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Abstract

Standard theories of international trade assume that all countries use
similar and exogenous technologies in the production of any good.
This paper relaxes this assumption by allowing for the adoption of
various factor-complementary machines. The marriage of literatures
on biased technical change and trade yields a tractable theory, which
predicts that differences in factor endowments bias technical change
towards particular factor intensities, and thus unit factor input re-
quirements vary across economies. Using data on net-exports of a sin-
gle industry, computers, and factor endowments for 73 countries over
the period 1980-2000, the paper shows that once technological choices
are considered, countries with different factor endowments can become
net exporters of the same product. (JEL Code: F1, F11, F12)
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1 Introduction

Theories of international trade such as the factor proportions model often
assume that countries use similar technologies in production or that techno-
logical differences are Hicks neutral. In contrast, models of biased technical
change assert that innovation and technology adoption are determined by lo-
cal factor endowments. This paper marries these two literatures. It proposes
a matching mechanism between factor endowments and technologies in open
economies, and it studies how the cross-country pattern of trade changes
once technology choices are considered.

The theory concerns economies that are open and differ in their factor
endowments. Economies are composed of multiple goods, which can be pro-
duced with a range of factor-complementary machines. These machines are
traded in a global market, which is characterized by a monopolistic com-
petitive structure. The model is tractable even though it predicts that unit
factor input requirements within industries vary across countries.

The econometric analysis utilizes data on factor endowments and net-
exports of computers and components, an industry that has received much
attention in the technology adoption and growth literature. The data set cov-
ers 73 countries during 1980-2000. The empirical model tests for the existence
of multiple technological country groups in the data, and estimates the fac-
tor proportions model in a two-stage estimation procedure. The technology
selection function is modeled as an Ordered Probit. The trade specialization
equation follows closely the standard specification of Rybczinski functions
found in the trade literature.

The econometric results suggest the existence of up to four distinct tech-
nological groups that differ in terms of their unit factor input requirements
in the production of computers. The evidence rejects the hypothesis that
the set of estimated Rybczinski coefficients are statistically equivalent across
technological country groups.

The paper is organized as follows. Section 2 discusses the related liter-
ature. Section 3 introduces the model. Section 4 solves the equilibrium of
the model. Section 5 presents the empirical strategy. Section 6 discusses the

empirical results. Section 7 concludes.



2 Related Literature

At least two distinct literatures are related to our model and empirical appli-
cation. The first one is the trade literature on factor proportions and trade
patterns. The second one concerns biased technical change.

2.1 Trade and factor proportions

This literature can be divided into two different strands of research. One ex-
plores the implications of the factor proportions theory under the assumption
that all countries have access to the same technologies. A second literature
conducts the same analysis but assumes that there are Hicks-neutral tech-
nology differences across countries.

In the first strand of research, Harrigan[14] examines the production side
of the factor proportions model. The author employs manufacturing outputs
and factor endowments data for up to 20 OECD countries during 1970-1985.
The most robust evidence suggests that capital abundance is a source of
comparative advantage in most of the sectors, but the effects of skilled- and
unskilled-labor are not clear. The sign of the Rybczynski coefficients change
across econometric specifications. In particular, under the time-varying pa-
rameter model, which yields the most precise coefficient estimates, skilled-
labor is a modest source of comparative advantage in only two industries (Iron
and Steel, and Fabricated Metal Products), while it is a source of compara-
tive disadvantage in the other sectors. Its largest negative effect is observed
in the Food industry. By contrast, unskilled-labor has positive effects on in-
dustry output in six of the nine industries, while land has a negligible effect
in all the manufacturing sectors.

In the same vein, but motivated by a slightly different question, Schott[25]
investigates whether developed and developing countries specialize in differ-
ent subsets of products as a result of their differences in factor endowments.
He proposes a methodology that distinguishes single- from multiple-cone
equilibria and allows for the effect of factor accumulation on a given sector’s
output to vary with a country’s endowments. Schott[25] uses value-added,
capital stock, and employment data from UNIDO for up to 45 developed and
developing countries across 28 manufacturing industries in 1990. The find-
ings reject the single-cone framework in favor of a two-cone model with labor-



abundant countries producing relatively little of the most capital-intensive
goods. Interestingly, the estimated development paths for industries such as
Transportation, Food, Electrical Machinery and Machinery display a twin-
peaked pattern, thus suggesting that within these sectors labor-abundant
countries produce the less capital-intensive goods, while capital-abundant
economies specialize in the production of the most capital-intensive prod-
ucts.

