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ABSTRACT

The Dynamics of International Specialization*
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advantage is endogenous and evolves over time. However, most of the
empirical analysis of international trade flows is essentially static in nature.
This Paper proposes an empirical model of the dynamics of international
specialization. Employing disaggregated data on 20 industries in 7 OECD
countries, we examine the evolution of patterns of international specialization
over time and evaluate the role of changes in factor endowments in explaining
observed dynamics.
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NON-TECHNICAL SUMMARY

Much of the existing empirical trade literature is concerned with explaining
patterns of international trade at a point in time. The main body of empirical
research over the last 15 years has examined the predictions of the
Heckscher-Ohlin-Vanek model for cross-country trade in factor services. While
much has been learnt about the determinants of international trade, the
empirical literature’s focus on the static predictions of trade theory contrasts
markedly with the recent theoretical literature on trade and growth. This
emphasizes that comparative advantage is dynamic; patterns of international
trade evolve over time as innovations occur and factor endowments change.

This Paper proposes an empirical framework for analysing the evolution of
international specialization over time. We address four main sets of issues
relating to the dynamics of trade patterns. The first is concerned with changes
in the overall degree of international specialization: do we observe countries
increasingly specializing in certain subsets of industries? The second set of
issues relates to how a country’s extent of specialization in individual sectors
changes over time: if country ¢ specializes in industry j at time t, what is the
probability that country ¢ continues to specialize in the industry at time t+x, x =
1? Are countries’ initial patterns of international specialization locked-in over
time, or do we observe substantial reversals over time?

The third set of issues centres on the long-run or steady-state implications of
observed changes in international specialization. For example, if each country
Is increasingly specializing in a subset of industries, what does this imply for
the future pattern of world production and trade? The fourth set of issues
concerns the structural economic determinants of changes in international
specialization. For example, if countries’ initial patterns of specialization are
locked-in over time, is this due to the nature of technological progress or is it
explained by factor accumulation?

This Paper largely concentrates on the second and fourth sets of issues
above: the extent to which initial patterns of international specialization persist
over time and the economic forces underlying changes in specialization. We
begin by deriving an empirical measure of a country ¢ ’'s extent of
specialization in an individual sector j at time t directly from neoclassical trade
theory. This measure is the share of the sector in a country’'s GDP. A
country’s pattern of international specialization at any one point in time is fully
described by the distribution of the theory-consistent measure across
industries. The dynamics of patterns of international specialization correspond
to the evolution of the entire cross-section distribution over time. We employ a
model of distribution dynamics that is explicitly suited to an analysis of



evolving distributions. Within a single conceptual framework, we are able to
address all four of the dynamic issues identified above.

The framework is implemented empirically using data on 20 manufacturing
industries in 7 OECD countries. We begin by pooling country-industry-year
observations and estimating transition probability matrices using data on
shares of GDP. These reveal substantial mobility in patterns of international
specialization over time and the extent of mobility as opposed to persistence
Is quantified using formal indices of mobility. Stochastic kernels are also
estimated on the pooled country-industry-year data; these again reveal
substantial mobility in patterns of international specialization over time.

Neoclassical trade theory identifies a structural economic relationship between
the share of a sector in GDP on the one hand and factor endowments,
technology parameters and relative goods prices on the other. We examine
the extent to which changes in countries’ factor endowments can explain
evolving patterns of international specialization. First, within groups,
estimation is used to decompose the variation in our empirical measure of
specialization into the part explained by differences in factor endowments and
the part explained by technology and relative goods prices. Second, transition
probability matrices and stochastic kernels are estimated using data on the
share of sector jin country ¢’s GDP predicted from factor endowments alone.

The regression results reveal factor endowments to be an important
determinant of patterns of international specialization. Of the 100 industry-
specific coefficients on the 5 factor endowments considered, 77 are
statistically significant at the 5% level. Again, we begin by pooling country-
industry-year observations. The transition probability matrices estimated using
the data on predicted values are in general characterised by larger diagonal
and smaller off-diagonal terms. That is, there is greater persistence in the
distribution of predicted values for shares of GDP than in the distribution of
observed values. This finding is confirmed using formal indices of mobility.

The hypothesis that the data generation process (DGP) for predicted values is
the matrix of transition probabilities estimated for observed shares of GDP is
rejected at the 1% level. Stochastic kernels are also estimated using the
pooled country-industry-year data and again reveal greater persistence in the
distribution of predicted values. The increase in persistence is greatest at high
and low values for industry shares of GDP. As a final robustness test, we
allow for cross-country differences in the dynamics of international
specialization. Transition probability matrices are estimated at the level of
individual countries and confirm the earlier results using pooled country-
industry-year data.



In conclusion, the Paper presents an empirical framework for analysing the
dynamics of international specialization. A theory-consistent measure of
specialization is derived from neoclassical trade theory. Within a single
conceptual framework, four sets of issues are addressed: changes in the
overall degree of international specialization, persistence versus mobility,
implications for long-run patterns of specialization and the role of changing
factor endowments. Using data on 20 manufacturing industries in 7 OECD
countries, we find substantial mobility in patterns of international specialization
over time. The extent of mobility is greater than would be predicted on the
basis of countries’ factor endowments alone. Factor endowments are found to
be a source of persistence rather than mobility in patterns of international
specialization.



1 Introduction

Much of the existing empirical trade literature is concerned with explain-
ing patterns of international trade at a point in time. The main body of
empirical research over the last 15 years has examined the predictions of
the Heckscher-Ohlin-Vanek model for cross-country trade in factor services.
While much has been learnt about the determinants of international trade,
the empirical literature’s focus on the static predictions of trade theory con-
trasts markedly with the recent theoretical literature on trade and growth.
This emphasises that comparative advantage is dynamic; patterns of inter-
national trade evolve over time as innovations occur and factor endowments
change.

This paper proposes an empirical framework for analysing the evolu-
tion of international specialisation over time. We address four main sets
of issues relating to the dynamics of trade patterns. The first is concerned
with changes in the overall degree of international specialisation: do we
observe countries increasingly specialising in certain subsets of industries?
The second set of issues relates to how a country’s extent of specialisation
in individual sectors changes over time: if country c¢ specialises in industry
7 at time ¢, what is the probability that country ¢ continues to specialise
in the industry at time ¢ + x, x > 17 Are countries’ initial patterns of in-
ternational specialisation locked-in over time, or do we observe substantial
reversals over time?

The third set of issues centres on the long-run or steady-state implica-
tions of observed changes in international specialisation. For example, if
each country is increasingly specialising in a subset of industries, what does
this imply for the future pattern of world production and trade? The fourth
set of issues concerns the structural economic determinants of changes in
international specialisation. For example, if countries’ initial patterns of

specialisation are locked-in over time, is this due to the nature of technolog-



ical progress or is it explained by factor accumulation?

Each set of issues is suggested by the theoretical literature on trade and
growth, and yet each is a subject upon which existing empirical work has
relatively little to say. This paper will largely concentrate on the second
and fourth sets of issues identified above - the extent to which initial pat-
terns of specialisation persist over time and the economic forces underlying
changes in international specialisation. In the theoretical literature, Krug-
man (1987), Lucas (1988), and Redding (1999) present Ricardian models
in which a combination of sector-specific learning by doing and imperfect
international knowledge spillovers results in initial patterns of specialisa-
tion becoming locked-in over time. There is persistence in observed pat-
terns of international specialisation, and the nature of technological progress
provides the explanation. In contrast, Davis and Reeve (1997), Deardorff
(1974), and Findlay (1970), (1995) present modified Heckscher-Ohlin mod-
els, in which factor accumulation explains changes in international special-
isation over time. In the 2 x 2 x 2 Heckscher-Ohlin model, initial patterns
of international specialisation may either be locked-in or reversed over time,
depending upon whether the capital-abundant or capital-scarce country ex-
hibits the more rapid increase in the ratio of capital to labour endowments.

