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Abstract

This paper derives and empirically examines how factor proportions deter-
mine the sfructure of commodity trade. Tt combineg a many-country version of
the Heckscher-Ohlin model with a continuum of goods developed by Dornbusch-
Fischer-Samuelson (1980) with the Krugman (1930) model of monopolistic com-

petition and transport costs. The commodity structure of production and bi-
lateral trade is fully determined. Two main predictions emerge. There is a
quasi-Heckscher-Ohlin prediction. Countries capture larger shares of industries
that more intensively use their ahundant factor. There is a quasi-Rybezynski

effect. Countries that rapidly accumulate a factor see their production and
export structures systematically move towards industries that intensively use
that factor. Both predictions receive support from the data. Factor proportions
appear to be an important determinant of the structure of international trade.
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1  Introduction

The Heckscher-Ohlin model is one of the pillars of international frade theory. The in-
swhf that commodity trade embodies factor services is a profonnd one, underpinning
imporftant theorems relating factor abundance, factor prices, product prices, produc-
tion and trade. Predictions for the commodity structure of production and trade
are generally limit‘ed to correlations t
relative prices.” This paper secks fo extend our nn derstanding of the effect of factor

etween 1,)1.odm,lmn or net exports and antarkic

proportions on the commodity structure of production and trade. It develops a model
where the structure of prodnetion and bilateral trade is completely determined. The
model is a combination of the Dornbusch-Fischer-Samuelson (1980) model with
continmum of goodq and the [Krugman (1930) mocdel of monopolistic competition and
fransport costs. Two important predictions emerge. Countries capture larger shares
of world plod tion and frade in commodities that more intensively use their abun-
dant factor. This is the qnasi-Heckscher-Ohlin prediction of the model. Conntries
that accumulate a factor faster than the rest of the world will see their production
and export structure move towards commodities that more intensively use that factor.
This is the model’s gquasi-Rybezynski effect

The quasi-Heckscher-Ohlin prediction is examined nsing detailed bilateral trade
data for the US. The prediction rveceives strong support from the data. Countries
that are abundant in skilled labor and capital d( capture larger market shares in
industries that intensively use those factors. The effect is particularly pronounced for
skilled labor. Figure 1 gives an example using Germany and Bangladesh. Germany,
where the average adult has in excess of fen vears of formal education, captures large
shares of US imports of skill-intensive commodities, and much smaller shares for
commodities that sparingly use skilled labor. Bangladesh, where the average adult
has just two and a half vears of formal education, exhibits the opposite trade pattern,
with exports concentrated in commodities that vequire little skilled labor.

The quasi-Rybezynski effect also receives support from the data. Rapidly growing
countries have seen their export structure change towards more skill and capital
intensive industries. This effect is illustrated in Figure 2 for the case of the ‘miracle’
economies of Fast Asia; Singapore, Hong Ko Jg Taiwan and Korea. Their rapid
accumulation of human and physical capital has not simply led to more skill intensive
and capital intensive production of the same ;;‘oodm with a consequent reduction in
marginal products. Instead, ability to trade has allowed them to shift production to
more skill and capital intensive industries. As noted by Ventura (1997), this process
is a critical feature of their growth experience. The R \'b(‘,i/,_\"nski effect helps countries
avold diminishing retirns and sustain high growth rates

This paper relates to an old literature that found hints that factor proportions
were a determinant of the commodity structure of in‘i‘:ema‘honnl trade. Keesing (1966)

TSee Deardort? (1980, 1982) for the most general results.




calculated simple correlations of US export performance with skill intensities. The
largest positive correlations ocenrred at the highest skill levels, while export per-
formance was negatively corrvelated with the unskilled labor share. Regressions by
Baldwin (1971) suggested that US net exports were negatively related to capital in-
fensity and positively 101ai<‘d 10 shaves of some types of skilled labor. Wright (1990)
ran regressions for six time periods from 1879 to 1940 to search for sonrces of US
export suceess. The US tended to export capital intensive goods in the carly periods,
but capital intensity became a source of comparative disadvantage by 1940.2 The
problem that rendered cross-commodity comparisons unfashionable was that they
had an 1nclear theoretical foundation. This argnment was forcefully made in a num-
ber of studies by Leamer, who demonstrated that export performance did not depend
on the input characteristics of the industrv.® In this paper, conditional on factor
endowments, export performance is determined by industry input characteristics.

This paper is also related to the factor content of trade studies that examine a
s net trade embodies

similar implication of the Heckscher-Ohlin model; that a count
the services of its abundant factors. The first factor content stndy was Leontief
(1953), who found that US imports were more capital intensive relative to labor
than US exports, contrary to expectation. A number of studies surveyed in Leamer
(1984} followed Leontief’s approach. But Leamer nsed Vanek's (1968) equations to
establish that in a multi-factor world these studies also lack adeqm ‘e theoretical
foundation. Factor content studies since then increasingly tended to be multi-conntry
studies firmly based on the Heckscher-Ohlin-Vanek (HOV) theorem cquating factors
embodied in net trade to excess factor endowments. These studies nse impressive
data sets on exports, imports, factor endowments and technology for a large number
of countries. Farly studies based on HOV performed poorly. Bowen, Leamer and
Sveikanskas (1 95/) used 1967 data on 12 factors and 27 countries. They tested sign
and rank propositions derived from the HOV theorem, but found, at best, only modest
support for the factor proportions model. Trefler’s (1993, 1995) examination of 1983
data on 10 factors and 33 countries accounting 101 TS/ o oi world exports found zero

[actor content in net trade.

Subsequent work by Davis, Weinstein, Bradford and Shimpo (1997), Davis and
Weinstein (1998a, 2000), and Wolfson (1999) have shed light on why the early work
failed to find factor content. A key explanation is that conntries appear to nse dif-
ferent production :eoh’annob, Early studies assumed that all conuntries nsed the same
techniques, and estimated these nsing US input-ontput matrices. Examination of
input-output matrices for other conntries show that countries do use different tech-
niques, and that these differences reflect factor endowment differences. Under these
conditions, factor content stndies that use a common technology matrix will system-
atically understate actual iac tor content. Davis and Weinstein (2000) show that for
a sample of 10 wealthy countries, use of actual technology matrices lifts estimates of

“These results ave from brief swrveys by Leamer (1984) and Leamer and Levinsohn (1995).
*See, for example, Leamer and Levinsohn (1903),




net factor content of trade to typically 10 to 12 percent of national endowments, and
to a substantial 38 to 49 percent of endowments devoted to tradeables. The other
important explanation for the early failnre to find factor content is an apparent ‘hiag’
in consumption towards locally produced goods.

The use of different production ‘Tecfxnh‘ynvw is very interesting because it suggests
ha there may be a failure of FPE. Repetto and Ventura (1998) confirm that factor

es do differ systematically across countries, even after controlling for productiv-

ty clifferences. Tomllv abundant factors have lower prices. The failire of FPE can
bo accommodated by factor content studies by nse of a multi-cone Heckscher-Ohlin
model. Withont a more precise model, empirical implementation is limited by ac-
cess fo mput-output tables. Although these tables are becoming available for more
countries, they are arguably not the highest quality economic data available. But
the failure of FPE provides ns with another opportunity, because without FPE, the
commodity structure of production and trade is determined, and commodity trade
data is some of the best and most abundant data we have. There is an opportunity
to explore just how pervasive the effect of factor proportions is on the structure of

International trade.

