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ABSTRACT
International Fragmentation and Relative Wages in the UK*
This paper re-examines the trade-based explanation of increased wage inequality in
developed countries by focusing on international outsourcing. It is the first detailed study to
address the effects of outsourcing on labour markets in the UK. In a recent paper, Feenstra
and Hanson (1996) estimate the effect of international outsourcing on wage inequality in the
US. This paper extends the FH approach by using more detailed definitions of outsourcing
and skill. The analysis applies to UK manufacturing over the period 1982-1997. Extending the
analysis to the 1990s is considered to be crucial as outsourcing is predominantly a
phenomenon of the 1990s. The econometric results suggest that technical change, import
penetration and outsourcing all play an important role in explaining UK wage inequality.
Outsourcing may account for about half of the increase in domestic wage inequality.
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1. Introduction
One of the main consequences of the process of globalisation is the increasing
international fragmentation of production.1 This phenomenon is likely to have
important implications for both the composition and the pattern of international trade.
International fragmentation of production leads to the establishment of international
production networks, which are associated with trade in intermediates. Some recent
studies have provided evidence of the growing importance of trade in intermediates
(Campa and Goldberg, 1997; Yeats, 2001). From the data for the UK used in this
paper it follows that total outsourcing in terms of value-added increase from 38% in
1984 to 53% in 1995, while outsourcing within the same industry increased from 11%
to 16% over the same period.
However, fragmentation does not only affect the composition of international trade
but may also change the pattern of trade. In the literature on fragmentation the main
driving force behind outsourcing is the existence of differences in factor prices across
national borders. Unskilled labour-intensive stages of production tend to be shifted to
unskilled labour-abundant developing countries, while more technologically advanced
stages remain in skilled labour-abundant developed countries. As a result the
increasing international fragmentation of production enhances the integration of
developing countries in the world economy. Indeed for the UK the share of imports
from developing countries over total imports increased from 18% to 22% over the
period 1982-1996 indicating increased competition from low-wage countries.
It is, therefore, worth analysing the impact of fragmentation on labour markets and in
particular on the skill structure of demand. Many have expressed the fear in developed
countries that outsourcing will tend to reduce the demand for unskilled workers
resulting in either falling relative wages or increased unskilled unemployment.
However, from the theoretical literature it follows that this is not necessarily the case.
Moreover, it is an empirical question whether outsourcing is a sufficiently large
phenomenon in order to account for significant labour market effects.
This paper relates fragmentation to wage inequality as there still does not exist a
consensus on the predominant source of the trend in wage inequality. Some argue that
skill-biased technological change is responsible for the shift in the relative demand of
skilled workers, others hold increased import competition from low-wage countries
reducing employment for the unskilled responsible for the growing income divide
within countries. Most empirical work indicates that technological change explains
the lion’s share of the increase in wage inequality, although trade appears to play a
significant role as well.
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The term fragmentation was coined by Jones and Kierzkowski (1990). It refers to the splitting up of
production processes into separate components so that they can be produced in different locations.
There exist many terms that are used to indicate the same phenomenon. These are amongst others,
vertical specialisation (Hummels, Ishii and Yi, 2001), intra-product specialisation (Arndt, 1997),
delocalization (Leamer, 1998), outsourcing (Feenstra and Hanson), disintegration (Feenstra, 1998).
Throughout this paper these terms will be used interchangeably.
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The purpose of this paper is to re-examine the trade-based explanation by focusing on
international outsourcing in UK manufacturing. Outsourcing differs importantly from
import penetration in final goods in the sense that it explicitly takes into account the
extent to which firms move production activities abroad. Moreover, labour demand is
not only affected in import-competing industries, but in all industries that use foreign
inputs. Hence, the impact of outsourcing may not be limited to changing labour
demands between industries, but also affects the relative demand for labour within
industries.
In a recent paper, Feenstra and Hanson (1996) estimate the effect of international
outsourcing on wage inequality in the US using a partial-equilibrium approach based
on a translog cost function. They measure outsourcing (fragmentation) as the share of
imported intermediate inputs in total intermediate inputs using input-output data from
the Census of Manufactures and trade data from the NBER trade data base. They find
that outsourcing had a strong positive effect on the relative wage of skilled workers in
the US over the period 1979-1990.
The present paper is the first detailed study of the effects of outsourcing for the UK.2
It aims at applying and extending the Feenstra and Hanson approach by using inputoutput data for 53 manufacturing industries for the period 1982-1997. By using the
import-use matrices of the input-output tables instead of total intermediate purchases
the measure of outsourcing employed in this paper can be deemed more appropriate
than the measure used by Feenstra and Hanson. The inclusion of the 1990s in the
analysis is thought to be a crucial part of the contribution of this paper as international
fragmentation seems to be predominantly a phenomenon of the last decade. Finally,
labour market data, obtained from the New Earnings Survey (NES), allow one to
define skill groups on the basis of the Standard Occupational Classification (SOC)
instead of the crude distinction between manual and non-manual workers used
elsewhere in the literature.
The paper is structured as follows. Section 2 presents a brief discussion on the theory
on fragmentation in relation with relative wages. The emphasis is put on the
discussion of sector bias versus factor bias. Section 3 gives a selective survey of the
empirical literature. Section 4 presents descriptive data on labour market
developments and fragmentation. A first attempt will be made to link the two
phenomena. Section 5 sets out the methodology employed in the econometric analysis
and Section 6 contains the results. Finally, Section 7 concludes.
2. Theory
The two main demand-side explanations of the increase in domestic wage inequality
have focused on the role of skill-biased technological change (SBTC) and
international trade. Until recently skill-biased technological change was associated
with within-industry changes in skill intensity as a result of its effect on the relative
productivity of different skill groups (factor bias), whereas international trade was
2

