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ABSTRACT/RÉSUMÉ

This paper investigates the impact of direct investment by foreign-owned companies on technical
progress and hence labour productivity in the UK manufacturing sector. Using an industry-level panel data
set we find that foreign-owned firms have a significant positive effect on the level of technical efficiency in
domestic firms. There is evidence of significant intra-industry and inter-industry spillovers from inward
investment. These findings remain robust even when other factors such as imports and domestic R&D
expenditures are allowed for. Inward investment appears to be a much more important source of technical
progress than foreign trade.

JEL classification: F43, O30

Keywords: Inward investment, multinationals, technical progress, productivity

* * * * *

Ce document étudie l’impact de l’investissement direct par des sociétés sous contrôle étranger sur
le progrès technique et, par conséquent, la productivité du travail dans le secteur de l’industrie
manufacturière du Royaume-Uni. En utilisant un ensemble de données sectorielles en panel, nous trouvons
que les sociétés sous contrôle étranger ont un impact positif significatif sur le niveau d’efficacité technique
dans les firmes nationales. Il y a des signes de retombées intraindustrielles et interindustrielles
significatives consécutives aux investissements entrants. Ces résultats demeurent robustes même en tenant
compte d’autres facteurs tels que les importations et les dépenses R-D nationales. Les investissements
entrants semblent être une source plus importante de progrès technique que le commerce extérieur.

Classification JEL : F43, O30.

Mots-clés : Investissements étrangers entrants, multinationales, progrès technique, productivité.

Copyright: OECD 2000
Applications for permission to reproduce or translate all, or part of, this material should be made to:
Head of Publications Service, OECD, 2 rue André Pascal, 75775 PARIS CEDEX 16, France.
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INWARD INVESTMENT AND TECHNICAL PROGRESS IN THE
UK MANUFACTURING SECTOR

Florence Hubert and Nigel Pain1

1. Introduction

1. The Competitiveness White Paper issued by the UK government in 1998 (DTI, 1998) argues that
the creation and exploitation of knowledge are two of the key factors driving the growth process and
suggests that foreign direct investment (FDI) is one of the main transmission mechanisms behind the
diffusion of knowledge, both codified and tacit, across national borders. Earlier Competitiveness White
Papers also suggest that the high level of inward investment into the UK during the 1980s helped to
encourage the transfer of innovative production and managerial techniques to UK-owned companies. The
desire to attract inward investment is one of the few industrial policies pursued consistently by successive
UK governments over the past two decades. The potential importance of multinational companies is
emphasised in the literature on endogenous growth (Romer, 1993) and supported by recent empirical
evidence that international openness has helped to raise economic growth in the UK (Proudman and
Redding, 1998; Barrell and Pain, 1997 and 1999b). The location of economic activity could thus be an
important endogenous influence on national growth prospects.

2. The total stock of inward direct investment in the UK rose from 10¼ per cent of GDP in 1978 to
27 per cent of GDP by 1999 (Pain, 2000). There are two periods in which the stock has risen especially
rapidly in real terms, the latter half of the 1980s and more recently, since 1997. This is particularly clear
from the trends in the flow of new investments summarised in Figure 1. Inflows averaged 2¼ per cent of
GDP per annum over 1985-89 and just under 3½ per cent per annum over 1995-99, compared to a long-run
average of 1.6 per cent per annum since 1960. The impact of the growth of inward investment in the 1980s
is studied in this paper; the impact of the high level of inward investment in the late 1990s has yet to be
examined.

3. The expansion of inward investment over the past two decades has coincided with a pick-up in
the growth of labour productivity, particularly in the manufacturing sector, where output per employee
hour rose by 4 per cent per annum on average between 1981 and 1996, compared to 2.8 per cent per annum
between 1966 and 1981. Our objective in this paper is to assess the arguments put forward in the
Competitiveness White Papers by undertaking an econometric study of the effect of inward investment in a

                                                     
1. Florence Hubert and Nigel Pain are from the National Institute of Economic and Social Research, 2 Dean
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number of different UK manufacturing industries on technical progress in UK-owned companies, and
hence labour productivity and economic growth. The manufacturing sector is chosen because industry
level information on inward direct investment can be matched by information on the activities of foreign-
owned firms from the Annual Census of Production. There are no detailed official data on the activities of
foreign-owned firms throughout the UK economy as a whole, although a small number of studies have
sought to draw on commercial databases of company accounts.

