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Abstract 

Ellison and Glaeser’s (1997) index of geographical concentration distinguishes between 

natural advantages and spillovers as a source of industrial agglomeration, but the well-

known ‘observational equivalence’ means little is known about the relative importance 

of these.  This paper uses the difference in the temporal scope of the agglomeration 

source to decompose the index, and sets out a methodology for measuring each of these 

using the frequency estimator approach of Maurel and Sédillot (1999).  When applied to 

a dataset on foreign investment it shows spillovers decay and on average extend over 

three to five years. An implication is that the geographic concentration index will mainly 

reflect natural advantages, revealing comparatively little about spillovers. 
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1: Introduction 

 

The geographic concentration of activity within industries is widely observed at different 

spatial and industrial scales in many countries (e.g. Barrios and Strobl, 2004), and the 

reasons underlying this are of considerable interest (e.g. Krugman, 1991; Rosenthal and 

Strange, 2003; Brülhart and Traeger, 2004).  While explanations rely on agglomeration 

economies, such as the externalities of the new growth theories and inter-firm linkages of 

the new economic geography (Neary, 2001; Döring and Schnellenbach, 2006), traditional 

notions of comparative advantage continue to play a role (Kim, 1999).1  Indeed, some 

attribute at least half of geographic concentration to factors that they describe as ‘natural 

advantages’, i.e. access to input and output markets (Ellison and Glaeser, 1999).2

To measure the geographic concentration of an industry, Ellison and Glaeser 

(1997) propose an index that satisfies many of the criteria for a good index (Combes and 

Overman, 2004), being independent of industry scale and the plant size distribution.3 The 

index is derived from a choice-theoretic framework, and it models the processes leading 

to concentration arising from either natural advantages or ‘spillovers’, where the latter 

refers to technology and knowledge externalities, as well as the gains from inter-firm 

trade (Ellison and Glaeser, 1994).  However, it is well-known that the index is subject to 

an ‘observational equivalence’, since natural advantages and spillovers contribute to it in 

                                                 
1 Agglomeration economies include technological and pecuniary external effects (Scitovsky, 1952), with 
antecedents in the static localisation economies of Marshall, comprising labour-market interactions, inter-
firm linkages and knowledge spillovers. Quigley (1998) considers the micro-foundations of agglomeration 
economies, and Duranton and Puga (2004) characterise them as matching, sharing and learning processes. 
2 Natural advantages occur “when location decisions are influenced by factors which can be regarded as 
giving a “natural” advantage to certain of the geographic areas” (Ellison and Glaeser, 1994, p. 8).  They 
include natural phenomena, such as the availability of raw materials, proximity to coast or climate, as well 
as factors that are relatively immobile, e.g. infrastructure, large markets and a skills base. 
3 The index is much used, although other measures exist, such as location quotients (Holmes and Stevens, 
2002), entropy measures (Brülhart and Traeger, 2004) and indices of raw geographical concentration, but 
which are sometimes based on the Ellison and Glaeser index, e.g.  Dumais et al (2002). 
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an identical fashion.  As a result of this, little is known about the relative importance of 

natural advantages and spillovers to industrial agglomeration.4

The index of geographic concentration is calculated for an industry at a point in 

time and is static in nature, whereas the processes that underlie the index are dynamic, 

and importantly occur over different time frames.  Thus, natural advantages persist and in 

empirical work are often treated as time invariant fixed effects, whereas spillovers flow 

between firms locating in different time periods and are likely to have a more transitory 

effect on location (Henderson, 1997).  The usual explanation for this is that knowledge 

decays (Rosenthal and Strange, 2004), although there are other reasons why firms will 

move sooner rather than later to exploit a locational advantage.  These include the spatial 

diffusion of technology, the impatient of firms and competitive pressures. 