Anderton and Brenton (1999) focus on outsourcing, but do not explicitly measure outsourcing.
Machin and Van Reenen (1998), Haskel and Heden (1999) and Haskel and Slaughter (2001) aim at
explaining the increase in UK wage inequality but do not consider the role of outsourcing.
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associated with between-industry changes based on general equilibrium trade models
(sector bias). If the factor bias matters the analysis should concentrate on the skillintensity of the activity moved abroad relative to the remaining activities in that
industry, whereas if one believes the sector bias is important one should focus the
relative cost-saving effect of outsourcing across sectors. Empirically these two
explanations were therefore investigated using different methodologies. Relative
labour demand regressions were mainly used to estimate the impact of SBTC,
whereas trade economists generally favoured product price studies.3
Recently, however, it has become increasingly apparent that this is too simple a way
of representing reality. First, Feenstra and Hanson (1995) re-examine the trade-based
explanation by focussing on the impact of outsourcing, that is trade in intermediates.
They argue that outsourcing has a qualitatively similar impact as SBTC and therefore
emphasise the factor bias. “In fact, the whole distinction between ‘trade’ versus
‘technology’ becomes suspect when we think of corporations shifting activities
overseas (Feenstra, 1998, p. 41)”. Second, Haskel and Slaughter (2001) have pointed
out that even skill-neutral technological change can account for some of the increase
in relative wages emphasising the sector bias of technological change. As long as
technical change affects the relative profitability of sectors can it affect relative factor
prices (Haskel, 2000).
The theoretical literature on fragmentation or outsourcing generally takes the form of
moving unskilled intensive manufacturing processes from a developed country to a
developing country. It is argued that fragmentation has a similar effect as
technological change. However, the question whether one should emphasise the factor
or the sector bias of outsourcing in order to analyse its impact on domestic wage
inequality is open to debate as will become clear from the following discussion.4
Feenstra and Hanson (1995), Kohler (2001), and Deardorff (2001) present very
different models of outsourcing. However, they all show that the factor intensity of
the component moved abroad may matter. As such they provide each in their own
way a justification for using a partial equilibrium approach in the empirical analysis
of outsourcing thereby emphasising the factor bias.
Feenstra and Hanson (1995) model outsourcing of unskilled-intensive fragments from
the US to Mexico in order to explain the empirical finding of increasing wage
inequality in both the US and Mexico. They do so by analysing outsourcing in a onesector two-country framework with capital mobility. They argue that outsourcing has
a qualitatively similar effect as SBTC and as a result emphasise the factor bias of
outsourcing. Krugman (2000) points out that technological change at home and
abroad has a similar effect as technological change in a closed economy. As in a
closed economy the factor bias of technological change determines what happens to
relative factor prices, it is also justified to emphasise the factor bias of outsourcing
when outsourcing induces upgrading at home and abroad.

3

See Chennels and Van Reenen (1999) for a survey of the former and Slaughter (2000) and Haskel
(2000) for surveys of the latter literature.
4
Hijzen (2002) tries to gain more insight in this issue by empirically estimating the sector and factor
bias of outsourcing and SBTC in a common framework.
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Kohler (2001) discusses the possibility of outsourcing in a specific-factors model
where capital is immobile across sectors, but may be mobile across national borders
(foreign direct investment), while labour is mobile across sectors. With foreign direct
investment outsourcing of any component reduces the domestic real wage. Without
foreign direct investment -capital and labour are supplied perfectly elastically abroad
so that domestic firms face a given a unit price for foreign components- the impact of
outsourcing on real wages depends crucially on the factor-intensity of the activity
moved abroad. Only in the case that the activity is relatively labour-intensive will
outsourcing reduce real wages. Thus, in the case of outsourcing in a specific-factors
model without international capital mobility the factor bias matters.
Deardorff (2001) analyses fragmentation across cones, i.e. in the absence of factor
price equalisation. He argues that the impact of fragmentation on relative factor prices
depends crucially on the relative factor-intensity of the fragment being moved abroad
and the average factor intensity in the economy. The result is driven by the
assumption of completely specialised economies inspired by the fact that it is the
absence of factor price equalisation that drives outsourcing. Deardorff also notes that
in an economy with many industries and fragmentation being possible only in some of
them, its impact on relative factor prices is greatly reduced in comparison to the
simple 2x2 case.
Finally it is worth mentioning Arndt (1997) who analyses the impact of fragmentation
in a small open developed economy in a standard 2x2x2 Heckscher-Ohlin model.
Consequently, Arndt emphasises the sector bias of outsourcing. He concludes that
outsourcing of labour-intensive components in the labour-intensive industry actually
reduces wage inequality whereas outsourcing of labour-intensive components in the
capital/skill-intensive industry increases wage inequality. The difference with
Deardorff resides in the fact that Deardorff considers a completely specialised
economy, while Arndt considers an open-diversified economy. Consequently, in the
analysis conducted by Arndt only the sector bias matters. Jones and Kierzkowski
(2001) confirm these possibilities, but also stress the radical nature of outsourcing for
which the Heckscher-Ohlin framework may be ill equipped. A priori, therefore, it is
very difficult to predict how fragmentation will actually affect relative wages.
The present study approaches outsourcing from a one-sector perspective by estimating
the relative demand for labour. Outsourcing of labour-intensive components abroad is
expected to reinforce wage inequality. If outsourcing turns out insignificant or
negative this may be either due to the limited magnitude of the phenomenon or
outsourcing may be driven to an important extent by other considerations than labour
cost differentials.
3. Empirical Literature
The empirical literature analysing the impact of international fragmentation of
production on domestic wage inequality is still fairly limited. Feenstra and Hanson
(1995, 1996) are the first to approach the question of wage inequality from the angle
of outsourcing. They adopt the methodology advanced by Berman et al. (1994) who
proposed to estimate relative labour demands in order to analyse the factors driving
the widening wage gap in the US. Feenstra and Hanson measure outsourcing by
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combining disaggregated data on total intermediate purchases obtained from the
Census of Manufacturers with trade statistics and add their measure of outsourcing (or
import penetration) to a translog cost function.
Feenstra and Hanson use data for the period 1972-1990. The regression analysis only
provides evidence for a positive effect of outsourcing on the relative demand for
labour for the 1980s. Over this period outsourcing accounted for about 30% to 50% of
the increase in the nonproduction wage share, which is considerably more than the
proportion explained by the import penetration variable. They argue that this is
because outsourcing directly measures the extent to which industries move production
to low-wage countries. A possible explanation for the lack of evidence for the 1970s
and the convincing evidence for the 1980s is sought in a change in the pattern of trade
resulting from the increasing relative importance of developing countries in world
trade.
In Feenstra and Hanson (1999) the measure of outsourcing is refined by
distinguishing between narrow and broad outsourcing.5 The broad definition of
international outsourcing captures all imported intermediates within a given industry,
that is
i