4. Popular discussion of inward investment and the focus of investment promotion agencies tends to
centre around the gross number of jobs believed to be created or safeguarded by such investments. Whilst
this can be of obvious importance for particular regions, for the economy as a whole it is arguably not an
appropriate way of assessing the benefits of inward investment. Firstly, account needs to be taken of
possible displacement effects on domestic employment from the presence of foreign firms (Driffield,
1999). More fundamentally, differences in industrial structure because of inward investment do not provide
evidence that the incomes of UK residents have been raised above the levels they would otherwise be at in
the absence of any such investments. In an economy such as the UK with flexible real wages, inward
investment should affect only the types of jobs available rather than the quantity, unless it can be shown
that it has wider effects on the growth process. There would obviously be significant adjustment costs if all
foreign firms suddenly left the economy, but ultimately employment could be expected to recover in the
economy as a whole provided the real cost of labour fell. A more appropriate question is whether higher
foreign investment raises national income. As technical change, rather than the accumulation of inputs into
production, is known to be the main driver of economic growth in most of the advanced Western
economies over the past fifty years (Crafts and Toniolo, 1996), it is thus natural to focus on whether
inward investment affects technical progress.

5. The 1998 Competitiveness White Paper cites evidence from an earlier study by Barrell and Pain
(1997). That study found evidence that the stock of inward FDI had a significant positive effect on the rate
of technical progress in the manufacturing sector using a time series model of labour demand in the
aggregate UK manufacturing sector over 1972-95. In this paper we attempt to assess the robustness of this
finding by using a more disaggregated panel data set and including a number of other potential
determinants of technical progress.

6. There are a number of important issues that we seek to investigate. First, there is a possibility that
the econometric findings for the aggregate manufacturing sector just reflect ‘batting average’ type effects
rather than genuine spillovers from foreign to domestic firms; foreign firms in the UK are more productive
on average than domestic ones (Pain, 2000) so a rising share of them within the total population of firms
will raise the average level of productivity. Further work is needed to test whether there are also changes in
behaviour stemming from these changes in the ownership structure, with spillovers of ideas, technologies
and labour from foreign firms to domestic ones. The existence of externalities of this kind would provide
one potential justification for the use of fiscal incentives to attract inward investors.

7. Second, the findings for the aggregate manufacturing sector reflect both intra-industry and inter-
industry effects from inward investment on domestic firms. However in designing investment promotion
schemes it is important to know whether the benefits from inward investment are simply felt by firms
within the industry in which investment takes place, or whether there are important spillovers to firms in
many different sectors.

8. Finally, it is important to establish whether any estimated impact from foreign investment at the
industry level is robust to the inclusion of other potential drivers of technical change. Thus we have also
sought to test for potential effects from industry-level data on the volume of merchandise imports and the
stock of R&D expenditures on technical progress. Foreign-owned firms now account for a growing
proportion of the total R&D undertaken in the UK (Eltis, 1996; Pain, 2000), so that it may be the case that
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excluding R&D indicators results in effects being attributed to inward investment in general rather than to
inward investors who undertake research. Equally, new technologies developed overseas might be obtained
directly through imports of machinery and equipment rather than indirectly from the arrival of foreign
firms.

9. To evaluate these questions we test for an impact from the activities of foreign-owned firms on
the behaviour of domestically owned firms in a panel data set for a number of two-digit manufacturing
industries. The remainder of the paper is as follows. In the next section we outline the basic model used
and a number of important econometric issues. The main empirical results are contained in Section 3,
looking at the impact of inward investment, imports and R&D on technical efficiency. Some concluding
comments are given in Section 4.