The purpose of this paper is to exploit this difference in temporal scope between 

natural advantages and spillovers to decompose the geographic concentration index, and 

thereby relax the observational equivalence.  This is based on the Maurel and Sédillot 

(1999) version of the index, which has the same functional form to Ellison and Glaeser, 

and interprets the index as a combinatorial problem that involves counting the number of 

possible job pairings in different plants occurring within areas relative to those that occur 

both within and across areas.  Crucially, such a decomposition allows the paper to set out 

a methodology for measuring the components due to natural advantages and spillovers 

that is based on the frequency estimator approach.  This is applied to a dataset on foreign 

investment location decisions in Great Britain over 1985-05 and finds good support.  

Natural advantages are broadly constant over time, but spillovers decay and on average 

                                                 
4 Research focuses on agglomeration economies (Rosenthal and Strange, 2004), such that when terms are 
included in econometric work to pick-up natural advantages they are often treated as uninteresting controls 
(e.g. Rosenthal and Strange, 2001; Barrios et al, 2005).  There are methodological difficulties in capturing 
natural advantages, as they are fixed over time, there may be more natural advantages than there are cross-
sectional units, and in any case it may be difficult to specify them all. Ellison and Glaeser (1999) include 
16 terms to measure natural advantages across US states, which reduce the mean geographic concentration 
index by 20%, but Ellison and Glaeser reckon that a full set of such terms would reduce it by at least 50%. 
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extend over about 3 to 5 years, suggesting that firms move sooner rather than later.  An 

important implication of the paper is that the geographic concentration index will tend to 

pick-up effects due to natural advantages, and so reveal little about spillovers 

In the next section, a brief account is given of the indices of Ellison and Glaeser 

and Maurel and Sédillot, which is important to the subsequent analysis.  Section 3 sets 

out the index decomposition, and Section 4 proposes the methodology for measuring the 

components of the index due to natural advantages and spillovers.  This is applied to the 

location data in Section 5, and conclusions are drawn in Section 6. 

 

2: Geographic Concentration Indices 

 

The geographic concentration of an industry results in Ellison and Glaeser (1997) from a 

sequence of profit-maximising location decisions by individual plants.  Agglomeration 

arises due to ‘natural advantages’, which are common to all firms in an industry, or due 

to ‘spillovers’, which are available from location close to other firms in the industry.  

They are represented by parameters γ na  and γ s respectively, where γ na , γ s ∈ [0, 1].   In 

addition there are idiosyncratic plant-specific effects that counter-balance these. 

As a simplified account of the Ellison and Glaeser model, for the case of natural 

advantages, let πr denote the probability that a plant locates in region r (= 1 , …, R), and 

let xr denote the employment share of all industries located in region r.5  Then, there are 

two restrictions placed on the first and second moments of πr: 

 

E π r( ) = xr and var π r( ) = γ na xr 1− xr( )  (1a, 1b) 

 

                                                 
5 For ease, we refer to regions rather than areas throughout, but the approach extends to any spatial unit. 
Profitability is chosen by nature, e.g. resource endowments, and in Ellison and Glaeser the probability πr 
is the average profitability from locating in region r relative to the profitability of all regions. 
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In (1a) industry location on average reproduces the employment pattern of all industries, 

while the variance in (1b) captures natural advantages.  When γ na  = 0 these advantages 

have no effect on location and each plant locates with a probability xr, so that var (πr) = 

0.  However, when γ na  = 1 natural advantages overwhelm the plant-specific effects and 

the region with the best endowments attracts all plants, so var (πr) = xr (1 - xr). 

 Spillovers are modelled by Ellison and Glaeser (1997) as a Bernoulli random 

event, which is equal to one with a probability of γ s.  Letting uir be an indicator variable, 

such that uir = 1 if and only if plant i locates in region r, then to reproduce the pattern of 

aggregate employment it is assumed E (uir | π) = πr.
6  A plant locates in a single region 

only, i.e. var (uir | π) = πr (1 - πr), while corr (uir, ujr) = γ s (i ≠ j), so that: 

 

    cov uir, u jr( ) = γ s π r 1− π r( ).    (2) 

 

Between any pair of plants the spillovers are of an “all or nothing” variety, occurring 

only within the same region but independent of distance.  The spillovers are symmetric 

and transitive between plants, which importantly mean that the resulting distribution of 

plants is independent of the order in which they locate, no matter how far apart in time. 