åO

ijt

B
O

S =

i =1

VA jt

The narrow definition of international outsourcing only considers imported
intermediates in a given industry from the same industry (which corresponds to
diagonal terms of the import-use matrix), i.e.,
S ON =

Oi = j ,t
VA jt

The broad definition (which corresponds to the column totals of the import-use
matrix) was used in their earlier work. The narrow definition is preferred by Feenstra
and Hanson as it is thought to come closer to the real idea of outsourcing (it excludes
packaging or primary inputs such as steel, for example) especially when the level of
aggregation is relatively high (2-digit). From the empirical analysis it follows that
narrow outsourcing is indeed more important in explaining changes in the cost shares
indicating that it is a more precise measure of outsourcing. Outsourcing accounts for
13-23 % of the variation, while technology for about 8-32% depending on the proxy
used.6 They conclude that both outsourcing and SBTC are important.
Anderton and Brenton (1999) analyse the impact of outsourcing on wage inequality in
the UK by estimating the impact of total imports on relative wages in the textiles and
5

Note that the formal representations are based on the use of import-use matrices (not as in Feenstra
and Hanson, 1997, 1999).
6
Feenstra and Hanson (1997, 1999) actually try to integrate the two main explanations by using a
general equilibrium approach estimating so-called mandated wage regressions. In order to make their
results comparable to previous results they re-run the standard regression with the new data. These are
the regressions referred to in the text.
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non-electrical machinery industries for the period 1970-1983. They distinguish import
penetration from developed and from developing countries; however, they do not
consider trade in intermediates, which constitutes the essence of outsourcing but focus
on total imports.
Dell’mour et al. (2000) analyse the impact of outsourcing on labour markets using
input-output data for the case of Austria over the period 1990-1998. As wages are
assumed to be fairly rigid in Austria the employment share of skilled workers is used
as the dependent variable in the relative labour demand regressions. For their measure
of outsourcing they account for the origin of imports by multiplying imported
intermediates by the share of a region’s imports over total imports.
4. Trends in Labour Markets and Fragmentation
In this section the data on labour markets and fragmentation will be discussed and the
developments over the period 1982-1997 analysed. A first attempt will be made to
link the two developments together before going to the actual regression stage.
4.1 Labour markets (1982-1997)
In most developed countries it is a well-established fact that the demand for skilled
labour has risen relative to that for unskilled labour. As a result in countries with
flexible labour markets the wage gap between the unskilled and the skilled has
increased significantly over the last few decades. In countries with relatively rigid
labour markets the change in relative demand may be reflected in changes in relative
employment/unemployment.
Labour market data are obtained from the New Earnings Survey (NES). The NES is
based on a series of surveys that cover approximately one percent of the working
population. Besides providing data on wages, employment and numerous other
factors, it also classifies each employee to the Standard Occupational Classification
(SOC), which allows one to construct a more accurate measure of skill than the one
based on manual/non-manual workers generally used in the literature (Feenstra and
Hanson, 1996; Machin and Van Reenen, 1998). In the NES workers are classified
according to 9 Major Groups and 22 Sub-Major Groups.7 The SOC Major Groups are
based on qualifications, training, skills, and experience, while the Sub-Major Groups
are determined by the nature of the job. Therefore, distinguishing skill groups on the
basis of their Major Group Codes allows one to construct a very accurate measure of
skill. For the determination of skill groups the approach taken by Gregory, Zissimos
and Greenhalgh (2001) is adopted. Apart from providing a more accurate measure of
skill, this approach allows one to distinguish three skill groups: skilled, intermediate,
and unskilled.8 As a result it is possible to see to what extent wage inequality is a
phenomenon of the tails or instead affects the whole labour force. Finally, the present
study is limited to male workers.

