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Abstract

In a two-cone Heckscher–Ohlin model with CES preferences and a continuum of goods, new northern
goods increase the northern skill premium if they are skilled-labor intensive, and may increase the premium if
they are unskilled-labor intensive. Thus, the introduction of new goods into US technology could have done
more to increase the US skill premium than a closed-economy model would predict. I also explore how new
northern goods affect the southern skill premium and what happens if they generate preference-induced
reversals across existing goods. I develop a two-step solution method that simplifies comparative static
analyses in the two-cone Heckscher–Ohlin model.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

It is well documented that the US skill premium (i.e. the wage of skilled workers relative to that of
unskilled workers) increased in the 1980s (e.g. Bound and Johnson, 1982). Meanwhile, many new
products also emerged in this period (e.g. Xiang, 2005). Is there a causal link? This paper focuses on
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how new northern goods affect the northern and southern skill premia using a two-cone Heckscher–
Ohlin (HO) model in which the North is relatively abundant in skilled labor, the South is relatively
abundant in unskilled labor and preferences are CES (Constant Elasticity of Substitution).

When new northern goods do not change the preferences for the old goods, the new northern
goods necessarily increase the northern skill premium if they are skilled-labor intensive, and may
even increase the premium if they are unskilled-labor intensive. The latter is because of what I call
the “international factor market effect” of new northern goods: they increase the relative demand
for the North's products and thus for the North's factor services. As the North's factors become
more expensive, this country stops producing the least skilled-labor intensive products. This tends
to increase the North's relative skilled labor demand and thus the northern skill premium.

Therefore, compared with the closed-economy model in which new northern goods decrease
the northern skill premium if they are unskilled-labor intensive, new northern goods make a larger
contribution to the northern skill premium in the two-cone open-economy model.

On the other hand, new northern goods necessarily increase the southern skill premium if they
are unskilled-labor intensive, and may even increase the premium if they are skilled-labor in-
tensive. Again, the latter is because of their international factor market effect. Following the
introduction of new northern goods, the South takes over the production of the least skilled-labor
intensive northern goods from the North. Since these goods are the most skilled-labor intensive in
the South, the South's relative skilled labor demand tends to increase and so does the southern
skill premium.

New northern goods may also change the preferences for the old goods, and such induced
preference changes could counter and dominate the direct effects of new goods, leading to
preference-induced reversals (the PIR). For example, if new northern goods that are skilled-labor
intensive shift preferences away from skilled-labor intensive old northern goods, they may de-
crease the North's relative skilled labor demand and thus the northern skill premium. However,
the PIR does not occur if the changes in the preferences for the old goods are uncorrelated with the
skilled-labor intensities of the old goods and unrelated to where the old goods are produced.

To streamline the analysis of the ways new goods affect skill premia, I develop the following
two-step solution method. Step 1 derives how new goods change relative factor demand. Step 2
then takes the changes in relative factor demand as given and derives the changes in skill premia.

Zhu (2001) shows that new northern goods increase the northern skill premium when the
preferences are Cobb–Douglas and the new goods are more skilled-labor intensive than every old
good. This paper differs from Zhu (2001) in three ways. First, I show that even unskilled-labor
intensive new northern goods could increase the northern skill premium. Second, I explore
whether new northern goods still increase the northern skill premium when preferences are CES
(so that the demand for every good responds to relative goods prices) and preference-induced
reversals may occur. Finally, the two-step solution method developed in this paper simplifies the
analyses of many other comparative static exercises in the two-cone HO model.

In what follows, Section 2 sets up the model. Section 3 derives the results assuming that new
goods do not change the preferences for the old goods. Section 4 develops the two-step solution
method to tackle induced preference changes and the PIR. Section 5 concludes.

2. The model

Consider a Heckscher–Ohlin model with a continuum of goods (Dornbusch et al., 1980). The
goods are indexed by z∈ [0, 1] and each good is produced by a constant-returns-to-scale tech-
nology using two factors, skilled labor and unskilled labor. The wages of skilled and unskilled
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labor are ws and wu, and ω≡wu /ws is the relative wage of unskilled labor, or the inverse of the
skill premium. For good z, as(z) and au(z) are the unit factor requirements, θs(z) and θu(z) are the
income shares of skilled and unskilled labor in production, and β(z)≡as(z) /au(z) is the skilled-
labor intensity. In general, as(z), au(z), θs(z), θu(z) and β(z) may all depend on factor prices.
Assume that factor intensity reversal is absent and β(z) increases with z; i.e. skilled-labor
intensive goods have larger indices. To facilitate explaining the intuition of the results, assume
that the preferences are Cobb–Douglas with expenditure shares b(z) such that

R 1
0 bðzÞdz ¼ 1.