The starting point for the analysis in this paper is the general neoclassical
model of trade, as expounded by Dixit and Norman (1980), Harrigan (1997),
and Woodland (1982). An empirical measure of a country c¢’s extent of
specialisation in a sector 7 at time t is derived directly from neoclassical
trade theory: the share of the sector in country ¢’s GDP. A country’s pattern
of international specialisation at a point in time is fully described by the
distribution of the theory-consistent measure across sectors. The dynamics
of international specialisation correspond to the evolution of the entire cross-
section distribution over time. We employ a model of distribution dynamics
first introduced into the literature on cross-country income convergence by

Quah (1993), (1996a), (1996b), and (1997a), and which is explicitly suited



to analysing the evolution of an entire distribution.

The first three sets of issues identifed above are concerned with changes in
observed values for our empirical measure of specialisation. They are directly
addressed by the application of these statistical techniques; we estimate
transition probability matrices and stochastic kernels using data on the share
of sector j in country ¢’s GDP. The fourth set of issues relates our empirical
measure of specialisation to its economic determinants. Neoclassical trade
theory identifies a structural relationship between the share of a sector in
GDP on the one hand, and factor endowments, technology parameters, and
relative goods prices on the other. This paper examines the extent to which
changes in countries’ factor endowments explain the evolution of observed
patterns of international specialisation. The analysis proceeds in two stages.
First, we decompose the variation in our empirical measure of specialisation
into the component explained by differences in factor endowments and the
component explained by technology and relative goods prices. Second, we
estimate transition probability matrices and stochastic kernels using data
on the share of sector j in country ¢’s GDP predicted from countries’ factor
endowments.

The empirical framework outlined above is implemented using data on
20 manufacturing industries in 7 OECD countries. We begin by pool-
ing country-industry-year observations and estimating transition probabil-
ity matrices using data on observed shares of GDP. These reveal substantial
mobility in patterns of international specialisation over time; the extent of
mobility as opposed to persistence is quantified using formal indices of mo-
bility. Within groups estimation shows factor endowments to be an impor-
tant determinant of international specialisation. Of the 100 industry-specific
coeflicients on the 5 factor endowments considered, 77 are statistically sig-
nificant at the 5% level. From the results of the within groups estimation,
we derive the values for sectoral shares of GDP predicted from countries’

factor endowments.



Transition probability estimation using the data on predicted shares of
GDP reveals greater persistence than for the distribution of observed shares
of GDP. That is, observed patterns of international specialisation display
substantially more mobility than would be predicted on the basis of factor
endowments alone. Factor endowments are a source of persistence rather
than mobility in patterns of international specialisation over time. The
hypothesis that the data generation process (DGP) for the predicted values is
actually the matrix of transition probabilities estimated for observed shares
of GDP is rejected at the 1% level.

Two extensions to the analysis are considered. First, we continue to pool
country-industry-year observations, but estimate stochastic kernels. These
map each value of either observed or predicted shares of GDP at time ¢ into
all other values at time ¢ + x, x > 1. The finding that factor endowments
are a source of persistence is confirmed, with the increase in the degree of
persistence greatest at high and low values for shares of GDP. Second, we
allow for cross-country heterogeneity in the stochastic process determining
the evolution of international specialisation over time by estimating tran-
sition probability matrices at the level of individual countries. Again, the
finding that factor endowments are a source of persistence is confirmed.

The remainder of the paper is structured as follows. Section 2 reviews the
relationship to the existing literature. Section 3 derives an empirical measure
of international specialisation from neoclassical trade theory and relates it
to structural economic determinants. Section 4 introduces the model of
distribution dynamics, while Section 5 undertakes a preliminary analysis
of the data. Section 6 presents the results of the econometric estimation;

Section 7 summarises our conclusions.



2 Relation to Existing Literature

For the last 15 years, the dominant paradigm for the empirical modelling
of international trade flows has been the generalised factor proportions

L' Tt is useful to distinguish

model of trade with n goods and m factors.
two main strands of empirical research within this paradigm. The first
analyses the model’s predictions for countries’ net trade in factor services
(the so-called Heckscher-Ohlin-Vanek (HOV) model); important contribu-
tions include those of Bowen et al. (1987), Davis et al. (1997), Davis and
Weinstein (1998), Gabaix (1997), Leamer (1984), and Trefler (1995). The
second strand of empirical research begins with Harrigan (1995) and exam-
ines the model’s predictions for the international location of production (see
also Bernstein and Weinstein (1998) and Hanson and Slaughter (1999)). In
its strictest form, the generalised factor proportions model of trade assumes
identical preferences and identical technologies across countries, although
much research effort has been devoted to relaxing these assumptions: see
for example Davis and Weinstein (1998).

The factor proportions model of trade is in fact a special case of the
more general neoclassical model: see in particular Dixit and Norman (1980)
and Woodland (1982). Within neoclassical theory, patterns of international
specialisation are jointly determined by cross-country differences in tech-
nologies, endowments, and preferences. Harrigan (1997) implements the
neoclassical model empirically using data on 7 manufacturing industries in
10 OECD countries, and finds evidence that technology differences play a
role alongside relative factor endowments in determining patterns of inter-
national specialisation. Harrigan and Zakrajsek (1999) employ a similar
framework to examine the role of factor endowments in explaining inter-
national specialisation across a large number of developed and developing

countries.

LA seminal early contribution is Leamer (1984). For recent surveys of the empirical
trade literature, see Helpman (1999), Leamer and Levinsohn (1995), and Leamer (1999).



Some of these studies employ panel data estimation techniques, but each
is essentially concerned with the static predictions of international trade
theory for cross-section patterns of international specialisation at a point in
time. The empirical literature’s focus on the static predictions of interna-
tional trade theory contrasts markedly with recent theoretical work on trade
and growth. This emphasises that comparative advantage is dynamic and
evolves endogenously over time. Early theoretical papers by Findlay (1970)
and Deardorff (1974) analysed the implications of factor accumulation for
patterns of international specialisation within the factor proportions model
of trade (see also Davis and Reeve (1997) and Findlay (1995)). Krugman
(1987) presents a dynamic Ricardian model with a continuum of goods,
while Eaton (1987) introduces the accumulation of land and capital into the
specific factors model. The dynamic nature of comparative advantage has
received renewed theoretical attention in the recent literature on endogenous
growth and trade: see for example Grossman and Helpman (1991), Lucas
(1988), Redding (1999), and Rivera-Batiz and Romer (1991).

Despite this growing body of theoretical work, there has been relatively
little empirical study of the evolution of patterns of international trade over
time. There has been some empirical work on changing patterns of in-
ternational trade, largely within the context of the Heckscher-Ohlin-Vanek
model. Balassa (1979) examines the change in comparative advantage with
economic development using cross-section data on 36 countries in 1972. For
each country, measures of Revealed Comparative Advantage (RCA) in indi-
vidual manufacturing sectors are regressed against sector-specific measures

of human and physical capital per worker.?

Cross-country differences in
the estimated coefficients on human and physical capital are then related to
cross-country differences in endowments of human and physical capital.

Stern and Maskus (1981) estimate cross-industry regressions of US net

2Following Balassa (1965), Revealed Comparative Advantage (RCA) is defined as coun-
try ¢’s share of world exports in sector j divided by country ¢’s share of world exports of
all goods.



exports against US factor endowments for each year during 1958-76, and
examine how the coefficient on US factor endowments changes over time.
The coeflicient on unskilled labour is found to become substantially more
negative during the sample period, and there is evidence that the Leontief
Paradox no longer held for US trade in 1972. Maskus (1983) extends the
analysis by pooling cross-section data over time and undertaking statistical
tests for changes in the regression coeflicients.

Bowen (1983) considers the implications of the changing international
distribution of factor endowments for US comparative advantage using data
on 34 countries for five years between 1963 and 1975. Cross-country regres-
sions of net exports against factor endowments are estimated for the five
separate years. The relative availability of skilled versus unskilled labour is
found to be an important determinant of US comparative advantage; the
coefficient on physical capital changes from being negative in the 1960s to
positive and statistically significant in the 1970s.