Ellison and Glaeser (1997) refer to this as a rational expectations equilibrium. 

 Based on the above, Ellison and Glaeser (1997) derive their index γ as: 

 

     γ =

G

(1− xr
2

r
∑ )

− H

1 − H
,     (3) 

 

where G is the raw geographic concentration of the industry, H is the Herfindahl index 

of the industry plant-size distribution.  The index permits comparison of the geographic 

                                                 
6 Using (1a), Ellison and Glaeser (1994) jump straight to the relationship E (uir | π) = xr. 
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concentration of industries.  It is zero if jobs are only as concentrated as expected based 

on industrial concentration and the location of all industry across regions.  However, 

observational equivalence arises because the index is symmetric in γ na  and γ s: 

 

γ ≡ γ na + γ s − γ na γ s.    (4) 

 

Maurel and Sédillot (1999) focus on the probability that two plants i and j locate in the 

same region r, i.e. E(uir, ujr), from which they derive an identical expression to (3).  This is 

useful as it enables a particular interpretation to be given to the index.  From the definition 

of covariance, using (1a) and (2) with γ s replaced by γ they get:7

 

E uir, u jr( ) = cov uir, u jr( )+ E uir( )E u jr( ) = γ xr 1− xr( )+ xr
2 .  (5) 

 

Summing this across regions, using ∑r xr = 1, the probability p that a pair of plants 

locates in any same region is therefore: 

 

    p = γ 1− xr
2

r
∑( )+ xr

2

r
∑ .    (6) 

 

Maurel and Sédillot (1999) propose a frequency estimator of the probability p, on which 

much more is said below.  When weighted by the plant employment size it gives: 

 

    ˆ p =
sr

2

r
∑ − H

1 − H
.     (7) 

 

Substituting this for p in (6) yields a geographic concentration index, but with the same 

functional form as (3).  However, whereas G = sr − xr(
r

)∑ 2
 in the Ellison and Glaeser 

index, where sr is the regional shares of industry employment, in the Maurel and Sédillot 

                                                 
7 Since natural advantages are common to all plants in an industry, and location depends on πr then the 
second equality in (5) can also be derived from (1a) and (1b), where cov (uir, uir) = var (uir) = var (πr). 
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version of (3) raw geographic concentration is G = sr
2 − xr

2

r
∑ .  Maurel and Sédillot 

show that the expectation of the difference in the G terms is in fact zero. 

 

3: Decomposition of the Index 

 

To decompose the index, we consider a plant i of fixed scale choosing to locate in region 

r in one of τ = 1, 2, …, T time periods, and write:8

 

   uir ≡ uir1 + uir2 + uir3 + ... + uirT .    (8) 

 

If plant i locates in region r at time t then  = 1, in which case uirt uirτ  = 0 for all τ ≠ t.  In 

this case,  = 1, but  = 0 if region r is not settled, but which is as before.  Then, for 

two series of random variable, by the Law of Addition (Mood et al, 1974): 

uir uir

 

cov uir, u jr( ) = cov uirτ
τ =1

τ =T

∑ , u jrτ
τ =1

τ =T

∑
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = cov uirτ ,u jrτ( )

τ =1

τ =T

∑
τ =1

τ =T

∑ . (9) 

 

Hence, by (8) and (9) the first equality in (5) can be written as: 

 

E uir, u jr( ) = cov uirτ ,u jrτ( )
τ =1

τ =T

∑
τ =1

τ =T

∑ + E uir( )E u jr( ),   (10) 

 

where by definition: 

 

  cov uirτ ,u jrτ( ) = corr uirτ ,u jrτ( ) var uirτ( )1/ 2
var u jrτ( )1/ 2

.  (11) 

 

The correlation term includes the time subscript, and the form of this is now considered.  