7

For a description of those skill groups see the appendix to this section.
Unskilled workers are those classified in Major Groups 1 to 3, semi-skilled workers in Major Groups
4 to 7, and skilled workers in Major Groups in 8 and 9.
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[Table 1 here]
Table 1 shows relative wage developments between different skill groups based on
the average hourly wages of each skill group. Generally the table indicates an increase
in the relative wage in favour of skilled labour. A closer look reveals that relative
wage of the semi-skilled to the unskilled has been relatively stable over time. The
relative wage of skilled workers to both semi-skilled and unskilled workers has risen
significantly. Therefore, it seems reasonable to group unskilled and semi-skilled
workers together. Thus, in the following the unskilled category includes both semiskilled and unskilled workers.
Inspection of the data on relative employment developments between skill groups (not
reported here) shows that absolute employment dropped importantly in all three
categories indicating the increased importance of services relative to manufacturing.
Total skilled labour fell by 23%, semi-skilled employment by 29%, and unskilled
employment by 19%. Relative employment, however, remained fairly constant for all
skill pairs with only the share of semi-skilled labour to unskilled labour falling
slightly.
Gregory et al. (2001) analyse the changes in the skill structure of labour demand for
the whole economy including services. Their analysis is particularly interesting as
they use the same labour market data and the same criterion to distinguish skill. Their
findings therefore complement the results in this paper. They show that the share of
skilled labour increased from 25% to 31% over the period 1979-1990, while the share
of semi-skilled labour fell slightly from 48% to 47% and unskilled employment
dropped from 25% to 21%.
Figure 1a represents the share of the wage bill spent on skilled labour. The figure
confirms the widely documented increase in domestic wage inequality during the
1980s and early 1990s. The graph indicates a sharp fall in the skilled cost share of the
wage bill from 1993 onwards. This however should be interpreted with caution as the
1998 value not presented shows that the skilled labour cost share is back on its 1993
level.9 Therefore, instead of observing a reversal of the trend it would be more
appropriate to speak of the ‘levelling off’ of the trend in line with evidence for the US
(Autor, Katz and Krueger, 1998).
[Figures 1a and 1b here]
Figure 1b represents the employment share of skilled labour over total manufacturing
employment. The figure indicates broadly the same trend as Figure 1a.10
4.2 Fragmentation

9

The 1998 observation was omitted due to data limitations for other variables.
It should be noted that the share of unskilled employment follows quite a similar path (whereas one
would expect the opposite). Both types of labour therefore gain in importance relative to semi-skilled
labour.

10
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The increasing international fragmentation of production translates into the rising
importance of trade in intermediate products (Feenstra, 1998). Recently, several
studies have attempted to shed light on the development of trade in intermediates
using diverse data sources.
Yeats (2001) uses SITC Rev.3 trade statistics in combination with outward processing
trade data (OPT) and finds that trade in intermediates accounts for approximately 30%
of total trade in the US. He does, however, note that this figure may be much higher
for developing countries as those countries are more and more the focus of
outsourcing from developed countries.
Görg (2000), using Eurostat data on inward processing trade (IPT) for EU countries,
shows that IPT in the ‘peripheral’ countries of the EU increased from 12 to 24% of
imports from the US. Egger and Egger (2001) find that outward processing in EU
manufacturing increased by 6% per year for the period 1995-1997. They show that
outward processing is biased towards import-competing industries, which correspond
broadly to the unskilled-intensive industries. Baldone et al. (2001) use OPT data to
analyse economic integration in the textiles and apparel industry between the EU and
the CEECs. They find that although low wages drive the initial decision to delocalise
production activities, cultural ties and geographical proximity determine which CEEC
is eventually chosen.
Campa and Goldberg (1997) using data derived from input-output tables for four
OECD countries observe that the ratio of imported intermediates to sales in UK
manufacturing rose from 13% in 1974 to 22% in 1993, while import penetration rose
from approximately 20 to 30% over the same period.11 Hummels, Ishii and Yi (2001)
analyse input-output tables for 10 OECD and four emerging market economies and
find that outsourcing accounts, on average, for about 20% of exports from these
countries.
Input-output tables are the most appropriate source to analyse simultaneously
developments across industries and time. Hence, in this study outsourcing will be
measured with the help of input-output tables. There are at least two limitations to the
use of these data for the analysis of fragmentation. First, when focusing on trade in
intermediates one necessarily ignores the possibility of outsourcing of the final
production stage such as assembly (Ng and Yeats, 1999). Second, the data do not
capture outsourcing when products are not re-imported, but exported to third markets.
For the UK approximately every five years input-output tables are developed that
distinguish between imported intermediates and domestically produced intermediates
(import-use and domestic-use matrix). The present study uses input-output tables for
1984, 1990 and 1995. In addition, from 1992 onwards combined-use matrices are
available annually.
In Feenstra and Hanson (1996) outsourcing is defined as the change in the combineduse matrix times the change in the import penetration shares within that industry
11