Feenstra and Rose (1997) examine the dynamic predictions of the ‘prod-
uct lifecycle’ hypothesis for cross-country export patterns. Countries with
high rates of growth of income per capita and high levels of productiv-
ity are found to export commodities early in the product lifecycle. Amiti
(1997), Kim (1995), and Ruhashyankiko (1999) analyse changes in coun-
tries’ overall degree of international specialisation using summary statistics
such as the standard deviation, measures of skewness, and the Gini coefli-
cient. Amiti (1997) is concerned with the European Union; Kim (1995) uses
United States data; Ruhashyankiko (1999) considers 160 developed and de-
veloping countries. None of these studies analyses the degree of persistence
versus mobility in patterns of international specialisation or the role played
by countries’ changing factor endowments.

This paper argues that an economy’s pattern of international specialisa-
tion at a point in time should be thought of in terms of an entire distribution

across sectors, and that the dynamics of international specialisation corre-



spond to the evolution of this distribution over time. We employ a model of
distribution dynamics, first introduced into the cross-country growth liter-
ature by Quah (1993), (1996a), (1996b), and (1997a), and explicitly suited
to an analysis of evolving distributions. Within a single conceptual frame-
work, we are able to address all four of the dynamic issues identified above:
changes in the overall degree of international specialisation, the extent to
which initial patterns of specialisation are locked-in over time, implications
for long-run patterns of specialisation, and the economic forces underlying
the dynamics of patterns of specialisation.

Other studies that have employed related statistical techniques in an
international trade setting are Brasili et al. (1999), Hinloopen and Mar-
rewijk (1998), Proudman and Redding (1998), and Stolpe (1994). Brasili
et al. (1999), Hinloopen and Marrewijk (1998), and Proudman and Red-
ding (1998) measure international specialisation by Revealed Comparative
Advantage (RCA), while Stolpe (1994) uses analogous measures defined in
terms of production and patent data (the Hoover Index and Revealed Tech-
nological Advantage (RTA)).> One key contribution of the present paper
over these other studies is that it employs a theory-consistent measure of
international specialisation. This is derived directly from neoclassical trade
theory, and the paper seeks to integrate statistical models of distribution
dynamics with mainstream international trade theory. Since our empirical
measure of specialisation is derived from theory, it can be directly related to
structural economic determinants. A second key contribution of the paper
is to examine the extent to which the evolution of patterns of international
specialisation over time can be explained by changes in countries’ factor

endowments.

3The Hoover index is defined in the same way as RCA, but using value-added, employ-
ment, or production data: country ¢’s share of world production in sector j divided by
country ¢’s share of world production of all goods (see for example Kim (1995)). Revealed
Technological Advantage (RTA) is defined in the same way, but using data on research
and development (R&D) expenditure or patents.



3 Theoretical framework

The starting point for the analysis is the standard neoclassical theory of
trade, as expounded by Dixit and Norman (1980), Harrigan (1997), and
Woodland (1982). Time is indexed by ¢, countries by ¢ € {1,...,C}, final
goods by j € {1,...,n}, and factors of production by i € {1,..,m}. Each
economy is endowed with an exogenous vector v, of factors of production.
Production of each good is assumed to occur under conditions of perfect
competition according to a constant returns to scale production function.
We allow for differences in factor endowments across countries ¢ and tech-
nology differences across both countries ¢ and industries j.

We consider a small open economy, which by assumption faces an ex-
ogenous vector of world prices for final goods p¢. Producer equilibrium in
the small economy may be represented in terms of the revenue function
re(pt,Vet). Under the assumption that this function is twice continuously
differentiable, the vector of the economy’s profit-maximising net outputs
Ye(pt, ver) 18 equal to the gradient of r.(p¢, ver) with respect to py.

If technology differences across countries, industries, and time are Hicks-
neutral, the production function may be expressed as yejr = Ocjt-Fi(ver),
where 0.;; parameterises technology in industry j of country c at time ¢.
In this case, the revenue function takes the form r.(ps, ver) = 7(0ct-pt, vet),
where 0. is an n x n diagonal matrix of the technology parameters 00jt~4
Changes in technology in industry j of country ¢ are modelled in exactly
the same way as changes in the price of industry j output; the economy’s
vector of net outputs continues to be given by the gradient of the revenue
function with respect to pz.

We follow Harrigan (1997), Kohli (1991), and Woodland (1982) in as-
suming a translog revenue function; this flexible functional form provides an

arbitrarily close approximation to the true underlying revenue function,’

*See Dixit and Norman (1980), pages 137-9.

®To save notation, we suppress the country-time subscripts except where important.
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Inr(f.p,v) = apo + > a0 Inb;p; + % > 2k ik In (0;p;) In (Orpr)
—I—Ziﬁol-lnv,- + %Zz Zhﬁihlnvi.lnvh (1)

+ 325 v In (05p5) - (Inv;)
where j, k € {1, ...,n} index goods and i, h € {1,...,m} index factors.

Symmetry of cross effects implies,

Qg = Qg and Bin = Brs Vi, ki, R (2)

Linear homogeneity of degree 1 in v and p requires,

dagi=1, Y =1, > ap=0 (3)
J ¢ J

D Bin=0, > =0 (4)
i i
Differentiating the revenue function with respect to each p;, we obtain

the following equation for the share of industry j in country s GDP at

time ¢,

_ pcjt-ycjt<00t-pct7 Uct)
Scjit =
T<00t-pct7 Uct)

= ap; -I-Z aji In pckﬁ-z ajr In QCkH-Z Vi InVesy
k k )

If all goods are tradeable and goods prices are the same across countries
(pert = pre for all ¢), the second term on the right-hand side of equation (5)
may be replaced with a set of {0,1} time dummies (d;;) for each industry j 5
This paper evaluates the role of changing factor endowments in explaining
the evolution of patterns of international specialisation. We estimate the

following regression,

Scjt = apj + ¢5.dje + Z Vi In Vet + et (6)
i

8See Harrigan (1997) for an extension to the case where some goods are nontradeable.
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where u.j; is a stochastic error. If country technology differences are neutral
across sectors (0.j1 = fie.0,5¢ for all ¢, j and some reference country z) or
if the country-industry technology parameters (0.;¢) are uncorrelated with
countries’ factor endowments (v, ), equation (6) will yield consistent esti-
mates of the parameters v;;. Neutral technology differences affect levels of
value-added but not shares of sectors in GDP (see Harrigan and Zakrajsek
(1999)). Non-neutral technology differences will affect shares of sectors in
GDP, but it is not at all clear how they will be correlated with countries’
factor endowments. On the one hand, some authors argue that countries
will be more productive in industries that employ their abundant factors
intensively (see for example David (1975)). On the other hand, there are a
large number of examples of countries which have high levels of productivity
in certain industries and yet are scarce in the raw materials and factors of
production that those industries use intensively (these include many man-
ufacturing industries in Japan; see for example the discussion in Amsden
(1989) and Porter (1990)).”

If country technology differences are both non-neutral across sectors and
correlated with factor endowments, the estimated parameters 4,; are incon-
sistent and do not have a structural interpretation. Nonetheless by construc-
tion, the residuals i.;; will be orthogonal to the right-hand side variables
and correspond to that part of the variation in shares of GDP that is sta-
tistically unexplained by countries’ factor endowments and industry-time
dummies (capturing relative prices). The explained sum of squares may be
decomposed into the contributions of factor endowments and industry-time
dummies. In this way, we may obtain that part of the variation in shares of

GDP explained by countries’ factor endowments,

"In fact, there is a theoretical literature arguing that natural resource abundance may
have a negative effect on rates of technological progress (see for example Sachs and Warner

(1995)).
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gcjt = &j + Z ’A}/ji Inve; (7)
7

Equation (6) may be estimated separately for each industry j using OLS,
pooling observations across countries ¢ and years f. Alternatively, we may
pool observations across countries ¢, industries j, and years ¢ and estimate
the same relationship using within groups, where the fixed effect is for indus-
try j and we allow all coefficients (on both the time dummies and countries’
factor endowments) to vary across industries. Since within groups is Least
Squares Dummy Variables, these two procedures yield identical parameter
estimates.

