–
914, 2004.

[5] Donald R. Davis and David E. Weinstein. An Account of Global Fac-
tor Trade. American Economic Review, 91(5):1423–1453, December
2001.

[6] Eric O’N. Fisher and Kathryn G. Marshall. The Factor Content of
Trade when Countries have Different Technologies. Unpublished
manuscript http://www.calpoly.edu/ efisher/FCT.pdf, 2008.

[7] Eric O’N. Fisher and Kathryn G. Marshall. The Structure of the Ameri-
can Economy. Forthcoming Review of International Economics, 2010.

[8] David Gale and Hukukane Nikaido. The Jacobian matrix and global
univalence of mappings. Mathematische Annalen, 159(2):81–93, April
1965.

[9] Juan Carlos Hallak. Pridcut Quality and the Direction of Trade. Jour-
nal of International Economics, 68(1):238–265, May 2006.

[10] James Harrigan. Technology, Factor Supplies, and International Spe-
cialization: Estimating the Neocassical Model. American Economic
Review, 84(4):475–494, September 1997.

17



[11] Elhanan Helpman. The Factor Content of Foreign Trade. Economic
Journal, 94(373):84–94, March 1984.

[12] Wassily Leontief. Domestic Production and Foreign Trade: The Amer-
ican Capital Position Re-Examined. Proceedings of the American
Philosophical Society, 97(4):332–349, September 1953.

[13] Keith E. Maskus and Shuichiro Nishioka. Development-related Bi-
ases in Factor Productivities and the HOV Model of Trade. Canadian
Journal of Economics/Revue canadienne d’conomique, 42(2):519–
553, 2009.

[14] John Romalis. Factor Proportions and the Structure of Commodity
Trade. American Economic Review, 94(1):67–97, March 2004.

[15] P. A. Samuelson. Prices of Factors and Godds in General Equilibrium.
Review of Economic Studies, 21(1):1–20, 1953.

[16] Peter K. Schott. One Size Fits All? Heckscher-Ohlin Specialization in
Global Production. The American Economic Review, 93(3):686–708,
June 2003.

[17] Peter K. Schott. Across-Product Versus Within-Product Specialization
in International Trade. Quarterly Journal of Economics, 119(2):647–
678, May 2004.

[18] Daniel Trefler. International Factor Price Differences: Leontief was
Right! Journal of Political Economy, 101(6):961–987, December
1993.

18



CESifo Working Paper Series 
for full list see Twww.cesifo-group.org/wp T 
(address: Poschingerstr. 5, 81679 Munich, Germany, office@cesifo.de) 