Appendix 1 shows that all the results hold under the more general CES preferences.
There are two countries, the North and the South, and they are identical except that the North is

relatively abundant in skilled labor. The North's skilled and unskilled labor endowments are Ls
and Lu, and γ≡Ls /Lu is the North's relative supply of skilled labor. All the variables pertaining to
the South have the superscript “*”. Without loss of generality, let Lu=Lu*. Assume that all goods
markets are perfectly competitive, international trade is barrier-free and factors are perfectly
mobile domestically but immobile internationally. Assume also that the North and the South have
sufficiently different skilled-labor endowments so that the equilibrium involves complete spe-
cialization (i.e. there are two diversification cones): the North produces the skilled-labor intensive
goods [g, 1] and the South produces the unskilled-labor intensive goods [0, g]. In other words,
except for the common good g produced in both countries, every northern good is more skilled-
labor intensive than every southern good.

For the good z, its price P(z) equals its marginal cost MC(z):

PðzÞ ¼ MCðzÞ ¼ wsAsðzÞ;AsðzÞuauðzÞ½xþ bðzÞ� 8za½0; 1� ð1Þ

Let hðzÞuln MCðzÞ
MC*ðzÞ denote the log of the marginal cost of good z in the North relative to the

marginal cost of good z in the South. Since both the North and the South produce good g, MC(g)=
MC*(g) so that:

hðgÞ ¼ 0; hðgÞ ¼ ln
MCðgÞ
MC*ðgÞ ¼ ln

ws

w*s
þ ln

auðgÞ½xþ bðgÞ�
a*u ðgÞ½x* þ b*ðgÞ�

ð2Þ

where the last equality substitutes for MC(g) and MC*(g) using Eq. (1).
Moving on to the market for skilled labor in the North, the demand for skilled labor by good z is

as(z)Q(z), where Q(z) is good z's output. When the market for skilled labor clears, the aggregate
demand equals the aggregate supply:

R 1
g asðzÞQðzÞdz ¼ Ls. On the other hand, by definition, b(z)=

P(z)Q(z) /y, where y is the aggregate northern expenditure and θs(z)=wsas(z) /P(z). Substitute the
expressions for b(z) and θs(z) into the market clearing condition for skilled labor and rearrange:R 1
g bðzÞhsðzÞdz ¼ wsLs=y. Likewise, when the market for unskilled labor clears in the North,R 1
g bðzÞhuðzÞdz ¼ wuLu=y. Take the ratio of these two market clearing conditions and re-arrange:

1
x
¼ lðx; gÞ

g
; lðx; gÞ ¼

R 1
g bðzÞhsðzÞdzR 1
g bðzÞhuðzÞdz

ð3Þ

Eq. (3) says that the skill premium 1/ω is inversely proportional to the relative skilled-labor
supply, γ, and proportional to the relative skilled labor demand, μ(.). Since μ(.) is the ratio of
the average income share of skilled labor to the average income share of unskilled labor, both
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weighted by the goods' expenditure shares, it can be thought of as the average skilled-labor
intensity, based on factor income shares, across all sectors of the northern economy.

Similarly for the South:

1
x*

¼ l*ðx*; gÞ
g*

; l*ðx*; gÞ ¼
R g
0 bðzÞh*s ðzÞdzR g
0 bðzÞh*u ðzÞdz

ð4Þ

Finally, for every southern good z, the North's expenditure on it is yb(z), and so the North's
aggregate expenditure on the southern goods, or the value of the North's imports, is

R g
0 ybðzÞdz.

Likewise, the value of the North's exports is
R 1
g y*bðzÞdz. As international payments are balanced,R 1

g y*bðzÞdz ¼
R g
0 ybðzÞdz. Since aggregate expenditure equals aggregate factor income, y=wsLs+

wuLu and y*=ws*Ls*+wu*Lu*. Substitute the expressions for y and y* into the balance-of-
payments condition and re-arrange, using the assumption that Lu=Lu*:

ws

w*s
¼ KðgÞx* þ g*

xþ g
;KðgÞ ¼

R 1
g bðzÞdzR g
0 bðzÞdz ð5Þ

Since international trade in goods can be viewed as the exchange of factor services, intuitively,
we can think of Eq. (5) as the equilibrium condition of the international market for equivalent
skilled labor, a hypothetical factor that always has the same price as skilled labor. Λ(g) is the ratio
of the aggregate expenditure share of northern goods to southern goods and can be interpreted as
the relative demand for the North's equivalent skilled labor. Its relative supply is (ω+γ) / (ω*+
γ*) because one unit of skilled and unskilled labor is converted to 1 and ω unit(s) of equivalent
skilled labor. Thus, the relative price of the North's equivalent skilled labor, ws /ws*, is inversely
proportional to its relative supply and proportional to its relative demand.

The equilibrium is fully characterized by Eqs. (2)–(5), which jointly determine three relative
factor prices, ω, ω*, and ws /ws*, as well as the index of the common good, g.