2. Methods and data

10. Micro-economic evidence from a number of different countries confirms that there can be
important spillover benefits for domestic companies from inward investment (Blomström and Kokko,
1998; Blomström et al., 2000). Such investments provide a channel through which new ideas, technologies
and working practices can arrive in host economies. The potential for such externalities provides one
reason why governments and regional development agencies frequently seek to offer investment
incentives. Spillovers can arise through many routes, including contact with local suppliers, learning by
doing and observation, and the movement of knowledge with workers leaving foreign firms for domestic
ones. These may take some time to emerge, but all serve to shift the production possibility frontier of the
economy outwards.

11. There is some indication from qualitative survey evidence that new technologies and standards
have been adopted by UK producers as a result of inward investment. In a study of the impact of
technology transfer by US multinational companies Mansfield and Romeo (1980) found that over half of
the UK-owned firms in their survey had introduced new products or processes more quickly because of a
transfer of a new product or process by a US-based firm to its overseas subsidiary, with around two-thirds
of the UK firms indicating that their technological capabilities had been raised by such transfers. More
recent evidence suggests that inward investment in the UK has continued to bring about a significant
improvement in the product quality of suppliers (Dunning, 1988; PACEC, 1995). The recent expansion of
motor vehicle production in Britain following new foreign investments also suggests that there may be
important continuing spillovers from foreign investment (Griffith, 1999).

12. Snapshots based on detailed company sector survey data provide a picture of the comparative
advantages of foreign firms at particular points in time. A key question left unanswered is whether the
build up of foreign investment over time consistently raises the level of labour productivity across the
economy as a whole. If foreign firms help to close both idea and object gaps (Romer, 1993), then technical
progress is endogenous, providing an explanation and a motive for the efforts made to attract new inward
investment.

13. One common way of investigating the impact of absorbed technology on growth is to look at the
determinants of total factor productivity (TFP), using an assumed Cobb-Douglas production function:

Q = A L
α

 K
β  with  α + β = 1 [1]

where L, K and A represent labour, fixed capital and an indicator that will pick-up changes in technology
and organisational efficiency. Equation [1] can be rearranged to ‘back-out’ an estimate of  TFP levels (or,
in first differences, growth):
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ln (A) = ln (Y)  -  α ln (L)  -  (1-α) ln (K) [2]

with α given by the share of labour in national income. Since the weights on capital and labour are
imposed to sum to unity, measures of TFP constructed in this fashion will include any scale economies.
They may also include the impact of gradual changes in organisational efficiency that raise the level of
output produced with given inputs and technologies. Hence TFP may be very different from technical
progress. The constructed measure of TFP can be regressed on a number of factors which are thought to
determine it. Coe and Helpman (1995) provide a well-known recent example of this approach, with TFP
levels related both to the domestic R&D stock and foreign R&D stocks embodied in trade.

14. There are a number of difficulties with this method. One general problem is that the Cobb-
Douglas function imposes an elasticity of substitution of unity. If this is invalid, then the constructed
measures of TFP will be biased (Nelson, 1966). Rodrik (1997) demonstrates that the biases can be
significant when the elasticity of substitution is less than one and technological change has a labour saving
bias. Conventional estimates of TFP, derived from [2], then under-estimate the contribution of technical
change, with the extent of mis-measurement rising with the degree of labour-saving bias and the growth of
the capital-labour ratio, but falling the closer the elasticity of substitution is to unity.

15. Use of a Cobb-Douglas function also forces technical progress to be neutral and excludes the
possibility of factor biased technical change.  The TFP calculation also makes the assumption that firms are
always on their production frontier. In practice firms face adjustment costs, such as hiring and firing
impediments and delays in ordering investment goods. In the short-term, demand fluctuations arising from
the business cycle can be met by varying utilisation rates and hours worked, implying that factors such as
productivity per head may well vary from time to time across industries and countries for reasons that have
nothing to do with technological or organisational advances.

16. An alternative approach is to allow for an endogenous elasticity of substitution and endogenous
technical progress within estimated dynamic factor demand equations consistent with a particular
underlying production structure. In this paper we follow the methodology used by Barrell and Pain (1997
and 1999b) and examine the impact of international linkages on technical change using an estimated labour
demand model consistent with an underlying CES production function of the form:

( ) ( )



−−
−+−=
















ρρλργ
�

�
�

������� [3]

Here v denotes returns to scale, γ and s are production function scale parameters, and the elasticity of
substitution (σ) is given by 1/(1+ρ). Technical progress is assumed to be labour-augmenting at rate λ t.