Campa and Goldberg (1997) note that imported intermediates tend to be high in sectors where import
penetration ratios are high leading to the conclusion that outsourcing occurs within the same broad
industry.
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divided by the change in total intermediate purchases. Compared to Feentra and
Hanson (1996) using import-use matrices instead of combined-used matrices plus
trade data has the advantage that outsourcing is no longer driven by increased import
penetration of all goods. Increased import penetration refers both to trade in
intermediates and trade in final goods. A measure of outsourcing defined as trade in
intermediates may therefore be biased when final goods are included, i.e. the
significance of outsourcing may be underestimated when trade in intermediates grows
faster than trade in final goods.
Following Feenstra and Hanson (1999) both the narrow and broad outsourcing are
adopted as both measures are subject to different short-comings. From a theoretical
perspective broad outsourcing measuring trade in intermediates by purchasing
industry, may be inappropriate for the analysis of fragmentation as it does not focus
on intra-product specialisation which is likely to take place within the industry. In
addition, the distinction between narrow and broad outsourcing as introduced by
Feenstra and Hanson (1999) is very crude as it is purely based on the way industries
are classified. From a fragmentation perspective it can well be the case that industries
are classified on an unequal level of disaggregation. Compare for example the two
following industries: ‘motor vehicles and parts’ and ‘textiles’. Both industries are
classical examples where fragmentation occurs. However, ‘automobiles and parts’ is
represented in the input-output tables for the UK as one single industry, whereas
textiles are made up of 10 different industries. As a result the narrow measure of
outsourcing will not pick up much of the outsourcing in textiles. The broad measure
on the other hand will be distorted through the inclusion of raw materials.
One may refine the outsourcing variable to outsourcing to low-wage countries
(Anderton and Brenton, 1999; Dell’mour et al, 2000). Developed countries can be
defined as those countries that are members of the OECD, and developing countries
the rest of the world. The measure of outsourcing is multiplied by the import share of
the UK from developing countries over total imports. Thereby emphasis is given to
the observation that trade in intermediates is especially important in trade with
developing countries. Thus for narrow outsourcing this gives:12
S ON =

Oi = j ,t
VA jt

*

M jldc
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Total international outsourcing in terms of value added increased from 37.7% in 1984
to 40.2% in 1990 and to 53.4% in 1995, while narrow outsourcing increased remained
constant during the 1980s at 11.1% and increased to 16.3% in 1995. It follows that
outsourcing is indeed predominantly a phenomenon of the 1990s. For comparison
total domestic and international outsourcing increased from 103.7% to 182.4% over
the period 1984-1997, while narrow domestic and international outsourcing increased
from 32.5% to 39.6%. The data signal a trend by firms to concentrate more on core
activities.

12

For convenience of the calculation of the broad measure of outsourcing it is assumed that the share of
imported intermediates from developing countries over total imports is constant across input selling
sectors, i.e. equals the share in the purchasing industry.
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The sectoral analysis of outsourcing shows that there exists substantial variation
across industries. Three industries that exhibit very high broad outsourcing are 'basic
non-ferrous metals', 'electronic consumer goods, records and tapes', and 'grain milling,
starch, and food products'. That it is important to define outsourcing carefully
becomes clear when comparing narrow and broad outsourcing. Only 'basic nonferrous metals' and 'oils and fats' show significant outsourcing under the narrow
definition. It seems that the narrow definition is too strict a measure of outsourcing as
electronics is one of those industries that inspired the debate on fragmentation.
In order to get a first impression about the relationship between fragmentation and
wage inequality, it is illuminating to relate fragmentation to skill intensity. If there
exists a negative relation indicating that fragmentation is driven by factor cost
differences, outsourcing may be an important factor in explaining domestic wage
inequality. Industries within the same range of skill intensity are grouped together in
clusters. Skill intensity is measured as the cost share of skilled labour over the total
wage bill.13 Figure 2 shows broad and narrow outsourcing for 1984, 1990, and 1995
across three clusters of skill intensity with skill-intensity increasing from left to
right.14 Figure 2a seems to suggest a negative relationship between broad outsourcing
and skill intensity for the 1980s implying that unskilled-intensive industries may be
more prone to outsourcing, however in the 1990s outsourcing was no longer subject to
a clear sector-bias. Figure 2b indicates a negative a relation between narrow
outsourcing and skill intensity in 1984, no apparent relation in 1990 and a positive
relation in 1995.15
The trend in the data is actually consistent with the business literature on outsourcing
that asserts that initially outsourcing was mainly cost-driven, however when firms
acquire more experience in outsourcing strategic motivations such as focusing on core
activities (economies of scale) and product development become more important.
(Corbett & Associates, 1999). The main question remains though. Even when one is
able to highlight the sector-bias of outsourcing it will be very hard to say anything
about the factor-intensity of the outsourced component relative to the remaining
components.
[Figures 2a and 2b here]
5. Econometric Analysis
In order to estimate the effect of outsourcing, import penetration and technology on
relative wages in UK manufacturing we take a translog cost function approach. This
methodology, which by now has become standard in the literature, is based on the

13

This is also the dependent variable that will be used in the regression analysis.
Skill-intensity clusters are based on the averages over the entire sample period. One might argue that
outsourcing has significant effects on skill-intensity (Egger and Egger, 2001) and therefore it would be
more appropriate to relate the level of outsourcing to the skill-intensity at that time. However, it turned
out that this does not change the picture.
15
However, it should be noted these figures are not appropriate to analyse the impact of outsourcing on
skill upgrading as one cannot control for any other exogenous factors that may affect skill intensity. To
do so, one needs to estimate a properly specified econometric model.
14
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work of Berman, Bound and Griliches (1994) and Feenstra and Hanson (1996).16 The
translog cost function has the useful property that its first derivatives with respect to
factor returns gives the factor cost shares. Following Berman et al. capital is quasifixed so that both output and capital can be treated as fixed in the short-run, while
skilled and unskilled labour are the only variable factors of production.17 In general
notation the translog cost function can be represented as follows:

1)

J

K

j =1

k =1

ln C i = a o + å a j ln wij + å b k ln x ik +
+
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j =1 k =1

where Ci is the variable cost for industry i=1,…, I, wij denotes wages of the optimal
skill-mix of workers for skill group j=1,…, J, and xik denotes fixed inputs or outputs
k=1,…, K.
Differentiating the translog cost function with respect to wages yields the factor
payments to skill group j over the total wage bill.
2)