3. Preference-neutral new goods

Assume that new goods appear only in the North.1 Tomodel them, imagine a small hole [zn, zn+
dzn] in the range of northern goods [g, 1]; as new goods appear, this hole is filled up. Since the hole
is small, the original equilibrium is well approximated by Eqs. (2)–(5).2

Let x denote the value of any variable x after the introduction of new goods. The Cobb–
Douglas preferences necessitate specifying how the expenditure shares of the old goods change:

Definition 1. New goods are preference-neutral if, for every old good z, b´(z)=ρb(z), where ρ is
1 minus the aggregate expenditure share of the new goods.

In other words, the new goods are preference-neutral if the expenditure share of every old good
decreases by the same proportion. The case of the new goods that are not preference-neutral is
taken up in Section 4.
1 New Southern goods are discussed in the working paper version of this paper; they offer the same insights as new
northern goods.
2 This setup has Zhu (2001) as a special case with zn=1.
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3.1. Effects on the northern skill premium

How new goods affect the northern skill premium depends on their skilled-labor intensity.

Definition 2. New goods are skilled-labor intensive within the North if bψN0, unskilled-labor
intensive within the North if bψb0 and skilled-labor neutral within the North if bψ=0, where bψ

¼ bðznÞhsðznÞR 1
g bðzÞhsðzÞd z

−
bðznÞhuðznÞR 1
g bðzÞhuðzÞdz

" #
dzn:

bψ is the marginal increase in the log of the North's relative skilled labor demand, μ(.),
following the creation of the new goods. To better understand how the sign of bψ is determined,
note that

bwb0⇔
hsðznÞbðznÞ
huðznÞbðznÞb

R 1
g bðzÞhsðzÞdzR 1
g bðzÞhuðzÞdz

¼ lðx; gÞ ð6Þ

Since Eq. (3) can be re-written as γ=ωμ(.), in equilibrium, γ equals the North's average
skilled-labor intensity based on factor quantities (i.e. physical units). Substituting for μ(.) in Eq.
(6) using this expression yields:

bwb0⇔bðznÞbg ð7Þ
i.e. bψb0 if the new goods are less skilled-labor intensive than average, and vice versa.

To solve for the change in the northern skill premium, totally differentiate Eq. (2) and the logs
of Eqs. (3), (4), and (5) and then solve the resulting system of linear equations. As shown in the
Mathematical Appendix (this appendix is available upon request from the author):3

sgn d
ws

wu

� �
¼ −sgnðxÞ ¼ sgnðbw þ c1bÞ

b ¼ bðznÞR 1
g bðzÞdz

dznN0; c1 ¼ −
a21a33

a13a31−a11a33
N0; a33 ¼ Aln½x*l*ðx*; gÞ�

Ax*
N0;

a21 ¼ bðgÞhuðgÞR 1
g bðzÞhuðzÞdz

−
bðgÞhsðgÞR 1

g bðzÞhsðzÞdz
N0; a13 ¼ 1

x* þ b*ðgÞ−
1

x* þ g*
b0;

a31 ¼ bðgÞh*s ðgÞR g
0 bðzÞh*s ðzÞdz

−
bðgÞh*u ðgÞR g

0 bðzÞh*u ðzÞdz
N0; a11 ¼ bðgÞR g

0 bðzÞdzþ
bðgÞR 1

g bðzÞdz
−
AhðgÞ
Ag

N0 ð8Þ

Therefore:

Proposition 1. Under Cobb–Douglas preferences new northern goods that are preference-
neutral raise the northern skill premium if they are skilled-labor intensive or skilled-labor neutral
within the North while the effect is ambiguous if they are unskilled-labor intensive within the North.
3 The meanings of the a's are discussed in the Mathematical Appendix.
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To understand the intuition of Proposition 1, consider Eq. (8). The first term in Eq. (8) is bψ,
and it measures what I call the “domestic factor market effect” of the new northern goods. When
they are created, consumers shift demand away from the old goods towards them. The existing
sectors contract and release both skilled and unskilled labor. When the new goods are unskilled-
labor intensive within the North (bψ,b0), they demand a higher proportion of unskilled labor
compared with the factors released by the existing sectors, creating excess demand for unskilled
labor and putting downward pressure on the northern skill premium. On the other hand, bψ
increases with β (zn) because as β (zn) increases, θs(zn) increases and θu(zn) decreases since θs(zn)+
θu(zn)=1. Thus, the more the skilled-labor intensity of the new goods differs from the northern
average, the larger the magnitude of the domestic factor market effect. Fig. 1 graphs bψ against the
skilled-labor intensity of the new goods, β (zn). Since bψ increases with β (zn) and bψb0 if and only
if β (zn)bγ, we get the upward-sloping dashed line DNDN that intersects the horizontal axis at
β (zn)=γ. This line represents the domestic factor market effect.