2 We
assume that labour is appropriately measured in terms of employee hours, rather than by just the number of
employees.

17. The first-order condition that the marginal product of each input should equal its real price can be
used to derive a log-linear ‘desired’ labour demand equation of the form:

( ) ( ) ��	
�
�
�

� +−−−−+= λσσσ
����������

��
����� [4]
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where k denotes a constant. The coefficient on the real producer wage (w/p) provides a direct point
estimate of the elasticity of substitution, allowing the technical progress parameter(s) and returns to scale
to be identified. One additional feature of interest apparent from [4] is that a finding of a unit output
elasticity could stem from either a unit elasticity of substitution (σ=1) or from constant returns to scale
(v=1). Three restrictions are required on [4] to yield a relationship consistent with a Cobb-Douglas
production function - a unit elasticity on output and real wages and a zero coefficient on the proxy for
technical progress. Imposing these gives a constant long-run factor share (wL/pQ = k). These can be tested
jointly in any empirical exercise using a factor demand relationship of this kind.

18. Many time series studies of labour demand typically capture technical progress (λt) either by a
deterministic time trend or a stochastic one (Barrell et al., 1996; Harvey et al., 1986). The former implies
that technical progress is exogenous, rising at a constant rate over time. The latter provides a means of
capturing any underlying change in the rate of technical progress, but does not provide an explanation of
why it has occurred. However our main interest lies in explicitly testing whether technology transfers and
other international spillovers affect the pace of technical change and hence economic growth. We
endogenise technical progress by allowing the level within any given industry to be dependent on various
factors, including indicators of the scale of the activities of foreign-owned firms (F), imports (M), the R&D
stock (R) as well as an exogenous deterministic time trend (T):

λt  =  λTT + λF ln(F) + λM ln(M) + λR ln(R) [5]

This specification implies that technical progress will grow at a constant rate if the key driving factors also
grow at a constant rate. The parameters of the technical progress function can be estimated jointly with
those of the labour demand schedule by substituting [5] into [4].

19. We allow for adjustment lags arising from factors such as hiring and firing costs by estimating a
dynamic model for employment in which the factor demand expression implied by the combination of the
marginal productivity condition [4] and the technical progress function [5] is embedded as the long-run
steady-state solution. This has the form:

WWWWW
���� εβββ ++∆+=∆ −− ������������� 


�����
[6]

Failure to allow for any cyclical effects would imply the strong assumption that companies always use the
minimum inputs necessary to produce a given level of output.

20. The model was estimated jointly across a number of industries in a panel model with industry-
specific fixed effects. Instrumental variable estimators were used both to allow for the endogeneity of
current-dated terms in output and to correct for the bias that might otherwise result from the inclusion of a
lagged dependent variable in a fixed effects panel with a comparatively small time dimension.3 The
diagnostic tests described in Barrell and Pain (1999a) were used to check the reliability of the panel
estimates. Returns to scale are freely estimated in all the models reported here.

                                                                                                                                                                            
2. We cannot rule out the possibility that it is in fact neutral unless we estimate jointly a labour and capital

demand equation. However this is complicated by the absence of capital stock data at the industry level for
foreign and domestic firms.

3. Higher order lags of employment, output, wages and aggregate manufacturing sector capacity utilisation
were used as instruments.
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Data

21. Data at the two-digit level on the value added, employment and labour compensation of
domestically-owned firms was obtained from the Annual Census of Production by subtracting data on
foreign-owned firms from that for the total population of firms.

22. The long-term trends in the share of foreign-owned firms in the UK manufacturing sector are
summarised in Table 1. It can be seen that their share of total output, employment and investment has risen
over time. The dominance of US controlled affiliates is clear. They account for over half of the value-
added output produced in foreign-owned firms, even though their relative importance has declined over
time as the share of Western European and, to a lesser extent, Japanese firms has risen.