There are many ways to generate a failure of FPE in a Heckscher-Ohlin world.
One way is to assume that factor proportions arve sufficiently different that thev are
outsicle the FPE set. Another way is to introduce costs to infernational trade, which
could have a strong eﬁectt on trade volume.* This paper takes the second route. It
generalizes the Heckscher-Ohlin model of Dornbusch-Fischer-Samuelson (1980) and
explores the effects of these generalizations on trade structure. The starting point is
a many-country version of the Heckscher-Ohlin model with a continunm of goods. I
integrate this with the Krugman (1980) model of intraindustry trade generated by
economies of scale and prodnet differentiation. Finally, I allow for transport costs.
The traditional Heckscher-Ohlin model can be seen as a limiting case of this mocdel
with zero transport costs and perfect competition. The generalizations are made to
obtain predictions of the factor proportions model in all commodity markets, so that
its performance can be assessed using the very detailed frade data that Leamer and
Levinsohn (1995) claim has been “measured with greater accuracy over longer periods

of time than most other economic phenomena”

Predictions of the factor proportions model in commodity markets are primar-
ily driven by the deviation from FPE caused by the transport cost. Monopolistic
competition smooths some of the hard edges of the perfectly competitive model and
determines bilateral trade.® In this model, the transport cost canses locally abundant
factors to be relatively cheap. The location decisions of industries are affected by

*See MeCallum (1995), Helliwell (1999) and Parsley and Wei (2000) for the effects of borders on
trade volumes,

SBilateral trade in general is not determined in the perfectly competitive model, unless no two
countries have the same factor prices. The simple form of imperfect competition considered in this
paper determines bilateral trade even when some countries have the same factor prices.




factor costs, so that countries tend to attract industries that intensively nse their
abundant factor. The model also predicts some of the technology and demand modi-
fications needed by the empirical factor content studies to make the Heckscher-Ohlin
model fit the data. Every industry substitntes towards the relatively cheap, locally

abundant factor. Consumers also substitute towards cheaper local varieties.

The closest theoretical papers to this are due to Deardorff (1998) and Helpman
and Krugman.® The closest empirical papers are Davis and Weinstein (1998b) and
Petri (1991). Deardorfl introduces trade impediments to a Heckscher-Ohlin model to
determine bilateral trade volumes. Davis and Weinstein use Helpman’s and Krug-
man'’s theory to find evidence that increasing returns help determine the structure
of production and trade. Petii’s study of Japanese trading patterns identifies cross-

commodity regressions by relaxing the FPE assumption and by assuming that home
goods are imperfect substitutes for imports. This paper goes further, it explicitly con-
nects departures from FPE fo factor abundance in a general equilibrinm model, and
nses the implications of that departure fo examine the relationship between factor
abindance and trade structure using detailed commodity trade data.

The paper is organized as follows. Section 2 develops the model. Section 3 ex-
amines the quasi-Heckscher-Ohlin effect. Section 4 examines the quasi-Rybezynski

effect. Section 5 concludes.

2 The Model

A Model Description

The model commences with a many-country version of the Heckscher-Ohlin model
with a confinum of goods. Counntries differ in their relative factor abundance. Factor
proportions will be one force generating international trade. I combine this with
the Krmgman (1980) model of infraindustry trade driven by scale economies and
product differentiation. Scale economies are the second force generating international
trace. Finally I add ‘iceberg’ transport costs. The transport costs will determine the
cornmodity structure of production and trade by generating a departure from FPE.
The model assumptions are set out in detail below.

1. There are 204 countries, M each in the North and South. Southern variables,
where needed, are marked with an asterisk.

2. There are two factors of production supplied inelastically; skilled labor and
unskilled labor earning factor rewards s and w respectively. The total labor supply is
1. The proportion of skilled labor is denoted hy 5. Northern conntries are relatively

8See, for example, Helpman and Krugman (1085) for models with imperfect competition and
more than one factor.




abundant i skilled labor; 0 > % A third factor capital is considered at the end of
this Section.

3. There is a continuum of industries » on the interval 0,11, The index z ranks
industries by factor infensity. Indnstries with higher z are more skill intensive,

4. All consumers in all countries are assumed to have identical Cobb-Donglas
preferences with the function of income spent on industry z being b (2) (Equation 1)

Expenditnre shares for each industry are therefore constant for all prices and incomes.
All income is spent so the integral of b(z) over the interval [0,1] is 1 (Equation 2).

1
U = / b(z)InQ(z)dz. (1)

5. Monopolistic competition. In the traditional model each industry 2 produces

a homogeneons good. In this model, there are economies of scale in production and
firms can costlessly differentiate their products. The output of each industry consists
of a number of varieties that are imperfect substitutes for one another. The quantity
produced of variety 4 in industry = is denoted by ¢°(z,4), the quantity consumed by
qP(z,1). N(z) is the endogenously determined number of varieties in industry z:

(3)

= (\ T} * ‘\ &

As z 18 no longer a homogeneons good, @ (2] can be interpreted as a sub-utility
funetion that depends on the gquantity of each variety of z consumed. I choose the
symmetric CES function with elasticity of substitution greater than 1.

‘gJWM, . 0= (01 (4)

Commodities are produced using both factors of production with a constant
marginal cost and a fixed cost. Production technology, represented by a total cost
function 7'C/; is assumed to be Cobb-Douglas in both factors and identical in all
countries:

TC(q(2,1)) = 5™




Average costs of production decline at all levels of output, although at a decreasing
rate. This cost function has the convenience of generating factor shares that do not
depend on factor rewards. The form of the total cost function causes the index =
to rank industries by skill intensity, becanse = denotes both the industry and skilled
labor’s share of income in that industry. Finally, there is free entry into each industry,
so in equilibrinm profits are zero.

6. Costly international trade. There may be a fransport cost for international
trade. To avoid the need to model a separate transport sector, transport costs are
infroduced in the convenient but special iceberg form: 7 units of a good must be
shipped for 1 unit to arrive in any other counfry | fr > 1).

B. Equiibrivm in an Industry

In general ecquilibrinm consumers maximize utility, firms maximize profits, all fac-
tors are fully employed and trade is balanced. The model solution proceeds in two
steps. The first step is to solve for the partial eqnilibrinm in an arbitrary industry.
In particular, I solve for the share of world production that each country commands,
conditional on relative production costs. I show that countries with lower costs cap-
ture larger markef shares. The next step is to show that in general equilibrinm, locally
abundant factors are relatively cheap. Skilled labor is relatively cheap in the North,
and unskilled labor is relatively cheap in the South. The North becomes the low-cost
producer of skill-intensive goods, and commands larger sharves of these indnstries.
The South is the low-cost producer of low-skill goods, and produces relatively more
of these.

The properties of the model’s demand structure have heen analyzed in Helpman
and Krugman (l% 5).7 Firstly, we need four additional pieces of notation. Denote the
\umm an‘r) elasticity of substitution between varieties wi ihm an industry by o = - : N
let p(z,7) be the price paid by consumers, inclusive of transport costs, for variety ¢ in
incustry z, let 7 (z) be the set of all varieties in industry z, and let national income
be Y = sF+w(l— ). Maximization of () (=) conditional on expenditure £ (2) vields
the iollowmﬁ demand functions:

plz.0)77

; ~ aisa ot
\/1‘_,5](:)‘[)@.‘/,} di

A firm’s share of industry revenues depends on its own price and on the prices

set. by all other firms in that industry. It is convenient to define the ideal price index

G(z):

g7 (z,0) = iel(z). (6)

it /

-

G(2) = | / Pz di (7)
L 1=l ()

See Sections 6.1, 6.2 and 10.4 in particular.




Due to the unit elasticity of substitution beftween industries, a constant function
of income b (z) is spent on industry = in everv country. An individual NOI‘I‘hGIﬁH firm
sefs a single factory gate price of p. Its products sell in its own domestic market at p,
but in the M -1 other Northern markets and the A7 Sonthern markets the transport
cost raises the price to pr. The ideal indnstry price index G is given in Equation

8. G* is symmetric. Implicit in these indices is the assumption that in equilibrivum
all Northern counfries are alike and all Southern countries are alike. Except where
neeced, the ‘2’ notation is suppressed.