J

K

s =1

k =1

S ij = a j + å g js ln wij + å j jk ln xik , j = 1,.., s,., J

Most studies using this approach have estimated this set of equations by pooling data
across industries thereby assuming that the same cost function applies across
industries (e.g. Berman et al., 1994; Feentra and Hanson, 1996). Berman et al. argue
that the cross-industry variation of wages reflects only differences in the quality of
workers and thus assume that quality-adjusted wages will be constant across
industries. Therefore, the wage terms can be dropped from the right-hand-side of the
equation above.18
3)

K

S ij = a j + å j jk ln xik , j = 1,..., J
k =1

Feenstra and Hanson (2001) argue that one should include “any structural variables
that shift the production function and therefore affect costs (p. 21)”. The structural
variables include import penetration, outsourcing and technological change.19 A full
set of time dummies is included in order to capture developments in the economy's

16

As pointed out above, this approach is a partial equilibrium approach. An alternative approach would
be to investigate general equilibrium effects estimating mandated wage regressions (see Slaughter,
2000). While this is beyond the scope of the present paper it is a topic for further research.
17
As pointed out above, semi-skilled and unskilled workers are grouped together. If one were to
maintain three variable inputs, one would have to estimate a system of two equations further
complicating the translog cost function.
18
Dropping relative wages also solves the problems of endogeneity and collinearity with the dependent
variable.
19
According to the Stolper-Samuelson theorem relative labour demand is simply determined by
relative goods prices. However, Feenstra and Hanson (1996) argue that outsourcing has an impact on
unit input requirements which is related to changes in relative commodity prices in a large country. The
regressions, therefore, can be seen as a reduced-form relationship between outsourcing and the unit
input requirement for skilled labour.
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skill preferences over time. Writing in full and including the structural variables gives
the following equation:
4)

S ij = j j 0 + j j1 ln K i + j j 2 ln Yi + j j 3Ti + j j 4 M i + j j 5 Oi + j j 6 D + e i

where K denotes capital intensity measured by capital stock in industry i over sales, Y
output in industry i measured by sales, T is a proxy for technological change
calculated as expenditure on R&D over value-added, M represents import penetration
measured both in terms of total imports, imports from developed countries and
imports from developing countries, O reflects either broad or narrow outsourcing and
D is a full set of time dummies. In order to emphasise outsourcing of low skilledintensive activities the two measures of outsourcing multiplied by the share of
developing countries imports over total imports.
Most studies take first differences in order to purge industry-specific time-invariant
effects. The present study instead applies panel data estimation techniques to estimate
equation (4) rather than first differences. There are at least two reasons for doing so.
First, it is well known that first-differencing exacerbates potential problems of
measurement error in the data (see Griliches and Hausman, 1986). Second, firstdifferencing only allows one to look at the changes in the variables, whereas panel
estimation uses levels of the variables. The model is estimated using fixed effects
techniques given that the cross-sectional units are a constant set of manufacturing
sectors.

6. Results
This section presents the results of the regression analysis. It has become common
practice in the literature to weight regressions in order to account for differences in
industry size (see, for example, Baldwin and Cain, 2000). The variables in all
regressions are, therefore, pre-multiplied by the share of average sector value added
over average manufacturing value added.
Table 2 contains the results of the fixed-effects estimations of the cost shares of
skilled labour over the total wage bill over the period 1982-1997. In regression (1)
SBTC is evaluated together with capital intensity and output. Capital intensity and
output are positive and statistically significant. The positive sign on capital intensity
confirms the idea that capital and skill are complements.20 R&D is positive and
significant which is taken of evidence for an important role of SBTC in explaining the
increase in wage inequality.
[Table 2 here]
Regressions (2)-(4) include three different measures of foreign competition in the
regression. M1 reflects total import penetration, M2 import penetration from
developing countries and M3 import penetration from developed countries. Anderton