The second term in Eq. (8) is c1b. b measures the marginal increase in the log of the relative
demand for the North's equivalent skilled labor,Λ(g), following the introduction of the new goods,
and bN0 regardless of the skilled-labor intensity of the new goods. This is because the new goods
appear in the North and consumers shift demand towards the North's products, which increases the
relative demand for the North's factor services. Then the North's factors become more expensive,
and the most unskilled labor-intensive sectors shut down in this country, releasing a mix of factors
with lower-than-average skilled labor content. This creates excess supply of unskilled labor and so
tends to increase the skill premium. This is what I call the “international factor market effect” of the
new northern goods and it is measured by c1b, which does not depend on the skilled-labor intensity
of the new goods. When c1b is graphed against β (zn) in Fig. 1, we get the horizontal dashed line
ININ above the horizontal axis. This line represents the international factor market effect.
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Fig. 1. Effects on the northern skill premium.
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To determine the sign of d(ws /wu) in Fig. 1, shift DNDN up to the solid line TNTN by the distance
between ININ and the horizontal axis. TNTN represents the sum of the domestic and international
factor market effects. If it is above the horizontal axis, new goods increase the northern skill
premium, and vice versa.

Suppose the new goods are slightly unskilled-labor intensive within the North; i.e. β (zn) is
slightly smaller than γ. In Fig. 1, imagine drawing a vertical line that intersects the horizontal axis
slightly to the left of γ. Then this imaginary line intersects DNDN slightly below the horizontal
axis: the domestic factor market effect is slightly less than 0. However, this imaginary line
intersects ININ way above the horizontal axis: independent of β (zn), the international factor market
effect is considerably larger than 0. Thus, the international factor market effect dominates, the
imaginary line intersects TNTN above the horizontal axis in Fig. 1 and d(ws /wu)N0. The northern
skill premium has increased even though the new goods are unskilled-labor intensive within the
North and reduce the North's relative skilled labor demand, ceteris paribus.

On the other hand, when the new goods are skilled-labor intensive within the North, imagine
drawing a vertical line that intersects the horizontal axis to the right of γ in Fig. 1. Since the
imaginary line intersects both ININ and DNDN above the horizontal axis, the domestic and
international factor market effects work in the same direction and the northern skill premium
increases. This is consistent with the finding of Zhu (2001), who considers the case of zn=1.

Finally, consider introducing the same new goods, [zn, zn+dzn], in a closed economy that
produces the goods [g, 1]. Then the international factor market effect is shut off, and in Fig. 1, the
change in the skill premium is determined by DNDN alone. Thus, in a closed-economymodel, new
goods decrease the northern skill premium if they are unskilled-labor intensive within the North.

Therefore, due to the international factor market effect, new northern goods make a larger
contribution to the northern skill premium in the two-cone open-economy model than in the
closedeconomymodel. Xiang (2005) shows that in the 1980s, the new goods that emerged in theUS
manufacturing sector were over 40% more skilled-labor intensive than the old goods, and using a
closed-economymodel, he shows that these new goods could account for about 30% of the increase
in the relative skilled labor demand inUSmanufacturing. Then in light of Proposition 1, the newUS
manufacturing goods may be shown to have done more to increase the US skill premium in a two-
cone open-economy model that takes into account the US trade with developing countries.

3.2. Effects on the southern skill premium

As shown in the Mathematical Appendix, the change in the southern skill premium is:4

sgn d
w*s
w*u

 !
¼ −sgnðx*Þ ¼ sgnð−bw þ c2bÞ

c2 ¼ −
a21
a12

N0; a12 ¼ 1
xþ g

−
1

xþ bðgÞb0: ð9Þ

Therefore:

Proposition 2. Under Cobb–Douglas preferences new northern goods that are preference-
neutral raise the southern skill premium if they are unskilled-labor intensive or skilled-labor
4 bψ, b and a21 are the same as in Eq. (8) and the meaning of a12 is discussed in the Mathematical Appendix.
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neutral within the North while the effect is ambiguous if they are skilled-labor intensive within the
North.

To understand the intuition of Proposition 2, consider Eq. (9). The second term in Eq. (9), c2b,
measures the international factor market effect. As the new goods appear in the North and increase
the relative demand for the North's equivalent skilled labor, the North's factors become more
expensive and the production of the most unskilled-labor intensive northern goods switches from
the North to the South. Since these goods are the most skilled-labor intensive southern goods, the
switching creates excess demand for the South's skilled labor and tends to increase the southern
skill premium. As in Section 3.1, the magnitude of the international factor market effect does not
depend on the skilled-labor intensity of the new northern goods, and so when c2b is graphed
against β (zn) in Fig. 2, we get the horizontal dashed line ISIS above the horizontal axis. This line
represents the international factor market effect.

The first term in Eq. (9), −bψ, measures the domestic factor market effect that the new northern
goods have on the southern skill premium. Suppose the new northern goods are unskilled labor
intensive within the North (bψb0). Then the North's relative skilled labor demand tends to decrease
so that in this country, unskilled labor becomes more expensive relative to skilled labor. This
increases the marginal cost of northern production for the most unskilled-labor intensive northern
goods. As a result, the production of these goods switches to the South. Since they are the most
skilled-labor intensive southern goods, the South's relative skilled labor demand increases and so
does the southern skill premium. As in Section 3.1, the more the skilled-labor intensity of the new
northern goods differs from the northern average, the larger the magnitude of the domestic factor
market effect. But unlike in Section 3.1, the domestic factor market effect is −bψ and decreases with
β(zn). When −bψ is graphed against β(zn) in Fig. 2, we get the downward-sloping dashed line DSDS

that intersects the horizontal axis at β(zn)=γ. This line represents the domestic factor market effect.
UN
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Fig. 2. Effects on the southern skill premium.
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To determine the sign of d(ws*/wu*) in Fig. 2, shift DSDS up to the solid line TSTS by the
distance between ISIS and the horizontal axis. TSTS represents the sum of the domestic and
international factor market effects. If it is above the horizontal axis, the new northern goods
increase the southern skill premium, and vice versa.