F e fap' T e (M= D) (pr) 7 Mt (p

(8)

The revenue of a typical Northern firm that sets a factory gate price of p is
given by Equation 9. The three terms reflect revenues in its domestic market, the
M 1 other Northern markets and the M Southern markets. The equivalent Southern
expression is symmetric.

- . T—o )
pg° = bY (%) + (M — 1) bY (9

T

The production and trade structure has also been studied in Helpman and Krug-
man (1985).% Each firm produces a different variety of the product. Each country,
it it produces in the industry at all, produces ditferent varieties. Every variety is
demanded in every country. Profit maximizing firms perceive a demand curve that
has a constant elasticity, and therefore set price at a constant markup over marginal
cost:®

p(z) = T M (10)

With free entry, profits are zero in equilibriwm. The pricing rule, the zero profit
condition and the special form of the fixed cost produce an equilibrium where all
firms produce the same quantity of output:

(/S s (]5:L """"" H (lL)

We now have everything we need to solve for the partial equilibrium in this indus-

try. Notation is simplified by defining world income H"' = A\[ (Y +Y™), the relative
price of Northern goods p = {i and the expression F =1+ (M — 1) 779 Condi-

tional on relative prices, Equations 8 and 9 contain four (‘<1nmlons in four unknowns

8Sce Chapter 7.

IThe demand curve faced by a Brm has a constant elasticity if the set of varietics is of non-zero

Measure.
'O]

he {mm}(y of goods a Northern firm sells in all Northern markets divided by its domestic
sales: Z" > M7t




1,0, Goand G*. These equations may not have positive solutions for hoth n and
- If they do not, the solution for n and »n* will either be Equation 12 or Equation
l If pis low then Equation 12 is the solution; if p is high then Equation 13 is the

80 hlt]OLl.1 !

b(Y 47+ . o TME (Y1) 7 o
e n' =0 if p < == : 12
pa(o—1) l ] r=r 'Tz"“‘z" M? 4 F? ’; (2)

V by v . e e
n =0, AL S —Z if D> ; : (13)
pro(o — 1) ' rr\[f(T-_n ) L
If both n and n* are positive, Equations 8, 9 and 11 solve for -, which is given

in Equation 14. This expression is derived by dividing the demand Equation 9 hy
its Southern equivalent; substituting for ¢% and ¢°* using Equation 11; substituting
for G and G using Equation 8; and rearranging. The relative number of Northern
firms declines in both the relative price of Northern goods and in the relative size of
Southern economies.

220 A2Y T 2 e
n TETEOM S - B = T TN ( -+ L) . ;
— e _— - - . X J: - ,;j: :l;-;» i (/ l»L
WG A FE) e earp () P e Py ()

Equation 14 can be used to solve for the share v of world revenues in that industry
that accrue to firms in each Northern country. When solving for v, we have to account
for the indirect demand for goods used up in transit. Each Northern finm's revenue
is given by pg°, where ¢° is the quantity produced, not the quantity consumed.
Equation 15 is the definition of v. Equation 16 is the solution for v.

npg° o
: _— o~ 15)
M (npg® + n*p*q®) 15

v =BT TOMP( e = oA X > ~ e
- W ) M Ear oM+ F if p € (p.D) (16)
0 i p e [P oc

U The conditions for 7 are derived from Eouation 14.




The revenue share v declines in both the relative price of Northern goods p and the

relative size of Sonthern economies %m The sensitivity of market share v to relative
price increases with the elasticity of substitution ¢ and with the number of countries.

av |
(jﬁ = 1

Market share responds negatively to relative price. But by Equation 10, relative
price is equal to relative production costs, which depend on factor prices. This gen-
erates the role for factor abundance; I next demonstrate that in general equilibriumn,
locally abundant factors are relatively cheap. Thevefore the relative price of Northern
goods declines with the skill intensity of the industry, and every Northern country
captures larger shares of more skill intensive industries.

C. General Equilibrium

All factors must be fully emploved in all countries in equilibrium. With ass
preferences, the function of world income spent on each industry is invariant to prices
and income. With the assumed production technology, factor shares in each industry
are invariant to factor prices. Skilled labor’s share of revenues in industry 2 is con-
stant and equal to z. The balance goes to unskilled labor. Equations 18 to 21 ave,
respectively, the full employment conditions for: skilled labor in the North; unskilled
labor in the North: skilled labor in the South; and unskilled labor in the South. The
left side of each ecquation is factor demand, the right is factor supply. The wages
of unskilled labor in the South have been normalized to 1. National income equals
national expenditure in every country, so trade is balanced.




So long as M is finite, the failure of FPE can be demonstrated by contradiction.?
With FPE, p () = 1 by Equation 10, and v () is constant over z by Equation 16. By
Lcunations 18 to 21, relative factor demands in the North equal relative factor demands
in the South. But the relative supply of these factors is not equal by assumption.
Therefore we cannot have full emplovment mm] brium with FPE.

The North has more skilled labor; the South more mnskilled labor. Full employ-
ment requires the North to either (i) have a larger share of skill-intensive industries,
or (ii) use skilled labor more intensively in each indnstry than in the South. For

the North fo obtain a larger share of skill-intensive industries, Equation 16 requires
that p(z) declines in 2. By Equation 10, p(2) declines in z if and only if & =< TH
Factor demands obtained by differentiating l;fqnz—\i ion 5 with respect to factor prices
show that for any industry, the North will use skilled labor more intensively than the
South if and only if & < = Therefore skilled labor must become relatively <hmp in
the North, and nmkllled ]abm relatively cheap in the South. The relative price p(z)

s share of world production in an industry

declines in z, and every Northern country’
rises with the skill intensity z of the industrv.' The equilibrium is depicted in Figure

D. The Separate Contributions of Transport Costs and Monopolistic Competition

The traditional Heckscher-Ohlin model is a special case of this model with no
transport costs (7 = 1) and perfect competition (= 0 and ¢ = o). It is therefore
possible to consider the separate effects of transport costs (7 > 1) and monopolistic
competition (a > 0, o < oc). In the traditional model with a continuum of goods,
Dornbusch, Fischer and Samuelson (1980) show that FPE holds if factor endowments
are not too dissimilar. Production costs are therefore the same everywhere because all
goods can be produced just as well in any country. With zero transport costs, there
is commodity price equalization. The geographic pattern of production and trade of
a given commodity is therefore indeterminate. Overall patterns of production and
trade are not totally indeterminate, because full employment of both factors requires
the North to produce, on balance, more skill-intensive goods. This prediction is
formalized in the standard HOV factor content of trade equations.

The addition of the transport cost makes the commodity structure of production
determinate. The transport cost canses a departure from FPE, and therefore produc-
tion costs differ between countries. Locally abundant factors become relatively cheap.
Countries have a cost advantage in goods that intensively use their abundant factor

121 « . v 3 - N . . . > .
2Tn the limit as M — oc, factor price equalization is again achieved. This is shown by proving
that equilibrinm in an arbitrary industry requires production costs to be thc same in both the North

and the South. The reason for FPIE returning is simple. The domestic market becomes increasingly
less important as M gets larger. In the limit everything is exported, so that transport costs affect
Iocally scarce and abundant factors ecually.

3This can be proved by differentiating the log of p(2).

M Conditional on o and 7




Clonsiuners only purchase goods from the cheapest source, inclusive of tr ‘an%por f (‘oqt“
If factor proportions are sufficiently different. low skill wood\ in the interval [0, z] will
only be produced in the South.™ The cost advantage that the South enjoys in t} 1056
High skill goods [Z, 1] will only be produced in

will be produced by all countries and will not

goods outweighs the transport cost
the North. Intermediate goods
be traded internationally because the ¢ transport cost outweighs any production cost
advantage. The range of these non-traded goods increases as the countries’ relative
factor endowments hecome more similar or as costs of international trade become

gre cater.