23. Data for foreign-owned firms has been published annually since 1983, but is available only
biannually prior to then in official publications.4 An additional hurdle is that the Standard Industrial
Classification has changed over time. Although we experimented with linking SIC(80) based data for
1983-92 onto SIC(92) data for 1993-96 using an unpublished concordance supplied by the Office for
National Statistics, we could not reject the presence of a significant structural break in the link year 1993.
Hence the sample used in this paper runs only from 1983-92. We use 15 two-digit industries in all, two of
which are formed from the combination of two independent industry groupings. There is total sample size
of 135 annual observations.

24. Some summary statistics are reported in Table 2. In each industry it can be seen that the labour
productivity of foreign-owned firms has been consistently above that of indigenous firms. The figures also
confirm the stylised facts that foreign firms tend to be more capital intensive than domestic firms, with a
higher share of non-operatives in their total labour force, and a higher proportion of intermediate inputs.
Another potential difference may be scale, with the average size of foreign establishments being larger
than domestic ones.

25. All these factors appear to be important, but cannot account fully for the productivity advantages
of foreign-owned manufacturing firms. Oulton (2000) reports that greater usage of non-labour inputs can
explain some 61 per cent of the higher labour productivity of US-owned establishments in the UK and
97 per cent of that of other foreign-owned ones. Girma et al. (2000) find that after accounting for scale and
industrial structure the labour productivity of foreign-owned companies between 1991-96 was 10 per cent
higher than UK-owned ones, and the level of total factor productivity was 5¼ per cent higher. Both these
differences are statistically significant, and considerably larger for US-owned firms than other foreign
firms, especially Japanese ones. Thus it seems clear that there are important firm-specific advantages over
and above the scale of operations and the mix of measurable inputs that account for the comparatively
higher labour productivity of foreign firms in the UK. These may reflect factors such as better
organisational efficiency, greater exposure to international competition and the quality of knowledge-based
assets.

26. In the empirical work we measure labour input in terms of employee hours. Time series data on
annual hours worked by industry were constructed using information from the New Earnings Survey and
the benchmark estimates available in O’Mahony and Wagner (1994). Output prices were measured using
two-digit producer price indices. In the absence of any information to the contrary we assumed that prices
and hours were similar for domestic and foreign-owned firms in each industry. Data for the volume of
imports at 1990 prices were obtained from the Monthly Review of External Trade Statistics and the Annual

                                                     
4. Data for individual establishments is available on the Annual Business Inquiry database maintained by the

ONS at Newport (Griffith, 1999), but we have not sought to construct the missing data in our present
research.
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Abstract of Statistics, and converted from a SITC(2) basis into a SIC(80) basis. Annual flow data for R&D
were obtained from the OECD ANBERD database and converted from the ISIC(2) classification into the
SIC(80) basis. They were then deflated by the industry output price deflator. Estimates for the stock were
generated by using a moving average of past flows over a nine-year period, assuming an annual
depreciation rate of 11 per cent as in Carson et al. (1994).

 3. Results

3.1 Are there spillovers from foreign firms?

27. The empirical results are summarised in Table 3. In the first column we report a simple
conventional labour demand model which uses only a deterministic time trend as an indicator of technical
change. This illustrates that our data set is broadly consistent with the sort of aggregate data set utilised in
Barrell and Pain (1997), in that we obtain significant effects from the exogenous trend and the real wage.
The elasticity of substitution is estimated to be a little over one-half, and there is some weak evidence of
increasing returns to scale. The statistical adequacy of the panel was investigated using a test of first-order
serial correlation (as annual data is being used). An auxiliary regression procedure was adopted, with the
lagged own-industry residuals being added in as additional regressors.5 In all the models reported here the
coefficient on the lagged residuals was insignificant, suggesting that there is no evidence of significant
serial correlation.

