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Abstract
In the trade-technology-wage debate, the effects of the various forms of technical progress
on relative factor prices have been addressed in a number of contributions over the past
decade. However, the existing literature is far from conclusive. The various contributions
either relied on specific assumptions, such as Leontief technologies or Cobb-Douglas
demand, that were decisive for the respective conclusions, or they used a more general
framework, arriving at ambiguous results in many cases. In this paper we analyse a
general equilibrium framework with CES production and CES demand functions, which
allows for any discrete number of sectors and countries integrated via trade flows.
Technologies are country- and sector-specific and endowment structures differ across
countries. The necessary and sufficient conditions under which the relative wage rates are
rising or falling in the domestic and foreign economies are derived. This is done for various
types of factor- and sector-biased technical change taking place in a particular sector in
either the home or foreign country. The conditions – depending on the relative skill intensity
of the innovating sector, the elasticities of substitution in demand and supply, the relative
factor endowment and the prevailing (equilibrium) relative wage rate – allow for
straightforward economic interpretations. This permits to solve the cases classified as
ambiguous in the existing literature and provides clear-cut conditions which are important
for modelling and empirical research. Furthermore, the results are interpreted with respect
to recent empirical studies where special emphasis is given to the sector-biased versus
factor-biased hypotheses.

Keywords: factor prices, technical change, trade, multi-sector and multi-country model
JEL classification: C62, C68, F16, O33
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The effects of factor- and sector-biased technical change revisited
1

Introduction

The literature on the labour market effects of technical change in closed and open economies has grown
substantially over the past decade. At the beginning the debate focused primarily on the impact of trade
(mainly with developing countries) on the relative wage of skilled workers in the advanced countries (see
e.g. Wood, 1997; Leamer, 1998). In the course of this debate, (mainly empirical) research (for an overview
see Acemoglu, 2002b) soon centered on the relative importance of trade integration versus (factor- or
sector-biased) technical progress in closed and open economies in explaining the rising wage differential
between skilled and unskilled workers in the advanced economies, particularly the US. The importance
of technical change is also emphasized in more recent empirical but also theoretical contributions, which
focus in particular on the role of different types of technical progress, i.e. sector or factor bias of technical
change. For instance, Haskel and Slaughter (2002) argue that it is mainly the sector bias of skill-biased
technical change that matters, whereas e.g. Acemoglu (2002b) emphasizes the factor bias (skill bias)
and explains the rising wage differential by an acceleration of this type of technical change. Of course,
the issue of the impact of technology and technical change has a long tradition in the economic analysis
of trade and and welfare, dating back to Ricardo at least. But, as opposed to the endowment-based
theories, that issue has gained momentum in the past decade (see e.g. Trefler, 1993). In the more recent
literature the effects of changes in technology are discussed (see e.g. Dixit and Norman, 1980, for an
overview). While these contributions address mainly the effects on trade and utility, they do not discuss
the effects on relative factor prices - which is the main topic to be dealt with in this paper. The results
of that literature are, however, not encouraging: the effects of technical change on welfare are foound
to be ambiguous for the home as well as for the foreign country and seemingly no general propositions
can be derived (see also Findlay and Grubert, 1959). Similarly, the results from the debate of the effects
of technical change on relative factor prices - to which we turn next in more detail - are, as already
mentioned, not conclusive either.1
The theoretical results on the effects of technical change in closed and in (large) trading economies
depend heavily on specific parameter assumptions in production and demand functions and the particular
type of technical progress considered (e.g. factor-biased vs. sector-biased, local versus global, etc.). Haskel
and Slaughter (2002) mention a number of studies and conclude that ’... different studies have examined
very different cases [and] general conclusions should not be made from any single study.’ (p. 1765).
Let us mention two of those studies which are relevant for this paper.2 Recently, Xu (2001) analysed
a 2 × 2 × 2-model with different types of factor-augmenting (which is related to the Hicksian typology)
technical change which clarifies this discussion to some extent. Although his results shed some light on
the theoretical debate, some questions still remain unsolved. First, the effects analysed by Xu (2001) are
in most cases ambiguous, particularly so for large trading economies. An even more detailed study seems
thus to be necessary to further clarify the results. This is the main topic of the present paper. Second,
from an empirical as well as modelling point of view it is important to see whether the analysis can be
1 Other

recent contributions go beyond the trade versus technology question and also introduce, e.g., market structures
(Neary, 2003), outsourcing (e.g. Feenstra and Hanson, 2001), firm size structures (e.g. Dinopolous et al., 2001), etc., which
are not discussed here.
2 One has to mention that both papers use a more general form of the production function as we will do.

extended beyond the two-sectors and two-countries framework. The model used below shows in which
way this problem can be tackled. This is important as some catching-up countries do quite well in specific
sectors (e.g. the skill-intensive sectors) in terms of productivity convergence, which has quite different
implications on the relative wage rate in the advanced economies. Zhu and Trefler (2005) study a model
with a continuum of goods where two seminal contributions (Dornbusch et al., 1977, 1980) are merged.
This model includes factor endowment differences as well as technological differences between countries.
However, in this contribution the restrictive case of a Cobb-Douglas demand structure is assumed which
- as we shall argue below - may have specific implications. Further, it is also restricted to the case of
just two trading economies where only a particular type of technical change in the ’South’ (productivity
growth is equal across all sectors) is analysed.
In the present paper we introduce a framework similar to that used in the latter contribution, but we
apply it to a discrete number of sectors instead of a continuum of goods and extend it to allow for a discrete
number of trading economies. It should be emphasized that the model allows simultanously for differences
in technologies, i.e. not only for differences in total factor productivity, as well as for differences in factor
endowments, and thus goes beyond the standard frameworks based either on differences in productivity
levels (Ricardo) or factor endowments (Heckscher-Ohlin).
In line with the contribution by Xu (2001) we analyse the effects of technical change on relative wages
for various combinations of parameter values (especially assuming different elasticities of substitution
in demand and in production) and different types of technical change.3 For this model we shall derive
exact criteria under which the skill premium will rise. These conditions depend on the skill intensity of
the innovating sector, the elasticities of substitution in production and demand, the relative wage bill in
the economy and the relative factor supply, and allow for an economic interpretation. In particular, the
framework also allows to pinpoint the effects of technical change in specific sectors which are characterized
by their relative skill intensity in both the advanced and less advanced economies. In this way the model
allows to analyse the effects of different catching-up patterns of countries (see e.g. Stehrer and Woerz,
2003, on this).
The paper is structured as follows: In section 2 we introduce the model for a closed economy and
derive the above-mentioned criteria. In this section we also discuss the types of technical change, which
can be modelled using a CES production function. The framework is then extended to a multi-country
model in section 3. Again, we derive criteria which allow to analyse the effects of the various forms of
technical change taking place in the domestic or a foreign economy and study the effects on relative factor
prices in the innovating and the other economies. We pay particular attention to those cases that are
empirically relevant, i.e. skill-biased technical change and cases that provide a potential explanation for
increasing relative wages. The final section concludes.

3 In this paper we focus exclusively on the effects of relative factor prices and do not analyse welfare effects as is common
in the relevant literature. Preliminary numerical studies suggest that technical change has positive welfare effects on either
total welfare or welfare of skills and labour in most cases; there are however some noteable exceptions to this which deserve
further research. The factors underlying these differences in welfare effects by skill types are the results on relative factor
prices studied in this paper.
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2

Technical change and relative factor prices in a closed economy

Let us now introduce the framework for a closed economy. Here we basically follow Zhu and Trefler (2005)
but - instead of assuming a continuum of goods - we formulate the model for a discrete number of sectors
i = 1, . . . , N which allows to generalize the latter contribution by introducing a CES demand structure.
On the other hand, the results are comparable to those presented in Xu (2001) for the integrated economy
but, first, allow for any discrete number of goods and, second, enable us to specify conditions for a rising
relative wage rate in the cases that remain ambiguous in Xu (2001). We shall extend this framework to
a discrete number of countries in section 3.