The addition of the transport cost to the traditional model therefore leads to
the very stark structure of production and trade illustrated in Figure 4: there is
a sharp pattern of specialization; there is no North-North or South-South trade;
there is no intra-industry trade; and there is no frade at all in commoditics with
intermediate factor intensities. All trade is North-South in commodities that embody
extreme factor proportions. There are no additional predictions beyond this. In
particular, the bilateral pattern of trade is not determined.’® These crisp predictions
sit uncomfortably with the hard facts of trade. Much trade flows between countries
with similar factor endowments and much of it appears to be intra-industry trade
(Helpman 1999).

Now consider the case of monopolistic competition but no transport costs. The
fixed cost of production limits the range of products that the market will profitably
support. Countries will specialize in different varieties. When consumers demand a
wide spectrum of varieties, economies of scale generated by the fixed cost will lead
to trade. Provided factor endowments are not too dissimilar, Helpman and Krugman

(1985) show that FPE prevails. Production costs are identical in all countries. Theve
is also commodity price equalization. The geographic pattern of production and trade
of a given commodity is therefore indeterminate. Overall patterns of production and
trade are again not totally indeterminate, because full employment of both factors
requires the North to produce, on balance, more skill-intensive goods. The standard
HOV factor content of trade equations hold but there is now an additional feature;
these equations hold bilaterally. This can be seen in the HOV framework. All of
the traditional assumptions are present. The bilateral prediction is a result of two
features of this model: conntries specialize in different varieties; and as long as there
i« commodity price equalization consumers will demand the same proportion of world
output of each wvariety of every good produced. There is North-North and South-
Sonth trade, but the net factor content of any of these trading relationships is zero.
Differences between factor endownients and consumption of factors is resolved entirely
by North-South trade.

T e > ——71 72, ghen this type of equilibrium emerges.

OTf gy an\pmt (O\fs differed across cach country pair then the bilateral pattern of trade wonld be
all of a particular commodity would be sourced from the lowest

determined. In any given country,
cost source inclusive of transport costs.




Trausport costs generate sharp predictions for the location of production, hut
apart from ruling ouf trade between like conntries, they generate no predictions for
trade between conntry pairs.”’ Monopolistic competition generates predictions for the
total vohue and factor content of bilateral frade, but does not give sharp predictions
for where individual industries locate. Simnltaneons consideration of transport costs
and monopolistic competition results in both sharp predictions for the location of

production and for bilateral trade in each industry.

Figures 5 to 7 illustrate the influence of transport costs 7, the elasticity of substi-
tntion o, and factor proportions 5, 5% in the model. T use as a benchmark a model
where transport costs are moderate (7 == 1.03), the substitutability of varieties within
an industry is substantial but far from perfect (o = 5), and the North has twice the
skilled labor of the South and half of the nnskilled labor (§ == -:2;.,.'53* == %).18 An
increase in transport costs causes countries to become more diversified and recuces
trade (Figure 5). An increase in the elasticity of substitution between varieties within
an industry pushes the model towards the sharp pattern of specialization that charac-
terizes the perfectly competitive model (Figure 6). Figure 7 illustrates the sensitivity
of the model to relative factor abundance. Larger differences in factor abundance
between the North and the South result in greater specialization in equilibrium.

E. The Three Factor Model

The role of physical capital in trade has traditionally been of great interest. [t is
possible to add additional factors to the model. The three-factor model with capital

is the same as the two-factor model but with the following modifications:

1. There are three factors of production supplied inelastically; skilled labor, -
skilled labor and capital earning factor rewards s, w and » respectively. The total
factor supply is 1. The proportions of skilled labor and capital are respectively de-
noted by & and ~. Northern countries are relatively abundant in skilled labor and
ok B3

3% and v > vF.

i

capital; /

2. There ig a continuum of industries Az on the 2-dimensional simplex. The
indices & and 2z will rank industries by capital and skill intensity respectively.

3. The utility function becomes:

T 1z
U = / /b(\k:’\} InQ(kz)dhdz. (22)
0 0

4. b(kz) is the fanction of income spent on industry Az, All income is spent:

"n this model there is FPE within the two subsets of countries.
18] also set b(z) = 1 so that expenditure shaves for all industries are identical, and M = 2.

13




P s s — 1. (23)
0 0

The total cost function bhecomes:

TC(glkz1)) = syt o

A similar equilibrium emerges. In particnlar, Equation 16 relating the location
of production to relative costs of production is unchanged. There are now six full
employment conditions analogous to Equations 18 to 21. These are listed in Appendix
B. By the same reasoning as in the 2-factor case, full employment equilibrinm with
FPE can not occur if factor proportions differ between countries. With FPE, relative
factor demands are the same in every country. But relative factor supplies are not
the same by assumption. However, unless more assumptions are made about the
form of b(kz) it is difficult to comment further on factor rewards. If b(kz) = 2
then the function of income spent on each industry is identical, and this t
simplified. Full employment requires the North to either have larger shares of skill

ask is

and capital intensive industries, or to use skilled labor and capital m wore iI‘X’FG]lQi\"P]V in
each industry than in the South. Either of these things requires £ < £ and £ < _
In the North, skilled labor and capital must become cheap relative to un\l\lllcd hmol
For a given skill intensity 2, the relative price of Northern goods p(kz) declines with
capital intensity & Given =z, every Northern country's share of world production
In an industry is mcreasing in & For a given capital intensity &, the relative price
of Northern goods p(kz) declines with skill intensity 2. Given &, every Northern
country’s share of world production in an industry is increasing in z.

3  The Quasi-Heckscher-Ohlin Prediction

A, Overview and Brief Data Descriptic

Figure 3 illustrates the basis of production and trade based examinations of the
model. Production of skill-intensive goods is concentrated in the North. The more
skill-intensive the good, the greater is this concentration. Given our assumption on
preferences, this leads to a very sharp and convenient prediction for trade. Consider
the consumers in any individual country C, which can be from the North or the
South. Consumers in C will purchase some of every variety of every good, and given
the elasticity assumptions, they spend relatively more on varieties that are relatively
cheap. Northern countries procduce morve varieties of skilled goods, and due to the
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behavior of factor prices, do so more cheaply than in the South. Conditional on o and
7 Northern countries’ share of C's imports therefore increase with the skill intensity
of the industry. The prediction holds for all of C’s bilateral trading relationships.
Each Northern country will command a higher sharve of C’s imports of skilled goods
than it will of nnskilled goods; their market share will systematically increase with
the skill intensity of the good. The reverse is true for Southern countries. This is the
cuasi-Heckscher-Ohlin prediction of the model.

The Heckscher-Ohlin prediction can be examined using detailed commodity trade
data and estimates of factor intensity and factor abundance. T nse 1998 data from the
USA Trade CD-ROM on US imports classified by detailed commodity and country
or origin. There are over 16,000 commodities and 200 trading partners. This data
is then mapped into 4-digit US SIC codes using a concordance maintained by Jon
Havernan.'® The shares of US imports by SIC industry are then caleulated for each
conntry.

The model assnmes that there are no factor intensity reversals. Indeed, a property
of the model is that factor shares are fixed for each industry. With this assumption,
factor intensity can be consistently ranked using factor share data for just one country.
I choose US data both for reasons of availability and becanse the estimates are likely
fo be the most satisfactory due to the US being the largest and most diverse industrial
economy. In this paper T mostly consider a two factor model with skilled and unskilled
labor and a three factor model with capital. I also consider the robustness of the
results to the inclusion of raw materials in a four factor model. All factor intensity
data is derived from the US Census of Manufactures for 1992,

In the two factor model I follow Berman, Bound and Griliches (1994) and mea-
sure the skill intensity of industry 2, as the ratio of non-production workers to total
employment in each industry. The nnskilled labor intensity is up = 1 — zz. In the
three factor model T have to account for the share of capital. Capital intensity ks is
measured as 1 less the share of total compensation in valne added. Skill intensity z3 is
now equal to z;(1 — k3), and the intensity of unskilled labor is ug = up{1~ k3). Table
1 lists the 10 industries that most intensively nse each factor and the 10 industries
that least intensively use each factor. Many of the most capital intensive industries
are also industries that most intensively use raw materials, generating the potential
for biasg if raw materials are omitted from the analvsis. In particular, the concern is
that many poor countries may be relatively abundant in raw materials and export
ified as

simply transformed raw materials, These exports often end np being cla
~apital intensive manufactnring.