When the new northern goods are skilled-labor intensive within the North, we are to the right
of γ in Fig. 2. The domestic and international factor market effects work in opposite directions
and the southern skill premium may increase or decrease. On the other hand, if the new northern
goods are unskilled-labor intensive within the North, we are to the left of γ in Fig. 2. The domestic
and international factor market effects work in the same direction, and the southern skill premium
necessarily increases.

The results concerning the changes in g are discussed in the Mathematical Appendix.

4. Induced preference changes and preference-induced reversals (the PIR)

When new goods are preference neutral, skilled-labor intensive new goods always increase the
relative skilled labor demand. What if the expenditure shares of some old goods change propor-
tionately more than those of the others? For example, personal computers may have decreased the
expenditure share of type-writers by proportionately more than, say, beef. Such induced pre-
ference changes provide an additional channel through which new goods affect relative factor
demand and may counter and dominate the direct effects of the new goods, leading to preference-
induced reversals (the PIR henceforth).

When the PIR occurs, new northern goods that are skilled-labor intensive within the North
decrease the North's relative skilled labor demand. For a concrete example, consider an economy
producing goods 1, 2 and 3, whose skilled-labor intensities increase with the index numbers. A
new good, 4, appears, and it is as skilled-labor intensive as good 3. Through induced preference
changes, good 4 replaces good 3 in consumption, increases the expenditure share of good 1 and
decreases that of good 2. Then the average skilled-labor intensity, μ(.), which is also the relative
skilled labor demand, decreases. On the other hand, when the PIR occurs, new northern goods
decrease the relative demand for the North's factors because the new goods decrease the expen-
diture shares of the old northern goods by proportionately more than the old southern goods.

One way to tackle the PIR is to add induced preference changes into the comparative static
exercises and crank out the results. However, this risks making the results messy and complex and
losing the intuition. Instead, consider the following two-step solution method. Step 1 shows how
new northern goods change relative factor demand. Step 2 then takes the changes in relative factor
demand as given and derives the changes of the skill premia (and the other endogenous variables).
The results from step 2 have the same intuition as those in Section 3. There, the results depend on
bψ, the change in the North's relative skilled labor demand, plus bΓ, the change in the relative
demand for the North's factors. To draw a loose comparison, step 2 is like asking, what are the
results if we know the signs of bψ and bΓ? Likewise, step 1 is like asking, how do new goods
determine the signs of bψ and bΓ?

The two-step solution method streamlines the process of tackling the PIR. Since the PIR
changes the way new goods affect relative factor demand, it affects step 1, and only step 1: step 2
starts from the given changes in relative factor demand and so is not affected by the PIR at all.
Furthermore, the two-step solution method simplifies the analyses of many other comparative
static exercises in the two-cone Heckscher-Ohlin model because even if the exogenous change is
not the introduction of new goods, step 2 remains the same and so the results of step 2 derived
below, shown in Table 1, can be used. Appendix 1 contains two examples of such applications.
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Table 1t1:1

Results for given changes in relative factor demandt1:2

t1:3 ψN0 ψ=0 ψb0

t1:4 ΓN0
t1:5 ψ*N0 – (ws* /wu*)↑ (ws* /wu*)↑
t1:6 ψ*=0 (ws /wu)↑ (ws* /wu*)↑, g↑, (ws /wu)↑ (ws* /wu*)↑, g↑
t1:7 ψ*b0 (ws /wu)↑ (ws /wu)↑, g↑ g↑
t1:8

t1:9 Γ=0
t1:10 ψ*N0 g↓ g↓, (ws /wu)↓, (ws* /wu*)↑ (ws /wu)↓, (ws* /wu*)↑
t1:11 ψ*=0 g↓, (ws /wu)↑, (ws* /wu*)↓ No effect (ws /wu)↓, (ws* /wu*)↑, g↑
t1:12 ψ*b0 (ws /wu)↑, (ws*/wu*)↓ (ws /wu)↑, (ws* /wu*)↓, g↑ g↑
t1:13

t1:14 Γb0
t1:15 ψ*N0 g↓ g↓, (ws /wu)↓ (ws /wu)↓
t1:16 ψ*=0 g↓, (ws* /wu*)↓ g↓, (ws /wu)↓, (ws* /wu*)↓ (ws /wu)↓
t1:17 ψ*b0 (ws* /wu*)↓ (ws* /wu*)↓ –