A paper that also belongs to this literature is Romalis[24]. The author
examines how factor proportions determine the structure of commodity trade
by integrating a many-country version of a Heckscher-Ohlin model with a
continuum of goods with Krugman[18]’s model of monopolistic competition
and transport costs. Two main predictions emerge from this work. The
first one tells that countries capture larger shares of world production and
trade of commodities that more intensively use their abundant factors. The
second prediction shows that countries that rapidly accumulate a factor see
their production and export structures systematically shift towards industries
that intensively use that factor.

In the second strand of the trade literature, Harrigan[15] provides the first
empirical test of the factor proportions theory in a framework that accounts
for international technology differences. To estimate this model, the author
uses manufacturing output shares and factor endowments data for up to 10
developed countries across 7 industries with data from 1970-1988. The most
reliable inferences across sectors that can be obtained from this study are
roughly consistent with Leamer[19] and Harrigan[14]. Specifically, the results
indicate that capital and medium-educated workers are associated with larger
GDP output shares in most of the seven industries (Food, Apparel, Paper,
Chemicals, Glass, Metals and Machinery); while non-residential construction
and high-educated workers are related to lower output shares.

Harrigan[15] improves substantially upon previous empirical frameworks,
but his implementation has the disadvantage that the model does not ex-
ploit cross-country variation to help identify the effect of factor supplies on
specialization because it only uses data on OECD countries, which tend to
have similar factor endowments and sectoral output shares. To overcome this
drawback, Harrigan and Zakrajsek[16] extend that study and work with a
larger sample, which includes data for up to 28 OECD and non-OECD coun-



tries and 12 industries from 1970-1992. Their evidence favors the neoclassical
theory. In Food, Wood-Paper and Oil-Coal capital abundance reduces output
shares while labor abundance raises them; Fabricated Metals and Machinery
sectors are capital intensive but not land intensive. The impact of factor en-
dowments on the Apparel-Textile sector is difficult to ascertain because the
signs of the estimated coefficients change across specifications. The between
(cross-sectional) estimates confirm the intuition about this sector, namely
that countries that are land and capital scarce but labor abundant special-
ize in this industry. The country fixed-effects estimates however show that
increases in skilled-labor over time reduce output.

In a related work, Fitzgerald and Hallak[12] estimate the effect of factor
proportions on the pattern of manufacturing specialization in a cross-section
of OECD countries, taking into account that factor accumulation responds
to productivity. The author show that the failure to control for produc-
tivity differences produces biased estimates. Their model explains 2/3 of
the observed differences in the pattern of specialization between the poorest
and richest OECD countries. However, because factor proportions and the
pattern of specialization co-move in the development process, their strong
empirical relationship is not sufficient to determine whether specialization is
driven by factor proportions, or by other mechanisms also correlated with
level of development.

Using the framework proposed by Harrigan[14], but concerned with ana-
lyzing the role of factor endowments on specialization dynamics, Redding[23]
utilizes distribution dynamics to explore this issue. In his framework, a coun-
try’s pattern of specialization at any point in time is characterized by the
distribution of shares of GDP across industries. Its dynamics are represented
by the evolution of the entire cross-sectional distribution over time. To im-
plement the model Redding[23] employs data on 20 industries in 7 OECD
countries from 1970-1990. A comparison of GDP shares between 1970 and
1990 reveals substantial variation across sectors and countries. For example,
the share of manufactures in GDP declines in all countries, although the rate
of decline varies considerably across economies, from a decline of 30.6% in
the United Kingdom to 10.1% in Denmark. There are also notable changes
in the relative importance of individual sectors within manufacturing. Some

sectors (e.g. Textiles and Ferrous metals) declined while others (e.g. Drugs



and Radio/TV) rose. The rate of decline or increase varies noticeably across
countries. For example, in Radio/ TV, the rate of increase ranges from 19.8%
in the United Kingdom to 62.5% in Japan and 297.6% in Finland.

Perhaps more importantly, Redding[23] concludes that in the short run,
common cross-country effects such as technology progress are more impor-
tant in explaining observed changes in specialization than factor endowments
for the majority of the countries. Over longer periods, factor endowments
become relatively more important, and in the infinite horizon, factor en-
dowments account for most of the observed variation in specialization. This
evidence is in line with the idea that changes in relative factor abundance
occur gradually and take time to impact on outputs structures.

Overall, the factor proportions model provides a story about static and
dynamic specialization around the world. Some evidence shows that tech-
nological differences across countries can produce similar patterns of special-
ization in spite of large differences in factor endowments (Schott[25]). Our
model extends the standard factor-proportions theory to allow for technology
differences across countries.