Raw material inputs are derived from detailed data on intermediate inputs by
industry. This data is screened to keep only food, forestry and mining industry output.
Raw material intensity 74 is measured as the value of raw material inputs divided by

19Various concordances are available from the site wyww haveman.org.
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the sum of raw materials and value added. The industries that most intensively use
raw materials come from the Food, Tobacco, Wood, Paper, Chemicals, Metals and
Non-metallic Mineral Product gronpings. Other factor intensities need to be adjusted
to reflect the shave of raw materials. Capital intensity becomes ky = k3 (1 — my); skill
intensity becomes 24 = 23 (1 —
Tables 2 and 3 report summary statistics for the factor intensity estimates.

The model relates market sharves to factor intensity and factor abundance. The
abundance of skilled labor is measured by the human capital to labor ratio from
Hall and Jones (1999), which is based on education levels reported in Barro and Lee
(2000). The abundance of capital is measured by the investment based measure of
the capital to labor ratio sourced from Hall and Jones. The Hall and Jones measnres
are available for a large number of countries, 123 in total. Relative GDP per capita
1s used as an alternative proxy for the abundance of physical and human capital.?
Raw maferial abundance is measured by total land area divided by the total labor
force sourced from the World Bank World Development Indicators 2000 CD-ROM., a
sitnple but imperfect estimate of the abundance of agricultural and mineral resources.
All measures of abundance are velative to the US. Summary statistics for the factor
abundance measires are reported in Tables 4 and 5.

The final sample includes 123 conntries and 370 industries.?’ In all tests T estimate
variations of Equation 25 for two-factor models, Equation 26 for three-factor models
and Equation 27 for four-factor models. The model does not have a closed-form
solution for market share as a function of factor intensity and factor abundance.
I use simple linear specifications that impose a verv rigid functional form and non-
parametric techniques that do not impose a functional form. The regression estimates
are inferpreted as conditional expectations of US import market share given the factor
mtensities of the industry. 7., i3 the share that conntry ¢ commands of US imports
i industry 2o 2, b and m are, respectively, the skill and capital intensity of industry
z. The subscripts 2, 3 and 4 on the factor intensities denote the munber of factors
considered when estimating those intensities. I assiume that 7., does not affect the
factor intensity of individual industries; that the production structure of an economy
does not affect factor accomulation; and that any technology differences between

connfries are orthogonal to the input characteristics of industry.??

U (1022 + e (25)

5 . : I : R s . 7y o

Upe =% Qi = (W23 = O chg = e {..) )

Vs =2 (e -+ U1p2g + Qpeky + i3emy + 2, (27)

2GDP per capita in the Heckseher-Ohlin framework is a measure of the abundance of all factors
relative to population.

2 . . v F

21120 countries when raw materials are included.

Z2These last bwo assumptions ave, of course, very strong.
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B. The Aggregate North

The first regression is performed at a very aggregate level. I define the North
to be any indnstrial country with per capita GDP at PPP of at least 50 percent of
the US level. The countries are listed in Table 6. Characteristics of these conuntries
summarized in Table 7 include high levels of physical and human capital. I caleulate

the share v,. = for each industry . and regress this on measures of factor

The North’s market share vises strongly with the skill intensity of the industry. Each
1 percent increase in skill intensity is estimated to add almost L percent to the North’s
market share. The predicted sharves vary from 46 percent to all of the market. This
coefficient is precisely estimated, with a t-statistic of over 9. I check the robustness of
this result 1sing a non-parametric procedure that estimates the North’s market share
for a given skill intensity z, as a weighted average of all market shares. The weights
are much greater for observations that have a skill infensity close to 2523 The results
are similay except for a few industries that use extreme factor proportions. Predicted
market shares range from a low of 55 percent to a high of 88 percent. For most
observations, the linear regression line is close to the non-parametric estimate.

In Table 8 1 report the regression results for the 3 and 4-factor models. The
resnlts are again strong. The estimated coefficient on skill increases in magnitude and
maintains its statistical significance, the North's market share increases by almost 2
percent for every 1 percent increase in skill intensity. The effect of capital is smaller,
but is reasonably precisely estimated with t-statistics of abont 5. Each 1 percent
increase in capital intensity adds 0.5 per cent to the North’s market sharve. The
North's predicted shares range from 435 percent to all of the market.

(. Individual Country Results

The model performs well for the ageregate North and therefore for the aggregate
South. To ensure that the result is not just dviven by a few large trading partners I
examine whether the effect is svstematic across individual countries. T firstly rescale
the equations to account for countries being of different sizes. The purpose of this
rescaling is so that the coeflicients ci, qqe. e and ae should be comparable across
conntries regardless of country size. I define V.. as .. divided by the average value
of T, for conntry ¢.?* Equations 28 and 29 are estimated for cach country:

2 . - R ~ . Sy .
23] estimate the North's share for an industry with skill intensity z, by

1 [ N

cwhere w, = exp (1512~ 2,).

24 A log-transformation can not be used because many of the import shaves ave 0. If a large country
is simply the swn of smaller countries then the coefficionts will be invariant to country size a fter the
ally are border effects then large countries will be more diversified, reducing the

rescaling. If there ve
absolute value of a1, ape and asge.




Vie = Qup b Qpezq - Qaphiy = Q300 -+ Ses (29)

The results for the 123 countries in the sample are summarized in Fignres 9 to
12. In Figure 9 I plot the estimated coeflicients on skill intensity z3 against the
human-capital to labor ratio, a proxy for the abundance of skilled labor. The size of
each country’s label is inversely proportional to the standard errors of the coeflicient
stimate. The estimates are strongly related to skill abnndance. Coonntries with high
levelq of hiuman “,ziqn'ta‘] tend to export skill intensive goods, while countries with low
levels export goods that more sparingly nse skilled labor. Many of these coeflicients
are also very large. The equivalent standardized coefficient for the aggregate North
is 3. The results are similar in Figure 10 when raw materials have been inchuded in
the analysis.

The equivalent resnlts for capital reported in Figures 11 and 12 are not as s
Cloefficients tend to be smaller and less precisely estimated. The 123 coefficients
are barely corvelated with per capita GDP, although the more precisely estimated
coefficients are positively correlated. When raw materials are included the results
improve. This improvement is likely due to a reduction in the bias generated by
simply transformed raw materials being classified as capital infensive manufacturing
in the 3-factor model. Coefficients tend to be more precisely estimated, and are
positively correlated with capital abundance. This provides stronger evidence that
capital abundant conmtries do export capital intensive prodnets, and capital scarce
conntries export commodities that recuire little (:apiml in hon production. These

trong.

results are more thoroughly explored next by pooling the data.
D. The Pooled Regression,

The relationship between market shares and factor abundance can be explored
more svstematically by pooling the data. The model predicts that aqe, cpe and o,
are positive for countries that are abnndant in skilled labor, capital and raw materials
respectively, and negative for countries where these factors are scarce. The theory
provides no closed form solution relating aqe, az. and age to factor abundance. 1
This results in the pooled

model these coeflicients according to Equations 30 to 32.
regressions in Equations 33 and 34. The variables skill.. capital, and raw, are abun-
dance measnres for skilled labor, capital and raw materials in country ¢. Countries
that are scarce in a factor will captine a large share of indnstries that use that fac-
tor sparingly: this implies J;, 35, 35 < 0. Countries that are abundant in a factor
should « aptmo a large share of industries that use that factor intensively, implying

>l g \\
3y, 74 6 (.