Equation (6) is employed in two ways in the ensuing analysis. First, it
identifies a theory-consistent measure of the extent of an economy ¢’s spe-
cialisation in sector j: the share of that sector in GDP (s.;¢). The economy’s
pattern of international specialisation at a point in time corresponds to the
distribution of shares of GDP across sectors, while the dynamics of inter-
national specialisation relate to the evolution of the entire distribution of
shares of GDP over time. Second from equation (6), we obtain that part of
the variation in shares of GDP explained by countries’ factor endowments
(equation (7)). This corresponds to a set of predicted values for industry
shares of GDP from countries’ factor endowments. The evolution of the en-
tire distribution of these predicted values reveals the contribution of factor
endowments to changing patterns of international specialisation. The next
section introduces the formal model of distribution dynamics that will be
used to analyse the evolution of both observed shares of GDP and the values

predicted from countries’ factor endowments.
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4 Distribution Dynamics

Denote the Borel-measurable set of possible values for shares of GDP (s)
by A. The distribution of s across countries ¢ and industries j at time ¢ is
denoted by Fy(s). Corresponding to Fy, we may define a probability measure
At where ¥V s € R, M\((—00,s]) = Fi(s). Following Quah (1993), (1996a),
and (1996b) the evolution of the cross-section distribution of s over time is

modelled in terms of a stochastic difference equation,

At = P*( A1, ue), integer ¢ (8)

where {u; : integer ¢} is a sequence of disturbances and P* is an operator that
maps disturbances and probability measures into probability measures. For
simplicity, we assume that this stochastic difference equation is first-order
and that the operator P* is time invariant. Absorbing the disturbance uy

into the definition of the operator Z* (see Quah (1997a)), we obtain,

A= 7 (Ni-1), integer ¢ (9)

If the set A of possible values for s is divided into a number of discrete
cells, Z* becomes a matrix of transition probabilities, which may be esti-
mated by counting the number of transitions out of and into each cell (see
for example Quah (1993) and Proudman and Redding (1998)). Alterna-
tively with a sufficiently large number of country-industries, it is possible to
analyse the evolution of continuous probability measures (see for example
Quah (1996b), (1997a)). The evolution of A\;_; to A is fully described by

the stochastic kernel or mapping M; 1 to [0,1] such that,

V Borel-measurable A : A(A) = /Mt,l(s, A).dh—1(s) (10)

where M;_1 may be estimated nonparametrically using kernel density esti-

mation techniques.
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Whether working with discrete or continuous probability measures, these
techniques explicitly analyse the evolution of the entire distribution of shares
of GDP over time. In so doing, they shed light on four sets of economic issues
relating to the dynamics of international specialisation. The first set of issues
concerns how the degree of international specialisation is changing over time;
this corresponds to the evolution of the external shape of the distribution of
shares of GDP (s) across sectors. For example, are economies increasingly
specialising in certain subsets of industries? If so, one would expect to
observe the distribution of s polarising at extreme values, a development
that will not necessarily be revealed by an analysis of statistics such as the
standard deviation or coeflicient of skewness.

The second set of issues is concerned with how the pattern of interna-
tional specialisation across individual sectors is changing over time. This
corresponds to the movement of individual sectors within the distribution
of s or intra-distribution dynamics. For example, are the sectors with high
values of s the same at times ¢ and ¢ + = (where > 1)? Do initial pat-
terns of international specialisation persist or become locked-in over time?
Alternatively, does one observe reversals in initial patterns of international
specialisation? This paper provides an empirical evaluation of the extent of
persistence and mobility in patterns of international specialisation: the tran-
sition probability matrix or the mapping M; 1 reveal the extent of mobility
and persistence throughout the entire distribution of s.

The third set of issues relates to the long-run properties of the distri-
bution of s. Tterating equation (9) forwards in time yields a predictor for

future cross-section distributions of s,

Aepr = 2" (Megr-1) = Z5(Z*(Meir—2))
| (11)
= Z5(Z(Z* .. (Z*(\)) .. 2))

— (Z*)T/\t

Taking the limit as 7 becomes arbitrarily large yields information con-
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cerning the long-run distribution of s. For example, if the economy is in-
creasingly specialising in subsets of industries as suggested above, Az}, will
tend towards a bimodal measure. Alternatively, if the degree of interna-
tional specialisation is declining over time, Ay y, will tend towards a more
uniform distribution. If we divide the set of possible values for s into a
number of discrete cells and estimate a transition probability matrix, the
ergodic or stationary distribution of s as 7 — ©0 is given by the eigenvector
corresponding to largest eigenvalue of the transition probability matrix.

The fourth set of issues concerns the structural economic determinants
of observed changes in international specialisation. Motivated by the theo-
retical literature dating back to Findlay (1970) and Deardorff (1974), this
paper analyses the role of changing factor endowments in explaining the dy-
namics of patterns of international specialisation. The statistical techniques
exposited above are applied to both the distribution of observed shares of
GDP and the distribution of shares of GDP predicted from countries’ factor
endowments. The analysis of the latter is related to the conditioning ex-
ercises undertaken in the cross-country growth literature by Quah (1996b)
and (1997b).

In the discussion so far, we have implicitly assumed a common distribu-
tion function for s across all countries (Fu(s) = Fi(s) and A\.x = A for all ¢)
and a common stochastic process governing the evolution of the probability
measure \; over time (Z*(-) = Z*(-) for all ¢). Under this assumption, ob-
servations on s may be pooled across countries and industries, and a single
transition probability matrix or stochastic kernel may be estimated. The
framework may also be extended to allow for cross-country heterogeneity
in the stochastic process determining the dynamics of international special-
isation (Aot = ZF(Aet—1), where Z¥(-) # Z;(-) for some countries ¢ and b).
In the empirical analysis that follows, we not only pool country-industry
observations and estimate a single transition probability matrix, but also

estimate transition probability matrices on industry observations separately
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for each country.

5 Preliminary Data Analysis

The theoretical approach developed above is implemented empirically using
data on twenty manufacturing industries in seven OECD countries during
1970-90. Industry-level data on current price value-added are taken from
the OECD’s Structural Analysis Industrial (STAN) database, while current
price GDP data come from the Penn World Tables 5.6. Endowments of
five factors of production are considered: durable goods capital, other cap-
ital, arable land, skilled labour, and unskilled labour. The data on both
categories of capital goods are from the Penn World Tables 5.6, while the
source of data on hectares of arable land is the United Nations Food and
Agricultural Organisation.

Endowments of skilled and unskilled labour are measured using data on
the proportion of non-production and production workers in total manufac-
turing employment from the United Nations General Industrial Statistics
Database (UNISD).® We follow a number of authors in using data on non-
production and production workers to measure of skills: see in particular
Berman, Bound and Machin (1998) and Lawrence and Slaughter (1993). A
key advantage of these data over the educational attainment information in
Barro and Lee (1993) is that they are available on an annual basis.” The
choice of countries reflects the availability of the UNISD data. Our sample
includes Canada, Denmark, Finland, Japan, Sweden, the United Kingdom,
and the United States, a group of countries among which one would ex-
pect to observe substantial differences in both patterns of specialisation and
factor endowments. We consider twenty disaggregated manufacturing in-

dustries; see Appendix C for further details concerning the data used and

®These data were supplied by John Van Reenen: see Berman, Bound, and Machin
(1998) and Machin and Van Reenen (1998) for further discussion of the data used.

%See Appendix B for a comparison of occupation and education-based measures of skills
in the United Kingdom and United States.
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an industry concordance.

Table 1 reports the share of total manufacturing value-added in GDP
and the share of each industry’s value-added in total manufacturing for all
seven countries in 1970 and 1990. Manufacturing’s share of GDP declines
in all countries during the sample period, although the rate of decline be-
tween 1970 and 1990 varies substantially across countries: from 30.6% in the
United Kingdom to 10.1% in Denmark. The initial level of manufacturing’s
share of GDP also shows substantial variation: from 17.4% in Denmark to
36.7% in Japan.
<Table 1 about here>

Table 1 reveals marked changes in the relative importance of individual
sectors within manufacturing. Some sectors account for a declining share
of manufacturing value-added in all countries (eg Textiles and Ferrous Met-
als), while others constitute a rising share of manufacturing value-added in
all countries (eg Drugs and Radio/TV). Again, the rate of decline or in-
crease varies noticeably across countries: for example in Radio/TV, the rate
of increase varies from 19.8% between 1970 and 1990 in the United King-
dom to 62.5% in Japan and 297.6% in Finland. There are also examples
of sectors which account for rising shares of manufacturing value-added in
some countries and declining shares in others: for example, the share of the
Computing sector displays a rapid increase in all countries except Canada
and Sweden where it declines by 37.3% and 52.8% respectively between 1970
and 1990.