2.2 Biased technical change

This literature concerns the hypothesis that countries use different factor-
complementary machines to produce the same products. This strand of re-
search can also be divided into two different approaches. The first one as-
sesses whether factor shares vary systematically with the level of development
(e.g. Young[26], Gollin[13], Bernanke and Gurkaynak|[3], and Ortega and
Rodriguez[21]). The second investigates whether complementarities between
inputs and technology bias technical change (e.g. Acemoglu[l], Caselli[6]).
The first literature initially found that labor shares in national income
vary widely, ranging from 0.05 to 0.80 in international cross-sectional data
(e.g. Elias[10] and Young[26]). Gollin[13] questioned these estimations by
arguing that the widely used approach, which is based on Cobb-Douglas pro-
duction functions, tends to underestimate the labor income of self-employed
workers, and the corrected labor shares fall in the range of 0.65 to 0.80.
This evidence was later reaffirmed by Bernanke and Gurkaynak|[3], but re-
jected by Ortega and Rodriguez[21]. The later uses industrial survey data
to explore the same question, and controlling for the measurement problem



of self-employed workers it found a significant negative cross-sectional rela-
tionship between capital share and per capita income within industries. In
a related paper, Dobbelaere and Mairesse[9], find that imperfections in the
product and labor markets generate a wedge between factor elasticities in
the production function and their corresponding shares in revenue, both at
firm and industry level.

In the second approach, Acemoglu[l] shows how cross-country differences
in factor endowments can bias technical change. In his framework, two forces
shape technical change, price and market-size effects. The price effect reflects
the incentives to generate technologies that create more expensive goods. The
second effect captures the incentives to produce technologies for which there
is a big market. While the former encourages innovations to complement
scarce factors, the latter leads to technical change favoring abundant fac-
tors. The elasticity of substitution between two different factors determines
how powerful these effects are. In the long run, technical change favors the
abundant factor if the elasticity of substitution is sufficiently large.

Evidence of complementarities between factors of production and technol-
ogy has been provided by Caselli[6], who explored the relationship between
factor endowments and the composition of capital imports. The author finds
that human-capital abundant countries devote a larger share of their in-
vestment to acquire complex technologies, which can only be employed by
skilled-workers.

We depart from the neo-classical trade literature by relaxing the assump-
tion of Hicks neutral technologies, and by allowing countries to make their
own technology choices. We complement the biased-technical change litera-
ture by analyzing how countries’ technology choices alter the impact of factor

endowments on trade.

3 The Model

Let ¢<=1,. . . , C index countries, let f=1, . . . , F index factors,
and let j=1,. . . , J index industries. Assume that countries are open.
Output of industry j in country ¢, Y, can be written as a constant elasticity
of substitution (CES) production function of factor inputs f, V%, and factor-

J-complementary machines, Af;. Thus,
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v¢ € (0,1) is a distribution parameter that captures how important factor f is
in the production process. Specifically, we assume Z?zl v = 1. Parameter o}
is the elasticity of substitution between two factors and A§; has the following
functional form:
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N}/V stands for the number of varieties of factor-f-complementary machines
available in the global market, and a; (i) for the units of variety i. Parameter
a determines the elasticity of substitution between any two varieties of such
machines.

Final goods producers face a two-stage decision process. First, they decide
how many units of each factor of production to hire. Second, they choose
how many machines to buy to complement each factor. In doing so, they
take technology prices as given, because countries are small. The machines
belong to the category of general purpose technology, and they can be used
in different sectors. The world’s technological market has a monopolistic
competitive structure. Each monopolist from country z, with x = 1,...,C,
that produces technology to complement factor f sets a rental price pjf(z)
per unit of machine 4 supplied to firms of industry 7 in country c. She faces a
production cost, x%, and a transport cost, 7, per unit of invented machine

she sells to firms in country c.

4 Equilibrium

To find the equilibrium of the model we proceed in the following manner.
First, we solve the equilibrium for a representative sector. Second, we char-
acterize the equilibrium for the whole economy. To solve the equilibrium for
a sector we need to find the solutions to the final good producers’ problem
and technology suppliers’problem. This is presented in the following sections.