Qe == 3y = Dhskill, (30)
1 2 L




Qe = 4 =+ Dycapital, (31)

Q3 == Oy =+ dgra, (32)
Vie == 0ve + (1 + Boskall,) =3+ (35 -+ Jycapital ) ks -+ (33)

Ver = O -

(

By 4 Byskilly) 24 4 (B3 + Bycapitals) ky -+ (F5 + Ograw.) mg + e (34)

Equations 33 and 34 are estimated by weighted least squares.?® 1 measure skill
abundance skill, with the education bhased measure of human capital taken from
Hall and Jones (1999). I measure capital abundance capital, with the capital-labor
ratio from Hall and Jones. For comparison | also proxy skill and capital abundance
with relative per capita GDP. The resnlts are reported in Table 9. The results for
skilled labor are strong. The exports of countries with low levels of human capital
are extremely tilted fowards goods that embody little skilled labor, with the reverse
being true for countries with abundant skilled labor. The same effect is present for
capital, but is weaker. The estimated effect of capital increases after accounting for
raw materials, as expected, but capital abundance appears to be less important than
skill abundance in determining the pattern of specialization.

4 The Quasi-Rybczynski Prediction

A, The Miracle Economies

The model predicts that if a country quickly acciunmlates a factor, then its pro-
duction and exports will systematically shift towards industries that more intensively
use that factor. Clonsider the model when M is large and one of the countries makes
the leap from the South to the North. The world equilibrinm is scarcely upset because
each country is small relative to the world. E

sentially this country moves from a
Southern pattern of production and trade to a Northern one, while the rest of the
world carries on as before. The existence of a munber of growth “miracles” that
have joined the ranks of wealthy industrial economies with high levels of physical
and human capital provides an opportunity to examine this ¢uasi-Rybezynski effect.
Ventura (1997) noted that the Rybezynski effect 13 a critical feature of the growth

experience of the miracle economies. In a closed economy, rapid accmmulation of

SThe variance of V., is larger for countries that have less diversified exports. These countries
typically have smaller trade volumes. Because the data underlving V., are market shares, there is
some dependence between the observations that WIS does not acount for.
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physical and himan capital could lead to falling factor prices. Small open economies
can avoid this by shifting production to more skill and capital intensive industries
and exporting the output. If M is large in this model, factor accumulation in one
comntry has little effect on factor prices either locally or globally. The Rybezynski
effect lets small countries beat diminishing returns.

There are 7 economies that made the cut-off for the North in 1998 that were not
present in 1960: Japan, Singapore, Hong Kong, Taiwan, Israel, Spain and Ireland.
Their substantial growth in real income velative to the US is shown 'n T‘AME\ 10, 1
add Korea to Table 10 becanse of its extremely rapid growth since 1970, 1 pmimm
the regression defined in Equation 26 for each counfry nsing data {m 1 )60, 1972
1980, 1990 and 1998.%6 The results summarized in Table 11 are suggestive of Iho
quasi-Ryvbezvnski effect. In 1960 and 1972, mm‘km shares for these conmntries tend to
be negatively related to skill and capital inter As these countries have grown the
coefficients on skill and capital intensity ha\c m‘rens:ed, so that by 1998 the picture
has changed a lot. Positive relationships are more common. The only significant
negative coefficients are for two of the poorer countries in the sample, Korea and
Taiwan, and even there the change in the size of the coefficients makes it clear that
production is moving towards more skill and capital intensive goods. These countries,
once firmly rooted in the South, are developing Northern patterns of production and
frade.

The Rybezynski effect can be represented graphically nsing the same nonpara-
metric technique used in Figure 8. Some of the most prononnced changes in export
strietire occnrred in two groups of countries that experienced nnprecedented growth
rates snbstantially attributable to rapid accumulation of muman and physical capl-
tal: Japan and the four ‘miracle’ economies of Singapore, Hong Kong, Taiwan and
Korea.’? Between 1960 and 1998 Japan’s income levels went from 54 per cenf of
Western-Eurapean levels to 114 per cent, with equality occurring in 1981, The f four
miracle economies moved from 21 per cent of European income levels in 1960 to 72
percent in 1998, The Rybezynski prediction would be a convergence in the production
and trade strictures of these economies towards FEuropean patterns. The prediction
is supported by the data. Figirves 13 to 15 show the frade structure of the four
miracle economies, Japan and Western Europe in 1960, 1980 and 1993, Convergence
is apparent. In 1960 the frade of the then poor mivacle economies was concentrated
in goods that used little skilled labor, while Envope captured larger market shares for
skilled goods. Japan, with an intermediate income level, had a procduction structure
neatly between the two. As the relative income levels of the economies conver rged,
so too did their production stinctures. Japan's looks almost the same as Europe by
1080, the same time as income levels converged. The miracle economies appear to
he systematically approaching Europe in terms of hoth income and trade structure,

BPYatn for 1072 onwards is electronically available, therefore T use 1972 rather than 1970 data
2TFor analysis of the growth expericnce of the Asian miracles, sce Young (1592, 1963}, Iumx
(1993). and Krugman (1994).




although as a group they still have some wav to go. The results for physical capital
are less pronounced, consistent with Table 11. Japan’s exports actually appear to be
less capital intensive now than in 1960,

B. The Pooled Rybezynski Regression

To more formally test for the Rybezynski effect T estimate Equation 33 in differ-
ences:

AVe, = Adg -+ (ABy + B Askille) z3 + (AJy -+ Sy Acapital.) ks + JANC (35)

The Rybezynski prediction implies that ;. 3, = 0; countries that have accumu-
lated skilled labor and physical capital faster than the rest of the world will see their
production and trade move towards skill and capital intensive industries. The param-
eters A3y and A3y may not be zero hecanse US factor proportions may have moved
relative to the rest of the world and because Askill, and Acapital, are measured rel-
ative to the US. To maximize the number of comparable industries, T caleulate AV,
Askill, and Acapital. using a start date of 1972 rather than 1960. The end date is
10998, For Askill. T nge two edncation based measures from Barro and Lee (2000).
One is the change in average vears of college education between 1970 and 1995, and

the other is the change in average total years of education for the same period. For
Acapital, T use investment based measures of the capital-labor ratio from the Penn
World Tables in 1972 and 1992, For comparison, | also use the more widely available
change in relative GDP per capita as a proxy for both Askill, and Aca pital,.?8

The sample consists of 317 industries, with 49 countries when factor data is nsed
fo estimate factor accumulation, and 103 countries when income data is used as
a proxy for factor accumulation. The results are reported in columns 1 to 3 of
ies that rapidly accumulate

Table 12. The resnlts for capital suggest that conntr
capital move towards more capital intensive industries. The education based variables
are insignificant. The human capital measures may not work well because years of
formal edncation take no account of education quality, and because formal education
accounts for only a fraction of human capital development 29 Krueger and Lindahl
(2000) suggest that measurement error in first-differenced cross-country education
data is extreme. This would bias downwards the estimated coefficients. Table 13 1s
suggestive of this explanation. Changes in ediication levels are barely correlated with
per capita income growth. It is hard to believe that human capital accumulation
is truly mncorrelated with growth. The quality of education can to some extent
be controlled for by the inclusion of scores from standardized tests administered
internationally.?® The problem is that the sample contracts greatly to 25 countries,

285 of course ignores any role for technological explanations of cross-country growth differences,
and makes strong assumptions about how factors are accumulated.

2950, for example, Lucas (1993) L\nd Barro and Lee (20007,

30The data on international tests of students in mathematics and sclence are contained in Barro
and Lee (2000). T sum the two scores and divide the sum by its mean of 1000.
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mostly wealthy. When test scores are added to the regression in columus 4 and
5 of Table 12, the coefficients on human capital acciumulation remain insignificant.
Interestingly, the edncation quality measure itself is a significant explanator of the
change in production structure. Countries that perform highly on international test
scores have moved fowards more skill intensive indnstries. Students in Japan and the
Aslan miracle economies perform best in these tests.