2.1
2.1.1

A multi-sectoral framework
Consumers and producers

P
1/%
PN
N
%
Consumers maximize a CES utility function denoted by U =
β
q
with 0 < βi < 1, i=1 βi =
i
i
i=1
1, and −∞ < % < 1. For % → 0 the CES utility function collapses to a Cobb-Douglas utility function
QN
U = i=1 qiβi . Under the assumption that consumers maximize utility, the nominal expenditure shares
for each good are given by
N
X
1−ς ς
γi = pi βi /
p1−ς
βjς
(2.1)
j
j=1

P
satisfying the constraints 0 < γi < 1 (for N > 1) and
i γi = 1. The parameter ς := 1/(1 − %)
with 0 < ς < ∞ denotes the elasticity of substitution between the good i = 1, . . . , N . For ς → 1 (or
equivalently % → 0 in the utility function) the expenditure shares become constant γi = βi as can be seen
from equation (2.1).
Firms face a CES production function with two inputs skills, liS , and labour, liL , denoted by
qi = Ai [αiL (aiL liL )ρ + αiS (aiS liS )ρ ]1/ρ
where liz , z = L, S denote the amount of labour and skilled workers used in the production of good i,
respectively.4 Ai > 0 denotes total factor productivity, aiz > 0 are the factor-augmenting parameters and
P
we refer to 0 < αiz < with z αiz = 1 as share parameters. ρ determines the elasticity of substitution
between the two factors with σ = 1/(1 − ρ) being the elasticity of production. The production function
is homogenous of degree one (i.e. constant returns to scale). We shall refer to the parameters Ai , aiz
and αiz to distinguish between different types of technical change below. As commonly known, this
CES function collapses for ρ → 0 to the Cobb-Douglas case (with elasticity of substitution equal to
one) qi = Ai (aiL liL )αiL (aiS liS )αiS ; for ρ → −∞, i.e. no factor substitution taking place, the production
function is of the Leontief type qi = Ai min{aiS liS , aiL liL }. We have written this function in a general
way, i.e. including both the parameters αiz and aiz for reasons which will become clear below. The two
factors receive a nominal wage rate of wz , z = L, S, respectively. We take the nominal wage rate of labour
as nùmeraire, i.e. wL = 1. The relative wage rate of the skilled workers is thus equal to their nominal
wage rate as ω := wS /wL = wS . Using the nominal wage rate of labour as nùmeraire, i.e. wL = 1 the
4 The usage of a CES production function is restrictive in some sense but it is easy to handle and straightforward
conditions can be derived. The results may also hold for more general production functions (for which the elasticity of
substitution is not constant) but then the results would have to be interpreted ’locally’.
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relative wage can also be referred to as the ’skill premium’. Given the wage rates the cost-minimizing
firms choose the amount of labour and skills per unit of output. Straightforward calculations yield that
these input coefficients are given by
σ/(1−σ)

σ σ−1
ãiS = ω −σ A−1
i αiS aiS Bi

(2.2a)

σ/(1−σ)

σ σ−1
ãiL = A−1
i αiL aiL Bi

(2.2b)

σ σ−1
σ σ−1
with Bi := αiL
aiL + ω 1−σ αiS
aiS . Under the assumption of cost-minimization the ratio of skills to
labour in industry i, i.e. the skill intensity, is given by

σ 
σ−1
αiS
aiS
ãiS
= ω −σ
ãi :=
ãiL
αiL
aiL
where ãiz , z = S, L denotes the input of skills or labour per unit of output. The ratios of the cost shares
of the factors in production of good i, i.e. θiz , are then given by

σ 
σ−1
αiS
aiS
θiS
1−σ
= ωãi = ω
.
θi :=
θiL
αiL
aiL
Under the non-profit condition prices equal unit costs, i.e. pi = ãiS wS + ãiL wL . Inserting for the labour
input coefficients ãiz and using wS = ω the price of good i is given by
1/(1−σ)

pi = A−1
i Bi

.

(2.3)

This equation expresses prices as a function of technological parameters and the relative wage rate.
2.1.2

Typology of technical change

In the literature the most widely used definitions of technical progress are Hicks-neutral (or non-neutral,
i.e. labour-using/saving or skill-using/saving) technical progress (see Hicks, 1932) and labour- versus
skill-augmenting (dating back to Harrod, 1942). From a modelling point of view the factor-augmenting
definition is most useful as this is related to a change in parameter values aiz . However, for a proper interpretation of the results, the Hicksian definitions are more useful. Let us therefore briefly summarize these
definitions for the CES production function used in this paper. Technical progress is factor-augmenting if
it raises output in the same way as does an increase in the supply (use) of this factor. In general, the production function in this case takes the form Y = f (lL , aS (t)lS ) for skill-augmenting and Y = f (aL (t)lL , lS )
for labour-augmenting technical progress (see Harrod, 1942; Robinson, 1938; Uzawa, 1961). On the other
hand, technical progress is classified as Hicks-neutral if the ratio of marginal products remains unchanged
for a given factor input ratio (see Hicks, 1932). This corresponds to the case in which the factor intensity
ãi remains constant at a fixed relative wage rate ω. Thus, Hicks-neutral technical progress is of the form
Y = A(t)f (lL , lS ). If the factor intensity remains not constant at a constant relative wage rate then
technical progress is defined as either skill-saving (labour-using) or labour-saving (skill-using) if the skill
intensity is falling or rising, respectively. As pointed out in Xu (2001) in a more general way there are
some relationships between these definitions of technical progress. These are summarized with respect
to the CES production function specified above in table 2.1. A change in total factor productivity Ai is
Hicks-neutral irrespective of the elasticity of substitution between the two factors. In the Cobb-Douglas
case, i.e. σ = 1, a change in total factor productivity Ai or a change in any of the factor-augmenting
4

Variable

σ<1

σ=1

σ>1

∆Ai > 0

Hicks neutral

Hicks neutral

Hicks neutral

∆aiS > 0

Labour using
Skill augmenting
Skill using
Labour augmenting

Hicks neutral

Skill using
Skill augmenting
Labour using
Labour augmenting

∆aiL > 0
∆αiS > 0
∆αiL > 0

Hicks neutral

Skill using
Labour using

Skill using
Labour using

Skill using
Labour using

Table 2.1: Correspondences between types of technical progress

parameters aiz is Hicks-neutral. As can be seen above, the input ratio ãi and cost share ratio θi in this
case depend only on the relative wage rate and the parameters αiz . Only a change in the share parameters
αiz would imply a biased technical progress in the Hicksian sense as indicated in table 2.1.5
A change in the factor-augmenting parameters aiz , however, must be interpreted more carefully when
related to the Hicksian definitions of technical change. As can be seen from the expression for the skill
intensity ãi an increase of the parameter aiS , i.e. skill-augmenting technical change, is labour-using
if σ < 1, Hicks-neutral if σ = 1 (as already mentioned) and skill-using if σ > 1, i.e. the Hicksian
classification depends on the elasticity of substitution. When σ < 1 the elasticity of substitution is low
(in the extreme case the two factors become perfect complements) which explains why in the presence of
skill-augmenting technical change there is higher relative demand for labour. On the other hand, if σ > 1
skills and labour are more substitutable and skill-augmenting technical change leads a relative increase
of skills. In analogy, this can be applied to an increase in the labour-augmenting parameter aiL . Finally,
a change in the intensity parameters αiz would always be factor-biased as indicated in table 2.1.6 The
ratio of the cost shares θi at constant factor prices is constant if technical progress is Hicks-neutral, rising
if technical progress is skill-using, and falling if technical progress is of the labour-using type. Acemoglu
(2002b), who provides a similar analysis7 notes that most empirical studies show that σ ≥ 1. Further,
there seems ample evidence that technical change was skill-biased in the last decades (see Acemoglu,
2002b, for an overview) which corresponds to an increase in aiS and σ > 1.
Finally let us note that an increase of either aiS or aiL is cost-reducing in any case at constant factor
prices which allows to assume that the innovation is actually introduced. This is shown in appendix
section A.1.
5 This is one reason why we have explicitly included the parameters α
iz in the production function; else these parameters
would implicitly assumed to be αiz = 0.5.
6 In this context, it is worth noting that care has to be taken when comparing different contributions of the recent
literature. For example, Haskel and Slaughter (2002) use a production function which - in our notation - sets aiz = 1 and
thus considers only changes in the skill intensity parameters αiz . On the other hand, Xu (2001), Zhu and Trefler (2005),
and Davis (1998) use a functional form in which only the factor-augmenting parameters aiz are included.
7 In this paper, however, the demand side effects of a change in technological parameters are not taken into account and
the analysis of the effects of technical change is restricted to changes in the production function and relative endowment.
Furthermore, the paper provides reasons to explain the skill-biased nature of technical change (see also Acemoglu, 2002a,
on this).
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2.1.3

Factor endowment and equilibrium

The economy is endowed with labour hL and skills hS ; the relative factor endowment of skills will be
PN
denoted by h := hS /hL . The factor market clearing conditions are hz =
i=1 ãiz qi . Using the full
employment assumption total income Y = ωhS + hL = hL (ωh + 1).
The equilibrium relative wage rate ω can then be derived in the following way. Calculating employment
rates (i.e. labour demand over supply) for skills and labour and setting the difference to zero yields the
equilibrium relative wage rate. These employment rates can be written as
ES