4.1 Final Good Producers

Firms choose how many machines to buy in order to complement each pro-

1

duction factor.” The problem for a representative firm in sector j can be

written as follows:?
minga: }{z [ e et )i (3)

subject to the following constraints:
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The first order conditions for problem (3) deliver the following expression for
the demand of machine i that complements factor z per unit of output:
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acz(z) = j J —c - (4)
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E¢ represents the expenditures that country ¢ devotes to complement factor

—€ w —€ . . . o . . .
2 PLC = v pS. “(i)di, and £ = 7 is the elasticity of substitution be-

tween two varieties of machines 2.3 Equation (4) implies that the demand
of machine ¢ is an increasing function of real expenditure on technology z,

C
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Given the demand for machines, firms minimize unit cost functions to

and a negative function of the price of the machine, pj,(i).

determine the optimal unit factor input requirements. Specifically, they solve
the following problem:

mm{VC}f 1) F{wavf] (5)
=1

subject to the following constraints:

'We solve the model backward because producers are rational agents.
2For the sake of simplicity firms’ subindexes are omitted.

3For the sake of simplicity we assume that E¢ is given.

4See the Appendix for the complete proof.
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where w} stands for the cost per unit of factor f in country c. In the op-
timum, the marginal product of each factor equals its marginal cost. From
the optimal conditions we can obtain the optimal Qf:
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w$§ is the cost per efficiency unit of factor f. Equation (6) shows that factor-
f-complementary machines affect unit factor input requirements through two
opposing effects. On the one hand, larger values of A, increase the produc-
tivity of the factor and reduce its requirements. On the other hand, factor f
becomes relatively more productive than other factors, which increases firms’
incentives to hire more units. The sign of the net-effect depends on which ef-
fect dominates. Lower values of @$ (7.), and increasingly negative (positive)
differences between w§ (7y) and @ (7.), for 2 # f and z = 1,...F', make the

second effect more prominent.

4.2 Technology Suppliers

Recall that any monopolist localized in country z faces a marginal cost ;ﬁ TO®
for manufacturing and delivering one unit of technology z to country c¢.®> The
profits of this monopolist supplying machine 7 to country c¢ are as follows:

B2 p5. (4)
Py P

i (@) = [p5 (i) — (ui7e")] (7)

Maximization of equation (7) with respect to pj; (i) delivers the following
optimal price,

5Since we are not concerned with modeling the innovation-entry decision, we assume

the number of innovators is exogenously given.
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which is a constant markup over the marginal cost of producing and trans-

porting a unit of technology. This markup depends negatively on the elas-

ticity of substitution between varieties of z-machines. Inserting equation (8)

into (4) gives the solution for af, (i),
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Inserting equation (9) into (2) provides the solution for AS,,

(9)
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To finish characterizing the equilibrium for this sector, we insert equation
(10) into (6) to obtain the final expression for Q

c
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A comparison of equation (11) with the neo-classical factor proportions model
reveals that cross-country differences in technology prices are a source of
cross-country variation in unit factor input requirements. This result consti-
tutes an important departure from the model with Hicks neutral technology.

4.3 The Economy

To analyze how technology choices affect the impact of factor endowments
on trade, we need to solve the equilibrium for the whole economy. Employing

11



matrix notation, we define Q° as the matrix of unit factor input requirements

for economy c. Market clearing conditions in this economy are as follows:
QY =V°, (13)

where Y° is the vector of sectoral outputs and V¢ is the vector of factor
endowments. Assuming that the number of goods is equal to the number
of products, and denoting by R° the inverse of matrix Q°, it is possible
to express output of country c¢ as a linear function of country c¢’s factor
endowments. Specifically,

Y¢ =RVE (14)

If countries can be clustered in K groups, such that two countries belong
to the same group if they make identical technology choices, we can express
output of country ¢, which belongs to group k, Y°F, with k = 1,..., K, and

worldwide output, Y, as follows:
Yc,k _ Rkvc,k (15)

and

K
YV =) RV, (16)

k=1

respectively. V% is the vector of factor endowments of group k. Denoting
by T B¢ the trade balance of country ¢ and by s. country c¢’s share of world

consumption, net-exports of this economy are
K
NX =Y~ s.Y"=R{(VF — s VF) — N R, V2. (17)

z=1,z#k

The previous system provides the following estimating equation for the net-
exports in sector j by country ¢, which belongs to technology group k:

F K F
NX§* = le i (VPR — s V) + %kle rii(=sc V7). (18)
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A comparison of equation (18) with the standard Rybczynski equation sug-
gests that the concept of relative abundance of a factor in a country must be
redefined when technology choices are introduced in the standard factor pro-
portions model. Notably, a country’s factor abundance is measured relative
to the aggregate endowment of the technological group to which it belongs.

