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The Stolper—Samuelson theorem isolates conditions under which factor inten-
sity determines the qualitative factor price adjustments to price changes in
general equilibrium. The present chapter examines the robustness of this
“intensity price link” under relaxations of its sufficient conditions, with para-

_ metric specifications of the comparative static model based on neoclassical

production, competitive pricing, and full employment.

S

1 ROBUSTNESS OF THE STOLPER-SAMUELSON
INTENSITY PRICE LINK

The Stolper-Samuelson (1941) theorem isolates a set of conditions under which
factor intensity is sufficient to determine the qualitative effects of price changes
on factor prices. Its novel property is that factor substitution plays no role. A liter-
ature evolved pointing out that the theorem does not hold under other conditions,
implicitly suggesting a limited scope. The present chapter points out, however,
that the Stolper-Samuelson intensity price link is generally robust to parametric
relaxations of its sufficient conditions. The scope of the theorem is widened as it is
shown to hold under much wider initial conditions than suggested by the list of
sufficient conditions. None of the sufficient conditions are necessary for the
intensity price link.
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The next section reviews the proof of the Stolper-Samuelson theorem. The fol-
Jowing sections analyze the intensity price link assuming in turn international factor
mobility, nontraded products, factor intensity reversals, elastic factor supply, unem-
ployment, factor market distortions, noncompetitive pricing of outputs, increasing
returns, and nonhomothetic production. The intensity price link may hold under any
of these conditions and when it is relaxed it is only partly so. Increasing returns are
analyzed with a general cost function revealing new patterns of factor price adjust-
ments. A final section summarizes models with many factors and many products,
including a high dimensional measure of factor intensity.

e = PROCFS OF THE INTENSITY PRICE LINK | L

Proofs of the Stolper-Samuelson theorem follow the work of Koo (1953), Jones
(1956), Lancaster (1957), Bhagwati (1959), and Chipman (1966). Its sufficient
assumptions include:

¢ two homogeneous traded products in a small open economy;

two homogeneous factors, mobile nationally but immobile internationally;
perfect competition in product and factor markets;

perfectly inelastic factor supply;

full employment; and

linearly homogeneous production functions.

The following sections relax these assumptions using parametric modifications of
the algebraic comparative static model. The linearly homogeneous assumption is
relaxed with both variable returns and nonhomothetic production. There are other
implicit underlying assumptions, including the absence of specific factors, joint pro-
duction, intermediate products, depletable or renewable resources, and production
of capital goods.

The starting point is a 2 X 2 production box, explaining in part the enduring
pedagogical popularity of the theorem. Along the contract curve, SuUppose factor
1 is used intensively in product 1,

VH/V21 > V12/V22 (3-1)

where v;; is the input of factor i in the production of product j, i,j = 1,2. The con-
tract curve does not cross the diagonal because with homothetic production if a
point on the diagonal were on the contract curve all points would have t0 be. While
there can be no factor intensity reversals due to price changes in the economy with
linearly homogeneous production, with three factors there could be.

Each endogenous factor price w; is equal across sectors in the economy and iso-
quants of the two sectors share a common tangency and the same relative factor
price. Exogenous prices p; for the two traded products determine output levels and
corresponding relative factor prices along the contract curve. A higher relative price

for product 1 would raise its output and the relative price wy/w; of its intensive
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Figure 3.1 Stolper-Samuelson adjustment

factor. Input ratios v;/v, would fall in each sector as cost minimizing firms adjust to
the new higher relative price of factor 1.

Figure 3.1 presents the corresponding 2 x 2 Lerner-Pearce production diagram.
Unit value isoquants x; = 1/p;represent the amount of each product worth one unit
of numeraire. If dollars are the numeraire, it follows that p; = $/product and 1/p; =
product/$. Neoclassical production functions imply concave isoquants with positions
of unit value isoquants determined by exogenous prices p; in the small open
economy.

The unique unit isocost line ¢; = 1 = a;w; + a;w, shows input combinations that
cost $1 and supports the unit isoquants due to cost minimization. Endpoints of the
unit value isocost line are 1/w;. Firms minimize cost ¢;=Za;w; where a; is the cost
minimizing amount of factor / used in the production of a unit of product j. Com-
petition ensures p; = ¢;, uniquely determining the endogenous w; at the endpoints of
the unit isocost line. The endogenous a;(w) are functions of the vector of endoge-
nous factor prices w. The factor intensity condition in (3.1) can be stated in terms

of relative inputs,

an/ay > an/a; . (3.2)

as reflected by the steeper expansion path for sector 1.
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In Figure 3.1, a ceteris paribus increase in pi shifts that unit value isoquant toward
the origin as one dollar’s worth becomes less of the physical product. The isocost
line rotates around isoquant 2, the price of intensive factor w, rising while w, falls.
Production becomes more intensive in relatively cheaper factor 2 as ay, falls and ay
rises. In the matrix of éw,/dp; = wj results, there is a positive main diagonal with
negative elements off the diagonal.

[Wn W21):(+ —) (3.3)
Wiz Woxp -+

The algebraic general equilibrium model will be used to introduce parametric relax-
ations of the various assumptions. Chipman (1966) and Takayama (1982) present
the foundations of full employment of factors and competitive pricing of products.
Full employment for factor i is stated v, = Zjazx; where v; is the endowment of factor
i and x; the output of product ;. Differentiate to find dv; = Za,dx; + Zx;da;. With
homothetic production, cost minimizing unit inputs a; are functions of factor prices
alone and dag;; = Xy (Sa;/dw,)dw,. It follows that Zxda; =X (Zx;0a,/ 6w, )dw, = Zisudw,
given the output weighted substitution term s, = Zx;0a;/0w,. Shephard’s lemma
states that cost minimizing inputs are partial derivatives of cost tunctions, a;; = c;/éw;
and it follows that 0ay/dw; = 6%/ Sw.dw,. Young’s theorem on the symmetry of partial
derivatives then implies s, = s;;. For notation, s = 12 = $1. Own substitution terms s,
are negative due to concavity of cost functions. Summing across weighted substitu-
tion terms, Tw;s;, = EwEx(day/dw,) = ZxZwd(0a,/éw,) = LxZwl(ba/éw,;) = O by
Euler’s theorem. Without loss of generality, rescale factors so w; = 1 and it follows
that s = —s;; = =5, = 51, = 5,,. Full employment is stated in the first two equations of
the comparative static system (3.4) below.

Competitive pricing for product j is stated p; = Zayw, Differentiate to find
dp; = Za;dw; + Swda,. Firms minimize cost, implying the slope of each unit value
isoquant da,/da,; equals the slope of the isocost line —w,/wy. The cost minimizing
envelope Zwda; = 0 follows, implying dp; = Za;dw,. Competitive pricing is stated
in the second two equations of the 2 x 2 comparative static factor proportions
model,

-5 S ay ap\{dw dv, 0

N =S dy daxn dW2 - dV2 - 0 (34)

Factor endowments are held constant, dv; = 0. The factor intensity condition in
(3.2) implies ayyay, — ay,a5 = b > 0. The positive determinant in (3.4) is A = b2 Factor
price equalization occurs inside the production cone of McKenzie (1955) where
owi/dv, = 0.