EL

=

N
N
N
1 X
1 X
Y X γi
liS =
qi ãiS =
ãiS
hS i=1
hS i=1
hS i=1 pi

=

N
N
N
1 X
Y X γi
1 X
liL =
qi ãiL =
h
ãiL .
hL i=1
hL i=1
hS i=1 pi

Inserting for γi , pi , ãiz from equations (2.1), (2.3) and (2.2) expresses them as functions of preference
parameters, technological parameters and the relative wage rate. In equilibrium the condition E(ω) :=
ES (ω) − EL (ω) = 0 has to be satisfied. This implies that the employment rates are equal for labour
and skills. Full employment in absolute terms for both factors is then assured by inserting ω ∗ into the
expression for Y = hL (ωh + 1). As Y and hS are positive numbers the equilibrium condition can be
rewritten as
N
N
X
X
γi
γi
ãiS = h
ãiL .
(2.4)
p
p
i
i=1
i=1 i
It can be shown that a unique and Walrasian stable equilibrium always exists if σ > 0. For a Leontief
technology (i.e. σ = 0) such an equilibrium may not exist at all. Rewriting the equilibrium condition
PN
PN
yields i=1 γpii ãiS / i=1 γpii ãiL = h. The lhs of this equality may be referred to as relative demand curve
D and the rhs as the relative supply curve S, respectively. The latter would be a vertical in a diagram
with the relative wage on the vertical and the relative demand and supply at the horizontal axis. Such
relative supply and demand curves are used e.g. in Wood (1997) for analysing the employment effects of
shifts in trade patterns, and in Acemoglu (2002b) to analyse the effects of skill-biased technical change.
For further exposition we shall however use equation 2.4 and shall refer to the lhs simply as demand
curve and to the rhs as supply curve. It can be shown that the demand curve is strongly monotonically
downward sloping with ω. This reflects substitution processes in production and demand, i.e. a higher
relative wage rates of skills implies that relatively less skills are demanded as this factor and the relatively
more skill-intensive goods becomes more expensive. The supply curve is upward sloping for a wide range
of parameters. However, it may become vertical or even downward sloping as well depending on the
specific values of the elasticity of substitution in production and demand. In this case it can be shown
dS
that dD
dω < dω , which implies Walrasian stability also in this case. Note that in all cases the relative
demand curve as described above is thus downward sloping.
Changes in technological parameters shift (rotate) the curves right or left (clockwise or counterclockwise). It is clear that a simultanous shift of the supply curve to the left and of the demand curve to
the right implies an increase in the equilibrium relative wage rate (and a decrease in the other case).
This situation is graphically presented in panel 1 of figure 2.1. If both curves are shifting into the same
direction due to a change in a technological parameter, the effect on the relative wage rate becomes
ambiguous. Assume that both curves shift to the right: The equilibrium wage rate rises if the shift of
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Figure 2.1: Relative demand and supply curves
the demand curve is - at the initial equilibrium wage rate - larger than the shift of the supply curve (this
∂D
∂S
situation is shown in panel 2 of figure 2.1). Formally this can be expressed as ∂X
> ∂X
where X denotes
any technological parameter Ai , aiz or αiz . If both curves shift to the left, the supply curve must change
relatively more (in absolute terms) compared to the demand curve to ensure a rising relative wage rate.
As both derivatives with respect to the parameter X are negative in this case, the condition is again
∂S
∂D
∂X > ∂X . We shall use this inequality to analyse the effects of changes in technological parameters on
the relative wage rate. Finally, the equilibrium condition (2.4) shows that a change in the size of the
economy which keeps the relative endowment h constant has no effect on the wage rate; a rising relative
endowment of skills shifts the supply curve to the right whereas the demand curve remains stable, which
implies a declining relative wage rate.

2.2

The effects of factor- and sector-biased technical change

Inserting for γi , ãiz , pi , from equations (2.1), (2.2), and (2.3) in equation (2.4) expresses the equilibrium
condition as a function of preference parameters, technological parameters, the relative wage rate, and
relative factor endowment, i.e.
ω −σ

X

σ−ς

σ σ−1 1−σ
βiς Aς−1
αiS
aiS Bi
i

= h

X

σ−ς

σ σ−1 1−σ
βiς Aiς−1 αiL
aiL Bi

(2.5)

i

i

 1/(1−σ)
σ
1−σ σ−1 σ
aiS αiS ; Bi
with Bi := aσ−1
has an interpretation as price index for input factors.8
iL αiL + ω
Let us now start with a detailed analysis of the effects of an increase in total factor productivity Ak
and an increase of the skill-augmenting parameter akS in a specific sector k on the relative wage rate ω; we
shall denote this type of technical change by SATC.9 In the following it is essential to distinguish between
skill- and labour-intensive sectors. As the number of sectors can be larger than the number of factors, the
8 One

may also replace the elasticity of substitution in production σ by a sector-specific elasticity of substitution σi . For
the sake of notational convenience we do not make use of this.
9 The same analysis can be applied to changes in the labour-augmenting parameter a
kL but this shall not be discussed
here as the resuls are analogous when applying the Hicksian definitions of technical change.
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factor intensities are no longer a function of technological properties only, but become dependent upon
equilibrium relationships (see e.g. Dixit and Norman, 1980). We thus introduce the following terminology:
Definition of skill-intensive sectors: We define a sector to be skill-intensive if θk > ω ∗ h and
to be labour-intensive if θk < ω ∗ h where ω ∗ denotes the relative wage rate in equilibrium. This can also
be expressed as ãi > h or ãi < h by dividig both sides with ω ∗ ; i.e. a skill-intensive sector has a higher
skill ratio compared to the relative endowment h of the economy.
2.2.1

Sector-biased technical change

Let us first discuss the effect of an increase in total factor productivity in a particular sector k. Calculating10 the first derivatives with respect to Ak , using the condition which has to be satisfied for the relative
∂D
∂S
wage rate to rise, ∂A
> ∂A
, and simplifying yields (ς − 1)θk > wh(ς − 1) or, stated differently,
k
k
θk < ωh if ς < 1
θk > ωh if ς > 1.
For ς = 1 (i.e. Cobb-Douglas demand) total factor productivity vanishes from the equilibrium condition
(2.5) which implies that a change in total factor productivity has no effect whatsoever on the relative
wage rate. The effect only depends on the elasticity of substitution of demand ς and on whether the
sector is skill- or labour-intensive according to the definition above. Let us distinguish the two cases.
First case with ς < 1: The relative wage rate will rise if the innovating sector is labour-intensive
according to the definition above. As the price of this particular good is falling, demand for this good
is rising whereas demand for other goods is falling as a consequence of the substitution effect; however,
as ς < 1 the income effect is larger as compared to the substitution effect, which implies that demand
for all other goods is rising as well. As this includes a number of goods with higher skill intensities as
compared to the innovating sector - which is labour-intensive - this implies a rising demand for skills in
total. The opposing forces to a rising skill premium are that, first, demand for the innovating sector is
rising relative to the other sectors by the substitution effect; second, total factor productivity growth in
a labour-intensive sector implies that less labour is used and thus the skill premium tends to rise; and
third, at the new equilibrium each sector has become less skill-intensive as the relative wage is higher.
These forces are not strong enough to prevent a rising wage rate.
Second case with ς > 1: In this case the inequality sign reverses and the relative wage rate rises
if the innovating sector is skill-intensive according to our definition. Demand in the innovating sector
increases due to the substitution effect; although the income effect remains positive for all sectors the
substitution effect dominates and thus demand for all other goods is decreasing. As now the number
of relatively more labour-intensive goods is large, relative demand for skills is increasing. This effect
dominates the opposing forces, i.e. an increase in total factor productivity in a skill-intensive sector and
that each sector has become less skill-intensive in the new equilibrium.
The second case is in line with the findings of Haskel and Slaughter (2002) arguing that the reduction of
the skill premium was driven by a concentration of technical change in the labour-intensive sectors in the
1970s; conversely, the rise in the skill premium in the 1980s and 1990s may be explained by concentration
10 Henceforth,

ω denotes the relative wage rate in equilibrium.
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of technical change in the skill-intensive sectors.11 With respect to catching-up economies there is some
evidence that the productivity growth rates are higher in the skill-intensive (high-tech) sectors as the
initial gap is larger and the speed of catching-up is faster in these sectors (see e.g. Landesmann and Stehrer,
2001, for evidence on labour productivity). This pattern of catching-up would lead to an increasing wage
premium in the successfully catching-up countries such as the East Asian countries or Mexico and some
of the Central and Eastern European countries. Further below we shall find out in which way this result
still holds when taking account of trade and international specialization (see section 3). Let us now turn
to the effects when allowing for factor-biased technical change.
2.2.2

Sector- and factor-biased technical change

We discuss the effects of a change in the skill-augmenting parameter in a particular sector k. Here we shall
mainly focus on the effects of skill-using technical change, i.e. a rise in the skill-augmenting paramter akS
under the assumption σ > 1 (see table 2.1 above), as this seems to be the most relevant case empirically
(see e.g. Haskel and Slaughter, 2002; Acemoglu, 2002b).12 The condition under which the relative wage
rate will rise is derived in the appendix and given by13
(σ − 1) + (ς − 1)θk > ωh(ς − σ).

(2.6)

σ−1
Let us define the critical value of the cost ratio as θ∗ := ωh ς−σ
ς−1 − ς−1 . This is a function of the elasticities
of substitution σ and ς and the relative wage bill ωh and will play a vital role in the interpretation of
the results. For later use we note that the first derivative with respect to ς is negative for σ < 1, zero
if σ = 1 and positive for σ > 1. The derivative with respect to σ is negative for ς > 1 and positive for
ς < 1. Figure 2.2 sketches the graphs for different combinations of σ and ς where we have to distinguish
the cases 0 < ς < 1, ς = 1 (see below), and ς > 1. θ∗ as a function of ωh passes through (−1, −1) for all
parameter values ς 6= 1 and σ. Let us discuss the various cases in detail.