Notes: By Proposition A1, the results in this table hold under CES preferences. Γ is the country friendliness of new goods
and Γ N0 if new goods increase the relative demand for the North's factors. ψ* is the factor friendliness of new goods in the
South and ψ*N0 if new goods increase the South's relative skilled labor demand. ψ is the factor friendliness of new goods
in the North and ψN0 if new goods increase the North's relative skilled labor demand.ws /wu and ws* /wu* are the northern
and the southern skill premia. g is the common good both the North and the South produce; when g increases, the North
produces a narrower range of goods and the South produces a wider range of goods. When ws /wu, ws* /wu* or g does not
appear in a cell, this variable may increase or decrease. A “–” indicates that all the 3 variables, ws /wu, ws* /wu* and g, may
increase or decrease.t1:18
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Since the two-cone HO model is widely used in the literature (e.g. Deardorff, 1998; Feenstra
and Hanson, 1997; Xu, 1993) and consistent with a few empirical studies (e.g. Debaere and
Demiroglu, 2003; Schott, 2003), the two-step solution method may be useful for future research.

4.1. Step 2: the results for given changes in relative factor demand

The change in the North's relative skilled labor demand is ψ:

Definition 3. New goods are skilled-labor friendly within the North if ψN0, unskilled-labor
friendly within the North if ψb0 and factor neutral within the North if ψ=0, where ψ≡μ′(ω, g)−
μ(ω, g).

ψ is evaluated at the constant factor price ω. By Definition 3, if the new goods are skilled-labor
friendly within the North, they increase the North's relative skilled labor demand. This definition
circumvents the demand responses to new goods before they become skilled-labor friendly; i.e. we
start from the knowledge that the relative skilled labor demand has increased at original factor prices.

For example, new goods can be unskilled-labor friendly within the North either because they
are unskilled-labor intensive within the North and preference-neutral, or because they are skilled-
labor intensive within the North but the PIR occurs. How new goods affect the relative skilled labor
demand is discussed in Section 4.2. The change in the relative demand for the North's factors is Γ :

Definition 4. New goods are friendly to the North if ΓN0, friendly to the South if Γb0 and
country-neutral if Γ=0, where Γ≡Λ′(g)−Λ(g).

In addition, since induced preference changes may happen to the old southern goods, new
northern goods could change the South's relative skilled labor demand, μ*(ω*, g). Let ψ* denote
the change of μ*(.):



327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356
357
358

359360361

362

363

364

365

11C. Xiang / Journal of International Economics xx (2006) xxx–xxx

ARTICLE IN PRESS
UN
CO

RR
EC

TE
D P

RO
OF

Definition 5. New goods are skilled-labor friendly within the South if ψ*N0, unskilled-labor
friendly within the South if ψ*b0 and factor-neutral within the South if ψ*=0, where ψ*≡μ*′
(ω*, g)−μ*(ω*, g).

ψ* is evaluated at the constant factor price ω*.
As shown in the Mathematical Appendix:

Proposition 3. Under Cobb–Douglas preferences, new northern goods raise the northern skill
premium if they are skilled-labor friendly or factor neutral within the North, unskilled-labor
friendly or factor neutral within the South and friendly to the North or country-neutral; they lower
the premium if their factor friendliness and country friendliness are reversed while the effect is
ambiguous in all other cases.

Proposition 4. Under Cobb–Douglas preferences, new northern goods raise the southern skill
premium if they are unskilled-labor friendly or factor neutral within the North, skilled-labor
friendly or factor neutral within the South and friendly to the North or country-neutral; they lower
the premium if their factor friendliness and country friendliness are reversed while the effect is
ambiguous in all other cases.

The intuition of Propositions 3 and 4 is similar to that of Propositions 1 and 2. To facilitate
using Propositions 3 and 4, they are presented in Table 1.5 Table 1 also shows the results
concerning the change in g.

4.2. Step 1: how do new goods change relative factor demand?

Suppose that new northern goods are skilled-labor intensive within the North, and consider their
effect on the North's relative skilled labor demand. Since the PIRmight occur, let us first explore its
cause. Intuitively, the PIR might occur if the new goods decrease the expenditure shares of skilled-
labor intensive old northern goods proportionately more than those of unskilled-labor intensive old
northern goods. In some sense, the new goods are more “complementary” with unskilled-labor
intensive old northern goods. To clarify the meaning of being “complementary,” consider the
aggregate expenditure share of all the old goods: before the new goods appear, it is 1; after that, it
becomes 1 minus the aggregate expenditure share of the new goods, or the parameter ρ in the
definition of preference neutrality (Definition 1). For an old good z, let ε(z)≡b′(z)−ρb(z). Since by
construction

R 1
0 eðzÞdz ¼ 0, if ε(z)N0, the expenditure share of good z falls by less than the average

of all the old goods and so is a “complement” of the new goods. In this new terminology, the PIR
might occur if the “complements” of the new goods are also unskilled-labor intensive.