The 6wi/dp; or w; terms are derived from cofactors in the lower left partition of
the system matrix using Cramer’s rule,
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(w” W21)_( azz/b —alz/bj (3.5)
Wiz Wy —azl/b an/b ’ '
confirming the intensity price link in (3.3). Note that factor substitution has no effect
on the w; terms. It is a surprise that factors might be perfect substitutes or not sub-
stitutes at all and the w; terms would be identical, a peculiar result that holds for
“even” models with the same number of factors and products,

Jones (1965) develops the magnification effect that price changes are weighted
averages of factor price changes. In the differentiated competitive pricing condition
for product j, dp; = Za;dw;, divide both sides by p; and multiply the left side by
wiw; to find X644, = p,, where " represents percentage change and 0, = wia,/p;,
a factor share. In even models, the intensity price link in elasticity form is deter-
mined by properties of the 6 matrix in 6 = p since Ww/p = 7. Percentage price
changes are weighted averages of factor price changes. In the 2 x 2 model, if p, > p,
it must be that w, > p; > p, > w,. If a single price increases, at least one factor price
must rise more in percentage terms and the other factor price falls. For any nonzero

vector of price changes, the real income of one factor must rise and the other must
fall.

3 INTERNATIONAL MOBILITY OF FACTORS AND
' NONTRADED PRODUCTS

Adding internationally mobile factors of production or nontraded products may
leave the intensity price link intact. As an example, consider the 3 x 2 model. The
three factors capital, labor, and land provide the foundation for classical econom-
ics. Branson and Monoyios (1977) and Thompson (1997b) provide some motivation
for trade models with separate skilled and unskilled labor. Batra and Casas (1976),
Ruffin (1981), Takayama (1982), Suzuki (1983), Jones and Easton (1983), and
Thompson (1985) develop theoretical properties of the 3 x 2 model. Factors can be
unambiguously ranked according to factor intensity,

an @ > ay [ap > ay [ as . (3.6)

Factor 1 is the extreme factor for product 1, factor 3 is extreme for product 2, and
factor 2 is the middle factor. Thompson (1985) uncovers the possible sign patterns
of w; terms, which depend on factor intensity as well as factor substitution. Isolat-
ing the two extreme factors, the possible sign patterns are

-+ -+ - - (3.7)
(a) (b) (c)

(Wn W31) + - + + + +
Wi Wxp

Sign pattern (3.7a) is the strong result, analogous to the 2 x 2 model. A higher price
of product 1 unambiguously lowers the output of product 2 and demand for extreme
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factor 3 is expected to fall but in (3.7b) prices of both extreme factors rise.
The expanding sector 1 can increase its input of factor 3, releasing complementary
middle factor 2. In (3.7¢), a higher price for product 2 also lowers the price of its
extreme factor. Thompson (1986) isolates various conditions favoring factor price
polarization, the separation of international factor prices with a move to free trade.
The strong result in (3.7a) cannot be reversed completely as Thompson (1993) notes
for the 3 x 2 magnification effect. Thompson (1995) uses sensitivity analysis in sim-
ulations of a 3 x 2 model of the US economy with skilled and unskilled labor and
finds the intensity price link in (3.7a) due to the overwhelming influence of factor
intensity.

Internationally mobile factors with factor prices exogenous at world levels can
restore the intensity price link. If the middle factor in the 3 x 2 model is interna-
tionally mobile, there is the strong intensity price link in (3.7a). In the r x 2 model
when r > 2, the w;; matrix has more than a single possible sign pattern and the inten-
sity price link may break down. International mobility of r — 2 of the factors,
however, would make factor prices exogenous and restore the intensity price link.
In the  x 2 model with r — 2 of the factors internationally mobile, there is an inten-
sity price link for the internationally immobile factors.

With more products than factors in a small open economy, the comparative static
system is overdetermined. Melvin (1968), Travis (1972), and Rader (1979) develop
properties of the 2 x 3 and 2 x n models, n > 2. Factor intensity can be unambigu-
ously defined as a ranking of relative inputs across industries when there are two
factors. When n > r =2 in a smail open economy, however, there are more than two
arbitrarily placed unit value isoquants and for almost any set of world prices there
is no unique supporting isocost line. Product prices may be assumed to adjust as in
Choi (2003) but short of a solution algorithm little more can be said about the inten-
sity price link.

Introducing nontraded products, however, endogenizes prices and can restore the
intensity price link. Komiya (1967) and Rivera-Batiz (1982) develop models with
nontraded products. In the 2 x n model, if n -2 of the products are nontraded there
is a strong intensity price link for the traded products. In the 2 x 3 model with one
nontraded product, Ethier (1972) examines conditions that lead to an intensity price
link. Although demand conditions might relax the intensity price link, it is robust
to “small” demand elasticities.

NTENSITY REVERSALS AND THE INTENSTY

Production cones are regions in factor space between expansion paths where all
products can be produced with full employment of all factors. Expansion paths
are linear with homothetic production. Production cones are generally not unique.
Even in the 2 x 2 model, there are two production cones if the isoquants cross
twice. Pearce (1951), James and Pearce (1951), and Harrod (1958) make the point
that factor price equalization would not occur with free trade if endowments of
the two trading countries lie in different production cones. The country abundant
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in a factor would maintain a lower relative price for that factor with free trade.
The intensity price link would nevertheless hold inside each country because
the opposite factor is used intensively in each country. If sector 1 uses factor 1
intensively in country 1 but uses factor 2 intensively in country 2. a higher price
for product 1 would raise w, in country 1 and w, in country 2. The intensity price
link holds in each country and free trade raises the price of cheap abundant
factors.

“Internal” factor intensity reversals can occur in an economy with more than
two factors because changing prices can potentially lead to factor intensity reversals
inside the country. In the 3 x 2 model, a factor might be the extreme factor in one
sector but could lose that ranking due to some vector of price changes. Wong (1990)
shows that such internal factor intensity reversals are impossible with exponential
production functions although they may not be ruled out for homothetic produc-
tion functions. With nonhomothetic production functions, internal factor intensity
reversals certainly may occur. While the observation of an internal factor intensity
reversal is consistent with nonhomothetic production, it may only point to the pres-
ence of more than two factors. An internal factor intensity reversal does not violate
the intensity price link as much as it requires a careful statement of the changes
taking place in the economy.

( S ELASTIC FACTOR SuppLy AND THE INTENSITY PRICE LINK v

Factors supplies are assumed to be perfectly inelastic in the factor proportions
model but there is ample evidence that quantity supplied increases with price in
some labor and natural resource markets. Kemp and Jones (1962) examine the
effects of elastic factor supply on offer curves. Upward sloping factor supply can be
included directly in the algebraic comparative static model. Suppose the supply of
factor 1 is a positive function of its own price, vi(w;), where dv,/dw, = v,, > 0. In the
comparative static model (3.4), the first equation becomes (s, — viddw, + spdw, +
aypdx; + a;,dx, = 0 and the qualitative intensity price link could be affected by the
elasticity of factor supply v;,.

Note, however, that substitution plays no role in the Stolper-Samuelson wy, terms
in (3.5) and that factor price equalization implies there would be no effect of the
induced change in v, (w,) on factor prices. Factor prices are insulated from induced
factors supply changes if factor price equalization holds. In models without factor
price equalization, factor prices would vary with an induced change in factor supply.
The own effects of factor endowments on factor prices are negative, ow,/dv; < 0,
implying factor demands slope downward in the general equilibrium. As an
example, consider the 3 x 2 model and suppose 6w,/dp, would be positive in the
absence of the induced effect on the supply of factor 1. An increase in w, induces
an increase in v, dampening the increase in w,. If vy, is large enough, the positive
sign of dw,/8p, is reversed suggesting elastic factor supply could alter the inten-
sity price link. Nevertheless, factor intensity would remain a fundamental deter-
minant of the w; sign pattern and would have to be overcome by a strong factor
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supply effect. The intensity price link would hold for a range of factor supply
elasticities.