20

Experiments excluding sales or replacing capital intensity by capital stock did not change results
significantly for the variables of interest.
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and Brenton (1999) argue that foreign competition from developing countries
accounts for a larger share of UK wage inequality than total foreign competition, i.e.
import penetration from developing countries offers a more precise indication of the
extent to which unskilled workers compete with unskilled labour in low-wage
countries. Indeed, the share of imports from developing countries over total imports
increased from 18% to 22% over the period 1982-1996 indicating an increasing
exposure to low-wage competition. As one would expect the impact of all three
measures of foreign competition on wage inequality is positive and statistically
significant. The coefficients indicate that increased competition from developing
countries has indeed a stronger impact on wage inequality than foreign competition
from developed countries.
In regressions (5)-(8) several measures of outsourcing are evaluated. In addition to
narrow outsourcing ‘differential outsourcing’ is used, which is defined as the
difference between broad and narrow outsourcing. The results indicate that when both
measures are included separately both have a positive and significant effect on wage
inequality, although the impact of narrow outsourcing is much stronger. However,
only narrow outsourcing is positive and significant when both measures are included
simultaneously. This result should not come as a surprise. Narrow outsourcing affects
the relative demand for labour within that industry, whereas differential outsourcing
affects the relative demand for labour everywhere except in its own industry.
Differential outsourcing most likely represents the shift from domestic suppliers in
another industry to foreign suppliers in that industry. Results in column (7) indicate
that an increase of 5 points in the level of outsourcing (close to the actual increase)
increases the skilled cost share by approximately 1.55 points compared to an actual
increase of 3 points. Outsourcing thus accounted for about half of the increase in
skilled cost share over the period 1982-1998 which corresponds to the results found
by Feenstra and Hanson (1996). Adjusting outsourcing for the importance of trade
with developing countries yields a similar pattern. It is not obvious however whether
adjusting outsourcing should be considered an improvement to the unadjusted
measure as trade is classified on a product basis instead of on the basis of purchasing
industry. In the remainder the unadjusted measure for outsourcing will be used.
Table 3 represents the results with the semi-skilled cost share and the unskilled cost
share as the dependent variable instead of the skilled cost share. The regression with
the unskilled cost share mirrors the results for the skilled cost share; all variables are
negative and significant (except for differential outsourcing that is still insignificant).
The results obtained with the semi-skilled cost share as the dependent variable
generally gives insignificant results (as could be expected). However, one result is
worth discussing. The role of outsourcing seems to differ between both regressions.
For unskilled labour narrow outsourcing reduces the relative wage of unskilled
workers, whereas for semi-skilled labour differential outsourcing is negative and
significant while narrow outsourcing is insignificant.
[Table 3 here]
If labour markets are not flexible adjustment may be through employment rather than
wages. Replacing cost shares by the employment shares gives a similar picture as
shown by the results presented in Table 4. There does no longer seem to be a strong
case for excluding relative wages from the regression. Including relative wages does
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not affect the results importantly. Output, R&D and relative wages are significant and
positive. The trade variables are still positive, but insignificant. Capital-intensity turns
out insignificant when relative wages are included. Narrow outsourcing is positive
and significant and differential outsourcing is insignificant as before.
[Table 4 here]
7. Conclusion
In this paper fragmentation is related to the debate on trade and wages. It is argued
that both the sector and the factor bias of outsourcing are likely to affect relative
wages. This study focuses on the factor bias by estimating the relative demand for
labour derived from the translog cost function using UK data for the period 19821997. Different measures of outsourcing are constructed on the basis of the importuse matrices of the input-output tables. Labour market data are obtained from the New
Earnings Survey (NES). This dataset allows one to define skill groups on the basis of
the Standard Occupational Classification (SOC) instead of using the crude distinction
between manual and non-manual workers used elsewhere in the literature.
The following results are obtained. First, estimations generally indicate a positive
relationship between capital intensity and skill intensity confirming the idea that
capital and skilled labour are complements. Second, R&D seems to be appropriate
indicators of SBTC. According to the results, an increase in SBTC is associated with
an increase in wage inequality. Third, the results indicate a positive and significant
effect of foreign competition on wage inequality.
The regressions provide strong evidence of a positive relationship between
outsourcing and wage inequality in the UK. Outsourcing could account for as much as
half the increase in domestic wage inequality over the period 1982-1997. Typically
outsourcing within the same industry is positive and significant whereas outsourcing
outside its own industry is generally insignificant. This result should not come as a
surprise. Narrow outsourcing affects the relative demand for labour within that
industry, whereas differential outsourcing affects the relative demand for labour
everywhere except in its own industry. Differential outsourcing most likely represents
the shift from domestic suppliers in another industry to foreign suppliers in that
industry. Adjusting the outsourcing measure for the importance of trade with
developing yields similar results.
Future research will be directed towards improving the understanding of the role of
factor bias. Ideally, one would like to analyse the factor and sector bias of technology,
trade and outsourcing in a common general equilibrium framework.
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Tables and Figures
Table 1: Relative Wage Developments UK Manufacturing (1982-1997)
year
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Source: NES, own calculations

Figure 1a:
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Figure 1b:
Employment share of skilled labour
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Figure 2: Outsourcing and Skill Intensity (1984-1995)
Broad Outsourcing by Skill Intensity

Narrow Outsourcing by Skill Intensity

0.6

0.25

0.5

Narrow Outsourcing over Value Added

Broad Outsouring over Value Added

0.2

0.4

0.3

0.2

0.15

0.1

0.05
0.1

0

0
0

1

2

Skill Intensity
1984

1990

1995

0

1

2

Skill Intensity
1984

1990

1995

Notes: Clusters are based on the average skill-intensity of industries over the period 1992-1997.
Industries in cluster 0 spend on average less than 25% of the total wage bill on skilled labour,
industries in cluster 1 between 25%-50%, and industries in cluster 2 spend more than 50% of the total
wage bill on skilled labour.
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Table 2: Skilled cost shares by two-way fixed effects (1982-1997)
Log(K/Y)
Log(Y)
R&D

(1)
.054
(.023)
**
.155
(.022)
***
.066
(.021)
***

M1

(2)
.041
(.024)
*
.172
(.023)
***
.072
(.022)
***
.025
(.009)
***

M2

(3)
.053
(.023)
**
.166
(.023)
***
.068
(.022)
***

(4)
.038
(.024)
.168
(.023)
***
.071
(.022)
***

(5)
.058
(.023)
**
.165
(.022)
***
.066
(.021)
***

.382
(.070)
***

Outsourcing
(Difference)

n

(8)
.059
(.023)
**
.167
(.023)
***
.062
(.021)
***

.034
(.012)
***

Outsourcing
(Narrow)

R-sq

(7)
.060
(.023)
***
.168
(.022)
***
.065
(.021)
***

.038
(.021)
*

M3

Outsourcing
(Narrow
*Mldc/Mtot)
Outsourcing
(Difference
*Mldc/Mtot)
Constant

(6)
.059
(.023)
**
.163
(.022)
***
.065
(.021)
***

.086
(.028)
***

.349
(.075)
***
.037
(.030)
.555
(.180)
***
-.027
(.061)