___________________________________________________________________________ 
 
3057 Joseph Plasmans and Ruslan Lukach, The Patterns of Inter-firm and Inter-industry 

Knowledge Flows in the Netherlands, May 2010 
 
3058 Jenny E. Ligthart and Sebastian E. V. Werner, Has the Euro Affected the Choice of 

Invoicing Currency?, May 2010 
 
3059 Håkan Selin, Marginal Tax Rates and Tax-Favoured Pension Savings of the Self-

Employed – Evidence from Sweden, May 2010 
 
3060 Richard Cornes, Roger Hartley and Yuji Tamura, A New Approach to Solving 

Production-Appropriation Games with Many Heterogeneous Players, May 2010 
 
3061 Ronald MacDonald and Flávio Vieira, A Panel Data Investigation of Real Exchange 

Rate Misalignment and Growth, May 2010 
 
3062 Thomas Eichner and Rüdiger Pethig, Efficient Management of Insecure Fossil Fuel 

Imports through Taxing(!) Domestic Green Energy?, May 2010 
 
3063 Vít Bubák, Evžen Kočenda and Filip Žikeš, Volatility Transmission in Emerging 

European Foreign Exchange Markets, May 2010 
 
3064 Leonid V. Azarnert, Après nous le Déluge: Fertility and the Intensity of Struggle against 

Immigration, May 2010 
 
3065 William E. Becker, William H. Greene and John J. Siegfried, Do Undergraduate Majors 

or Ph.D. Students Affect Faculty Size?, May 2010 
 
3066 Johannes Becker, Strategic Trade Policy through the Tax System, May 2010 
 
3067 Omer Biran and Françoise Forges, Core-stable Rings in Auctions with Independent 

Private Values, May 2010 
 
3068 Torben M. Andersen, Why do Scandinavians Work?, May 2010 
 
3069 Andrey Launov and Klaus Wälde, Estimating Incentive and Welfare Effects of Non-

Stationary Unemployment Benefits, May 2010 
 
3070 Simon Gächter, Benedikt Herrmann and Christian Thöni, Culture and Cooperation, June 

2010 
 
3071 Mehmet Bac and Eren Inci, The Old-Boy Network and the Quality of Entrepreneurs, 

June 2010 
 
3072 Krisztina Molnár and Sergio Santoro, Optimal Monetary Policy when Agents are 

Learning, June 2010 



 
3073 Marcel Boyer and Donatella Porrini, Optimal Liability Sharing and Court Errors: An 

Exploratory Analysis, June 2010 
 
3074 Guglielmo Maria Caporale, Roman Matousek and Chris Stewart, EU Banks Rating 

Assignments: Is there Heterogeneity between New and Old Member Countries? June 
2010 

 
3075 Assaf Razin and Efraim Sadka, Fiscal and Migration Competition, June 2010 
 
3076 Shafik Hebous, Martin Ruf and Alfons Weichenrieder, The Effects of Taxation on the 

Location Decision of Multinational Firms: M&A vs. Greenfield Investments, June 2010 
 
3077 Alessandro Cigno, How to Deal with Covert Child Labour, and Give Children an 

Effective Education, in a Poor Developing Country: An Optimal Taxation Problem with 
Moral Hazard, June 2010 

 
3078 Bruno S. Frey and Lasse Steiner, World Heritage List: Does it Make Sense?, June 2010 
 
3079 Henning Bohn, The Economic Consequences of Rising U.S. Government Debt: 

Privileges at Risk, June 2010 
 
3080 Rebeca Jiménez-Rodriguez, Amalia Morales-Zumaquero and Balázs Égert, The 

VARying Effect of Foreign Shocks in Central and Eastern Europe, June 2010 
 
3081 Stephane Dees, M. Hashem Pesaran, L. Vanessa Smith and Ron P. Smith, Supply, 

Demand and Monetary Policy Shocks in a Multi-Country New Keynesian Model, June 
2010 

 
3082 Sara Amoroso, Peter Kort, Bertrand Melenberg, Joseph Plasmans and Mark 

Vancauteren, Firm Level Productivity under Imperfect Competition in Output and 
Labor Markets, June 2010 

 
3083 Thomas Eichner and Rüdiger Pethig, International Carbon Emissions Trading and 

Strategic Incentives to Subsidize Green Energy, June 2010 
 
3084 Henri Fraisse, Labour Disputes and the Game of Legal Representation, June 2010 
 
3085 Andrzej Baniak and Peter Grajzl, Interjurisdictional Linkages and the Scope for 

Interventionist Legal Harmonization, June 2010 
 
3086 Oliver Falck and Ludger Woessmann, School Competition and Students’ 

Entrepreneurial Intentions: International Evidence Using Historical Catholic Roots of 
Private Schooling, June 2010 