C' 6 UNEMPLOYMENT AND THE INTENSITY PRICE LINK )

Unemployment can arise for various reasons and there is a literature that bridges
international and labor economics. The ultimate effect of introducing unemploy-
ment is that the wage does not fall to clear the labor market. In the general
equilibrium model of Thompson (1989) with the unemployment rate varying
endogenously and inversely with aggregate output, the intensity price link is
unaffected.

In factor proportion models, unemployment occurs when the quantity of labor
demanded falls short of the inelastic quantity supplied. Full employment of factor
k can be stated v, = Di(p, v) where the quantity of labor demanded in the general
equilibrium D,(p, v) is a function of the vectors of exogenous variables p and v.
There is unemployment if D,(p, v) < v, at the current wage. The general equilibrium
effects of increased unemployment would be the same as a reduction in the labor
endowment since the economy employs less labor.

In the 2 x 2 model, increased unemployment would affect outputs but because
of factor price equalization factor prices and the intensity price link are not affected.
The level of employment does not affect factor prices as long as employment
remains inside the production cone, a principle in any model with factor price
equalization. In models without factor price equalization, however, a change in the
unemployment rate affects factor prices. An increased unemployment rate may
involve a higher wage but some other factor prices would have to fall in the
absence of factor price equalization, similar to the effects of a change in a factor
endowment.

Thompson (1997) points out that the éw,/dv, results are apparently nearly zero
when they are not zero. This “near factor price equalization” suggests that changes
in unemployment would generally have negligible impacts on factor prices and the
intensity price link.

Turning briefly to a parameterized model, consider unemployment in the market
for factor 1 with v, = Z.a,x; where B < 1. If Bis constant, the intensity price link in
the comparative static w; terms is unaffected. The entire adjustment process in the
factor markets is forced onto factor prices. To introduce flexibility, let 3 be a nega-
tive function of the factor price, f(w;) with B < 0. The first equation in the com-
parative static system (3.4) becomes (511 —vi)dw, + spdw, + Ya,,dx; = Bdv, = 0. The
wj results in (3.5) are unaffected and the strong intensity price link holds. The wy,
term is dampened by unemployment but if positive cannot switch signs. The higher
w; due to an increase in p; lowers B, dampening the increase in w,.

Unemployment has the potential to change the factor intensity of employed
factors and alter interpretation of the intensity price link. Nevertheless, full employ-
ment is not a necessary condition for the factor intensity price link as the present
parameterized model shows.
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7 FACTOR MARKET DISTORTIONS AND THE INTENSITY
PRICE LINK

The factor market distortions in the present section cause a factor price to be dif-
ferent across sectors. Taxes, unionization, minimum wages, location, and different
working conditions can lead to such distortions. Johnson (1966), Johnson and
Mieszkowski (1970), Jones (1971), Herberg and Kemp (1971), Magee (1971, 1973),
and Bhagwati and Srinivasan (1971) introduce such distortions into the factor pro-
portions model. The present section considers the robustness of the intensity price
link in the presence of a parametric distortion in the intersector market for factor 1.
Let wi be the price of factor 1 in sector s and suppose yw! = w?. If y=1 there
is no factor market distortion. Consider the situation where ¥ > 1 and factor 1
receives a premium in sector 2. A change in w? would be written dw? = ydw! + widy.
For simplicity, assume the premium is constant in the comparative statics, dy = 0.
A change in the price of product 2 is then dp: = apdwi + axndw, = apydw! + axdw,.
In sector 1,dp, = a;;dw! + a,,dw,. Substitution terms have to be recalculated and are
represented by s,. The comparative static model with a factor price premium:

—Sq Sy a;;  yn dWll dV] 0

s =84 Gy a» || dw, dv 0
d d 21 22 wy _ 2| (3.8)
ay dy 0 0 dx, dp, dp,

apy an 0 0 dx, dp, dp,

has determinant A, = bb,where b, = (a1a; — Yapas). In the undistorted mode] where
v =1, the positive determinant is b* and the intensity price link in (3.5) emerges. If
¥> 1, however, the signs of byand A, are ambiguous. The wy results are

(W]]] WZI):( azz/by ‘alz?’/byj + - -

+
= 3.9
Wl wy —021/177 an/by - + + - (3.9)

Related effects on the price of factor 1 in sector 2 are wii = owildp, = y(dwiidp,)
= /by and wi = 6wi/dp, = y(wl/dp,) = ~¥%b,. If b, > 0 the strong intensity price
link holds but if b,< 0 it is reversed. If yis large enough to make b, negative, factor
intensity is effectively reversed making factor 1 intensive in sector 2 and reversing
the intensity price link. These results would not necessarily change if y were an
endogenous function of other variables in the model. If Y starts at unit value and
b >0, letting y increase will decrease b, increasing the sizes of the w; terms. As
b, approaches zero the model becomes unstable and the w;; terms explode. When b,
becomes negative the w, terms switch signs although there is instability in the neigh-
borhood where y= a,,a,)/a1,a,,. The important point for the present purpose is that
the presence of a factor market distortion does not necessarily relax the intensity
price link.
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( 8 NONCOMPETITIVE PRICING AND THE INTENSITY PRICE LINK )

Competitive pricing of products is another sufficient condition for the
Stolper-Samuelson theorem. Models of production and trade for small open
economies can be closed without a utility structure if competitive firms produce
where cost equals the exogenous world price. Melvin and Warne (1973) examine
monopoly pricing in the context of utility maximization. In models of monopolistic
competition such as Krugman (1979) and Helpman (1981) demand is introduced
and pricing remains competitive. Wong (1995, chapter 7) examines an international
duopoly with products produced by single firms in each of two countries and finds
the Stolper-Samuelson theorem may hold. Melvin and Warne (1973) make the same
point when both sectors are international duopolists colluding to maximize joint
profit. Kemp and Okawa (1998a, b) show the intensity price link is robust when
oligopolists are a primary factor paid profit.

The present section introduces a wedge parameter between price and cost in
a small open economy. Suppose there is a monopoly in sector 1 based on owner-
ship of a natural resource or another legal entry restriction. Such a monopoly is
a price taker in the international market but searches for the output that maxi-
mizes profit. Raising monopoly output increases cost in the general equilibrium by
raising relative demand for its intensive factor, but revenue also increases. The
monopoly has some monopsony power over the factor markets in the small open
economy.

Competitive pricing implies a tangency between the unit value isoquant and the
unit isocost line as in figure 3.1. If cost were less than price in sector 1 due to monop-
oly power, the unit isocost line would instead cut through the unit value isoquant.
Given that the monopoly minimizes cost, the input ratio would be determined by
the tangency of an isocost line with the ¢, isoquant that represents the amount of
the product that costs one unit to produce at current factor prices. Product 1 is sold
at a price higher than cost as pictured in figure 3.2. With restricted output, the
relative price of factor 1 would be lower and the relative input of factor 1 higher
than with competitive pricing.