Colummns 6 to 9 of Table 12 report results when education quality is controlled
for using Hanushek and Kimko’s (2000) estimates of education quality. This quality
measure is based on test scores, resources available to schools and various socio-
economic characteristics of each conntrv’s population, and is available for a larger
and more diverse group of countries. Controlling for this measure of edneation ¢uality
gives stronger results. In particular, there are significant positive coeflicients on the
average vears of schooling variables, though not on the college gradnate variables.
This provides some evidence that conntries that have upgraded the relative education
levels of their workforces shift production and exports towards more skill intensive
incustries.

The income based measures ave large and highly significant for both skill and
capital intensity. Fast growing countries see their trade move towards skill and capital
intensive indnstries. The coefficients 7, and 5y shonld be the same size as in the
levels regression on Equation 33. The skill coeflicient is the same size, but the capital
coefficient is now noticeably larger. One possible explanation for the increase in the
capital coefficient is that there is an omitted factor that is partly controlled for by
the differencing employed in the Rybezynski regression.

5 Conclusion

The aim of this paper is to derive and examine predictions of the factor proportions
model in commodity markets. All that is required to make these predictions are
two reasonable modifications of the traditional Heckscher-Ohlin model. I infroduce
transport costs and monopolistic competition. This produces two main predictions.
There is a quasi-Heckscher-Ohlin effect and a quasi-Rybezynski effect. Both of these
predictions can be examined using detailed import data for just one country. The
Heckscher-Ohlin prediction finds strong support in the data. The role of skill abun-
dance appears to be especially pronounced. There is also support for the Rybezynski
effect for fast-growing conntries. Factor proportions appear to be an important de-
terminant of the structure of production and mternational trade.




Appendix A: Data

Factor Abundance: For the Heckscher-Ohlin regressions [ nse Human-Capital-
to-Labor ratios and Capital-to-Labor vatios from Hall and Jones (1999). This data is
available for 123 countries for the vear 1983, Raw material abundance is estimated
by total land area divided by the total labor force in 1998 sonrced from the World
Bank World Development Indicators 2000 CD-ROM. All measures of abundance are
relative to the US.

For the 1972 to 1998 Rybezynski regression I use Barro and Lee (2000) data for
average total vears of education and average vears of college education for the popu-
lation aged 15 to 65. For each comntry I calenlate the average years of total education
and college edncation relative to US levels. 1 then use the growth of these measures
between 1970 and 1995 as myv estimates of the change in relative skill abundance.
The data on international tests of students in mathematics and science are [rom
Barro and Lee (20 70) I sum the two scores and divide the sum by its mean of 1000.
Change in capital to labor ratios relative to the US ave calenlated using Penn World
Tables 5.6 data for non-residential capital per worker (KAPW) for 1972 and 1992.
For Botswana, Jamaica, Korea, Sri Lanka and Sw a/ﬂand the latest observations on
KAPW are 1990, while for A}.genmm and Portugal the latest observations are for
1991,

Factor Intensity: Factor intensity estimates ave fully described in Section 3A
of the text

GDP Per Capita at PPP: World Bank World Development Indicators CD-
ROM for 1998, Penn World Tables 5.6 for earlier vears (pwt.econ.upenn.edu).

Imports: Trade data for the USA comes from the USA Trade CD-ROM for 1998;
from Robert Feenstra’s NBER Trade Database for | )_. 1980 and 1990; and from
the United Nations (,'011]11'10(‘11'7}' Trade Statistics for 1960. The Feenstra database
already mapped into SIC classifications. The 1993 dam is mapped from HS into SIC
classifications nsing a concordance maintained by Jon Haveman (www haveman.org).
The 1960 data is mapped from SITC R1 to SIC using a concordance adapted from
the SITC R2 to SIC concordance maintained by Jon Haveman. Only manufacturing
industries are nsed (SIC codes 2000 to 3099).
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Appendix B: Full Employment Conditions in the Three Fac-
tor Model

Equations 36 to 41 are the full emplovient conditions for the three factor model.
The equations are respectively for: skilled labor in the North; capital in the North;
nnskilled labor in the North; skilled lahor in the South; capital in the South, and
imskilled labor in the South. The wages of mnskilled labor in the South have been
normalized to 1. The left side of each equation gives factor demand, while the right
olves factor supply.
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Table 2: Factor Intensity Summary Statistics

Mean Std. Dev. Min Max
Zy 0.29 0.12 0.08 0.83
Z3 0.14 0.07 0.02 0.39
Z4 0.13 0.07 0.01 0.39
Uy 0.71 0.12 0.17 0.92
Uy 0.34 0.12 0.05 0.63
Uy 0.32 0.13 0.02 0.62
Ks 0.52 0.14 0.19 0.93
Ky 0.47 0.14 0.09 0.87
My 0.08 017 0.00 0.86

Table 3: Correlation and Variance of Factor Intensities

Zs Z3 Ks Us Z4 Kq Uy My
Z; 0.015
23 0.723 0.005
Kj 0.115 -0.555 0.019
Us -0.579 0.057 -0.862 0.014
Z4 0.685 0.976 -0.567 0.086 0.006
Ky 0.187 -0.301 0.669 -0.620 -0.175 0.020
Uy -0.434 0.163 -0.840 0.809 0.259 -0.351 0Q.016
my -0.134 -0.303 0.321 -0.200 -0.484 -0.474 -0.559 0.030

Table 4: Summary Statistics for Factor Abundance

Variable Mean Std. Dev. Min Max
H/L 0.567 0.168 0.325 1.017
K/L 0.286 0.323 0.004 1.236

GDPPC 0.272 0.280 0.015 1.132
LAND/L 1.841 3.185 0.004 18.20

Table 8: Correlation and Variance of Factor Abundance

H/L K/l GDPPC  LAND/L
H/L 0.028
KL 0.799 0.105

GDPPC 0.807 0.917 0.078
LAND/L -0.054 0.058 -0.025 10.21




Table 6: North and South

North
Australia’
Austria’
}'.kﬁlgiumI
Canada’
Denmark’
Finland®
France'
Germnny1
Hong Kong]
Teeland!
Treland!
[srae]’

Imlyl

JapzmI
Luxembourg’
Netherlands'
New Zealand'
N’orwayl
Singapore’
Spain'
Sweden'
Switzerland!
Taiwan'
United Kingdom'

South
Algeria’

An go]nj‘
Argentina’
Bangladesh’
Barbados®
Benin®
Bolivia®
Botswana®
Brazil®
Burkina Faso®
Burundi®
Cameroon®
Cape Verde'

Central African Republic’

Chad’
Chile®
China®
Colombia’
Comoros’

Congo, Democratic Republic”

Congo, Republic’
Costa Rica’

Cypru§

Czech Republic’
Dominican Republic’
Ecuador”

Eeypt’

El Salvador®

Fiji’
Gabon®
Gambia®
Ghana®
Greece'

Guatemala®
Guinea®
Guinea Bissau’
Guyana®
Haiti®
Honduras”®
Hungat y4
[ndia*
Indonesia’
[vory Coast’
Jamaica’
Jordan®
Kenya:
Korea'
Lesotho'
A\‘lz»u‘iagascnr3
Malawi®
Malaysia®
Mali?
Malta®
Mauritania®
Mauritius®
Mexico
Moroceo”
Mozambiqg ue’
Myan mar’
Namibia®
A\'icm'agua3
Ni gcr:‘
Nigeria®
Oman’
Pakistan’
Panama’®

Papua New Guines !
Paraguay”

Peru’

Philippmes:
Poland’

Portugal’

Romania’

Russia’

Rwanda’

Saudi Arabia’
Senegal’

Seye welles’

Sierra Leone’
Slovakia®

Somalia®

South Aftica’

Sri Lanka’

Sudan”
Surinam
Swaziland’
Syria’
Tanzania®
Thailand'

'l‘og(.)"