-.304
(.102)
***
0.704

-.438
(.106)
***
0.703

-.383
(.103)
***
0.706

-.466
(.105)
***
0.701

-.411
(.102)
***
0.707

-.373
(.104)
***
0.701

-.432
(.104)
***
0.706

-.381
(.099)
***
0.718

787

781

780

780

787

787

787

780

Notes: Standard error in parentheses, *, **, *** indicate significance levels of 10%, 5%, and 1%
respectively. Regressions are weighted by the proportion of average sector value added of average
manufacturing value added. Imports are divided by 1000.
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Table 3: Unskilled and semi-skilled cost
shares by two-way fixed effects (1982-1997)

Log(K/Y)
Log(Y)
R&D
Outsourcing
(Narrow)
Outsourcing
(Difference)

Unskilled cost
share

Semi-skilled
cost share

-.043
(.024)
*
-.106
(.023)
***
-.068
(.022)
***
-.318
(.078)
***
.076
(.031)
**

-.017
(.026)
-.062
(.025)
**
.003
(.023)

Table 4: Skilled employment shares by twoway fixed effects (1982-1997)
(1)

(2)

Log(K/Y)

.034
(.022)

.018
(.022)

Log(Y)

.101
(.021)
***
.046
(.020)
**

.228
(.071)
***
.011
(.028)

.066
(.022)
***
.042
(.019)
**
.082
(.018)
***
.176
(.070)
**
-.005
(.028)

-.174
(.091)
*
0.614

-.167
(.091)
*
0.627

789

789

R&D

-.031
(.084)

Ws/Wu

-.113
(.033)
***

Outsourcing
(Narrow)
Outsourcing
(Difference)

Constant
R-sq
n

.804
(.108)
***
0.548

.661
(.116)
***
0.821

787

787

Constant
R-sq
n

Notes: Standard error in parentheses, *, **, *** indicate significance levels of 10%, 5%, and 1%
respectively. Regressions are weighted by the proportion of average sector value added of average
manufacturing value added.
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Appendix I: Data
Data on sales, value added and capital expenditure are obtained from the Census of
Production. Capital stock data are estimated from capital expenditures using the
Perpetual Inventory Method (PIM). At least two difficulties arise when estimating the
capital stock. First, economic depreciation consists of two elements: physical
deterioration due to usage or ageing, and obsolence, which refers to the reduction of
efficiency relative to new assets. Second, different types of capital are subject to
different rates of depreciation. Oulton and O’Mahony (1994) provide estimates for the
total rate of economic depreciation for five different types of capital. In addition, they
present estimates of the proportion of capital expenditure on each capital type for
various years over the period 1968-1984 for 10 industries. Combining this
information it is possible to generate industry-specific depreciation rates. Applying
PIM with a pattern of geometric decay gives the following formula:
K it = åt - q (1 - å1 S k d k ) q -1 I i , t - q + (1 - å1 S k d k )t -1979 K i ,1979
t

k

k

The capital stock for industry i at time t equals the sum of expenditure on asset k at
time t-q depreciated by the asset-specific economic depreciation rate d k plus the
depreciated benchmark capital stock. Both the proportion of capital expenditure on
each asset, Sk, and the depreciation rate are assumed constant over time. This way
annual capital stock estimates are generated.
Disaggregated data on expenditure on R&D are only available for the period 19821990. For the missing years R&D is extrapolated using sales. Trade data are obtained
from the OECD Trade Database. The trade data are classified according to SITC Rev.
2 and Rev.3. The industry data on sales, value added and capital are classified
according to SIC(80) and SIC(92) respectively. Based on product descriptions and
industry size a ‘best guess’ for each SIC(92) industry was obtained. Consequently,
industries were regrouped in order to make the classification compatible to the level
of aggregation in the I-O tables. The correspondence table thus obtained distinguished
53 SIC manufacturing industries. The table should be fairly reliable in both ways.21
The outsourcing variable is constructed using the following procedure. The data on
imported intermediate purchases are available for the following three years: 1984,
1990, and 1995. Annual data on total intermediate purchases (domestic and imported)
are available for the period 1992-1997. Imported intermediate purchases are therefore
extrapolated using total intermediate purchasing where possible. The remaining gaps
are filled up with linear extrapolation.

21

The most detailed mapping publicly made available by the CSO, allows just a maximum of 28
industries. This clearly shows that there is a cost of having a larger sample size (Gregory et al., 2001).
The concordance table between SIC80 and SIC92 used here is based on work by Vishal Ragoobur.
Vishal Ragoobur also kindly provided the correspondence between SITC Rev.2 and SIC80, while the
correspondence between SITC Rev.3 and SIC80 was provided by Vicente Blanes and Rob Elliot.
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Appendix II: Standard Occupational Classification
Major Groups
1 Managers and Administrators
2 Professional Occupations

3 Associate Professional
and Technical Occupations
4 Clerical and Secretarial Occupations
5 Craft and Related Occupations

6 Personal and Protective Service
Occupations
7 Sales Occupations
8 Plant and Machine Occupations
9 Other Occupations

Sub-Major Groups
1 Corporate Managers and Administrators
2 Managers/Proprietors in Agriculture and Services
3 Science and Engineering Professionals
4 Health Professionals
5 Teaching Professionals
6 Other Professional Occupations
7 Science and Engineering Associate Professionals
8 Health Associate Professionals
9 Other Associate Professional Occupations
10 Clerical Occupations
11 Secretarial Occupations
12 Skilled Construction Trades
13 Skilled Engineering Trades
14 Other Skilled Trades
15 Protective Service Occupations
16 Personal Service Occupations
17 Buyers, Brokers and Sales Reps.
18 Other Sales Occupations
19 Industrial Plants and Machine Operators, Assemblers
20 Drivers and Mobile Machine Operators
21 Other Occupations in Agriculture, Forestry and Fishing
22 Other Elementary Occupations
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