Profit of the monopolist is 7; = (p; — ¢;)x;. Maximizing m; with respect to ¢;, 0 =
om/dci = (py — ¢1)(8x1/8¢;) — x,. As an alternative, the monopolist in Thompson (2002)
maximizes profit with respect to output. The term &x,/8c, in the general equilibrium
is the same as &x;/dp; = ¢’s/b* from the competitive model in (3.4) where ¢ = a;, +
a». When the monopoly restricts output, the cost reducing effect is similar to an
exogenous decrease in p; in the competitive model (3.4). Substituting and solving
for the optimal level of cost, ¢;* = p; — (b*x)/c’s) which implies ¢,;* < p;. A profit
maximization is implied because 6°m/6c,® = (p; — ¢1)(6*:/8%¢;) — &x/8c; — x; < 0
given x,/éc; = dx/8p; = ¢*s/b* and &°x,/8%p, = 0. The relationship between p; and ¢,
is summarized by p; = ac,, where « 2 1. If there is competitive pricing, & = 1.
Substituting the optimal ¢,*, o* = p\/(p; — (b*x1/c%s)) = *spi/(c*sp; — b*x;) > 1.

‘The monopoly profit margin may be regulated to maintain cost at a constant pro-
portion of price, p; = oc; where a > 1. The monopoly would restrict output to o*
but a regulator might set « above o*. Profit would then be proportional to revenue,
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Figure 3.2 Monopoly output restriction

o pix; > 0. With o constant, dp; = adc, = oXa;dw; due to cost minimiza-
tion along the monopoly unit cost isoquant, r

eplacing the third equation in (3.4) and
the effects of a change in the price of the co

mpetitive product 2 are identical to the
competitive model (3.5). The factor price eff

ects of a change in p, on the monopoly
comparative static System are w,, = g,,/ab and W21 = —ay;/ab, smaller than with com-
petitive pricing, Changes in the price of the monopoly product have dampened
Stolper-Samuelson effects relative to competitive pricing because of the corre-
sponding proportional cost adjustment. The intensity price link, however, is robust
with respect to this monopoly power.

Suppose the profit margin varies with the level of output: e(x,). The optimal or*
increases with output, sar*/dx, = b2csp,/( spi— b)) > 0. A larger sector might have
increased political ability to persuade the regulator to set a higher o, The third equa-
tion in (3.4) becomes oZaydw, + ao'c, 1 = dp; where ¢, is the original cost in the

sector. The determinant of this model is Ar=alcis + ob? > 0 where ¢ =g, + ay and
the w; results are:

Wi wy azzb/Af -alzb/Af +

=— + + + (3.10)
Wi Wy ((Z'QCS - aag]b)/A‘/ (a’c; (oA +O£a”b)/A/- (a) (h)

— +....
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The strong intensity price link holds for the monopoly price but is potentially
relaxed in part for the price of the competitive product. An increase in p, would
lower x; implying a decline in @, loss of monopoly power, and a potential increase
in wy. If the derivative o’ approaches zero, the strong intensity price link remains
intact. While ambiguity arises in the wy, term, cost would have to rise substantially
to make it positive as in (3.10b). Specifically, ¢’ would have to be larger than
aanblcics to make wy, positive. Regardless, the intensity price link holds for the
effects of the price of the noncompetitive product as well as the price of the com-
petitive product on its intensive factor.

Consider an increase in p, holding p, constant. With wa, > wy,, percentage changes
in prices and factor prices would be either W2 > Py > Py =0> Wy in (3.8a) or w,>p,
> Wi >p; = 0 in (3.8b). While w, may rise, the relative price of factor 1 would have
to fall. The magnification effect would hold stated in terms of ¢, instead of p,. The
change in the real income of the owners of factor 1 becomes ambiguous while the
real income of intensive factor 2 rises. If the owners of factor 1 consume little of
good 1 their real income could rise if W, > 0. Cost in sector 1 clearly rises with the
increase in p, since &c,/dp, = a1 (W110p,) + az(Swy/p,) = o’cicds/Ay > 0 where d =
a1 + ay. The output of sector 1 falls as does profit with a higher price in the com-
petitive sector. With falling output, the monopoly loses monopoly power.

The crucial point for the present section is that competitive pricing is not neces-
sary for the intensity price link. While some behavioral mechanisms for noncom-
petitive pricing certainly relax the intensity price link, competitive pricing is not
necessary. In the present model, the intensity price link is consistent with monopoly.

9 INCREASING RETURNS AND THE INTENSITY PRICE LINK

Increasing returns with economies of scale external to the firm in the terminology
of Marshall (1930) may affect the intensity price link. Firms hire inputs as though
their output decision has no effect on factor prices even though total output of
all firms affects technology in this industrial structure. Inoue (1981) extends the
Stolper-Samuelson theorem to include variable returns. Increasing returns can lead
to a convex production frontier as shown by Chipman (1965), Jones (1968), Mayer
(1974), and Panagariya (1983). Helpman and Krugman (1986, chapter 3) show that
factor price equalization holds for some distributions of endowments across coun-
tries with increasing returns. Chipman (1970) develops a model with parametric
external economies and Thompson and Ford (1997) examine the corresponding
production frontiers, contract curves, relative price lines, and intensity price link.

The foundation of increasing returns is a production function of the form & =
f(v; x;) where & is output of a typical firm in sector 1, v is its input vector, x, is
output of the sector, and 8£,/8x; > 0. In the literature on increasing returns, pro-
duction functions are typically assumed to be separable in output, & = h(x))f(v)
where f(v) exhibits constant returns and b’ > 0. Increasing returns occur, however,
in a much wider class of production functions.

Variable returns can be generally specified with cost minimizing inputs a; func-
tions of output as well as the vector w of factor prices, a;{w, x;). A change in a;
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would be written da,, = 2(0ay/dw)dw, + (0ay/8x; )dx;. Increasing returns occur if
0ay/éx; <0 for every factor i. The isoquant map compresses as output increases, low-
ering unit inputs. Differentiate the competitive pricing condition to find dp, =
Zapdw; + Twda, and expand the last term to Twda, =Zw(Z(San/Sw)dw, +
(8a;/éx;)dx)) = Z(Ew(Say/dw)dw, + Ziw,(6ay/x;)dx;). By Shephard’s lemma,
ai = 6¢;/éw;. Unit factor inputs are homogeneous of degree zero in factor prices
since cost functions are homogeneous of degree one. Euler’s theorem implies
Zw(6a,/dw;) = 0 for each factor k. Shephard’s lemma d¢c,/dw; = a; and Young’s
theorem imply bay/éwy = Sa/dw,. It follows that Zw(bay/dw,) = Zw(San/dw;) =
Zwx: = 0 where y, = 8a,,/8x,. The competitive pricing condition then simplifies to
dp; = Z.a,dw, + Wi = Ziandw, + Ly dx,.

The elasticity of the unit input with respect to outputis o, = 4,/%, = (xr/ay)y,. With
increasing returns, y; < 0 and o; < 0. With homothetic production, as x; increases ap
and a,, fall proportionately. In other words, 0, = 0, < 0 with homothetic increasing
returns. Note that &(ay/ay )/6x, = (@) = anp)lay’ = (an/ay) (o, - o) =0 implying
@ — any, = 0 and y/y, = a, i/ay. Further, ¢, > -1 since marginal products are
positive, implying a negative slope for the production frontier. If 0; 2 -1 and output
increases, 0 < £, < —d,. By definition 4;, = Va— %y and £, ~ 0 > %, or ¥, £ 0, contra-
dicting positive marginal productivity.

With nonhomothetic production, as x, increases the position of the new lower
unit value isoquant would be biased toward an input axis. Suppose isoquants are
biased toward factor 1 with expanding output. With factor prices constant, a;;/a,,
rises with increased output, &aii/ay)/dx; > 0, and 1 < 0, < 0; < 0. Note also that
@) — auy, > 0 and x,/y, < aylay,. Figure 3.3 illustrates both homothetic and non-
homothetic increasing returns with shifts in unit isoquants to H and N due to an
Increase in output.