Table 2 evaluates factor endowments in the seven countries in 1970 and
1990. Bowen et al. (1987) and Bowen et al. (1998) propose the following
definition of relative factor abundance: factor ¢ is abundant relative to factor
h in country c if country ¢’s world share of factor ¢z exceeds its world share
of factor h. Under the assumptions of the Heckscher-Ohlin-Vanek model
(a special case of the neoclassical model, with identical technologies and

preferences), it is true that if a country c¢ is abundant in factor i relative
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to factor h, then its proportionate net trade in the services of factor ¢ will
exceed its proportionate net trade in the services of factor h.'°
<Table 2 about here>

In the present case, we employ relative factor abundance as one measure
of countries’ changing factor abundance; world factor endowments are de-
fined in terms of the sum of the seven countries. For comparison, Table 2 also
reports countries’ shares of world GDP, where world GDP is defined sim-
ilarly. There are substantial variations in relative factor abundance across
economies. Japan is the only economy where non-production workers are
abundant relative to production workers; Canada’s share of world durable
capital in 1970 is less than half its share of world other capital, while the
United Kingdom’s share world durable capital in 1970 is more than double
its share of world other capital. There are also changes in relative factor
abundance over time. For example, Japan’s share of world durable capital
rises substantially between 1970 and 1990. In 1970, production workers were
abundant relative to durable capital in Japan; by 1990, this initial pattern
of relative factor abundance had been reversed.

Changes in countries’ endowments of factors of production will only be
important in explaining the dynamics of international specialisation if there
are differences in factor intensity across industries. Industry-level data on
the number of production and non-production workers and the quantity of
physical capital employed are not available at the level of sectoral disaggre-
gation used in Table 1. Nonetheless, it is possible to obtain some information
on factor intensity if we aggregate to the two and three-digit level, although
we are unable to distinguish between different categories of physical capital.
Table 3 reports the average number of production and non-production work-
ers employed per million dollars of value-added and the average quantity of

physical capital employed per dollar of value-added in the United States

0Proportionate net trade in a factor ¢ is country ¢’s net trade in factor i divided by
either country ¢’s total supply of factor 7 or the world supply of factor 7. An alternative
definition of absolute factor abundance also exists: see Bowen et al. (1998).
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during 1970-90. There are substantial differences in factor intensity across
sectors: for example, the intensity of use of non-production workers varies
from 4.8 in Primary Metals (ISIC 37) to 12.1 in Professional Goods (ISIC
385), while the intensity of use of production workers varies from 13.1 in
Chemicals (ISIC 35) to 49.0 in Textiles/Apparel (ISIC 32). In the presence
of factor price equalisation and if all countries had the same production tech-
nology in each sector, factor intensities would be the same in all countries. 't

More generally, they will vary both across industries and countries.

<Table 3 about here>

6 Econometric Estimation

Having informally examined changes in international specialisation and coun-
tries’ factor endowments, this section moves on to estimate the model of dis-
tribution dynamics introduced above. We begin by analysing the evolution
of the distribution of observed values for our theory-consistent measure of
international specialisation: the share of sector j in country ¢’s GDP (s.;).
At first, we pool industry-year observations across all countries and divide
the space of possible values for s into five discrete grid cells. Cell boundaries
are chosen such that country-industry-year observations are divided roughly
equally between cells, and we estimate transition probabilities over five-year
time periods using Danny Quah’s TSRF econometrics package.?

The upper panel of Table 4 reports the estimated matrix of transition
probabilities; the interpretation of the table is as follows. The numbers in
parentheses in the first column are the total number of country-industry-year
observations beginning in a particular cell, while the first row of numbers
denotes the upper endpoint of the corresponding grid cell. Thereafter, each

row denotes the estimated probability of passing from one state into an-

UNMuch of the existing empirical literature on the Heckscher-Ohlin-Vanek model takes
this case as its starting point.
12Responsibility for any results, opinions and errors is of course solely the author’s.
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other. For example, the second row of numbers presents (reading across
from the second to the sixth column) the probability of remaining in the
lowest state and then the probability of moving into the lower-intermediate,
intermediate, higher-intermediate, and highest state successively. The final
row of the upper panel of the table gives the implied ergodic distribution.

The extent of mobility in patterns of international specialisation is re-
flected in the relative magnitude of the diagonal and off-diagonal elements
of the transition probability matrix. We find evidence of some mobility
in patterns of international specialisation: for example, the probabilities of
transiting out of the intermediate and higher-intermediate grid cells after
five years are 0.27 and 0.30 respectively. Iterating the five-year transition
probability matrix twice, the implied probabilities of remaining in these grid
cells after 15 years are 0.46 and 0.40 respectively.
<Table 4 about here>

In order to evaluate the role of country factor endowments in explaining
international specialisation at a point in time, equation (6) is estimated,
including a full range of industry fixed effects and year-industry dummies.
The results are presented in Table Al of Appendix A. Factor endowments are
found to be important determinant of international specialisation. Taking
all industries together, 77 out of the 100 industry-specific coeflicients on the
five factor endowments are statistically significant at the 5% level. From
the parameter estimates in Table Al, we derive that component of shares
of GDP explained by differences in countries’ factor endowments: shares of
GDP predicted from countries’ factor endowments (equation (7)).

The middle panel of Table 4 reports the estimated matrix of transition
probabilities for the predicted values. In general, the matrix is characterised
by larger diagonal and smaller off-diagonal terms, implying greater persis-
tence in the distribution of predicted values than in the distribution of ob-
served shares of GDP. Iterating the five-year transition probability matrix

twice, the differences in mobility become more stark. The implied proba-
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bilities of remaining in the intermediate and higher-intermediate grid cells
after 15 years are 0.58 and 0.49 respectively.

Factor endowments are thus found to be a source of persistence rather
than mobility in observed patterns of international specialisation. In order
to evaluate the degree of mobility in the two transition probability matrices
more formally, the lower panel of Table 4 reports the values of three indices of
mobility, each of which seeks to reduce information about mobility from the
matrix of transition probabilities Z* to a single statistic. Thus, M; (follow-
ing Shorrocks (1978)) evaluates the trace (¢r) of the matrix; My (following
Geweke et al. (1986) and Quah (1996¢)) is based on the eigenvalues &, of
the matrix; Ms (see Shorrocks (1978)) evaluates the determinant (det).*®
These indices confirm the finding of greater persistence in the distribution
of predicted values for shares of GDP.

To obtain information concerning the statistical significance of the dif-
ferences in the estimated transition probabilities, we make use of results
relating to the asymptotic properties of first-order Markov Chains in An-

derson and Goodman (1957). For each state k& under the null hypothesis

Pkl = Pris
e (1 — Prr)” =
Zn};N— ~ X (m = 1), ng = an(t) (12)
=1 Pkl t=0

where py; are the estimated transition probabilities, pg; are the probabilities
of transition under the (known) null and ny(¢) denotes the number of sectors
in cell k£ at time t.

This test statistic may be used to test the hypothesis that the transition
probabilities estimated for the distribution of predicted values are the result
of a Data Generation Process (DGP) given by those estimated for observed

shares of GDP. The test may be undertaken for each state k = 1, ..., m; since

13For the exact relationship between these indices and the circumstances under which
they yield transitive rankings of transition probability matrices see Shorrocks (1978) and

Geweke et al. (1986).

22



the transition probabilities are independently distributed across states, we
may sum over states and test the hypothesis that, for all states k, the
estimated transition probabilities are equal to those under the null. The
resulting test statistic is asymptotically distributed x2(m(m—1)). The value
of the x? statistic derived from Table 4 is 55.26, and the null hypothesis is
thus rejected at the 1%.