First case: Low elasticity of substitution in demand Let us again start with the assumption
that goods are complements, i.e. 0 ≤ ς < 1. In this case SATC leads to an increase in the relative wage
rate if the skill intensity is lower than the critical value θ∗ . This can also be seen from condition (2.6)
σ−1
above, which can be written as θk < ωh ς−σ
ς−1 − ς−1 (the inequality sign reverses as ς − 1 < 0).
(1) For σ ≤ ς the critical value θ∗ becomes negative and thus the condition can never be satisfied as
θk > 0 by definition. The relative wage rate is decreasing irrespective of in which sector SATC takes
place. In particular this implies that under the assumption of a Leontief technology, i.e. σ = 0, and
ς < 1 SATC leads to a decrease in the relative wage in any case. The reason for this is the strong
skill-saving (labour-using) character in the Hicksian sense.
(2) If σ ist larger than ς (but still remains less than one) the effect on the relative wage rate becomes
ambiguous. As indicated in panel 1 of figure 2.2 the critical value may become positive if ωh is
11 Haskel and Slaughter (2002) analyse skill-biased technical change in open economies. The result above shows that even
unbiased technical change in a closed economy could explain the movements of relative wages.
12 Here we investigate the case of a rise in the skill-augmenting parameters. A similar analysis can be undertaken for a
rise in the labour-augmenting parameter, akL , which would be skill-using if σ < 1. The condition in this case would become
(σ − 1) + (ς − 1)θk−1 < (ς − σ)(ωh)−1 for which an analogous interpretation applies.
13 When assuming sector-specific elasticities of substitution in production the condition would become (σ −1)+(ς −1)θ >
k
k
ωh(ς − σk ).
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high enough. In this case it may happen that SATC taking place in the most labour-intensive
industries (i.e. industries characterized by θk ∈ ]0; θ∗ [ if θ∗ > 0) raises the relative wage rate;
SATC in industries characterized by θk > θ∗ leads to a decrease in ω. This critical value θ∗ will
however always be lower than ωh. Thus the range of sectors for which SATC induces a decrease in
ω includes labour-intensive industries (with the exception of the most labour-intensive ones) as well
as all skill-intensive industries (i.e. with a cost ratio larger than ωh). Thus, the ambiguous results
in Xu (2001) are explained by taking the skill intensity of the innovating sector into account. In a
two-sector model the difference of the skill intensities in both sectors leads either to a positive or a
negative effect. Let us discuss the case θk < θ∗ in more detail. Due to the labour-using character
of SATC, demand for labour is rising (at constant factor prices); the effect is less strong compared
to a smaller σ as discussed in the previous paragraph. On the other hand - as the elasticity
of substitution in goods demand is low - demand for goods in all other sectors is rising as the
income effect dominates the substitution effect. As these sectors are relatively more skill-intensive
compared to the innovating sector, demand for skills is increasing. As this range is large enough - the
innovating sector is ’very’ labour-intensive - this effect dominates the first and thus relative demand
for skills and the relative wage rate are rising. If the innovating sector is characterized by a skill
intensity above θ∗ , the labour-using effect is less pronounced as this sector is more skill-intensive.
Further, demand for goods for a larger range of more labour-intensive sectors is increasing, which
induces a reduction in the relative wage rate.
For a lower σ the range of labour-intensive sectors below the critical value becomes smaller as the
labour-using character is more pronounced. An even larger range of relatively more skill-intensive
sectors is needed such that the relative wage rate rises for a fixed ς. If σ ≤ ς we have already seen
above that the relative wage is decreasing in any case. Second, a larger parameter value ς (still
10

lower than one) also implies a smaller range ]0; θ∗ [ as the substitution effect for goods is higher
and the shift of demand towards the innovating sectors is more pronounced. Thus, an even larger
number of relatively more skill-intensive sectors is needed to induce an increase in the relative wage
rate.
(3) For σ = 1 (Cobb-Douglas production) the graph of the critical value becomes a 45◦ line.14 A change
in a factor-augmenting parameter akz is Hicks-neutral. Qualitatively, this is exactly the same case
as already discussed above for a change in Ak (see section 2.2.1). In this case only the sector bias
of technical change matters.
(4) Finally, if σ > 1 SATC is skill-using (labour-saving) in the Hicksian sense, which is the empirically
relevant case (see e.g. Haskel and Slaughter, 2002). The critical value now is always above the
average value, i.e. θ∗ > ωh, as can be seen in figure 2.2. SATC raises the relative wage rate
apart from cases where the innovating sector is ’very’ skill-intensive (in the sense that θk > θ∗ ).
The range of sectors for which ω is rising includes all labour-intensive industries as well as those
characterized by higher than average skill intensities. As SATC is skill-using in the Hicksian sense
this implies rising demand for skills in the innovating sector. If it takes place in a sector with skill
intensity below the critical value θ∗ , demand for goods in all other sectors will rise as well (as we
still have ς < 1, the income effect dominates the substitution effect). If the innovating sector is
not too skill-intensive the net effect is an increase in demand for skills and hence a rising relative
wage. If, however, innovation takes place in a sector characterized by θk > θ∗ , demand for goods
in a wide range of relatively more labour-intensive sectors is rising, which explains the reduction in
the relative wage rate.
Let us again discuss this result with respect to the findings in the literature. Haskel and Slaughter
(2002) argue that skill-biased technical change was concentrated in the labour-intensive sectors
in the 1970s and in the skill-intensive sectors in the 1980s and 1990s. Given this result, technical
change would have had to be concentrated in the ’very’ skill-intensive sectors in the 1970s to explain
the decrease of relative wages; however, this seems to be at odds with the empirical facts. On the
other hand, if technical change was concentrated in all sectors with the exception of the ’very’
skill-intensive ones the rising relative wage rate in the 1980s and 1990s could be explained. For less
advanced economies, which are performing relatively better in the labour-intensive sectors and some
of the skill-intensive sectors, skill-using technical change is thus a potential explanation for rising
relative wages. For this one has only to exclude that technical change occurs mainly in the most
skill-intensive sectors of the catching-up economies. These two interpretations depend, however, on
the assumption of ς < 1. In the next sections we analyse the cases ς = 1 and ς > 1.
Summarizing, the ambiguous results in Xu (2001) may thus be explained by taking the (relative) skill
intensity of the innovating sector into account: If σ < 1, the effect will always be negative if technical
change takes place in a skill-intensive sector; if technical change occurs in a labour-intensive sector the
relative wage rate may rise if this is a ’very’ labour-intensive sector, otherwise it will fall. For σ > 1 and
ς < 1, SATC in a ’very’ skill-intensive sector leads to a decrease of the relative wage; the effect is positive
if the sectors is below the critical value θ∗ . If technical change takes place in a labour-intensive sector
14 The condition cannot be derived directly from the equilibrium equation as this would involve a division by zero. However,
one can show easily that in this case the condition becomes (ς − 1)θk > wh(ς − 1).
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the effect will be unambiguously positive. Let us compare these results also to the results of growth
in total factor productivity. We have seen that under the assumption ς < 1 relative wages are rising if
neutral technical change takes place in the labour-intensive sectors. If technical change is of the skill-using
character the range of sectors where the effect on ω is positive becomes even larger.
Second case: Cobb-Douglas demand If ς = 1 the condition becomes (σ − 1) > ωh(1 − σ) or
(σ − 1) > −ωh(σ − 1). Again one has to distinguish several cases:
(1) Under the assumption 0 ≤ σ < 1 the condition reduces to 1 < −ωh which can never be satisfied as
ωh > 0 by definition; thus, if factors are complements, SATC unambiguously reduces ω as in this
case SATC is skill-saving. As can be seen from the derivatives of the supply and demand curves
(see appendix A.2) the demand curve shifts to the left whereas the supply curve shifts to the right.
PN

β α

i=1 i iS
. Neither
(2) The equilibrium condition can be solved explicitly if σ = 1 and becomes ω = h1 PN
i=1 βi αiL
a change in total factor productivity nor a change in factor-augmenting parameters (which are
Hicks-neutral) would affect the equilibrium wage rate.