To complete the comparative static system, differentiate the full employ-
ment condition for factor i to find dv, = % (a;dx; + x,day). The second term becomes
Yxda; = 2 Zi(Say/ dw,)dw, + Xidx;) = Zspdw, + x, Xdx;. Note that da,/dx, = 0. With-
out loss of generality rescale output so x; =1 and the differentiated full employment
condition simplifies to dv; = Zagdx;, + Tis,dw, + xdx;. Putting these conditions
together, the comparative static system with increasing returns in sector 1 is:

- R a”‘f‘xl a;n dW] O
S S 3.11)
n an xi+x. 0| dx dp;

[Z0 7 5% 0 0 dXQ dpz

with determinant A, = bB - uc2s where b = Al = apay >0, ¢ =ap+ay >0, = an)s
—any, f=b-nand u=—(y + X2) > 0. The sign of A, is ambiguous but is negative
if 8<0 and can only be positive if 8> 0. Solving (3.11) for the w; terms

Wit W) azzﬂ/A, ‘alzﬂ/AI
(Wu sz)_(—(aﬂﬂ+,uc5)/Ai (auﬁ+,LLCS)/A,J (3.12)
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Figure 3.3 Homoathetic and nonhomothetic production

The sign of f is critical. Note that a higher price for the product with increasing
returns must have opposite effects on factor prices, a property that can be antici-
pated from the magnification effect. With constant returns in sector 2, p, is a
weighted average of w, and w,. If p; # 0 and p, = 0, W, and W, must have opposite
signs.

Before analyzing the w; matrix in more detail, consider the x,,; = &x,./dp;
comparative static partial derivative production possibility matrix

(xu Xa3 ) _( c2s/A; —c(d—u)s/A,-) 313
X2 X _CdS/Ai d(d-,u)s/Ai (3.13)
where d = ay; + ay > 0. Each output must respond in opposite directions to a change
in the price of either product since x;; and x;, have opposite signs. The term d — u is
positive: d — = (a1 + 1) + (an + ) and a; + ;= a;, + 8a,/x, > 0 because an increase
in x; cannot make a; negative. There are only two possible sign patterns for the Xy
matrix depending on the sign of A If A, > 0, the x,, matrix has the concave sign
pattern with positive main diagonal elements (x,;, x,;) and negative elements (x12,
xz1) off the diagonal. If A, < 0, the signs are exactly reversed into a convex produc-
tion frontier. A concave production frontier is associated with the strong intensity
price link as developed by Kemp (1964). Markusen and Melvin (1981) and Wong
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Figure 3.4 Convex PPF without factor price effects

(1995, chapter 5) show that with a separable production function a concave pro-
duction frontier implies the intensity price link.

There are ambiguities in the signs of the determinant A, and the wy; matrix due
to . If production is homothetic, anlay = yi/y, and B expands to b — n = aplay+
X1) — anlay + x2). Substitute anyalay for yito find B=b(1 + X)) > b(1 — anlay) =
0 since y, > —a,. Homothetic production implies B > 0. With nonhomothetic pro-
duction, however, 8 may not be positive. In the special case when B =0, A, < 0, the
production frontier is convex, and the w;; matrix has the sign pattern

(W“ Wz‘)=0 ) (3.14)

Wi Wp/ + +

A higher price for the product with increasing returns has no effect on factor prices
while a higher price for the other product raises both factor prices as illustrated in
figure 3.4, an outcome that has not appeared in the literature. The unit value iso-
quant would shift toward the origin with the increase in p, but decreased output
causes it to shift out with a,/a;, rising.

If A;> 0 it follows that w;, < 0 and w,, > 0. Note a positive A, requires > 0 which
implies wy, < 0 directly. Also A, > 0 implies 8 > uc?s/b. Substituting, wy, > ayuc’s/b —
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cs = pes(ayc — b)/b. But ayc —b=>b> 0, implying wy, > 0. A positive A, implies a
oncave production frontier and the strong intensity price link.

There are also other possible w; sign patterns. With homothetic production,
f A, > 0 the production frontier is concave and the strong intensity price link
yeeurs. If A, < 0 the production frontier is convex and there are two possible w;;
yatterns,

(Wn Wu):— + - + (3'15)
Wi W + - + +
(a) (b)

Pattern (3.15a) is the reversed intensity price link usually associated with a convex
production frontier. In (3.15b) a higher price for the product with constant returns
raises both factor prices, another possibility that has not appeared in the literature.

If production is nonhomothetic, additional situations arise when 8 < 0. First, the
determinant A, is negative and the production frontier is convex. The two possible
w; patterns with nonhomothetic production are:

(Wn W2 ) _t - + - (3.16)
Wi Wz -+ + + .
(a) (b)

The intensity price link occurs with a convex production frontier in (3.16a), a situ-
ation not found in the literature and pictured in figure 3.5. An increase in the price
of the product with constant returns may raise both factor prices as in (3.16b).
Neither of these outcomes can occur with separable production functions.

The bottom line is that factor intensity does not completely predict the intensity
price link in the presence of increasing returns. A concave production frontier
implies a strong intensity price link but when there is a convex production frontier
exceptions including a complete reversal are possible. Factor intensity nevertheless
sets the stage for increasing returns and with small output effects the intensity price
link would remain intact.

The typical motivating story for increasing returns is specialization in the Adam
Smith pin factory but such a situation is better modeled as an increase in the types
of labor in a different production function. New capital machinery and equipment
are better analyzed as a new production function. Proportional increases in the same
types of inputs in a given production function should only be expected to lead to
proportional output increases.

10  HicH ,DIMENSIONALEVEN MODELS AND THE INTENSITY
i o - PRICE LINK ,

High dimensional models have many factors and many products, and even models

have the same number of each. Samuelson (1953), Minabe (1967), Diewart
Xt A1 3 (AOAAY Tecnn and Qrhainbman (1077 Chane (1979 and Fthier
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Figure 3.5 Stolper-Samuelson result with convex PPF

(1984a, b) develop properties of high dimensional even models. A strong intensity
price link occurs if factors and products can each be aggregated into two groups, a
point developed by Ethier (1982) and Neary (1985).

Chang (1979) shows that factor prices are homogeneous of degree one in prices
given constant returns, since Euler’s theorem implies Zpw; = w;. An implication is
that for every factor i there must be at least one product m such that w;, >0. Because
factors are paid their marginal products and production is linearly homogeneous,
Euler’s theorem implies Zw;v;=x;. A higher price for product  raises its output and
there must be at least one factor k such that wy, > 0. Jones and Scheinkman (1977)
show that for every product » there must be at least one factor k such that w,, <0
if every factor is used in at least two sectors.