Like elsewhere, it is supposed natural advantages and spillovers are each of an “all or 
                                                 
8 Specifically, it means plants do not grow, contract or close over time, which considered further below. 
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nothing” variety, but whereas natural advantages persist over time, several reasons were 

advanced above why spillovers have a limited temporal scope, i.e. obsolescence, spatial 

diffusion, impatience and competitive pressure.  Ultimately this is an empirical matter, 

and it is examined below, but the limited available evidence is that these spillovers peak 

between 2 and 5 years for different industries (Henderson, 1997).9  

 Formally, it is assumed spillovers flow between plants and that they are of a 

constant strength over q periods (1 ≤ q < T), but otherwise zero.  Letting υ = 1, 2, …, T, 

then the correlation coefficient in (11) is specified as:  

 

  corr uirτ ,u jrυ( ) =
γ na if τ − υ > q

γ na + γ s if τ − υ ≤ q

⎧ 
⎨ 
⎩ 

.   (12) 

 

Natural advantages affect location in every period, but spillovers affect the location of 

other firms only up to q periods after a plant has located, including plants that co-locate.  

This allows for the possibility that spillovers are transitive, i.e. either direct or indirect.  

For the purpose of tractability, a simple sum of γ na  and γ s is taken, but consistent with 

the interpretation of these as correlation coefficients, then γ na  + γ s ∈ [-1, 1]. 

 Substituting (12) into (11) into (10), setting var uirτ = var ujrτ = πr (1 - πr), using 

(1a) and then summing across regions, the probability p that a pair of plants locate in any 

same region is now given by: 

 

  p = γ na T 2 + γ s q 2 T − q −1( )+ T{ }[ ] 1− xr
2

r
∑( ) + xr

2

r
∑ . (13) 

 

                                                 
9 It is for the effect on productivity from own-industry employment. I know of no other studies that have 
specifically addressed this issue, and none in relation to the index.  Glaeser et al (1992) and Henderson et 
al (1995) find that the characteristics of a city impact on growth over 20 years, but these are invariant and 
they can be construed as natural advantages (Henderson, 1997). 
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There are T2 covariance terms in this, of which γ na  appears in every one and γ s appears 

in q (2 T – q - 1) + T.10  When no account is taken of the time period in which the plants 

locate, p is given by (6), but now with γ replaced by γ T2.  Using this to substitute for p in 

(13), then after simplification the index decomposition is: 

 

   γ = γ na +
q 2 T − q −1( )+ T

T 2

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

γ s.    (14) 

 

The left-hand side is the Maurel and Sédillot index of geographic concentration, so that 

(14) decomposes this into those parts due to natural advantages and spillovers.  It differs 

from the Ellison and Glaeser decomposition in (4), as these now have a different temporal 

scope.  If spillovers extend across T periods, i.e. q = T, then (14) reduces to γ = γ na + γ s, 

and if instead we write  for |τ - υ| ≤ q in (12), then when 

q = T it reduces to the Ellison and Glaeser decomposition in (4). 

corr uirτ ,u jrυ( ) = γ s + γ na − γ sγ na

 The decomposition of the index has an important implication since in practice q 

is likely to be small relative to T, in which case γ is approximately equal to γ na  (the term 

in curly brackets in (14) is a function of q / T and 1 / T, and is small when q / T is small).  

For example, if q = 1 and T = 20 then (14) givesγ = γ na + 0.145 γ s, so that γ ≈ γ na .  Thus, 

while the index γ may give a good account of geographic concentration, it reveals little 

about spillovers.  This is because the distribution of plants at any time reflects location 

decisions taken over many decades, but if spillovers extend over short periods then most 

of the correlations making-up the index will in fact be due to natural advantages.   

 

                                                 
10 If plants i and j each locate randomly across T periods, then both locate in the same period in T of the T2 
possibilities, while they locate within q periods of each other in a further 2 {(T - 1) + (T - 2) + (T - 3) + … 
+ (T - q)} periods.  These sum to q (2 T - q - 1) + T.  For example, if q = 1 there are 3 T - 2 observations on 
γs, of which T relate to the same period, T - 1 go from i to j between a single period and T - 1 from j to i.  
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4: The Source of Agglomeration 

 

The index decomposition in (14) relaxes the observational equivalence, but to give it 

power it is necessary to be able to determine γ na  and γ s.  For this we apply an empirical 

methodology based on the frequency estimator approach of Maurel and Sédillot (1999).  