(3) In the third case, σ > 1, the condition simplifies to 1 > −ωh, which is satisfied in any case.
Hence, if factors are substitutes, SATC, which is skill-using now, leads to a higher relative wage
rate irrespective of the skill intensities of the innovating sector.
Summarizing, if ς = 1 it is only the factor bias and not the sector bias of technical change that matters.
The effect on ω solely depends on the elasticity of substitution in production and the effects can easily
be classified by using the Hicksian definition of technical change. The result by Krugman (2000) that
only the factor bias matters thus depends heavily on the assumption of Cobb-Douglas preferences; the
direction of the effects depends on the elasticities of substitution in production.15
Third case: High elasticity of subsitution in demand Let us now consider the case ς > 1,
which is a frequently used assumption. Now an increase in the skill-augmenting parameter taking place
in a sector with skill intensity larger than the critical value θ∗ leads to an increase in the relative wage
σ−1
rate. As the condition (2.6) becomes θk > ωh ς−σ
ς−1 − ς−1 the inequality sign is not reversed as ς − 1 > 0.
Again, let us discuss the cases with respect to different values of σ; these are graphically shown in panel
2 of figure 2.2.
(1) If 0 ≤ σ < 1 the critical value is θ∗ > ωh and SATC will lead to a higher relative wage rate only
when taking place in the most skill-intensive sectors. Although SATC is skill-saving, the fact that
ς > 1, i.e. the substitution effect dominates the income effect, implies that demand shifts to this
sector whereas it is falling for all other ones (there is a wide range of less skill-intensive sectors) and
as the skill intensity of the innovating sector is relatively high the relative wage is rising. On the
other hand, if innovation takes place in a sector characterized by θk < θ∗ demand in a larger range
of (relatively) skill intensive sectors is falling whereas a more labour-intensive sector as compared to
15 Krugman (2000) assumed Leontief technologies. To analyse the effects of skill-using technical change one would thus
have to assume an increase in the labour-augmenting parameter akL . But the same results would hold as well. Furthermore,
the results that it is only the factor bias which matters, also arises in the cases assuming ς 6= 1 above if σ becomes either
sufficiently large or sufficiently low (e.g. σ ≤ ς or σ ≥ ς, respectively).
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above is attracting demand; the net effect is a falling relative wage rate (note that technical change
in this case is labour-using).
The critical value is smaller the higher is ς. The reason is that the substitution effect for goods
demand increases such that even a lower skill intensity of the innovating sector suffices to induce
a rising relative wage rate. On the other hand, the critical value is lower for a higher parameter
value of σ as the skill-saving character is less pronounced. Note that the range of sectors for which
SATC leads to a decreasing relative wage contains all labour-intensive sectors but also those with
above-average skill intensity - which explains the ambiguity of the results in Xu (2001).
(2) For σ = 1 the graph of the critical value is again a 45◦ line. In this case we thus have θ∗ = ωh.
Again, this is the case already discussed above as technical change is Hicks-neutral.
(3) Under the assumption 1 < σ < ς, SATC becomes skill-using, which is the empirically relevant case.
The critical value may be positive (if ωh is large enough). The relative wage is increasing for a
large range of industries, but there may be some ’very’ labour-intensive industries (i.e. industries
with θk < ωh) with SATC leading to a decreasing relative wage rate. If SATC takes place in a
sector with skill intensity above the critical value, the same arguments as above apply; additionally
technical change is skill-using, which explains that the critical value is lower. If SATC takes place in
a ’very’ labour-intensive sector, demand for a large range of skill-intensive sectors is falling whereas
demand for the very labour-intensive good is rising. This effect dominates the other ones and ω
is falling. In this case a higher elasticity of substitution in demand ς increases the critical value
whereas a higher elasticity of subsitution in factor demand lowers the critical value.
(4) For σ ≥ ς the critical value θk is always negative and thus the sector bias of SATC plays no role.
The condition above is always satisfied and the relative wage rate is increasing in any case. The
reason for this is the strong skill-using character. The sector bias of technical change would not
play any role if this assumption is satisfied.
Again, these results are in line with the findings reported in Xu (2001) but additionally provide explanations for the ambigous cases reported therein similar to above. Let us finally mention that cases (3) and
(4) just discussed are important as the underlying assumption is that technical change is skill-biased. In
these two cases skill-using technical change leads to a rising relative wage rate apart from cases where
innovation takes place in the most labour-intensive sectors only. These results thus may explain why a
number of empirical studies point to the importance of the factor bias rather than the sector bias for
an explanation of the rising skill premium in the 1980s and 1990s (when assuming that technical change
was concentrated in the skill-intensive sectors). However, the falling skill premium in the 1970s could
only be explained by skill-biased technical change in the ’very’ labour-intensive sectors. With respect
to catching-up economies this would also provide an explanation for a rising wage differential if these
countries are performing relatively better in the skill-intensive sectors (or, more exactly, not only in the
most labour-intensive sectors) as proposed by Landesmann and Stehrer (2001). However, so far we have
excluded effects of international specialization, which will be discussed in detail in the next section.
This concludes the detailed discussion of the effects of technical change on the relative wage rate
in a closed economy.16 We have shown in which way both the factor and the sector bias of technical
16 Let us finally mention the results of a different modelling of technical change, namely, a change in the share parameters
αkz as e.g. used in Haskel and Slaughter (2002). Since an increase of αkS is skill-using in any case, the elasticity of
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change are important in providing a proper explanation of the effects of technical change. For skill-biased
technical change (which is the empirically relevant case) it is the sector bias which matters when taking
the effects on goods prices and demand into account; however, the direction of change depends crucially
on the elasticity of substitution in demand. The results are summarized in table 2.2.

3

Effects of technical change in trading economies

So far we only dealt with the case of a closed economy. Now we extend this framework to a discrete
number of trading economies, denoted by superscripts c = 1, . . . , C. If the number of sectors is larger
than the number of factors, i.e. N > H, it is generally not possible to predict the patterns of trade. This
problem will be dealt with by assuming a specific demand system which, basically, assumes that goods
of a particular sector i are differentiated by country. We shall use Dixit-Stiglitz preferences and allow
for different elasticities of substitution in, first, demand for particular goods i across countries denoted
by ϕ (which is assumed to be larger than one)17 and, second, in demand across goods (again denoted
by ς). This in particular implies that consumers demand all goods available, i.e. from the domestic
and all foreign countries; this may be interpreted as a love-for-variety for country-specific brands.18
Consequently, the law of one price does not hold as each good is considered a specific brand. As each
country produces and demands in all sectors, countries with a lower price capture a larger share of world
production (when accounting for the size of the economies) which thus allows for specialization patterns.
Furthermore, the model thus does not allow for complete specialization, and intra-industry trade (i.e. a
country is importing and exporting in the same sector) will take place.
These specific assumptions on the demand structure imply that the results are no longer strictly
comparable to the contributions by Xu (2001) and Zhu and Trefler (2005) (which basically require the
law of one price to hold.) Still, the model remains analytically tractable, which again results in specific
conditions allowing for straightforward economic interpretations and useful insights for discussing the
effects of technical change in a setup of many trading economies.

3.1

The model for trading economies

For an extension to many trading economies we assume that goods are differentiated by countries. The
nominal expenditure shares for demand
1−ς of country r in country c for a particular product i are then
tr r 1−ϕ
r ϕ P (t)
P
βjς
(
p
)
(δ
)
j
j
given by γjrc =
which satsifies 0 < γjcr < 1 and j,r γjcr = 1 for all countries
(t)
P (t)
Pj

c = 1, . . . , C. In this expression tr denotes the exchange rate which expresses prices in a common
currency of country t; δ r and βj are preference parameters. In the appendix section A.3 we show how
this is derived from a nested CES utility function where we allow for different elasticities of substitution
substitution in production σ plays no role in the qualitative results. The results can be summarized as follows: An increase
in αkS implies a higher relative wage rate if it is cost-reducing in most cases. Only for substantially low or substantially
high parameter values of ς the effect may become ambiguous. As a similar interpretation applies, we shall not go into detail.
17 Again one may consider cases where this elasticity is replaced by sector-specific elasticity. In the conditions given the
parameter ϕ would then have to be replaced by ϕk .
18 Romalis (2004) integrates a many-country version of a Heckscher-Ohlin model with a continuum of goods with monopolistic competition and transport costs. Each country produces different varieties of a particular sector and countries using
their abundant factors more intensively capture a larger share of production and trade. Here a Cobb-Douglas demand and
Cobb-Douglas production structure which is equal across industries is assumed.
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Table 2.2: Summary of results for integrated economy
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+ if θk > ωh
− if θk < ωh

0

+ if θk < ωh
− if θk > ωh

0<σ<1
− if σ ≤ ς
− if σ > ς and θk > θ∗ (< ωh)
+ if σ > ς and θk < θ∗ (< ωh)
−
− if θk < θ∗ (> ωh)
+ if θk > θ∗ (> ωh)

−

−
− if θk < θ∗ (> ωh)
+ if θk > θ∗ (> ωh)

0<ς<1

ς=1

ς>1

+ if θk > θ∗ = ωh
− if θk < θ∗ = ωh

0

− if θk > θ∗ = ωh
+ if θk < θ∗ = ωh

EoS in production
σ=1

+ if θk > ωh
− if θk < ωh

0

+ if θk < ωh
− if θk > ωh

EoS in production
0<σ<1
σ=1

σ=0

∆aiS > 0
EoS in demand

0
+ if θk > ωh
− if θk < ωh

ς>1

+ if θk < ωh
− if θk > ωh

σ=0

ς=1

0<ς<1

∆Ak > 0
EoS in demand

+ if σ ≥ ς
+ if σ < ς and θk > θ∗ (< ωh)
− if σ < ς and θk < θ∗ (< ωh)

+

− if θk > θ∗ (> ωh)
+ if θk < θ∗ (> ωh)