5 Empirical Strategy

This section presents an empirical implementation of our theory. We focus
the analysis on the computer sector because it has received much attention
in the technology adoption and growth literature. The section is structured
as follows. First, we present the estimating procedure. Second, we describe
the indicators and proxies we construct to test the theory. Third, we provide

a preliminary analysis of the data.

5.1 Estimating procedure

The theoretical framework motivates an empirical model with two equations
because net-exports determination is governed by different sets of parameters,
and the set of parameters which determine a particular country’s net-exports
depend on the technological group to which it belongs. The most efficient
method to estimate this model is the Full-Information Maximum Likelihood
(FIML) estimator (see Chiburis and Lokshin[7]). However, we employ a less
efficient method, the Two-Step approach. An implication of using the last
technique is that it increases the chance of rejecting our theory.

In the first step, we estimate an Ordered-Probit equation, and we cluster
countries across technological groups. To find the locations of the cut-off
points that split the sample between technological regimes, we proceed in the
following manner. First, we assume the sample splits in a particular number
of groups i.e., 2, 3, or 4. Second, we follow the methodology implemented by
Hotchkiss[17], which consists in estimating the model for every reasonable
cut-off parameter. We start the process dividing the sample in a way that
delivers the maximum number of groups with no more than 10% of the
observations per each one. This provides the highest degree of freedom to

13



move the cut-off points along the range of possible values.® Then we estimate
the first step.

In the second step, we estimate the Rybczynski coefficients for each tech-
nological group. We use the OLS approach but we control for selection.”
Finally, we apply the goodness of fit criterium to identify the set of esti-
mated parameters that yields the least sum of squared residuals.

The first stage of the econometric model can be written as:

R = 07 + 4t (19)
it —oo< RS < Ry
1 if Ry < Rf < Ry
Ry =
K-—-1 if RK_1t<R§§OO,

where Rf is a continuous variable that we construct to cluster countries across
technological groups. This variable is intended to capture the technology
choices that countries make. The following section explain the methodology,
the variables, and the economic arguments we employ to build it. © is a
vector of parameters, and Z; is a vector that includes some of the variables
we use to build Rf§. In particular, these variables are: stock of capital, labor,
and intellectual property rights (IPRs) of each country, as well as weighted
averages of the stock of capital, labor, and IPRs of its technology suppliers.
iy is a standard normal shock, and Ry, Ry, ..., Rx—1; are the unknown cut-
off points, which satisfy the following condition: Ry;< Roi<, ...,< Ry _1;. We
also define Ry, = —oo and Rg; = oo to avoid having to handle the boundary
cases separately.

The second-stage Rybczynski equation is:

6The cut-off points are moved in steps of 1 percentile of the continuous variable we
employ to cluster countries across technological regimes.

"Specifically, we introduce the estimated e = O (R —R*)— (R —R°)

? g @(Rijrl*.Rc)iq)(Rk*Rc)

variable of the Rybczynski equation corresponding to regime i.

as an explanatory

14
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NXpRif R =0
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where NX; * are the net-exports of computers for country ¢ which belongs
to group k in period t. r’; is the Rybczynski coefficient for factor f in tech-
nological group k. We include four factors of production: stock of capital,
skilled-labor, unskilled-labor, and arable land. Given that in the economy
there are more than four sectors, we follow the trade literature and we as-
sume that the constant term, 7y, captures the mean effect of omitted factors.®
The model relies on the following assumptions: Al. vf* ~ N(0, o2 y), for
k=1,..,K; A2. pf ~ N(0,1); A3. 07, =0, for k# zand k,z =1,..., K;
A4. o7, #0.

As we mention at the beginning of this section, we estimate equations (19)
and (20) using the Two-Step approach, which is less efficient than the FIML
method. This implies that if we find evidence in line with our predictions,
our theory is very robust. However, evidence against the theoretical results

is not enough to reject the theory.

5.2 Indicators and proxies

This section describes the proxies we construct to estimate equations (19)
and (20). It also documents the sources of data we employ for such purpose.

8See Fitzgeral and Hallak[12], Harrigan[14], and Reeding[23] among others.
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5.2.1 The technology selection variable

To construct variable R we rely on equation (10), which shows that the
amount of machines that a country buys to complement a particular factor of
production is a function of the marginal cost of manufacturing one machine,
the transport cost, and the elasticity of substitution between two varieties of
the same type of equipment.