In even models, w; results can be derived from competitive pricing conditions
alone without regard for factor substitution. Let A(w) represent the full rank tech-
nology matrix of unit inputs a; with unique products. Competitive pricing implies
cost equals price, A(w)w = p in matrix notation. Totally differentiate and apply the
cost minimization property A’(w)w = 0 to find A(w)dw = dp or A(w)”' = w;. In even
models, w; terms depend only on A(w)™'. Converting to factor shares, 6w = p and
wip =67

Kemp and Wegge (1969), Inada (1971), Uekawa (1971), and Uekawa, Kemp, and
Wegge (1973) examine properties of the 6 matrix and the resulting w/p elasticities.
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The rows of 6 sum to 1 and by implication the rows of 67 sum to 1. A 6~ matrix
with positive elements along the diagonal and negative elements off the diagonal is
called a Leontief matrix. In the 2 x 2 model, the diagonal elements of 87 are the
own W/p terms linking each product with its intensive factor. The rows of 6! sum
to 1 implying the diagonal elements of any Leontief matrix are greater than 1. This
additional property makes every Leontief matrix a Minkowski matrix, called the
strong Stolper-Samuelson property by Chipman (1969). In the 2 x 2 model, the mag-
nification effect holds and 7' is a Minkowski matrix.

In high dimensional even models, 6~ may not be a Minkowski matrix. The weak
Stolper-Samuelson property refers to a 7' matrix with elements greater than 1
along the diagonal but nonnegative elements off the diagonal. Jones (1976) shows
that for every unimportant factor k such that %,6,; < 1 there is a price p,, such that
Wi/p > 1, and for every factor h there is sector m such that w,/p,, > 1.

If factors and products can be renumbered so 6; — 6,; > 0 where k = i, diagonal
elements of 67! would all be greater than 1 as noted by Chipman (1969). For every
product m there would be some factor k such that Ww,/p, > 1. Such renumbering,
however, is not generally possible and even the weak Stolper-Samuelson property
may not hold.

Much more unsettling for theory is the point that the numbers of factors and
products is an empirical issue. Even two closely related products like natural gas
and propane that might be aggregated into fuels should not be aggregated because
their prices and quantities adjust independently. In practice, the most highly disag-
gregated data is overly aggregated. As an example for labor data, Clark, Hofler, and
Thompson (1988) find that none of the eight skill groups in US manufacturing data
can be aggregated.

A dilemma facing high dimensional models has been the lack of a general defi-
nition of factor intensity beyond situations with two factors or two goods. In the
3 x 3 model, for instance, the three pairs of factors can be ranked across each of the
three pairs of sectors and a factor may be at the top of one ranking but the bottom
of another. Thompson (1999) identifies special conditions under which there would
be consistent factor intensity rankings in high dimensional models.

One option is to index factor intensity, perhaps to its average across products.
With n products, let the mean input of factor i be y; = Za;/n and the mean weighted
input is o; = a,/u,. There can be various possible w; patterns for any indexed inten-
sity ranking, this definition may anticipate comparative static properties as discussed
for factor abundance by Rassekh and Thompson (2002). As an example, consider
the 9 x 3 model of the US economy in Thompson (1990) summarized in table 3.1.
Factor shares 6 for capital and the eight skilled groups of labor in US Census data
are the first entry of each column. A unit of output defined as one dollar’s worth,
p; =1, implying o; = 6;/us where g = %,6,/n. Mean weighted factor shares equal
mean weighted inputs o, the second entry of each column in table 3.1.

The indexed factor intensities can be compared across rows for each factor
and down columns for each product. Capital is intensive in agriculture, a sector that
uses natural resource workers about three times as intensively as its next most
intensive labor input, transport workers. Manufacturing has intensive inputs of
operators, handlers, and craft workers. The service sector uses service, technical,
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Table 3.1 An example of mean weighted factor intensity

Agriculture Manufacturing Services
Capital 576 1.65 032 214 061 045 261 075 1.13
Professional 059 037 -0.18 148 093 042 269 1.69 1.60
Technical and sales .003 028 -0.17 115 096 -0.60 211 1.76 1.78
Service 003 018 -0.15 .008 047 075 041 241 1.90
Natural resource 139 2.90 594 002 0.04 0.16 .002 004 511
Craft 086  0.74 0.04 167 144 131 .09 083 -0.36
Operators 045 034 017 286 217 344 067 051 =227
Transport 030 094 0.01 031 097 077 036 1.13 0.22
Handlers 008 0.44 025 028 1.56 028 .018 1.00 0.47

professional, and transport workers most intensively, and professional workers
more than four times as intensively as agriculture and almost twice as intensively
as manufacturing.

The third entries in the columns of table 3.1 are the w; elasticities from the
general equilibrium comparative static model. Substitution is estimated by factor
share equations of translog production functions across states. Regarding sensitivity,
these w; terms are very stable across Cobb-Douglas and a wide range of constant
elasticity of substitution (CES) production functions in which factor “intensity”
largely determines factor substitution elasticities.

The mean weighted factor intensity fairly well predicts the theoretical price
adjustment pattern, essentially the intensity price link. There is a significant corre-
lation of 0.786 between the mean weighted factor intensities and the comparative
static price elasticities. Factor shares have an insignificant correlation of 0.311 with
the w; elasticities. While it has no necessary theoretical connection with factor price
adjustments, indexed factor intensity may prove useful. These sorts of links between
relative inputs and w/p; terms follow the spirit of the Stolper-Samuelson theorem.

C o Y conoean e )

While the theoretical literature on the Stolper-Samuelson theorem has emphasized
various conditions under which it does not hold, its underlying importance remains
intact. The essence of general equilibrium is the link between prices and factor
prices. The property that factor intensity alone would determine these qualitative
links is a coincidence of low dimensions and competition in the Stolper-Samuelson
theorem. Nevertheless, factor intensity by some measure would generally influence
general equilibrium price adjustments.
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Studies are beginning to critically examine the empirical evidence regarding
the intensity price link. Leamer and Levinsohn (1995) review the literature and
Deardorff and Hakura (1994) develop a conceptual framework for addressing the
theorem’s empirical content. While Magee (1980) shows that congressional lobby-
ing patterns do not appear to favor the theorem, it would be timely to extend the
evidence to the more recent decades of increased international trade lobbying and
government intervention. Leamer (1984) points out that direct application of the
theorem is difficult because of colinearity in prices but recent advances in cointe-
gration create some optimism about direct testing.

Lawrence and Slaughter (1993) argue that the changing prices due to trade in
the US during the 1980s had little influence on wages, and Murphy and Welch (1992)
are unable to isolate any effect of the level of trade on wages. In contrast, Batra and
Slotje (1993) argue that increased trade has lowered US wages since the early 1970s.
At any rate, prices and not the level of trade affect factor prices in factor propor-
tions theory. Gaston and Trefler (1994) find that US tariffs have lowered manufac-
turing wages but the correlation with domestic prices would be critical. For
the US, oil imports have little to do with factor intensity but the price of oil has
been a driving force on relative prices. Bhagwati and Dehejia (1994) discount
Stolper-Samuelson effects as accounting for any decline in unskilled wages in the
US. Krugman and Lawrence (1994) uncover no evidence of substitution of relatively
scarce unskilled labor for abundant skilled labor during the 1980s but present no
evidence on relative prices or factor intensity.

Grossman (1987) finds weak links between industrial prices and US wages but
recent research on wage convergence across OECD countries by Mokhtari and
Rassekh (1989) and Rassekh (1993) and across many countries by Davis and Wein-
stein (2001) has restored some of the theorem’s credibility. Rassekh and Thompson
(1997) examine industrial adjustments across OECD countries between 1970 and
1985 controlling for exogenous conditions and find results consistent with the
Stolper-Samuelson theorem. The different views of Leamer (2000), Krugman
(2000), Deardorff (2000), and Panagariya (2000) on the theorem suggest various
avenues for research.