σ>1

+ if θk > ωh
− if θk < ωh

0

+ if θk < ωh
− if θk > ωh

σ>1

in demand across goods ς and for a particular good across countries ϕ ≥ 1; the latter condition means
(t)
that goods of the same sector j produced in different countries are substitutes. Pj and P (t) are price
indices for the composite good j and for the overall economy, respectively.19 For the special case ϕ = 1
P
the expenditure shares become a constant γjrc = (βjς / k βkς )δjr .
The employment rates must be modified to include demand from other countries as well and have to
be reformulated as
ESr

=

N
N
C N
1 X r
1 X r r
1 X X γirc (rc Y c ) r
ãiS
l
q
=
ã
=
hrS i=1 iS
hrS i=1 i iS
hrS c=1 i=1
pri

ELr

=

N
N
C N
1 X r
1 X r r
1 r X X γirc (rc Y c ) r
ãiL .
l
=
q
ã
=
h
hrL i=1 iL
hrL i=1 i iL
hrS c=1 i=1
pri

c
The technical parameters Ack , ackz and αkz
may vary across countries and industries; however, we again
assume that the elasticity of substitution in production σ is equal for all industries and countries.20 The
internal equilibrium requires E r = ESr − ELr = 0 and thus the condition becomes

PN
j=1
rc
iS
γi PN
r
p
i c=1
j=1
i=1

N
C
X
ãr X

γjcr
γjrc

=h

r

PN
j=1
rc
iL
γi PN
r
p
i c=1
j=1
i=1

C
N
X
ãr X

γjcr
γjrc

(3.7)

where we inserted balance-of-payments equilibrium conditions for rc Y c . For fixed exchange rates and
constant relative wage rates in the other countries c the same analysis with respect to existence, uniqueness
and stability of the (internal) equilibrium in country r similar to the case of the closed economy applies. In
the following we are interested in studying the effects of technical change taking place in a specific sector
and country on the relative wage rate in this or a foreign economy. For this we can use the same method
as above, i.e. taking the first derivative with respect to the technological parameter under consideration
and evaluating this expression at fixed wage and exchange rates.

3.2

The effects of sector- and factor-biased technical progress in the domestic
and foreign economy

As was done above, we shall again show the conditions for a rise in the relative wage and give an
interpretation of them. The examples we discuss are, first, the effects of skill-biased technical change in
an advanced economy on less advanced (developing) countries and, second, the effects of technological
catching-up of less advanced economies on relative wages in the advanced economies. In particular we
are interested in which cases one can explain the rising skill premium in the advanced as well as the less
advanced (catching-up) economy (see Feenstra and Hanson, 2001). For analytical clarity we shall again
assume that technical change takes place in a particular sector of either an advanced or a less advanced
economy and study the effects on the innovating as well as on the other economy. The equilibrium
condition when inserting for prices, input coefficients and expenditure shares is shown in the appendix
section A.3. We start with the special case ϕ = 1 already mentioned above.
19 As

preferences are assumed to be equal across countries, the country index does not appear in these expressions.
to the closed economy case, one could introduce country- and sector-specific elasticities of subsitution in
production for analysing the effects of technical change. Again, we shall not do this for notational convenience.
20 Similarly
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3.2.1

A special case

We show in the appendix that the nominal expenditure shares are constant under the assumption of
ϕ = 1. Denoting them by βir the equilibrium condition can be written as
(ω r )−σ

N
X

r σ r σ−1
βir (αiS
) (aiS )
(Bir )−1 = hr

i=1

Bir

r σ
(ariL )σ−1 (αiL
)

N
X

r σ r σ−1
βir (αiL
) (aiL )
(Bir )−1

i=1
r 1−σ

r σ
(ariS )σ−1 (αiS
) .

with
=
+ (ω )
One can see that this expression is similar to the
expression in the case of a closed economy. As the expenditure shares are constant the exchange rates
cancel out in this condition. Thus one can derive the internal equilibrium for each economy separately
which determines the equilibrium wage rates ω c for c = 1, . . . , C and - given ω r and the parameters for
all countries - one can easily calculate the equilibrium exchange rates to satisfy the external equilibrium
condition (see footnote above).21
To analyse the effects of technological changes in the domestic economy the analysis is analogous to
the case of a closed economy under the assumption ς = 1 (see paragraph Second case above): First,
a change in total factor productivity has no effect on the equlibrium relative wage; second, a higher
skill-augmenting parameter arkS has a negative effect on the relative wage rate if σ < 1 and a positive
effect if σ > 1. What are the effects of technological change in a foreign economy on the relative wage in
the domestic economy? Here it is interesting to note that under the assumption of constant expenditure
shares such changes have no effect on the domestic country r whatsoever.22 This result however changes
when allowing ϕ > 1 to which we turn next.
3.2.2

Sector-biased technical change

The equilibrium condition is given in the appendix (see section A.3). In this section we analyse the effect
of a change in total factor productivity from the viewpoint of economy r. We have to distinguish between
technical change taking place in the domestic country r and a foreign country c 6= r. Let us discuss the
latter case first.
Technical change in a foreign economy. Taking derivatives with respect to Ack gives the
condition for the home country θkr < ω r hr (see appendix). The effect on the equilibrium wage rate in
economy r only depends on the cost ratio and the relative wage bill in this country, and not on that
in the innovating (foreign) economy. Thus, the effect only depends on the ranking of the sector in the
economy r under consideration and not on the characteristic of the sector in the innovating economy. For
example, let us assume that total factor productivity is increasing in a particular sector k of a foreign
country c. If this sector is labour-intensive in the domestic country r, i.e. satisfies θkr < ω r hr , the relative
wage rate will rise. As ϕ > 1 relative more of this good is demanded in country c and less is demanded
in country r. Thus relative demand for labour is decreasing in country r, which implies relatively more
demand for skilled workers, and the relative wage rate is rising. On the other hand, if sector k is relatively
skill-intensive in country r (irrespective of the ranking in the innovating country c) the relative wage rate
will fall.
21 For

σ = 1, i.e. a Cobb-Douglas production function, the equilibrium wage rates can be calculated directly for each
country.
22 Technical progress only has an effect on the equilibrium exchange rates which have to change accordingly to restore the
external equilibrium. Of course, this implies welfare effects as terms of trades are changing; these are, however, beyond the
scope of this paper.
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The former case could explain the rising wage premium in the advanced economies (which in this case
corresponds to the domestic economy) in an international framework: If some countries are catching-up
quite rapidly in the labour-intensive sectors (or in the labour-intensive segments of high-tech sectors such
as electronics, machinery, etc. which are satisfying the condition) the relative wage rate in the advanced
economies will rise due to specialization effects. On the other hand, a rising skill premium in the less
advanced economies (which are now interpreted as the domestic economy) could only be explained by
concentration of technical change in the labour-intensive sectors of the advanced economies.
Technical change in the domestic economy. Taking derivatives with respect to Ark yields the
condition for a rising relative wage in this economy given by
(˜
ς − 1)θkr > ω r hr (˜
ς − 1)
rr
rr
with ς˜ := ϕ − ςµrr
k (ϕ − 1) = ϕ(1 − ςµk ) + ςµk (see appendix); the latter expression depends on the
elasticities of substitution ς and ϕ and the expenditure share for the composite good k to which the sector
belongs in the own economy (see appendix for an exact definition of µrr
k ). We have to distinguish two
rr
cases: The condition ς˜ > 1 is satisfied if 0 < ς < 1/µk , i.e. the elasticity of substitution between goods ς
is not too large (although it may be considerably larger than one if µrr
k is small). In the other case, ς˜ < 1
implies that ς > 1/µrr
;
this
is
more
likely
to
be
satisfied
the
larger
the
expenditure share of demand in
k
the home country.

Let us start with the first case: If ς˜ > 1 this corresponds to the case ς > 1 in the closed economy
as the condition becomes θkr > ω r hr . If total factor productivity is rising in a skill-intensive sector of
the domestic economy r, the relative wage rate is rising as the economy is attracting demand in this
skill-intensive sector and the elasticities of subsitution are high. Thus, concentration of technical change
in the skill-intensive sectors explains the rising wage premium in the advanced countries (as the domestic
economies) also in cases where international specialization effects are taken into account as well. However,
this may be at odds with some evidence that the wage premium is rising in the less advanced economies
as well, as - given the discussion above - relative wages in the domestic and the foreign economies would
move in opposite directions (if the innovating sector is characterized as either skill- or labour-intensive in
all economies). When considering the catching-up economies as the domestic economy, the skill premium
would rise if catching-up is concentrated in the skill-intensive sectors; however, from this one should then
expect a declining relative wage in the advanced economies.
What happens if ς˜ < 1, which may be relevant if the substitution effects are very strong? The
condition becomes θkr < ω r hr , which formally corresponds to the case ς < 1 in the closed economy;
i.e. the relative wage is rising if technical change takes place in a labour-intensive sector. However, the
interpretation is different: If total factor productivity is increasing in a skill-intensive sector it attracts
quite a lot of demand; this raises demand for skills, which implies a higher relative wage. However, if this
effect is very strong, costs in the skill-intensive sectors are rising as well; given the strong substitution
effects, demand shifts to the labour-intensive goods in general and demand for skill-intensive goods shifts
from the domestic (innovating) economy to the foreign economy. The overall effect would then be a
decrease in the relative wage of the innovating economy.
Note that in this case the relative wage rate is going in the same direction in both the domestic and the
foreign economies (again, if the innovating sector is characterized as either skill- or labour-intensive in all
economies). However, to explain the rising wage premium technical change would have to be concentrated
18

in the labour-intensive industries. Thus a potential explanation for a rising skill premium in both types
of countries would be that catching-up is concentrated in the labour-intensive sectors, which would raise
the wage premium in the less advanced economies (which in this case has be interpreted as the domestic
economy). Above we have already argued that catching-up in labour-intensive sectors leads to a higher
relative wage in the advanced countries.23
3.2.3