The marginal cost of producing one unit of a machine is a function of the
factor endowments of the country that supplies the equipment because they
determine the prices of the inputs involved in the process. As our empirical
implementation focuses on the computer sector, which is one of the most
technologically advanced industries, we assume that to produce a computer,
a country needs to acquire machines from the same sector. These equip-
ments complement different factors of production, and they can be acquired
domestically or imported from abroad. Therefore, the technology choices of
a country are a function of its factor endowments as well as the weighted
averages of the factor endowments of its technology suppliers, where each
weight accounts for the transport cost, and is define as the inverse of the
distance between the country that buys and the one that sells the machine.

Technology choices can also be affected by the IPRs of innovators’ coun-
tries. One reason to justify this statement is that inventors of countries with
weak IPRs may have incentives to provide more sophisticated and expen-
sive technologies to avoid imitation. Another argument is that strong IPRs
can encourage monopolists to charge a higher mark-up because they face no
competition. In any case, a country’s technology choice can also depend on
its own IPRs as well as the inverse-distance-weighted average of the IPRs of
its technology suppliers.

Once we identify the variables that affect countries’ technology choices,
wee proxy variable Rf with the predicted value for the principal factor in
a principal component analysis of these variables (stock of capital, labor,
arable land, and IPRs of each country as well as the corresponding distance-
weighted averages of its technology suppliers).

The sources of data we employ to construct R{ are the following. Data
on capital stocks come from Serven and Calderén[25], who extend the se-
ries provided by Penn-World Tables, version 5.6, using the perpetual inven-

tory method. The labor force is from the International Labor Organization
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(ILO). The endowment of arable land comes from the World Bank’s World
Tables. Data on intellectual property rights protection come from Park and
Ginarte[22], who construct an index of patent rights using a coding scheme
applied to national patent laws. Five categories of the patent laws were
examined: (1) extent of coverage, (2) membership in international patent
agreements, (3) provisions for loss of protection, (4) enforcement mecha-
nisms, and (5) duration of protection. Each of these categories (per country,
per time period) was scored a value ranging from 0 to 1. The un-weighted
sum of these five values constitutes the overall value of the IPRP index. Bi-
lateral data on computers imports come from Feenstra et al.[11]. The data
are available at 4-digit level of the Standard International Trade Classifica-
tion, Revision 2. We consider the following categories, 7521, 7522, 7523, and
7528.9 The source for bilateral distances is the CIA World Factbook.

5.2.2 Net-exports of computers

To estimate equation (20) we need data on net-exports of computers. The
source of these data is Feenstra et al.[11]. This data set provides information
on bilateral trade flows at 4-digit level of the Standard International Trade
Classification, Revision 2. Our net-exports variable includes the following
categories, 7521, 7522, 7523, and 7528.

5.2.3 Factor endowments

To estimate the Rybczynski coefficients we need data on factor endowments.
We consider four factors: stocks of capital, skilled-labor, unskilled-labor, and
arable land. Data on capital stocks come from Serven and Calderén|25]. The
labor force is from the International Labor Organization (ILO). To calculate
endowments of high- and low-skilled labor, we use data on educational attain-
ment from Barro and Lee[2]. Skilled-workers are defined as the population

economically active which have attained at least secondary school. The rest

9Code 7521 refers to Analogue and hybrid data processing machines; code 7522 refers
to Complete digital data processing machines, comprising in the same housing the central
processing unit and one output unit; code 7523 refers to Complete digital central processing
units, digital processors consisting of arithmetical, logical, and control elements; codes 7528
refers to Off-line data processing equipment, n.e.s.
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is considered unskilled-labor. The endowment of arable land comes from the
World Bank’s World Tables.

The resulting sample covers 73 developing and developed countries over the
period 1980-2000. Table 1 presents summary statistics of the variables de-
scribed in previous sections, and the Appendix provides a list of the countries
included for the analysis.

[Insert Table 1 about here]

5.3 Net exports of computers and endowments

A preliminary review of the data suggests that countries with notably dif-
ferent factor endowments have comparable net-exports of computers. It also
shows that countries close to each other in the ranking of factor endow-
ments are net-exporters and net-importers of computers. Table 2 displays
the countries that are located at the top and the bottom of the distribution
of countries ranked by their net-exports of computers. For each of these

economies, the table reports their capital and skilled-labor abundance.
[Insert Table 2 about here]

A comparison of columns (3) and (5) shows that within the group of top net-
exporters, there are countries such as India, China, Indonesia, and Philip-
pines, which belong to the bottom of the capital-labor ratio ranking, while
other economies such as Japan, Singapore and Korea Republic belong to the
top of such distribution. A similar observation can be derived from the com-
parison of columns (3) and (7). Among the group of top net-exporters, there
are economies such as India, Indonesia and Costa Rica, which belong to the
bottom of the skilled-labor distribution, and other countries such as Japan,
Korea Rep., and Ireland, which belong to the top of this distribution.