Throughout the analysis so far, the dynamics of international speciali-
sation have been analysed by dividing the set of possible values for s into
discrete cells and estimating transition probability matrices. It is also pos-
sible to analyse the evolution of continuous probability measures A; defined
over s by estimating the stochastic kernel mapping A¢ 1 to A;. Figure 1
presents a three-dimensional graph of the stochastic kernel for the distrib-
ution of observed shares of GDP (s), allowing transitions to occur over 10
year time periods.'*

Each point on the ¢ axis of this figure corresponds to a value for the
share of a sector in GDP at time ¢. Standing at one particular value sg
and looking in a straight line parallel to the ¢ + 10 axis, the surface of the
kernel graphs a probability density over all possible values for s at time
t + 10, given the value sg at time {. Tracing out this probability density
for all values of s at time ¢ yields the three-dimensional graph in Figure 1.
The greater the height of the ridge along the positively sloped diagonal of
this figure, the greater the degree of persistence in patterns of international
specialisation. An equal value of the kernel along all lines parallel to the
t + 10 access would correspond to the case of complete mobility in patterns
of international specialisation.
<Figure 1 about here>

The same analysis may be undertaken for the evolution of shares of GDP

predicted from countries’ factor endowments. Figure 2 presents a three-

Y4 These were estimated with an Epanechnikov kernel using an automatic bandwidth
choice following Silverman (1986).
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dimensional graph of the stochastic kernel for the predicted distribution,
allowing transitions to occur over 10 year time periods.'® The interpreta-
tion of the figure is exactly the same as above. Comparing the two stochastic
kernels, it is clear that there is greater persistence over time in the distrib-
ution of predicted values for shares of GDP. The increase in persistence is
greatest at high and low values for predicted shares of GDP, so that the sto-
chastic kernel in Figure 2 exhibits ‘twin peaks’. That is, observed changes
in countries’ factor endowments have tended to induce a polarisation of
patterns of specialisation at extreme values, with increasing and decreas-
ing specialisation in certain subsets of industries. The finding of increased
persistence using continuous probability measures confirms the results of
transition probability estimation.
<Figure 2 about here>

Finally, we examine the robustness of these results to introducing cross-
country heterogeneity in the stochastic process determining the evolution of
international specialisation over time. The conditioning exercise is under-
taken in exactly the same way as before, but we now examine the evolution
of the observed and predicted distributions of shares of GDP country-by-
country. At the level of individual countries, there are too few cross-section
units (twenty industries) to estimate stochastic kernels nonparametrically,
and only transition probability matrices are estimated. Table 5 reports the
estimated matrices of transition probabilities and formal indices of mobility
for the observed and predicted distributions of shares of GDP in the United
States. In both Table 5 and for five of the six other countries, the predicted
distribution exhibits greater persistence than the observed distribution of
shares of GDP as measured by all three indices of mobility. The exception
is Denmark, where the predicted distribution exhibits greater persistence as

measured by mobility indices M7 and Ma, but less persistence as measured

15 Again an Epanechnikov kernel was used with an automatic bandwidth choice following

Silverman (1986).
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by Mg.
<Table 5 about here>

7 Conclusions

Much of the existing empirical trade literature is concerned with the static
predictions of international trade theory for cross-section patterns of inter-
national specialisation at a point in time. This contrasts with the theoretical
literature on trade and growth, which emphasises that comparative advan-
tage is dynamic and evolves endogenously over time. This paper proposes
an empirical framework for analysing the dynamics of international spe-
cialisation; the framework is implemented using disaggregated data on 20
manufacturing industries in 7 OECD countries during 1970-90.

Within a single conceptual framework, we address four main sets of is-
sues relating to the dynamics of international specialisation: changes in the
overall degree of specialisation, the extent to which initial patterns of special-
isation persist over time, implications for long-run patterns of specialisation,
and the economic determinants of observed changes in specialisation. Each
set of issues is suggested by the theoretical literature on trade and growth,
and yet is a subject upon which existing empirical work has relatively little
to say.

This paper focuses on the second and fourth issues above - the extent to
which initial patterns of specialisation persist over time and the economic
forces underlying changes in specialisation. An empirical measure of a coun-
try ¢’s extent of specialisation in a sector j at time ¢ is derived directly from
neoclassical trade theory: the share of the sector in country ¢’s GDP. A
country’s pattern of international specialisation at a point in time is fully
described by the distribution of the theory-consistent measure across sectors.
The dynamics of international specialisation correspond to the evolution of
the entire cross-section distribution over time.

We employ a model of distribution dynamics, that is explicitly suited
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to an analysis of the evolution of an entire distribution. Motivated by the
theoretical literature on trade and growth, the paper examines the role of
changing factor endowments in explaining evolving patterns of international
specialisation. The analysis begins by pooling country-industry-year ob-
servations and estimating transition probabilities using data on observed
shares sectors in GDP. Evidence is found of substantial mobility in patterns
of international specialisation, the extent of which we quantify using formal
indices of mobility.

Neoclassical trade theory identifies a relationship between the share of
a sector in GDP and countries’ factor endowments. In order to evaluate
the role played by changing factor endowments, we estimate this relation-
ship using within groups and derive the values for sectoral shares of GDP
predicted from countries’ factor endowments. The within groups estima-
tion reveals factor endowments to be an important determinant of patterns
of international specialisation. Pooling country-industry-year observations,
transition probabilities are estimated using the data on predicted values for
shares of GDP.

We find greater persistence in the distribution of predicted values than
in the distribution of observed values for shares of GDP. That is, observed
patterns of international specialisation display more mobility than would
be predicted on the basis of factor endowments. Factor endowments are a
source of persistence rather than mobility in patterns of international spe-
cialisation over time. This finding is confirmed by the stochastic kernels
estimated on pooled country-industry-year data and by the transition prob-

ability matrices estimated for individual countries.
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Appendix A: Conditioning Regressions

Table Al: Endowments Regressions, Panel 1

Dependent Var. sgdp
Obs 2940
Years 70-90

Coef. Std. Err. P>[t|

1. Food

nprod -1.3207 0.2053 0.000
prod 2.5608  0.3293 0.000
dkap -0.6609 0.1710 0.000
okap 0.3779  0.1305 0.004
arable -0.6620 0.0753 0.000
2. Textiles

nprod 1.7286  0.2174 0.000
prod -2.8525  0.3486 0.000
dkap 0.7570  0.1805 0.000
okap -0.5740 0.1385 0.000
arable 0.6616  0.0799 0.000
3. Wood

nprod 0.9755  0.2307 0.000
prod -1.9812 0.3670 0.000
dkap 0.4473  0.1901 0.019
okap 0.1559  0.1472 0.290
arable 0.2551  0.0838 0.002
4. Paper

nprod 3.0888  0.5082 0.000
prod -4.3688  0.8215 0.000
dkap 1.3112  0.4074 0.001
okap -1.4233  0.3291 0.000
arable 0.8688  0.1807 0.000
5. Chemicals

nprod 0.0386  0.3522 0.913
prod 0.1860  0.5679 0.743
dkap -1.0352  0.2892 0.000
okap 1.1926  0.2261 0.000
arable -0.3099 0.1282 0.016
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Table Al: Endowments Regressions, Panel 2

Coef. Std. Err. P>|t]