Factor- and sector-biased technical change

Let us now consider changes in the skill-augmenting parameters in the domestic and the foreign economy,
i.e. arkS or ackS , respectively.
Technical change in a foreign economy. We start with the effects of SATC taking place in
the foreign economy and study the effects on the domestic economy. The first derivative with respect
to ackS yields again the condition θkr < ω r hr (see appendix), i.e. the same condition as in the case of
an increase in total factor productivity in a foreign country. As above, this condition does not depend
on the elasticities of substitution in demand or production as technical changes are transmitted only via
changes in relative prices. The same interpretation as above applies.
Technical change in the domestic economy. Finally let us investigate the case of SATC in
the domestic country r. In the appendix we show that the first derivative with respect to arkS yields the
following condition for a rising relative wage rate24
(σ − 1) + (˜
ς − 1)θkr > ω r hr (˜
ς − σ).
σ−1
Similar to the case of the closed economy we calculate the critical value as θ∗r = ω r hr ς̃−σ
ς̃−1 − ς̃−1 which is
the same expression for the closed economy with ς replaced by ς˜. Again we have to distinguish two cases,
namely ς˜ < 1 and ς˜ > 1.25 In figure 3.3 we have again drawn the relationships for different combinations
of σ and ς˜. Let us discuss the various cases in more detail.
rr
First case: Let us first dicuss the case ς˜ > 1 which implies ς < 1/µrr
k where 1/µk ≥ 1 (this
corresponds to the panel 2 of figure 3.3). If this condition is satisfied the relative wage rate is rising if
θkr > θ∗r and falling otherwise. This exactly corresponds to the case of ς > 1 in the closed economy case
and the same interpretation holds as well (see Third case in section 2.2.2 above). Let us only discuss
the cases where SATC is skill-using, i.e. the lines depicted 1 < σ < ς˜, σ = ς˜ and σ > ς˜ in panel 2 of figure
3.3. Skill-biased technical progress in a large range of sectors of the advanced economies which are not
too labour-intensive results in a rising skill premium in the advanced economies. If σ ≥ ς˜, which could
be satisfied for small values of ς, SATC in any sector would imply a rising skill premium. (This would
imply that the sector bias of SATC does not matter at all and only the factor bias is important.)

Again the rising skill premium in both the advanced as well as the less advanced economies can be
explained. Assume that the less advanced economies are experiencing a skill-biased catching-up process
in the sectors with skill-intensites above the critical value (again this could include skill-intensive as
well as labour-intensive sectors according to our definition). In this case the skill premium in the less
23 Note that the condition ς˜ < 1 can be satsified for reasonable values of the elasticties. If the catching-up economies are
specialized in the labour-intensive goods the share µrr
k is relatively high. For instance, if this would be 0.75, the elasticity
of substitution ς would have to be larger than 1.333. In CGE models often parameter values of 2.5 are used.
24 Similar to above, the condition under the assumption of a Cobb-Douglas production must be derived separately. But
the condition becomes (˜
ς − 1)θkr > ω r hr (˜
ς − 1) which is exactly the condition above with σ = 1.
25 The case ς˜ = 1 corresponds to the case ϕ = 1 discussed above.
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Figure 3.3: Critical values

advanced economy would rise if technical change is not concentrated in the most labour-intensive sectors.
If further catching-up is concentrated in the sectors (or segments of sectors) which are labour-intensive
in the advanced economies, the skill premium would rise there as well.
Second case: In the second case (see panel 1 of figure 3.3) ς˜ < 1, which requires ς > 1/µrr
k > 1 (the
elasticity of subsitution between goods ς has now to be larger than a critical value depending on µrr
k ; in
particular, this implies that it must be larger than one). The condition means that the substitution effect
in demand has to be sufficiently strong. In this case the relative wage rate is rising if θkr < θ∗r and falling
otherwise. Formally this corresponds to the case ς < 1 for the closed economy. The interpretation of this
result is analogous to the case of a change in total factor productivity already discussed above; the line
depicted with σ = 1 in panel 1 of figure 3.3 exactly corresponds to that case. If SATC has a skill-using
character (which requires σ > 1) this line rotates counterclockwise and the range of sectors where SATC
leads to a rising skill premium becomes larger. Only SATC in the very skill-intensive sectors would lead
to a falling skill premium.
Similar to the case ς˜ < 1 above this could be used as an explanation for a rising skill premium in both
types of countries. Let us just discuss the case of catching-up. Catching-up of a skill-biased character in
any sector with the exception of the very skill-intensive ones would lead to a rising skill premium in the
less developed countries. Again, if technical change is concentrated in sectors which are labour-intensive
in the advanced economies, the skill premium in the latter countries would rise as well.
Let us summarize these results: Empirical evidence shows that skill-biased technical change has been
concentrated in the skill-intensive sectors in the advanced economies. This can explain the rising skill
premium in the advanced economies; however, if these sectors are the skill-intensive sectors in the less
advanced economies one would expect a decrease of the relative wage there. This latter result may not
be supported by the empirical evidence that the skill premium has been rising in these countries as well.
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However, skill-biased catching-up of less advanced economies may lead to a rising relative wage in both
the less advanced catching-up and the advanced economies.26

4

Concluding remarks

In this paper we introduced a framework allowing for any discrete number of sectors and countries and two
factors to investigate the effects different types of technical change on relative factor prices in the innovating as well as the other economies. From a methodological point of view the model allows for differences
in technology by country and sector (i.e. total factor productivity, skill-augmenting parameters and - in
a slightly more general version - even different elasticities of substitution) and differences in factor endowment structures across countries and thus integrates technology- based with factor endowment-based
views on trade. The model is particularly interesting for studying the effects of catching-up processes
of less advanced economies concentrated in particular sectors, the effects of (defensive) innovation in
advanced economies, changes in factor endowments, etc. We were able to derive necessary and sufficient
conditions under which technical change causes an increase in the relative wage rate. These conditions
are determined by the sectoral skill intensity, the elasticities of substitution in production and demand,
relative endowment and the equilibrium wage rate. The analytical results are useful not only for modelling and computational research but also for further empirical studies. Furthermore, the conditions
allow for a straightforward economic interpretation and shed light on the cases which are ambiguous in
the existing literature so far.
We have also provided interpretations of the existing empirical studies, with special emphasis on the
sector- versus factor-biased hypotheses. In general, the stronger the skill-biased character of technical
change (i.e. the more skill-using technical change is in the Hicksian sense) the larger is the range of sectors
where innovation leads to a rising skill premium. This sheds a different light on the two hypotheses: Skillbiased technical change may not be heavily concentrated in a particular subset of sectors (either the most
labour or the most skill-intensive ones, depending on the elasticity of substitution in demand) to explain
the rising skill premium. This may be the reason why most empirical studies find the factor bias being
more important than the sector bias. Furthermore, the phenomenon of catching-up with a skill-biased
character of less advanced economies in a wide range of sectors can explain that relative wages of skilled
workers are rising in both the advanced and the less advanced economies, which provides an alternative
hypothesis on this issue.

26 In the case ς˜ < 1, panel 2 of figure 3.3, SATC may not be concentrated in the least labour-intensive sectors, whereas in
the case ς˜ > 1 it may not be concentrated in the most skill-intensive sectors.
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A

Appendix

A.1

Cost-reducing criterion

Before turning to the model, let us analyse whether the various forms of technical progress discussed
above are in fact cost-reducing at constant factor prices, which is used as a criterion for whether the
innovation is actually introduced. If this were not the case, the particular change in the coefficients may
not take place at all. The criterion, however, does not rule out that the costs of production of a particular
good will rise once all general equilibrium adjustments have taken place.
Straighforward cost-minimization yields that the costs of production are given by
 σ σ−1
 1
σ σ−1 1−σ
ci = A−1
αiL aiL + ω 1−σ αiS
aiS
i
for σ 6= 1. The first derivative of ci with respect to a particular technical parameter evaluated at constant
factor prices must be negative to meet the cost-reducing criterion. Obviously ∂ci /∂Ai < 0, i.e. total
factor productivity growth is cost-reducing. Taking the derivative with respect to aiS yields
 σ σ−1
 1
dci
1
1−σ σ σ−1 1−σ −1 1−σ σ
ω
αiS (σ − 1)aσ−2
<0
αiS aiS
= A−1
i 1−σ αiL aiL + ω
iS
daiS
as (σ − 1)/(1 − σ) = −1. For aiL this can be shown analogously. Thus, total factor productivity growth
and factor-augmenting technical progress are cost-reducing in any case. This includes the case of a change
in the parameters aiz with σ = 1.