To be rigorous, totally differentiate the log of μ(.) at constant factor prices:

sgnðwÞ ¼ sgn½dlnlð:Þ� ¼ sgnðbw þ pÞ; p ¼
R 1
g eðzÞhsðzÞdzR 1
g bðzÞhsðzÞdz

−

R 1
g eðzÞhuðzÞdzR 1
g bðzÞhuðzÞdz

ð10Þ

The term bψ is the same as in Eq. (8) and measures the direct effects of the new goods; e.g. if
the new goods are skilled-labor intensive within the North, bψN0. The term π is the effect of
induced preference changes. When the “complements” in the North of the new goods are also
unskilled-labor intensive,

R 1
g eðzÞhuðzÞdzN0;

R
1
g eðzÞhsðzÞdzb0 and πb0. If the induced preference

changes dominate, bψ+πb0 and the PIR occurs.
5 Since step 2 starts from the given changes in relative factor demand, Table 1 can still be used when two or more
exogenous changes take place (e.g. when new goods appear in both the North and the South).
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Likewise, differentiate the logs of μ*(.) and Λ(.) at constant factor prices:

sgnðw*Þ ¼ sgn½dlnl*ð:Þ� ¼ sgnðp*Þ; p* ¼
R g
0 eðzÞh*s ðzÞd zR g
0 bðzÞh*s ðzÞd z

−
R g
0 eðzÞh*u ðzÞdzR g
0 bðzÞh*u ðzÞdz

ð11Þ

sgnðCÞ ¼ sgn½dlnKð:Þ� ¼ sgn bC þ pKð Þ; pK ¼
R 1
g eðzÞd zR 1
g bðzÞd z

−
R g
0 eðzÞdzR g
0 bðzÞdz ð12Þ

bΓ is the same as in Eq. (8) and measures the direct effect of the new goods. π* and πΛmeasure
the effects of induced preference changes. Since new northern goods have no direct effect on the
South's relative skilled labor demand, the sign of ψ* depends solely on π*.

Now we can analyze the effects of new goods when induced preference changes are present.
For example, consider the scenario of Section 3: new northern goods are skilled-labor intensive
within the North. Apply the two-step solution method. Step 1: how do new goods change relative
factor demand at constant factor prices? Suppose the “complements” of the new goods are
unskilled-labor intensive northern goods and skilled-labor intensive southern goods, and that
most of them are southern goods. Suppose also that induced preference changes always dominate.
Then in the North, the direct effect of the new goods is to increase the relative skilled labor
demand but induced preference changes tend to reduce it. Due to the PIR, the new goods are
unskilled-labor friendly within the North and ψb0. In the South, the induced preference changes
of new northern goods increase the relative skilled labor demand and so the new goods are
skilled-labor friendly within the South and ψ*N0. Finally, even though the introduction of the
new northern goods tends to increase the aggregate expenditure share of the northern products,
the induced preference changes tend to reduce it. Due to the PIR, the new goods are friendly to the
South and Γb0. Step 2: given these changes in relative factor demand, how do new goods change
the northern skill premium? Consult Table 1: the skill premium decreases, in contrast to Section 3.

Thus, the PIR breaks the link between the skilled-labor intensity of the new goods and their
factor friendliness, and the link between where they are produced and their country friendliness.
However, Eqs. (10)–(12) suggest a way to remove the PIR and restore those links.

Definition 6. The induced preference changes are PIR-free if (a)
R 1
g eðzÞhxðzÞd z ¼ 0, x= s, u; (b)R g

0 eðzÞhxðzÞd z ¼ 0, x= s, u and (c)
R 1
g eðzÞd z ¼ 0 and

R g
0 eðzÞd z ¼ 0.

In other words, the induced preference changes are PIR-free if the “complementarities” be-
tween the old goods and the new goods are uncorrelated with the factor income shares of the old
goods in both the North and the South ((a) and (b)) and unrelated to where the old goods are
produced ((c)). Definition 6 has the definition of preference neutrality (Definition 1) as a special
case because the latter has ε(z)=0 for every old good.

When the induced preference changes are PIR-free, π=π*=πΛ=0 in Eqs. (10)–(12).
Thus:

Proposition 5. Under Cobb–Douglas preferences, when the preference changes induced by new
northern goods are PIR-free: (1) the new northern goods are skilled-labor friendly within the
North if and only if they are skilled-labor intensive within the North; (2) the new northern goods
are factor neutral within the South; (3) the new northern goods are friendly to the North.

By Proposition 5, Propositions 1 and 2 can be used when induced preference changes are
present, provided that these changes are PIR-free.
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Finally, as shown in Appendix 1, when the preferences are CES, Propositions 1–5 still hold
and Table 1 can still be used.

5. Conclusion and discussion

This paper studies how new northern goods affect the northern and southern skill premia using a
two-cone HO model with CES preferences. When new goods are added to the North's technology,
they necessarily increase the northern skill premium if they are skilled-labor intensive, andmay even
increase the premium if they are unskilled-labor intensive. This implies that the introduction of
skilled-labor intensive new manufacturing goods in the U.S. during the 1980s (Xiang, 2005) could
have done more to increase the US skill premium than a closed economy model would predict.