6. Drugs

nprod 0.7309  0.3570 0.041
prod -2.7559  0.5772 0.000
dkap 1.7607  0.2986 0.000
okap -0.3364 0.2236 0.133
arable 0.2806  0.1304 0.032
7. Petroleum

nprod 1.3103  0.3474 0.000
prod -2.7335 0.5359 0.000
dkap 1.0721  0.2679 0.000
okap -0.5056 0.2161 0.019
arable 0.5824  0.1216 0.000
8. Rubber

nprod 0.9698  0.4229 0.022
prod -0.2771  0.7259 0.703
dkap -1.2764  0.3912 0.001
okap 0.7325  0.2811 0.009
arable -0.0148 0.1567 0.925
9. Minerals

nprod 0.9631  0.2267 0.000
prod -1.4701 0.3665 0.000
dkap -0.2176  0.1906 0.254
okap 0.1704  0.1439 0.236
arable 0.4070  0.0827 0.000
10. Ferrous

nprod 1.1522  0.2372 0.000
prod -2.2021 0.3761 0.000
dkap 0.4847  0.1928 0.012
okap -0.1520 0.1510 0.314
arable 0.4118  0.0870 0.000
11. Non-ferrous

nprod 1.3168  0.2202 0.000
prod -2.5794  0.3503 0.000
dkap 0.6950 0.1804 0.000
okap -0.2104 0.1391 0.131
arable 0.5703  0.0801 0.000
12. Metals

nprod 1.6561  0.2320 0.000
prod -2.9859 0.3679 0.000
dkap 0.5913  0.1871 0.002
okap 0.0490  0.1468 0.739
arable 0.4832  0.0845 0.000
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Table Al: Endowments Regressions, Panel 3

Coef. Std. Err. P>|t]

13. Office Equip.

nprod -4.4594  0.9273 0.000
prod 3.6488  1.3554 0.007
dkap -1.2040 0.6513 0.065
okap 2.9460  0.5589 0.000
arable -1.0059 0.3010 0.001
14. Non-electrical

nprod 05779  0.2585 0.025
prod -1.7350 0.3943 0.000
dkap 0.5648  0.2003 0.005
okap -0.0690 0.1602 0.667
arable 0.4364  0.0904 0.000
15. Radio, TV

nprod 1.8549  0.2244 0.000
prod -3.7667 0.3622 0.000
dkap 1.4708 0.1891 0.000
okap -0.6868 0.1451 0.000
arable 0.9270 0.0834 0.000
16. Electrical

nprod 1.4504  0.2631 0.000
prod -2.1072  0.4038 0.000
dkap 0.1855  0.1990 0.351
okap 0.1190 0.1632 0.466
arable 0.2292  0.0922 0.013
17. Shipbuilding

nprod 1.4076  0.2112 0.000
prod -2.2122  0.3375 0.000
dkap 0.4164  0.1750 0.017
okap -0.3026 0.1343 0.024
arable 0.4806 0.0774 0.000
18. Motor Vehicles

nprod 0.9563  0.2505 0.000
prod -2.3653 0.4181 0.000
dkap 0.7280  0.2309 0.002
okap -0.1421 0.1671 0.395
arable 0.4389  0.0990 0.000
19. Professional

nprod -0.3999 0.3676 0.277
prod 0.2413  0.5148 0.639
dkap -0.2481 0.2461 0.313
okap 0.4472  0.2246 0.047
arable -0.0992 0.1215 0.414
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Table Al: Endowments Regressions, Panel 4

Coef. Std. Err. P>t]
20. Other
nprod -1.0882 0.4170 0.009
prod -0.2563 0.6472 0.692
dkap -0.0966  0.3267 0.768
okap 1.2215  0.2602 0.000
arable 0.0076  0.1430 0.957
Industry yes
Fixed Effects (20)
Year-Industry yes
Dummies (400, 71-90)
Diagnostics
F(519, 2420) 127.13
Prob > F 0.0000
R-squared 0.9118
Root MSE 0.2929

Standard errors are Huber-White heteroscedasticity robust

Dependent variable: share of sector in GDP (%). Independent variables: log
number of non-production workers (thousands), log number of production
workers (thousands), log stock of durable capital (thousands of 1985 US
dollars), log stock of other capital (thousands of 1985 US dollars), and log
arable land (thousands of hectares)
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Appendix B: Occupation and Education-based Clas-
sifications of Skills

This paper follows a large number of other authors in using data on non-
production and production workers to measure skills (see for example Berman,
Bound, and Machin (1998) and Lawrence and Slaughter (1993)). The main
alternative is to use data on educational attainment (see for example Nickell
and Bell (1995), (1996)). These are not currently available on an annual
basis for all countries and years during the sample period (in Barro and Lee
(1993) information is presented every five years for the period 1960-85), but
annual data on the proportion of workers with the equivalent of a college
degree or higher is available for total manufacturing in the United Kingdom
and United States during 1977-90.'® Table B1 reports time series corre-
lations between the proportion of workers with the equivalent of a college
degree or higher and the proportion of non-production workers. In both the
United Kingdom and United States, we find a high degree of correlation

between the two measures of skills during 1977-90.

Table B1: Time series correlations between occupation-based and
education-based classifications of skills in the United Kingdom and
United States, 1977-90

Country 1977-90 1977-90

United Kingdom 0.9229 -
United States - 0.9273

Data sources: United Nations General Industrial Statistics Database
(UNISD), UK Labour Force Survey, and US Current Population Survey.
See Appendix C and Machin and Van Reenen (1998) for further details.

16 These data were supplied by John Van Reenen and are aggregated from the individual
level: from the Labour Force Survey in the United Kingdom and the Current Population
Survey in the United States. For further details concerning the data used, see Machin and

Van Reenen (1998).
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Appendix C: Data Appendix

OECD Structural Analysis Industrial (STAN) database: data on
current price value-added (US dollars) for the twenty manufacturing sectors
listed in Table B1 (International Standard Industrial Classification (ISIC)),
1970-90.

OECD International Sectoral Database (ISDB): data on constant
price value-added (1985 US dollars) and capital stock (1985 US dollars) for
the twelve manufacturing sectors listed in Table 3 (International Standard
Industrial Classification (ISIC)), 1970-90. See Griffith, Redding, and Van
Reenen (1999) for further discussion of the data.

Penn World Tables 5.6: data on current price GDP per capita (US dol-
lars), population (thousands), non-residential capital stock (1985 US dol-
lars), and Producer durables (% of non-residential capital stock, 1985 US
dollars), 1970-90. See Summers and Heston (1991) for further discussion of

the data. These may be downloaded from http: //arcadia.chass.utoronto.ca/pwt/.

United Nations General Industrial Statistics Database (UNISD):
data on the proportion of non-production and production workers in total
manufacturing, 1970-90. For the United States, data on the proportion
of non-production and production workers are also available for the twelve
manufacturing sectors listed in Table 3 (International Standard Industrial
Classification (ISIC)). See Berman, Bound and Machin (1998) and Machin
and Van Reenen (1998) for further discussion of the data.

FAO Arable Land Data: data on hectares of arable land (thousands)
from the United Nations Food and Agricultural Organisation (FAOSTAT),
1970-90. These may be downloaded from http://www.fao.org.

Country Converage: Canada, Denmark, Finland, Japan, Sweden, United

Kingdom, and United States
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Table C1
Industrial Classification

Industry ISIC Classification
1. Food, Drink and Tobacco 3100
2. Textiles, Footwear and Leather 3200
3. Wood, Cork and Furniture 3300
4. Paper, Print and Publishing 3400
5. Chemicals excl. Drugs 3512
6. Durgs and Medicines 3522
7. Petroleum Refineries and Products 3534
8. Rubber and Plastic Products 3556
9. Non-metallic Minerals 3600
10. Ferrous Metals 3710
11. Non-ferrous Metals 3720
12. Metal Products 3810
13. Office and Computing Equipment 3825
14. Non-electrical Machinery 3829
15. Radio, TV and Communication 3832
16. Other Electrical Machinery 3839
17. Shipbuilding & Repairing 3841
18. Motor Vehicles 3843
19. Professional Goods 3850
20. Other Manufacturing 3900
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Table 1: Share of manufacturing in GDP and share of industries
in total manufacturing in 1970 and 1990 (%), Panel A