6 Results

We organize our discussion of the results in the following manner. First, we
analyze the statistical significance of the estimated parameters that allow us

to test the econometric specification we implement. Second, we interpret the
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outcomes from the estimation of the selection equation. Third, we discuss
the results from the estimation of the Rybczynski equations. Table 3 presents
the estimation outputs. Each column splits the results across technological

regimes.

[Insert Table 3 about here]

6.1 Specification tests

The econometric results suggest the existence of up to four technological
regimes. Table 3 shows that the model that fits best the data is the one
with four regimes. The optimal cutoffs are found at the 35th, 50th, and
90th percentiles of the distribution of variable 2§, and they are statistically
different from zero at 1% level. Some of the estimated coefficients that correct
for selection (Lambdas) are also statistically significant at 5% level. As the
number of regimes increases, trading partners’ endowments and IPRs become
significant and rise the probability of belonging to the highest regime. This
can explain why countries such as Albania, Costa Rica, and Jamaica appear
in the third regime.

6.2 Technology selection

Table 3 shows that many of the explanatory variables are statistically signif-
icant in the three specifications. Interestingly, the results show that as the
number of technological regimes increases, the coefficients corresponding to
the endowments and IPRs of trading partners become statistically more sig-
nificant. This result has an important economic implication. As it shows that
in open economies, the adopted technologies are not necessarily the ones that
complement relatively abundant factors. The outcomes indicate that the en-
dowments and institutions of close economies are also very important. Table
4 shows the final distribution of countries across technological groups.

[Insert Table 4 about here]

6.3 Rybczynski equation

The results indicate that capital abundance is a source of comparative advan-

tage in the production of computers for countries that belong to the lowest
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technological regimes. However, it is a source of disadvantage for countries
that belong to the highest regimes. By contrast, skilled-labor abundance is
statistically significant and has a positive impact on the net-exports of com-
puters of the highest regimes. Both results appear systematically in the three
specifications. Notably, as the number of regimes increases, unskilled-labor
abundance becomes significant and has a positive impact on the net-exports
of computers for the lowest regime, while skilled-labor abundance affects net-
exports of computers in an opposite direction. Land is significant and has a
negative effect on most regimes. This result is robust to different specifica-
tions. All these effects are statistically different from zero at 1 % level.
Combining information on the dependent and explanatory variables for
each technological group together with the estimated Rybczynski coefficients
of column (3) we find that a 1$ increase in the relative endowment of capital
leads to a 0.0001$ increase in the net-exports of computers of the lowest
regime, and a 0.0028$ reduction in the net-exports of the highest regime.
These effects are economically large: a 1 standard deviation increase in the
relative abundance of capital generates a 266.542 standard deviations increase
in the net-exports of the first regime, and a 7,463.15 standard deviations
reduction in the net-exports of the highest regime.!® An increase of 1 worker
in the relative abundance of skilled-labor leads to a 14.45% reduction in the
net-exports of regime 1, and a 28.312% and 577.65% increment in the net-
exports of regimes 3 and 4, respectively. The economic effects are small: a 1
standard deviation increase in the relative abundance of skilled-labor delivers
a 0.513 standard deviation reduction in the net-exports of regime 1, and a
0.41- and 3.03 standard deviations increase in the net-exports of regimes
3 and 4, respectively. By contrast, an increase of 1 worker in the relative
abundance of unskilled-labor generates a 4.043% increase in the net-exports of
regime 1. The economic effect is very modest: a 1 standard deviation increase
in the relative abundance of unskilled-labor is associated to a 0.161 standard
deviation increase in the net-exports of regime 1. Finally, an increment of 1
hectare in the relative abundance of arable land leads to a 3$ reduction of
net-exports in regime 1 and a 119$ reduction in the net-exports of regime 4.
Having presented preliminary evidence in support of our theory, we now

10See the Appendix for a description of the standard deviation of the dependent and
independent variables per technological regime.
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move to provide a formal test of the null hypotheses that the Rybczynski
coefficients are equivalent across technological groups. Table 5 reports the
p-values corresponding to the hypothesis that the Rybczynski coefficients are
statistically equivalent.