28. In the second column we introduce the lagged total value-added output of foreign-owned firms in
the manufacturing sector as a measure of the scale of their operations. This will capture across-industry
spillovers as well as intra-industry ones. Similar results were obtained using gross and net foreign output
indicators, and so we summarise results using the latter here. The output of foreign-owned firms is found to
be significant, and the size and significance of the coefficient on the deterministic time trend drops
noticeably. It is also now possible to accept constant returns to scale, although this restriction has not been
imposed in the reported regression. The implied technical progress parameter is large, with a 1 per cent rise
in the total output of foreign-owned firms estimated to eventually raise technical progress by 1.05 per cent
(standard error 0.44).6 The exogenous rate of technical change is estimated to be 2.28 per cent per annum
(standard error 1 per cent). These results confirm that inward investment has indeed had a positive effect
on the performance of domestic firms.

29. To investigate whether the externalities from inward investment are felt within the industry in
which investment occurs, or whether they spread into many different sectors we split the foreign-output
term into two components using a log transformation. Letting ΣFj denote the total output of all firms:

( ) ������������������� ��
��
��

����
��
�

�� ���
M

M +=++=+=














 ∑
≠







∑
≠

∑ [6]

                                                     
5. The use of lagged residuals implies that either the estimation period should be reduced by one year or that

values should be supplied for 1983, since the estimation period begins in 1984. As the former course would
result in the loss of 15 observations we use the asymptotically valid procedure of setting the pre-sample
residuals to zero, their value under the null of no serial correlation.

6. This can be derived from Table 3 by obtaining the implied long-run parameter on the inward investment
term and dividing it through by (1-σ).
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The first term captures the within-sector impact of foreign firms, whilst the second allows for spillovers
across sectors. The results from re-estimating the models using the two terms instead of the single
aggregate foreign output term are shown in the third column of Table 3. Both terms have significant
negative coefficients, and although that on the spillover term is marginally larger than that on the intra-
sector term, the hypothesis of common coefficients cannot be rejected (Wald(1)=0.07).

30. The robustness of this finding was checked in an alternative model in which foreign output in
other sectors was weighted together using information on purchases of intermediate inputs from the 1990
input-output tables. This procedure gives bigger weights to those industries that are important suppliers to
each particular industry. The effect was to raise the point estimate of the impact of the inter-industry
spillover term on technical progress, but it was still not possible to reject the hypothesis of equal
coefficients on the intra-industry and inter-industry terms. The evidence of significant inter-industry
spillovers suggests that policies designed to facilitate the dissemination of new business practices across a
wide range of industries and improve the overall attractiveness of the UK as a business location for
potential investors are likely to be of greater benefit than policies that just offer investment incentives in
selected industries.

3.2 The impact of imports and R&D on technical progress

31. There are many other potential sources of technical change apart from inward investment. Two
important channels which have been considered in earlier studies (Coe and Helpman, 1995) are domestic
R&D and imports. We begin by discussing the results obtained from adding imports into the model used
thus far, before describing the final, preferred specification. Rising import penetration is expected to raise
technical progress by allowing greater opportunities for the assimilation of foreign technologies.

32. Technical progress was initially allowed to depend on five different variables, the deterministic
trend, the two inward investment terms and two equivalent variables for import volumes. The imposition of
a common coefficient on the two inward investment terms could not be rejected by the data [p-value 0.36],
but the imposition of common coefficients on the import terms was [p-value 0.011]. There was evidence of
a significant positive effect from intra-industry imports, but an insignificant one from the import spillover
term. The results from including only the intra-industry term in imports (denoted Mi) are reported in the
fourth column of Table 3.

33. These indicate that there are significant effects from both forms of international openness, but
that they are much larger from inward investment than from imports. A 1 per cent rise in intra-industry
import volumes is estimated to raise the level of technical progress by 0.31 per cent (standard error
0.14 per cent), whereas a 1 per cent rise in intra-industry inward investment raises technical progress by
0.82 per cent (standard error 0.39 per cent). Thus including imports does have an important effect on the
other key production function coefficients, but it does not result in the disappearance of the inward
investment effects. One implication of the finding that inter-industry effects from inward investment are
important, whereas those from imports are not, is that the former may be reflecting the diffusion of new
ideas and working practices rather than new technologies.