Industry Year Can Den Fin Jap Swe UK USA
Food 1970 14.86 20.96 13.26 10.57 8.13 13.32  12.33
1990 14.55 20.54 11.76 10.16 10.18 13.36 10.72
Textiles 1970 8.35 8.89 9.94 7.26 6.17 1032 7.93
1990 5.43 4.64 3.87 4.65 2.16 6.24 4.99
Wood 1970 5.78 5.96 9.94 3.55 8.12 2.63 4.34
1990 6.47 5.60 8.81 2.71 7.66 3.05 4.58
Paper 1970 1398 11.40 2246 5.84 14.91 8.45 9.12
1990 15.81 10.88 20.89 7.39 15.20 11.07 11.56
Chemicals 1970 4.99 4.82 5.08 7.85 4.40 8.07 6.93
1990 6.31 5.20 5.87 5.60 4.73 8.28 8.62
Drugs 1970 1.02 1.08 0.55 2.08 0.81 1.52 1.37
1990 1.97 3.68 0.94 2.29 2.12 3.14 2.82
Petroleum 1970 1.34 1.26 2.13 1.22 1.18 1.14 147
1990 1.43 1.19 2.60 0.59 2.50 2.03 2.01
Rubber 1970 2.59 2.76 2.29 3.03 2.71 2.90 2.27
1990 3.23 3.46 1.83 3.92 2.43 4.42 3.74
Minerals 1970 3.54 7.45 4.22 4.21 3.99 3.51 3.23
1990 3.19 4.43 4.86 3.61 3.18 3.72 241
Ferrous 1970 5.17 1.27 3.19 9.05 7.26 6.31 5.30
1990 2.98 0.96 3.07 5.84 3.20 3.18 2.67
Non-ferrous 1970 3.80 0.54 1.27 2.26 2.19 1.68 2.06
1990 3.07 0.32 1.31 1.97 1.45 1.09 147
Metals 1970 6.70 7.22 4.51 5.99 9.69 6.57 7.31

1990 5.54 8.72 6.71 5.90 10.39 5.84 6.73
Office Equip. 1970 1.53 0.49 0.13 1.18 1.23 0.79 1.30

1990 0.96 0.73 1.49 3.26 0.58 2.22 1.87
Non-electrical 1970 6.76 10.70  10.03 9.52 11.63 10.38 10.28

1990 6.47 14.08 11.30 9.86 13.11 948 9.26

Radio, TV 1970 2.63 1.93 0.84 5.57 2.89 3.68 2.67
1990 3.71 241 3.34 9.05 3.52 4.41 5.56
Flectrical 1970 3.57 4.78 3.37 5.28 3.97 4.05 4.71

1990 2.92 3.23 3.65 6.94 3.24 4.28 3.64
Shipbuilding 1970 0.65 3.38 3.38 2.32 1.94 1.78 0.78
1990 0.52 3.25 240 0.60 0.95 1.00 0.67
Motor Vehicles 1970 7.27 0.97 1.06 7.83 4.60 5.91 6.52
1990 9.34 1.18 1.94 8.64 8.19 5.74 4.47
Professional 1970 1.85 1.14 0.44 1.66 0.87 1.87 3.82
1990 1.66 2.66 1.31 1.82 2.44 1.42 5.06
Other 1970 1.00 1.58 0.94 3.06 0.61 1.08 1.66
1990 0.89 2.55 0.83 4.67 0.68 1.09 1.96

Total 1970 1931 1739 2243 36.71 2273 29.46 24.67
1990 14.71 1563 19.38 2851 1858 20.45 18.87

Notes: See Appendix C for a list of industry names in full and Interna-
tional Standard Industrial Classification (ISIC) Codes. Data sources: OECD
STAN database and Penn World Tables 5.6 (see Appendix C).

39



Table 2: Relative factor abundance (%)

Country Year GDP Non-prod Prod Durable Other Arable
Capital Capital
Can 1970 4.83 5.06 5.37 2.98 7.27 17.25
1990 5.84 3.86 6.56 4.12 7.68 18.31
Den 1970 1.14 1.00 1.32 1.23 1.44 1.05
1990 0.94 0.93 1.16 0.96 1.16 1.02
Fin 1970 0.86 0.75 1.31 1.28 1.53 1.06
1990 0.90 0.87 1.15 1.05 1.49 1.02
Jap 1970 18.15 35.55 21.65 17.61 19.24 1.94
1990 23.10 37.63 19.13  28.90 34.82 1.65
Swe 1970 2.07 1.78 2.08 1.98 2.50 1.21
1990 1.64 1.50 1.97 2.33 1.88 1.14
UK 1970 10.87 11.85 14.60 14.97 6.60 2.82
1990 9.59 10.77 12.79  10.17 5.37 2.64
US 1970 62.07 44.01 53.67 59.95 61.42 74.67
1990 57.99 44.44 57.25 5247 47.60 74.23
Note: See main text for definition of relative factor abundance. Data

Sources: Penn World Tables 5.6, United Nations General Industrial Sta-
tistics Database (UNISD), and United Nations FAO. See Appendix C for
further details.

40



Table 3: Factor Intensities, United States
Sample means, 1970-90

Industry ISIC Non-prod. Production Capital
Intensity Intensity Intensity
Food, Beveridges 31 6.62 15.81 1.68
Textiles, Apparel 32 7.66 48.98 1.64
Wood Products 33 5.91 31.18 1.39
Paper, Printing 34 9.03 15.71 1.53
Chemicals 35 6.21 13.07 2.83
Minerals 36 5.92 21.41 2.77
Primary Metals 37 4.84 17.70 3.75
Metal Products 381 6.85 21.38 1.59
Non-elec. Machinery 382 8.20 16.32 1.63
Electrical Machinery 383 9.63 18.63 1.73
Shipbuilding 384 6.13 14.65 1.69
Professional Goods 385 12.10 18.11 1.16
Mean 7.42 21.08 1.95
Coefficient of Var. 0.30 0.50 0.42

Note: Non-production and production intensities are defined as numbers of
workers per million dollars of real value-added (1985 US dollars). Physical
capital intensity is defined as number of dollars of physical capital per dol-
lar of value-added (1985 US dollars). Data Sources: OECD International
Sectoral Database (ISDB) and United Nations General Industrial Statistics
Database (UNISD). See Appendix C and Griffith, Redding and Van Reenen

(1999) for further details.
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Table 4: Transition probabilities, pooled sample
5-year transitions, 1971-85

sgdp Upper Endpoint

Number 0.330 0.620 1.03 1.79 o
(422) 0.82 0.18 0.00 0.00 0.00
(394) 0.18 0.72 0.09 0.00 0.00
(414) 0.01 0.19 0.73 0.07 0.00
(437) 0.00 0.02 022 0.70 0.06
(433) 0.00 0.00 0.00 0.18 0.82
Ergodic 0.386 0.369 0.175 0.051 0.021
Predicted Upper Endpoint

Number 0.390 0.725 1.120 1.950 o
(415) 0.88 0.12 0.00 0.00 0.00
(425) 0.16 0.70 0.14 0.00 0.00
(403) 0.01 0.13 0.80 0.06 0.00
(425) 0.00 0.00 0.16 0.76 0.08
(432) 0.00 0.00 0.00 0.14 0.86
Ergodic 0.340 0.248 0.257 0.098 0.057
Mobility Indices sgdp pred.

My =2t 0.30 0.25

My = "2l 0.30 0.25
Ms=1—|det(7)] 0.79 0.71
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Table 5
Transition probabilities, United States
5-year transitions, 1971-85

sgdp Upper Endpoint

Number 041 069 1.05 166 oo
(61) 0.79 0.21 0.00 0.00 0.00
(59) 0.22 0.61 0.17 0.00 0.00
(53) 0.02 0.17 074 0.08 0.00
(63) 0.00 0.06 025 0.67 0.02
(64) 0.00 0.00 0.00 0.20 0.80
Ergodic 0.351 0.317 0.264 0.063 0.005
Predicted Upper Endpoint

Number 0.440 0.775 1.190 1.750 oo
(61) 0.92 0.08 0.00 0.00 0.00
(48) 0.10 0.85 0.04 0.00 0.00
(66) 0.00 026 059 0.15 0.00
(60) 0.00 0.00 0.38 0.57 0.05
(65) 0.00 0.00 0.00 0.17 0.83
Ergodic 0.505 0.398 0.064 0.025 0.008
Mobility Indices sgdp pred.

My, =2 0.35 0.31

My = " 2alte] 0.35 0.31
Ms=1—|det(7)] 0.85 0.83
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Figurel: Stochastic kernel for sgdp, 3d plot, 10 year transitions
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Figure 3: Stochastic kernel for predicted, 3d plot, 10 year transitions
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