To avoid onerous notation, attention focuses on the plant location decision, which is 

equivalent to considering job location, but in which plants are of the same size.  Writing 

the Herfindahl index as H = (1 + c2) / n, where c is the coefficient of variation of plant 

size and n the number of plants (Clarke, 1985), it is equivalent to setting c = 0, so that H 

= 1 / n in (3).  The extension to job location decision is considered in Appendix A. 

Given that the plants are of the same fixed size, sr now refers to the share of the 

number of plants in the industry located in region r, where ∑r sr = 1, and xr refers to the 

share of the number of plants across all industries in region r, where ∑r xr = 1.  Hence, if 

nr denotes the number of plants in region r, where ∑r nr = n, then sr = nr / n.   

Now, for a given distribution of plants across regions r, the frequency estimator 

of Maurel and Sédillot (1999) is equal to the number of all possible plant pairings within 

regions expressed as a fraction of all possible pairings both within and across regions.  It 

can be written in a combinatorial form as follows, where the numerator is the number of 

plant pairings within R regions and the denominator is the total number of pairings: 

 

ˆ p =
n1 C2 + n2C2 + ...+ n R C2

nC2

≡
nr nr −1( )

r=1

r=R∑
n n −1( ) ≡

sr
2

r
∑ −1 n

1 −1 n
. (15) 

 

This simplifies to give the second identity in (15), and dividing through by n2 gives the 

final term. Of course, the final term is just ˆ p  in (7) with H replaced by 1 / n, so that the 
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geographic concentration index can be interpreted as a counting exercise.11   Since the 

pairings may be due to natural advantages or spillovers (or both) the frequency estimator 

approach offers a way of determining the source of agglomeration. 

 

Empirical Methodology 

 

To decompose the index empirically, the approach is to first estimate γna based on the 

plant pairings over which spillovers are assumed not to occur, i.e. |τ - υ| > q in (12), and 

then to estimate γ s from (14), representing an exact decomposition of γ.  Letting nrτ 

denote the number of plants locating in r at time τ, where nτ = ∑r nrτ, then conditional on 

q, the frequency estimator for the probability of a natural advantage  is: pq
na

 

ˆ p q
na =

nr nr −1( ) − 2 nrt nrt −τ + nrt nrt −1( )
τ =1

τ =q∑⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ t =q +1

t =T∑⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ r=1

r=R∑
n n −1( ) − 2 nt nt −τ + nt nt −1( )

τ =1

τ =q∑⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ t =q +1

t =T∑
. (16) 

 

This is derived in Appendix A, where it is generalised to the job location decision.  The 

numerator of (16) sums all the plant pairings occurring within regions, but deducts the 

pairings in which spillovers are assumed to be present, i.e. plants that locate within q 

time periods of one another.  The denominator calculates on the same basis the plant 

pairings that occur both within and across regions.  The probability  lies in the unit 

interval, such that when all plants locate in a single region then  = 1. 

ˆ p q
na

ˆ p q
na

Given  in (16), it is possible to empirically decompose the index.  First, for |τ 

- υ| > q, (6) leads to 

ˆ p q
na

ˆ p q
na = ˆ γ q

na 1 − xr
2

r
∑( )+ xr

2

r
∑ , which after rearrangement gives: 

                                                 
11 To give the correct number of pairings the numerators and denominators of the last two terms in (15) 
should be divided by 2, but these cancel.  If all plants locate in a single region then ˆ p  = 1, and substituting 

it for p in (6) gives γ = 1.  If plants locate according to the pattern of all industry, i.e. sr = xr, then this gives 
γ = 1 / (1 - n), which is approximately zero for large n. 
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   ˆ γ q
na =

ˆ p q
na − xr

2

r
∑

1 − xr
2

r
∑

 .     (17) 

 