A.2

Closed economy

The equilibrium condition is given in the text. Taking derivatives with respect to Ak the deriviation of
the condition is straightforward; thus we only discuss changes in skill-augmenting parameters. The first
derivatives of (2.5) with respect to akz are given by
∂D
∂akS
∂S
∂akS
and the condition

∂D
∂akS

>

σ−ς

1−σ
1−σ σ
= ω −1 βkς Aς−1
αkS aσ−2
[(σ − 1) − (σ − ς)θkS ]
k ω
kS Bk
σ−ς

1−σ
1−σ σ
(ς − σ)θkL
= hβkς Aς−1
αkS aσ−2
k ω
kS Bk

∂S
∂akS

can be expressed as:
(σ − 1) − (σ − ς)θkS

>

ωh(ς − σ)θkL

(σ − 1)θkS + (σ − 1)θkL − (σ − ς)θkS

>

ωh(ς − σ)θkL

(σ − 1)θk + (σ − 1) − (σ − ς)θk

>

ωh(ς − σ)

Rearranging the last term gives the expression used in the text (see section 2.2.2).
∂θ∗
σ−1
σ−1
σ−1
The first derivative of the critical value θ∗ = ωh ς−σ
ς−1 − ς−1 with respect to ς is ∂ς = ωh (ς−1)2 + (ς−1)2
which is negative for σ < 1, zero if σ = 1 and positive for σ > 1. The derivative with respect to σ is
∂θ∗
1
1
∂σ = −ωh ς−1 − ς−1 which is negative for ς > 1 and positive for ς < 1.

22

A.3

Trading economies

A.3.1

Demand structure

In the following we use a nested CES function. We allow for different elasticities of substitution in
demand across goods ς and for a particular good k across countries ϕ. Assuming that the utility function

P r r φ 1/φ
P
P
c % 1/%
c
is a
with
in country c is given by U c =
r δj (qj )
j βj (Qj )
j βj = 1 where Qj =
P
composite good (composed of the goods j produced in the own and the other countries) with r δjr = 1
P ts s 1−ϕ s ϕ 
(t)
(δi ) where the exchange
for all j. As price index for the composite good we use Pj =
s ( pi )
ts
rates  express all prices in a common currency of country t. This results from the optimization problem.
As we assume equal preferences (expressed in the equality of parameters)27 the price index is equal for
all countries; the superscript in brackets indicates that the index is expressed in currency of country t.
(t)

(Pj )−ς βjς

Demand for the composite good is given by Qcj = Y c P

(t) 1−ς ς
βk
k (Pk )

. Simple manipulation shows that in
(P

(t) 1−ς

)

βς

country c the share of income spent on (the composite) good j is γjc = P j (t) 1−ςj ς which satisfies the
βk
k (Pk )
P
constraint j γjc = 1. The nominal expenditure share in country c for good k (of the composite good)
tr r 1−ϕ
P
pk )
(tr prk )1−ϕ (δ r )ϕ
(δ r )ϕ
P( ts
demanded in country r is µrc
which satisfies r µcr
s )1−ϕ (δ s )ϕ =
(t)
k =
k = 1; we set
(
p
Pk
s
k
P
(t)
P (t) = k (Pk )1−ς βkς . Multiplication of these two terms gives the overall expenditure shares
(t) 1−ς

γjrc

=

(tr prj )1−ϕ (δ r )ϕ Pj
(t)

P (t)

Pj

βjς

.

P
These shares also satisfy the constraint j,r γjcr = 1 for all countries c = 1, . . . , C. For the special case
P
r
rc
c rc
ϕ = 1 the expenditure shares become γjc = βjς / k βkς and µrc
j = δ . Multiplication gives γj = γj µj =
P
ς
ς r
(βj / k βk )δj , i.e. a constant.
A.3.2

Equilibrium condition

PC PN γirc (rc Y c ) r
ãiS and
As already stated in the text the employment rates are given by ESr = h1r
c=1
i=1
pri
S
PC PN γirc (rc Y c ) r
1 r
r
EL = hr h
ãiL , respectively. For trading economies a further condition is given by
c=1
i=1
pri
S
the balance of payments equilibrium. The balance of payments (BoP rc ) for a country pair is the value
of exports of country r to country c minus the value of imports of country c from country r (i.e. the net
PN
exports of country r). Thus the BoP between countries r and c is given by BoP rc = j=1 rc γjrc Y c −
PN
PN
PN
cr r
rc c
rc
r
cr
j=1 γj Y =  Y
j=1 γj −Y
j=1 γj which is here expressed in currency of country r. (A decrease
in rc is a depreciation of the currency of country c and an appreciation of the currency of country r.)
PN
PN
A balance of payments equilibrium requires BoP rc = 0 and thus rc Y c j=1 γjrc = Y r j=1 γjcr or
rc =

Yr
Y

PN

j=1
PN
c

γjcr

rc
j=1 γj
r

. An analysis of this international equilibrium which requires BoP rc = 0 for all country

pairs r, c and E (ω r ) = 0 for all countries r with respect to the existence, uniqueness and stability of an
equilibrium is not provided here as it would go beyond the scope of this paper. Let us only note the results
from numerical simulations which emphasize the assumption of a balance-of-payments condition: First,
an overall equilibrium exists for a wide range of parameter values. Second, the results do not change
qualitatively when allowing for changes in the exchange rates and relative wage rates in all countries
27 Here again one may use a slightly more general formulation which would allow for country-specific utility functions.
However, the analysis then becomes more tedious and thus we stick to this simple case. Further, this is also in line with
the recent literature asssuming equal preferences for all countries.
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to take place; on the other hand, the results do not change qualitatively when allowing for balance-ofpayments surpluses or deficits. Let us finally note that the relationship between exchange rate movements
and the relative wage rates are non-linear. In particular, a change in the exchange rate thus also has
structural implications (i.e. on relative prices, output and factor prices).
Inserting the balance-of-payments equilibrium condition in the employment rates above the equilibrium condition can be derived (see equation (3.7) in the text). Inserting for expenditure shares, prices
and input coefficients, the equilibrium condition becomes
r −σ

(ω )

N
X

σ−ϕ

r σ r σ−1
βiς (Ari )ϕ−1 (αiS
) (aiS )
(Bir ) 1−σ

X

1−ϕ

(ts )1−ϕ (δ s )ϕ (Asi )ϕ−1 (Bir ) 1−σ

−ς

s

i=1

=
hr

N
X

σ−ϕ

r σ r σ−1
βiς (Ari )ϕ−1 (αiL
) (aiL )
(Bir ) 1−σ

X

1−ϕ

(ts )1−ϕ (δ s )ϕ (Asi )ϕ−1 (Bir ) 1−σ

−ς

s

i=1

For changes in Ark or Ack the same analysis applies as for the integrated economy with ς > 1. Thus we
only have to consider changes in the skill-augmenting parameters arkS or ackS .
A.3.3

Changes in the factor-augmenting parameters

We here only show the most important steps in deriving the conditions with respect to the parameter
akS . The calculations for changes in total factor productivity growth are similar. We have to distinguish
whether technical change is taking place in the domestic or a foreign economy.
Domestic economy: Taking the first derivative with respect to arkS , using the condition for a rising
relative wage rate and simplifying yields
r
r
r r
r
r
rr
θk [(σ − 1) + (ϕ − σ)θkS
− ς(ϕ − 1)θkS
µrr
k ] > ω h [(ϕ − σ)θkS − ς(ϕ − 1)θkS µk ] .
r
r
Dividing this expression by θkS
and using θkr /θkS
= θkr + 1 (note that 0 < θkz < 1) yields
r r
rr
(σ − 1) + θkr [(ϕ − 1) − ς(ϕ − 1)µrr
k ] > ω h [(ϕ − σ) − ς(ϕ − 1)µk ].

Using the definition of ς˜ := ϕ − ςµrr
k (ϕ − 1) gives the condition stated in the text. For a change in total
r r
rr
factor productivity Ak the expression becomes θkr [(ϕ − 1) − ς(ϕ − 1)µrr
k ] > ω h [(ϕ − 1) − ς(ϕ − 1)µk ].
This is a special case of the former expression as under σ = 1 a change in the skill-augmenting parameter
is Hicks neutral. Again using the definition of ς˜ yields the condition.
Foreign economy: Finally, let us consider the case of skill-augmenting innovation taking place in
sector k of foreign country c . Taking the first derivative with respect to ackS and simplifying yields
r σ r σ−1
r
(ω r )−σ (αkS
) (akS )
(1 − ϕ) > hr (αkL
)σ (arkL )σ−1 (1 − ϕ).

Using the assumption ϕ > 1 and the definition of θk yields
θkr < ω r hr .
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