What if new goods also appear in the South? In the working paper version of this paper, I show
that the implication stated above still holds if there are more new northern goods than new southern
goods and if the new southern goods are unskilled-labor intensive. Do these two conditions hold in
the real world? It is likely that most product innovations take place in the North, and following the
directed-technological-change argument of Acemoglu (1998), the relative abundance of unskilled
labor in the South would induce southern product innovations to be unskilled-labor intensive. A
definitive answer, however, must wait for future research. On the other hand, new northern goods
necessarily increase the southern skill premium if they are unskilled-labor intensive, and may even
increase the premium if they are skilled-labor intensive. This implies that the newUSmanufacturing
goods that were introduced during the 1980s might have contributed to the increase in the skill
premia in the developing countries, which is documented in Berman et al. (1998). The two-step
solution method that I develop simplifies the analyses of many other comparative static exercises in
the two-coneHOmodel because the results of step 2, shown inTable 1, can be used in these exercises
even if the exogenous changes are not the introduction of new goods. Given the importance of the
two-coneHOmodel in the literature, the two-step solutionmethodmay be useful for future research.

Appendix A

A.1. CES preferences

When the preferences are CES, the goods' expenditure shares are endogenous: they depend on
the goods' prices and only on the goods' prices. Since the goods' prices equal their marginal
costs, which are determined by the factor prices, the goods' expenditure shares are determined by
factor prices. Thus, at constant factor prices, the equilibrium conditions (Eqs. (2)–(5)) and the
definitions of factor friendliness and country friendliness still hold, and so do the definitions of
preference neutrality and being PIR-free. Therefore:

Proposition A1. Propositions 1–5 and Table 1 are valid under CES preferences.
The formal proof of Proposition A1 is in the Mathematical appendix. The Mathematical

Appendix also shows that Proposition A1 holds when the number of goods in the model is finite
and/or when new goods are not infinitesimal changes.

A.2. A2 Applying the two-step solution method to other comparative static exercises

The two-step solution method simplifies the analyses of many other comparative static
exercises in the two-cone HO model because the results derived for step 2, Table 1, can be used



446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479
480
481
482
483
484
485
486
487
488
489
490

14 C. Xiang / Journal of International Economics xx (2006) xxx–xxx

ARTICLE IN PRESS
UN
CO

RR
EC

TE
D P

RO
OF

even if the exogenous changes are unrelated to new goods. The following two examples illustrate
this point.

A.2.1. Sector-biased technological progress
Consider the technological progress that is biased towards unskilled-labor intensive sectors and

has no factor bias (Xu, 2001). Let z0 be an unskilled-labor intensive northern good. Suppose that
sector z0 becomesmore productivewhile the productivities of all the other sectors remain unchanged.
Assume that the elasticity of substitution in consumption, σ, exceeds 1. Apply the two-step solution
method. First, at constant factor prices, the factors' income shares do not change. Since sector z0
becomes more productive, the price of good z0 tends to fall. This increases the expenditure share of
good z0 and so decreases the North's relative skilled labor demand. Thus, the technological progress
is unskilled-labor friendly within the North (ψb0). Since the technological progress does not affect
the South's relative skilled labor demand, it is factor-neutral within the South (ψ*=0). Since z0 is a
northern good and its expenditure share increases, the relative demand for northern goods increases
and so the technological progress is friendly to the North (ΓN0). Next, consult Table 1: the northern
skill premium may increase, in contrast to Xu (2001), who uses the one-cone HO model.

A.2.2. Southern technological catch-up
Now consider southern technological catch-up (Zhu and Trefler, 2005). Suppose that the

productivities of all the southern goods increase by the same proportion and the productivities of
the northern goods remain unchanged. Assume that σN1. Apply the two-step solution method.
First, at constant factor prices, as the productivities of all the southern goods increase by the same
proportion, the prices of these goods tend to fall by the same proportion. Thus, southern tech-
nological catch-up does not affect the relative skilled labor demand in either country and is factor
neutral in both countries (ψ=ψ*=0). On the other hand, since the prices of the southern goods
decline and the prices of the northern goods remain unchanged, the relative demand for the
northern goods, Λ(g), tends to decline. In addition, southern technological catch-up has a supply-
side effect: it lowers the marginal costs of southern production relative to the marginal costs of
northern production. This supply-side effect is equivalent to the effect of an increase inΛ(g) (i.e. it
has the same effects on the equilibrium conditions, Eqs. (2)–(5), as an increase in Λ(g)). Thus, the
country friendliness of southern technological catch-up is ambiguous, and when the supply-side
effect is weak, it is friendly to the South (Γb0). Next, consult Table 1: the skill premia decrease in
both countries and the South produces a narrower range of goods. This is opposite to the results in
Zhu and Trefler (2005), who consider the case of σ=1.
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