Part of the appeal of the Stolper-Samuelson theorem is that factor intensity or
other measures of relative factor inputs can be derived from primitive data without
reliance on estimated production or cost functions. Thompson (1990, 1997) exam-
ines intensity price patterns in simulations of multifactor general equilibrium
models and finds that relative factor shares dominate factor substitution in the com-
parative static price adjustments.

While the most difficult issue facing factor proportions theory remains
developing models with many factors and many products, the present chapter
shows that the Stolper-Samuelson intensity price link is robust to relaxing its
sufficient conditions.

Acknowledgments

Thanks go to Kwan Choi, Ron Jones, Kaz Miyagiwa, Murray Kemp, Masayuki Okawa, Farhad
Rassekh, and Roy Ruffin for comments and suggestions.




CBD Henry Thompson )

References

Batra, Raveendra and Francisco Casas 1976: A synthesis of the Heckscher-Ohlin and the
neoclassical models of international trade. Journal of International Economics, 6, 21-38.
Batra, Raveendra and Daniel Slotje 1993: Trade policy and poverty in the United States:

Theory and evidence. Review of International Economics, 1,189-208.

Bhagwati, Jagdish 1959: Protection, real wages and real income. Economic Journal, 69, 733~
48.

Bhagwati, Jagdish and Viveck Dehejia 1994: Freer trade and wages of the unskilled: Is Marx
striking again? In Jagdish Bhagwati and Marvin Kosters (eds.), Trade and Wages: Leveling
Wages Down?, Washington: AEI Press.

Bhagwati, Jagdish and T. N. Srinivasan 1971: The theory of wage differentials: Production
response and factor price equalization. Journal of International Economics, 1, 19-35.

Branson, William and Nicolas Monoyios, 1977: Factor inputs in US trade. Journal of Interna-
tional Economics, 7,11-131.

Chang, Winston 1979: Some theorems of trade and general equilibrium with many products
and factors. Econometrica, 47, 709-26.

Chipman, John 1965: A survey of the theory of international trade: Part 2, The neo-classical
theory. Econometrica, 33, 685-760.

Chipman, John 1966: A survey of the theory of international trade: Part 3, The modern theory.
Econometrica, 34, 18-76.

Chipman, John 1969: Factor price equalization and the Stolper—Samuelson theorem. Inter-
national Economic Review, 10, 339-406.

Chipman, John 1970: External economics of scale and competitive equilibrium. Quarterly
Journal of Economics, 84, 347-85.

Choi, Kwan 2003: Implications of many industries in the Heckscher-Ohlin model. (This
volume.)

Clark, Don, Richard Hofler, and Henry Thompson 1988: Separability of capital and labor in
US manufacturing. Economics Letters, 26, 197-201.

Davis, Donald and David Weinstein 2001: An account of global factor trade. American
Economic Review, 91, 1423-53.

Deardorff, Alan 2000: Factor prices and the factor content of trade: What's the use? Journal
of International Economics, 50, 73-90.

Deardorff, Alan and Dalia Hakura 1994: Trade and wages: What are the questions? In
Jagdish Bhagwati and Marvin Kosters (eds.), Trade and Wages: Leveling Wages Down?,
Washington: AEI Press.

Diewart, Erwin and Alan Woodland 1977: Frank Knight’s theorem in linear programming
revisited. Econometrica, 45, 375-98.

Ethier, Wilfred 1972: Nontraded products and the Heckscher-Ohlin model. International
Economic Review, 13, 132-46.

Ethier, Wilfred 1982: The general role of factor intensity in the theorems of international
trade. Economics Letters, 10, 337-42.

Ethier, Wilfred 1984a: Some of the theorems of internationa} trade with many products and
factors. Journal of International Economics, 14,199-206.

Ethier, Wilfred 1984b: Higher-dimensional issues in trade theory. In Ron Jones and Peter
Kenen (eds.), Handbook of International Economics, Amsterdam: North-Holland.

Gaston, Noel and Daniel Trefler 1994: Protection, trade, and wages: Evidence from US
manufacturing. Industrial Labor Relations Review, 47, 574-93.

Grossman, Gene 1987: Imports as a cause of injury: The case of the US steel industry. Journal
of Economic Integration, 2, 1-23.




< Robustness of the Stolper-Samuelson Price Link B’D

Harrod, R. 1958: Factor-price relations under free trade. Economic Journal, 68, 245-55.

Helpman, Elhanan 1981: International trade in the presence of product differentiating
economies of scale and monopolistic competition: A Chamberlin-Heckscher-Ohlin
approach. Journal of International Economics, 11, 305-40.

Helpman, Elhanan and Paul Krugman 1986: Market Structure and Foreign T rade, Cambridge,
MA: The MIT Press.

Herberg, Horst and Murray Kemp 1971: Factor market distortions, the shape of the locus of
competitive outputs and the relation between product prices and equilibrium outputs. In
Jagdish Bhagwati, Ron Jones, Robert Mundell, and Jarosalov Vanek (eds.), Trade, Balance
of Payments and Growth: Essays in Honor of Charles P. Kindleberger, Amsterdam: North
Holland.

Inada, K. 1971: The production coefficient matrix and the Stolper-Samuelson condition.
Econometrica, 39, 219-40.

Inoue, Tadashi 1981: A generalization of the Samuelson reciprocity relations, the
Stolper-Samuelson theorem and the Rybczynski theorem under variable returns to scale.
Journal of International Economics, 11, 79-98.

James, S. and Ivor Pearce 1951: The factor price equalization myth: Mathematical appendix.
Review of Economics Studies, 19, 119-20.

Johnson, Harry 1966: Factor market distortions and the shape of the transformation curve.
Econometrica, 34, 686-98.

Johnson, Harry and Peter Mieszkowski 1970: The effects of unionization on the distribution
of income: A general equilibrium approach. The Quarterly Journal of Economics, 84,
539-61.

Jones, Ron 1956: Factor proportions and the Heckscher—Ohlin theorem. Review of Economic
Studies, 24, 1-10.

Jones, Ron 1965: The structure of simple general equilibrium models. Journal of Political
Economy, 73, 557-72.

Jones, Ron 1968: Variable returns to scale in general equilibrium theory. International
Economic Review, 9, 261-72.

Jones, Ron 1971: Distortions in factor markets and the general equilibrium model of pro-
duction. Journal of Political Economy, 79, 437-59.

Jones, Ron 1976: Twoness in trade theory: Costs and benefits. Frank Graham Lecture.

Jones, Ron and Stephen Easton 1983: Factor intensities and factor substitution in general
equilibrium. Journal of International Economics,13,65-99.

Jones, Ron and José Scheinkman 1977: The relevance of the two-sector production model in
trade theory. Journal of Political Economy, 85, 909-35.

Kemp, Murray 1964: The Pure Theory of International Trade. Englewood Cliffs: Prentice Hall.

Kemp, Murray and Ron Jones 1962: Variable labor supply and the theory of international
trade. Journal of Political Economy: 70, 30-6.

Kemp, Murray and Masayuki Okawa 1998a: Market structure and factor price equalization.
Japanese Economic Review, 49, 335-9.

Kemp, Murray and Masayuki Okawa 1998b: Variable returns to scale and factor price
equalization. In K. J. Arrow, Y. K. Ng, and X. Yang (eds.), Increasing Returns and Economic
Analysis, Basingstoke: Macmillan, 409-12.

Kemp, Murray and L. Wegge 1969: On the relation between commodity prices and factor
rewards. International Economic Review, 10, 407-13.

Komiya, R. 1967: Non-traded products and the pure theory of international trade. Interna-
tional Economic Review, 8, 132-52.