Trinidad and Tobago®
Tunisia’

Turkey”

Uganda®

Urugu:‘i}"“

Venezuela®

Yemen?

Zambia®

Zimbabwe*

Notes:  denotes countries that are included in all Rybezynski regressions.

denotes countries with factor data for Rybcezynski regressions but no test scores.
denotes countries with per capita GDP data only for Rybezynski regressions.
denotes countries that are not included in any Rybezynski regression.

)
|
§
|
|
%
|
|
§
1
|
|
|
|
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Table 7: Characteristics of North and South

H/L. /L GDPPC  LAND/L
North 0.79 0.83 0.75 1.74
South 0.51 0.15 0.15 1.75
Table 8: Regression for the Aggregate North
(Dependent Variable: vy,)
2 Factors 3 Factors 4 Factors
Constant (0.39%%* 0.12 0.05
(0.04) {0.08) (0.08)
7 (0.93%%x
(0.10)
7 1.00%**
(0.22)
ks (. 547%*
(0.11)
Zy 2.00%%*
(0.22)
ky ().G4%**
(0.11)
1y 0.60%**
(0.12)
Observations 370 370 370
R’ 0.19 0.18 0.24
Note: robust standard etrors in parentheses. T denote
significance at the 1,5,10 and percent level.
Table 9: Pooled Regression of Import Share on Factor Intensities
| (Dependent Variable: Vi)
Variable (1) (2) (3) (4)
| z T R T R o Sl A E
| (132) (0.62) (1.14) (0.49)
i Skill*z 23.24%%* 24 ) 3kk |
| (1.83) (1.60) |
GDPPC*2 17 87kkx 15.40%%%
{1.05) (0.84)
k L), 77k L1O] HkE NN L1 RGHE
(0.26) (0.31) {0.24) (0.27)
Capital*k L.30#A* 222w
(0.37) (0.35)
GDPPC*k 366k Rk
(0.53) (0.45)
m -17.26 -16.98
(45.32) (4532
Raw*m (.35 03780
(0.04) (0.03)
Country
Dummies Yes. Yes Yes, Yes.
Countries 124 123 120 120
Obs. 45,880 45,510 44,400 44,400
Note: standard errors in parentheses. TR denote significance at
1,5,10 percent level.




Table 10: Per Capita Real Income Relative to the US

1960

1970

1980

1990

1998

Japan
Singapore

Hong Kong

Tarwan
Korea
Treland
Spain
Israel

0.30
0.17
0.23

0.56
0.23
0.33
) 17
N
39
0.45
0.46

\_/
[y

-

¥

-

0.66
0.46
0.57
0.29
0.20
0.45

0.79
0.65
0.82
0.45
0.37
0.51

0.48 0.53
0.52 0.51

0.79
0.82
0.70
0.54
0.46
0.73
0.55
0.58

Table 11: Regression Coefficients of Market Share on Factor Intensities
(Dependent Variable: V)

Country Factor 1960 1972 1980 1990 1998
Tapan Skall -3.16 Sl H2FEF 1.22% 3 OFkE S.66%**
(3.78) {0.57) (0.71) (0.78) (0.93)
Japan Capital 5.76% -l 3G -0.95 %k -0.40 0.47
(3.23) (0.31) (0.36) (0.42) (0.49)
Singapore Skill n.a 3.04 -0.01 1.75 8.30%**
(4.94) 2.11) (2.48) (2.42)
Singapore Capital n.a -1.48 -0.91 0.34 0.36
(1.08) (0.74) (0.31) (2.10)
Hong Kong  Skill -6.88** 6. g SSTTHE 5.6 % -2.54
(2.76) (1.63) (1.24) (1.52) (1.92)
Hong Kong  Capital -1.95% -3, U\*"* 22,00k S2.56% R -1.44
(2.35) (0. (0.63) (0.82) (1.18)
Taiwan Skill -11. 1\*"“"‘ 7.]2““ S5 4RERH -4 (7R -1.97%F
(2. ) (1.70) (0.82) (0.70) (0.8%)
Talwan Capital -6.18 W3 7R <307 W3 2R ST Ll
(2.49) (0.74) (0.47) (0.45) (0.54)
Israel Skall S 7EREE -2.00 0.61 4 25k 7. ApHEE
(2.67) (1.75) (4.25) (1.61) (2.66)
Israel Capital -5, 35 -0.31 -1.50 0.02 141
{2.28) (0.76 {(1.82) (0.65) {0.96)
Ireland Skill ~ 14 8k 1.35 -0.39 3 gk 4 8(FRx
(2.23 (2.87) (1.9 (115 (1.39
Ireland Capital -3.20%% 06 5.70% 6.25% 6,59k
(1.48) (2.95) (3.41) (3.07)
Spain Skill S570E -1.23 -0.78 -1.2
(3.35) (1.56) (1.69) {1.60)
Spain Capital .43 L3 2.60* 1.24 0.62
(2.24) (0.92) (1.33) (0.81) (0.92)
Korea Skill -14.91% SNV o -6, TOHRE -5 3wk -3 50 %*
(8.90) 07 (1.23) (119 (1.66)
Korea Capital -12.62* »4 (w“‘ 2220 306 S326%F
(7.61) A0 (0.63) (0.56) (1.49)
Average Skill Coefficient -9.77 ? 37 -2.22 -0.47 212
Average Capital Coefficient 23,17 -1.33 -0.29 -0.14 0.28
Number of Industries 151 376 376 366 370

Note: robust standard errors in paventheses,

" denote significance at 1,5,10 percent leve
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Table 13: Correlation of Education and Capital Growth with GDP Growth

Arelgdppe7298  Aedn7095  Acol7095  AK/L7292

Aedn7095 -0.01
Acol7093 0.13 0.24
AK/1.7292 0.33 -0.08 0.12




Estimated Share of US Imports by Industry

Share of US Imports by Industry, Normalized (Vcz)
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Figure 1: Heckscher-Ohlin Effect for Germany and Bangladesh
Skill Intensity and US Tmport Shares in 1998
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Figure 2: Rybezynski Effect for the Asian Miracle Economies*
Combined US Import Shares 1960-1998

(*Singapore, Hong Kong, Taiwan, Korea)
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Figure 3: The Location of Production
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Figure 4: Location of Production in DFS Model With Transport Costs
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Figure 5: Effect of Transport Costs on the Location of Production
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Figure 6: The Effect of ¢ on the Location of Production
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Figure 7: The Effect of Factor Abundance on the Location of Production
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ure 8: Factor Intensity and the North’s Market Share
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Figures 9 to 12: Cocfficients from Regressions of Country’s Share of US Imports by Industry (V;) on
Factor Intensity of Industry

Figure 9: Skill Intensity: 3 Factor Model
WLS regression line: Coelf=-19.75 -+ 27.89H/L
standard errors: (142 (1.97)
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Figure 10: Skill Intensity; 4 Factor Model
WLS regression line: Coeff=-19.55+ 27.66H/L
standard errors: (1.47) (2.04)

B e odd® FRAw %if NEWI

e PN B FENET swe .
5 - R yoa AUT NET BE’L\J'VL I S

Coefficient on Skill Intensity

—25 _ ELlS *.25

3 5 7 9 1.1
Human Capital to Labor Ratio




Figure 11: Capital Intensity, 3 Factor Model
WLS regression line: Coeff=-1.77 + 3.07K/L
standard errors: (0.27) (0.40)
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| Figure 12: Capital Intensity, 4 Factor Model
1 WLS regression line: Coeff.=-2.30 + 3.80K/L.
standard errors: (0.27) (0.40)
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Figure 13: Skill Intensity and US Import Shares in 1960
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Figure 14: Skill Intensity and US ITmport Shares in 1980
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Figure 15: Skill Intensity and US Import Shares in 1998
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