34. An equivalent general equation was initially specified for the model including the stock of R&D
expenditures (at constant prices). In contrast to the findings for imports, the own industry (Ri) and the
spillover (RSi) R&D terms were jointly significant (Wald(2)=21.65), although neither were individually
significant at conventional levels. This suggests that technical progress in manufacturing industries is
partly dependent on R&D activities, but it is difficult to pin down whether it arises from intra-industry
R&D or whether there are important spillover effects from R&D in other industries. The estimated effects
are large, but with a large standard error, suggesting that there may well be considerable variation across
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sectors. This imprecision may stem from the need to construct proxies for the stock of R&D. A 1 per cent
rise in the intra-industry stock of R&D, which is something that may be difficult to achieve, is estimated to
raise the level of technical progress by 2.92 per cent (standard error 1.84 per cent).

35. The inclusion of the R&D terms again acts to reduce the size of the coefficients on the inward
investment terms, but both remain significant, and the imposition of a common coefficient on the two
inward investment terms can still be accepted (Wald(1)=1.65). The results imply that a 1 per cent rise in
the output of foreign firms in a particular industry will raise technical progress by 0.53 per cent (standard
error 0.21 per cent) in domestic firms in that industry, while a 1 per cent rise in the spillover term will raise
technical progress by 0.65 per cent (standard error 0.26 per cent). It has clearly been important to include
the additional terms in imports and R&D since they have reduced the size of the estimated effect from
inward  investment by almost a half. However it remains considerably larger than that obtained by Barrell
and Pain (1997), suggesting either that the effects have strengthened over time, or that the panel analysis
has highlighted factors obscured by a single analysis for the manufacturing sector as a whole. It confirms
that policies which help to raise the level of inward investment may have a long-term impact on the size of
the UK economy.

36. It is interesting to note how some of the other parameters have also changed as imports and R&D
have been introduced. The deterministic trend has become insignificant, suggesting that the R&D and
imports variables effectively capture the effects previously modelled as exogenous. The point estimate of
returns to scale has declined consistently, and by the fifth column there is only marginal evidence of
increasing returns.

37. Our results also have wider modelling implications. Studies of the determinants of either total
factor productivity or labour productivity often assume that the production process is Cobb-Douglas (for
example, Coe and Helpman, 1995). In our framework it is possible to test the joint restrictions that must
hold if the production process can be described by a Cobb-Douglas function. These set of restrictions were
consistently rejected by the data, implying that use of a Cobb-Douglas function may be unduly restrictive
and generate biased estimates of TFP.7

4. Concluding comments

38. For many years successive UK governments have emphasised the potential beneficial effects of
inward investment on the UK economy. However, to date, there has been relatively little quantitative
econometric evidence as to the extent to which such investment has affected the growth process. Our
general findings indicate that the benefits of inward investment have indeed been felt in the manufacturing
sector. These findings appear to be robust to the presence of other potential determinants of growth such as
imports and domestic R&D expenditures. They do not indicate that inward investment is the only source of
technical change in the UK economy, but they do indicate that it is an important and significant one, and
one which should play an important part in the explanation of the improved productivity seen in the
manufacturing sector in the last two decades.

39. The evidence points to significant externalities from the scale of operations of foreign firms on
the behaviour of domestic firms. We obtain significant within-industry effects and evidence of significant
spillovers from foreign firms located elsewhere in the manufacturing sector. The finding of significant
across-industry spillovers suggests that at least some inward investors help to bring ideas that can be

                                                     
7. For example in column 2 of Table 3 four restrictions are required - long-run unit output and wage

elasticities and zero coefficients on the time trend and foreign firms variable. These are jointly rejected by
the data [Wald(4)=42.28].
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applied across a wide range of industries. The challenge for future research is to seek to pin down the
factors that govern the size, speed and distribution of spillovers from inward investors and to investigate
further whether they are generic or confined to investors of particular nationality or investors in specific
industries.
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Source: Pain (2000, Chart 1.2)

Table 1. Foreign-owned firms in UK manufacturing (annual averages)

1973-79 1981-89 1990-97

Share of foreign-owned firms (%)

Gross value added 17.4 18.5 23.9

Net capital expenditure 18.1 22.2 30.9

Total employment 12.8 13.8 17.4

Employment of operatives 12.0 12.8 16.0

Employment of non-operatives 15.2 16.4 19.9

Nationality of investor (%)

United States 72.9 65.2 53.1

Western Europe 18.7 20.3 29.8

Japan 0.1 1.0 6.6

Rest 8.3 13.5 10.5

Source: Annual Census of Production, various issues.