Koo, Anthony 1953: Duty and non-duty imports and income distribution. American Economic
Review, 43, 31-40.




CBE Henry Thompson >

Krugman, Paul 1979: Increasing returns, monopolistic competition and international trade.
Journal of International Economics, 9, 469-79.

Krugman, Paul 2000: Technology, trade and factor prices. Journal of International Econom-
ics, 50, 51-71.

Krugman, Paul and Robert Lawrence 1994: Trade, jobs, and wages. Scientific American, 270,
22-17.

Lancaster, Kelvin 1957: The Heckscher—Ohlin trade model: A geometric treatment.
Economica, 24, 19-39.

Lawrence, Robert and Matthew Slaughter 1993: International trade and American wages in
the 1980s: Giant sucking sound or small hiccup? Brookings Papers on Economic Activity,
2,115-80.

Leamer, Edward 1984: Sources of Comparative Advantage. Cambridge, MA: The MIT Press.

Leamer, Edward 2000: What’s the use of factor contents? Journal of International Econom-
ics, 17-49.

Leamer, Edward and James Levinsohn 1995: International trade theory: The evidence. In
Gene Gross and Kenneth Rugoff (eds.). Handbook of International Economics, vol. 3,
Amsterdam: North Holland.

Magee, Stephen 1971: Factor market distortions, production, distribution and the pure theory
of international trade. Quarterly Journal of Economics,75, 623-43.

Magee, Stephen 1973: Factor market distortions, production, and trade: A survey. Oxford
Economic Papers, 25, 1-43.

Magee, Stephen 1980: Three simple tests of the Stolper-Samuelson theorem. In Peter
Oppenheimer (ed.), Issues in International Economics, 1.ondon: Oriel Press.

Markusen, James and James Melvin 1981: Trade, factor prices and the gains from trade with
increasing returns to scale. Canadian Journal of Economics, 14, 450-69.

Marshall, Alfred 1930: Principles of Economics, 8th edn. London: Macmillan.

Mayer, Wolfgang 1974 Variable returns to scale in general equilibrium: A comment. Interna-
tional Economic Review, 15, 225-35.

McKenzie, Lionel 1955: Equality of factor price in world trade. Econometrica, 23, 239-57.

Melvin, James 1968: Production and trade with two factors and three products. American Eco-
nomic Review, 58, 1248-68.

Melvin, James and R. Warne 1973: Monopoly and the theory of international trade. Journal
of International Economics,3,117-34.

Minabe, Nubuo 1967: The Stolper-Samuelson theorem, the Rybczynski effect, and the
Heckscher—Ohlin theory of trade pattern and factor price equalization: The case of a many-
commodity, many-factor country. Canadian Journal of Economics and Political Science, 33,
401-19.

Mokhtari, Manoucher and Farhad Rassekh 1989: The tendency towards factor price equal-
ization among OECD countries. The Review of Economics and Statistics, 61, 636-42.

Murphy, Kevin and Finnis Welch 1992: The role of international trade in wage differentials.
In Marvin Kosters (ed.), Workers and Their Wages: Changing Patterns in the US,
Washington: AET Press.

Neary, Peter 1985: Two-by-two international trade theory with many products and factors.
Econometrica, 53, 1233-47.

Panagariya, Arvind 1983: Variable returns to scale and the Heckscher-Ohlin and factor-price-
equalization theorems. Welrwirtshafiliches Archiv, 119, 259-79.

Panagariya, Arvind 2000: Evaluating the factor content approach to measuring the effect of
trade on wage inequality. Journal of International Economics, 30, 91-116.

Pearce, Ivor 1951: The factor price equalization myth. Review of Economic Studies, 19,
111-19.




{ Robustness of the Stolpar-Samuelson Price Link 83 )

Rader, Trout 1979: Factor price equilibrium with more industries than factors. In Jerry Green
and José Sheinkman (eds.), General Equilibrium, Growth, and Trade, New York: Academic
Press.

Rassekh, Farhad 1993: International trade and the relative dispersion of industrial wages and
production techniques in fourteen OECD countries, 1970-1985. Open Economics Review,
4,325-44.

Rassekh, Farhad and Henry Thompson 1997: Adjustment in general equilibrium: Some indus-
trial evidence. Review of International Economics, 5,20-31.

Rassekh, Farhad and Henry Thompson 2002: Measuring factor abundance across many
factors and many countries. Open Economies Review, 13,237-49.

Rivera-Batiz, Francisco 1982: Nontraded products and the pure theory of international trade
with equal numbers of products and factors. International Economic Review, 23, 401-9.
Ruffin, Roy 1981: Trade and factor movements with three factors and two products.

Economics Letters,7,177-82.

Samuelson, Paul 1953: Prices of factors and products in general equilibrium. Review of
Economic Studies, 21, 1-20.

Stolper, Wolfgang and Paul Samuelson 1941: Protection and real wages. Review of Economic
Studies, 9, 58-73.

Suzuki, Kaksuhiko 1983: A synthesis of the Heckscher—Ohlin and neoclassical models of
international trade: A comment. Journal of International Economics, 13, 141-4.

Takayama, Akira 1982: On theorems of general competitive equilibrium of production and
trade: A survey of recent developments in the theory of international frade. Keio Economic
Studies, 19,1-38.

Thompson, Henry 1985: Complementarity in a simple general equilibrium production model.
Canadian Journai of Economics, 28, 616-21.

Thompson, Henry 1986: Free trade and factor price polarization. European Economic
Review, 30, 419-25.

Thompson, Henry 1989: Variable employment and income in general equilibrium. Southern
Economic Journal, 55, 679-83.

Thompson, Henry 1990: Simulating a multifactor general equilibrium model of production
and trade. International Economic Journal, 4, 21-34.

Thompson, Henry 1993: The magnification effect with three factors. Keio Economic Studies,
30, 57-64.

Thompson, Henry 1995: Factor intensity versus factor substitution in a specified general
equilibrium model. Journal of Economic Integration, 10, 283-97.

Thompson, Henry 1997a: Free trade and income redistribution across labor groups: Com-
parative statics for the US economy. International Review of Economics and Finance, 6,
181-92.

Thompson, Henry 1997b: Free trade and income redistribution in a three factor model of the
US economy. Southern Economic Journal, 64, April, 1074-83.

Thompson, Henry 1999: Definitions of factor abundance and the factor content of trade. Open
Economies Review, 10, 385-93.

Thompson, Henry 2002: Price taking monopolies in small open economies. Open Economies
Review, 13,205-9.

Thompson, Henry and Jon Ford 1997: Global sensitivity of neoclassical and factor propor-
tions models to production technology. International Economic Journal, 11, 61-74.

Travis, William 1972: Production, trade, and protection when there are many commodities
and two factors. American Economic Review, 62, 87-106.

Uekawa, Yasuo 1971: Generalization of the Stolper-Samuelson theorem. Econometrica, 39,
197-217.




|
|§
E
b

{ B4 Henry Thompson >

Uekawa, Yasuo, Murray Kemp, and L. Wegge 1973: P- and PN-matrices, Minkowski and
Metzler-matrices, and generalization of the Stolper-Samuelson and Samuelson-Rybczynski
theorems. Journal of International Economics, 3, 53-76.

Wong, Kar-Yiu 1990: Factor intensity reversal in a multi-factor, two-product economy. Journal
of Economic Theory, 51, 434-42.

Wong, Kar-Yiu 1995: International Trade in Products and Factor Mobility, Cambridge, MA:
The MIT Press.