 
3087 Bernd Hayo and Stefan Voigt, Determinants of Constitutional Change: Why do 

Countries Change their Form of Government?, June 2010 
 
3088 Momi Dahan and Michel Strawczynski, Fiscal Rules and Composition Bias in OECD 

Countries, June 2010 
 



 
3089 Marcel Fratzscher and Julien Reynaud, IMF Surveillance and Financial Markets – A 

Political Economy Analysis, June 2010 
 
3090 Michel Beine, Elisabetta Lodigiani and Robert Vermeulen, Remittances and Financial 

Openness, June 2010 
 
3091 Sebastian Kube and Christian Traxler, The Interaction of Legal and Social Norm 

Enforcement, June 2010 
 
3092 Volker Grossmann, Thomas M. Steger and Timo Trimborn, Quantifying Optimal 

Growth Policy, June 2010 
 
3093 Huw David Dixon, A Unified Framework for Using Micro-Data to Compare Dynamic 

Wage and Price Setting Models, June 2010 
 
3094 Helmuth Cremer, Firouz Gahvari and Pierre Pestieau, Accidental Bequests: A Curse for 

the Rich and a Boon for the Poor, June 2010 
 
3095 Frank Lichtenberg, The Contribution of Pharmaceutical Innovation to Longevity 

Growth in Germany and France, June 2010 
 
3096 Simon P. Anderson, Øystein Foros and Hans Jarle Kind, Hotelling Competition with 

Multi-Purchasing: Time Magazine, Newsweek, or both?, June 2010 
 
3097 Assar Lindbeck and Mats Persson, A Continuous Theory of Income Insurance, June 

2010 
 
3098 Thomas Moutos and Christos Tsitsikas, Whither Public Interest: The Case of Greece’s 

Public Finance, June 2010 
 
3099 Thomas Eichner and Thorsten Upmann, Labor Markets and Capital Tax Competition, 

June 2010 
 
3100 Massimo Bordignon and Santino Piazza, Who do you Blame in Local Finance? An 

Analysis of Municipal Financing in Italy, June 2010 
 
3101 Kyriakos C. Neanidis, Financial Dollarization and European Union Membership, June 

2010 
 
3102 Maela Giofré, Investor Protection and Foreign Stakeholders, June 2010 
 
3103 Andrea F. Presbitero and Alberto Zazzaro, Competition and Relationship Lending: 

Friends or Foes?, June 2010 
 
3104 Dan Anderberg and Yu Zhu, The Effect of Education on Martial Status and Partner 

Characteristics: Evidence from the UK, June 2010 
 
3105 Hendrik Jürges, Eberhard Kruk and Steffen Reinhold, The Effect of Compulsory 

Schooling on Health – Evidence from Biomarkers, June 2010 
 



 
3106 Alessandro Gambini and Alberto Zazzaro, Long-Lasting Bank Relationships and 

Growth of Firms, June 2010 
 
3107 Jenny E. Ligthart and Gerard C. van der Meijden, Coordinated Tax-Tariff Reforms, 

Informality, and Welfare Distribution, June 2010 
 
3108 Vilen Lipatov and Alfons Weichenrieder, Optimal Income Taxation with Tax 

Competition, June 2010 
 
3109 Malte Mosel, Competition, Imitation, and R&D Productivity in a Growth Model with 

Sector-Specific Patent Protection, June 2010 
 
3110 Balázs Égert, Catching-up and Inflation in Europe: Balassa-Samuelson, Engel’s Law 

and other Culprits, June 2010 
 
3111 Johannes Metzler and Ludger Woessmann, The Impact of Teacher Subject Knowledge 

on Student Achievement: Evidence from Within-Teacher Within-Student Variation, 
June 2010 

 
3112 Leif Danziger, Uniform and Nonuniform Staggering of Wage Contracts, July 2010 
 
3113 Wolfgang Buchholz and Wolfgang Peters, Equity as a Prerequisite for Stable 

Cooperation in a Public-Good Economy – The Core Revisited, July 2010 
 
3114 Panu Poutvaara and Olli Ropponen, School Shootings and Student Performance, July 

2010 
 
3115 John Beirne, Guglielmo Maria Caporale and Nicola Spagnolo, Liquidity Risk, Credit 

Risk and the Overnight Interest Rate Spread: A Stochastic Volatility Modelling 
Approach, July 2010 

 
3116 M. Hashem Pesaran, Predictability of Asset Returns and the Efficient Market 

Hypothesis, July 2010 
 
3117 Dorothee Crayen, Christa Hainz and Christiane Ströh de Martínez, Remittances, 

Banking Status and the Usage of Insurance Schemes, July 2010 
 
3118 Eric O’N. Fisher, Heckscher-Ohlin Theory when Countries have Different 

Technologies, July 2010 