Note: Nationality shares based on share of gross value added. Employment data by occupation not available for
1997.
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Table 2. Characteristics of foreign firms, 1983-92 average (domestic firms = 100)

Industry SIC(80) Labour
productivity

Share of non-
operatives

Investment-
output ratio

Gross-net output
ratio

Basic metals industries 22 111.1 102.6 99.8 122.1

Non-metallic mineral
products

24 107.8 111.6 93.2 101.5

Chemicals and man-made
fibres

25+26 110.8 114.1 103.7 102.5

Metal manufacturing 31 140.0 122.4 132.2 116.6

Mechanical engineering 32 128.1 119.3 112.1 113.7

Electrical engineering

and office machinery

33+34 133.8 105.3 153.0 135.2

Motor vehicles 35 142.5 105.3 177.3 150.4

Other transport equipment 36 104.2 76.6 188.5 95.3

Instrument engineering 37 124.2 110.8 119.1 122.1

Food, drink and tobacco 41+42 173.0 127.9 96.6 98.1

Textiles 43 128.4 136.0 149.7 110.9

Footwear and clothing 44 150.3 131.8 81.5 103.3

Timber and wooden furniture 46 142.6 139.8 297.0 107.1

Paper and publishing 47 132.6 102.2 124.0 108.2

Plastics and rubber 48 133.0 117.1 80.5 96.8

Source: calculations from Census of Production.
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Table 3. Panel data results for industry labour demand

Dependent variable: ∆ ln(Lit); sample period 1984-92

[1] [2] [3] [4] [5]

∆ ln(Qit)  0.2650 (3.6)  0.2490 (3.1)  0.2426 (2.9)  0.2880 (3.9)  0.3753 (5.7)

Ln (Li,t-1) -0.3202 (4.9) -0.2541 (4.4) -0.2519 (4.4) -0.2664 (4.5) -0.3060 (5.7)

Ln(Qi,t-1)  0.2450 (4.8)  0.2245 (4.6)  0.2234 (4.8)  0.2573 (5.5)  0.3039 (6.6)

Ln(Wi,t-1/Pi,t-1) -0.1709 (2.3) -0.1196 (4.6) -0.1188 (4.7) -0.1309 (5.2) -0.1525 (6.4)

TIME -0.0088 (3.4) -0.0031 (1.9) -0.0030 (1.9) -0.0017 (1.1)  0.0076 (1.3)

Ln(Ft-1) -0.1413 (3.2)

Ln(Fi,t-1) -0.1450 (3.2) -0.1107 (2.7) -0.0807 (2.2)

Ln(FSi,t-1) -0.1483 (3.3) -0.1212 (3.1)  -0.0993 (3.7)

Ln(MI,t-1) -0.0424 (2.3) -0.0493 (2.6)

Ln(Ri,t-1) -0.4494 (1.6)

Ln(RSi,t-1) -0.4910 (1.8)

�
� 0.692 0.730 0.727 0.743 0.761

Standard error 2.62% 2.43% 2.45% 2.37% 2.29%

Serial correlation Chi(1)=1.61 Chi(1)=0.04 Chi(1)=0.06 Chi(1)=0.13 Chi(1)=0.90

Returns to scale (v) 2.019 (0.312) 1.281 (0.276) 1.272 (0.276) 1.071 (0.219) 1.016 (0.243)

Elasticity of substitution (σ) 0.534 (0.021) 0.471 (0.023) 0.472 (0.024) 0.492 (0.025) 0.498 (0.026)

Note: heteroscedastic-consistent t-statistics in parentheses, apart for returns to scale and the elasticity of substitution which are long-run standard errors.
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