[Insert Table 5 about here]

The Table shows that in spite the fact that we use the less efficient method
there is substantial evidence supporting our theory. The Rybczynski coeffi-

cients vary across technological groups.

7 Conclusion

The neoclassical model of trade predicts that international specialization will
be jointly determined by cross-country differences in relative factor endow-
ments and exogenous technology levels. In this paper we develop a model
that relaxes the Hicks neutral technology assumption by allowing countries to
adopt their own technologies. The marriage of literatures on biased technical
change and trade yields a tractable theory whereby differences in factor en-
dowments bias the technical change towards particular factors of production,
and thus unit factor input requirements vary across economies. Using data
on net exports of a single industry, computers, and factor endowments for 73
countries over the period 1980-2000 we test the theory. The descriptive and
econometric evidence suggests that once technological choices are considered,
countries with different factor endowments can become net exporters of the

same product.
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8 Appendix
Proof first stage of FGP’s problem

The first order condition for variety 4 is

. AS, . . d .
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and A is the shadow price of the constraint. Since [ (i) + @7, (i) +
Z?:l;f#z (I)?fz(zﬂ = [q)jlz(n) + (b?z(n) + Z?:l;f;éz (b?fz(n)]’ we can divide the
first order condition for variety ¢ by that for variety n and obtain the follow-

ing expression
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Multiplying both size of equation (21) by p, (i) and integrating over i, we
obtain the following result
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where E¢ = fONZW p5.(i)as, (i)di.
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Table 1. Summary Statistics

Variable Obs Mean Std.Dev Min Max

Net_Exports 365 1.70E+04 2.58E+H06 -3.11E+07 1.32EH07
Sock_of_K 365 7.94E+11 2.16E+12 1.58E+H09 2.13E+13
Unskilled_Labor 365 1.39E+04 5.06E+04 6.59E+01 4.14E+05
illed_Labor 365 7.69E+03 2.65E+04 1.42E+01 2 .58E+05
Land (hect.) 365 1.30E+07 3.19E+07 1.00E+03 1.89E+08
IPRP 365 2.30E+00 1.24E+00 0.00E+00 4.88E+00
IPRP_of_Trading Partners 365 7.06E-02 1.25E01 3.23E04 7.94E01

Table 2. Net Exporters and Factor Endowments

Country Net-Bxports Ranking Capital/ Labor Ranking illed Lab/ Labor Ranking
China 1.24E+07 73 1.456+07 23 384 37
Malaysia 1.18E+07 72 5.76E+07 47 50.5 49
Sngapore 1.05E+07 71 2.03E+H08 71 59.1 57
Korea Rep. 9187286 70 2.42E+H08 73 753 69
Philippines 6350562 69 1.61E+07 26 53.6 51
Ireland 5953102 68 1.04E+08 53 64.1 59
Japan 5000000 67 1.85E+08 69 719 66
Mexico 4675278 66 4.48E+07 45 40.3 38
Indonesia 2329506 65 1.61E+07 25 26.8 24
India 33958 64 7649168 16 222 18
Costa Rica 21775 63 1.99E+07 30 29.9 30
Min. 21775 7.65E+06 222

Max. 12400000 2.42E+08 75.3

Mean 6204679 4.48E+07 505

Std.Dev. 4384442 8.71E+07 18.2

Ausgtria -1029426 11 1.65E+08 68 70.1 63
Denmark -1196473 10 1.44E+08 62 68.1 62
UK -1200000 9 1.11E+08 54 58.2 56
Sweden -1592865 8 1.32E+08 58 80.3 71
Spain -1613921 7 1.13E+08 56 46.9 44
Switzerland -2773254 6 2.03E+H08 72 710 65
Augtralia -3062108 5 1.48E+08 64 734 68
France -3942278 4 1.52E+08 65 55.7 54
Italy -4117605 3 1.53E+08 66 46.7 43
Canada -5744931 2 1.40E+08 60 796 70
USA -3.11E+07 1 1.60E+08 67 89.7 73
Min. -31100000 1.11E+08 46.7

Max. -1196473 2.03E+08 89.7

Mean -5634344 1.48E+08 701

Std.Dev. 9069688 2 53E+07 13.9

Note: This table reports the values of net-exports of computers, capital-labor ratios, and skiiled_labor-labor ratios for the
countries located at the top and the bottom of the distribution of countries ranked according to their net-exports of computers
during the year 2000. Figures corresponding to net-exports are measrued in nominal of U.S dollars. Figures for the skilled-
labor/labor are measured in percentage units.
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