Hence, using (16) this gives ˆ γ q
na .  Second, substituting (17) into (14) gives ˆ γ q

s  as: 

 

   ˆ γ q
s =

T 2

q 2 T − q −1( )+ T

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ ˆ γ − ˆ γ q

na( ).   (18) 

 

Both of these depend on the period q over which the spillovers are assumed to occur, 

and by construction they exactly decompose the Maurel and Sédillot index.  Intuitively, 

ˆ γ q
na  is based on all the plant pairings that are sufficiently far apart in time that they 

cannot be construed as including spillovers, while from the overall value of the index it 

is possible to determine ˆ γ q
s .  If plants locate across regions in the short-run the same as 

in the long-run then there is no difference between ˆ γ  and ˆ γ q
na , and ˆ γ q

s  is zero, which is 

irrespective of q.   However, if spillovers are present for some q, γ̂  and ˆ γ q
na  differ and ˆ γ q

s  

is non-zero.  In this case, ˆ γ q
s  potentially depends on the location of all industry, xr. 

The above methodology is used below to empirically decompose the geographic 

concentration index, allowing the time period q over which the spillovers are assumed to 

exist to vary.  Since natural advantages persist then ˆ γ q
na  should be robust to the value of 

q, but if spillovers decay then ˆ γ q
s  should decrease as q increases.  The approach allows 

the contribution of natural advantages and spillovers to be quantified, but in the case of 

the latter it is important to be clear about exactly what is measured.  It is the effect of 

plant location on the location of other plants over the subsequent q periods, including the 

current period (i.e. more generally job location on other jobs).  Like Ellison and Glaeser 
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(1997) the spillovers are intra-industry only, both direct and indirect, and include market 

effects and externalities, which in the latter case are MAR externalities. 

 
Numerical Exploration 

 

Before the empirics, the methodology is first subjected to a simple numerical exploration 

to gain confidence.  For simplicity, there are four regions, four time periods and sixteen 

plants, i.e. R = 4, T = 4 and n = 16, while spillovers extend over a single period, so q = 1.  

Different location patterns are exhibited in Figure 1, in which four plants locate in each 

time period.   In (a) to (d) two regions only are settled equally, in (g) and (h) four regions 

are settled equally, while (e) and (f) are intermediate.  Table 1 calculates the frequency 

estimates, ˆ p  and , and also calculates ˆ p 1
na γ̂ , ˆ γ na  and ˆ γ s for each of these.  This is under 

two scenarios about how all industry locates (not shown), i.e. either equally across all 

four regions (∑r xr
2 = 0.25) or equally across two regions only (∑xr

2 = 0.50).   

The rather stark nature of the simulations means the estimates can be high, while 

since the number of time periods T is small the weight in (14) is relatively large at 0.625, 

but interest is in the relative magnitude and sign of these estimates.  Overall, a plausible 

pattern is obtained and several points can be highlighted from Table 1.  First, (a) to (d) 

suggest ˆ γ s is greatest when a large number of plants locate in a region subsequent to a 

large number of plants in the same region in the preceding period, as in (d).  If plants 

locate in the same region in every period then this tends to be attributed to natural 

advantages and ˆ γ s is small, as in (b).  Second, as regards (e) to (h), ˆ γ s is greater in (f) 

than (e), and greater again in (g), which are each plausible.  If plants locate according to 

the pattern of all industry in (h), i.e. ∑r xr
2 = 0.25, then there are neither spillovers nor 

natural advantages, which clearly is a desirable feature.  Finally, ˆ γ s is insensitive to the 

location of all industry xr, but which is mainly reflected in γ̂  and ˆ γ na . 
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5: Application to Foreign Investment 

 

The decomposition of the index is now applied to a dataset on location.  The purpose is 

to examine whether the approach yields plausible estimates of ˆ γ na  and ˆ γ s, especially as q 

is allowed to vary.  In so doing, the plant dynamics are relevant, but which is in effect 

assumed away in Ellison and Glaeser and above by supposing that the scales are fixed, 

so that the plants neither expand, contract nor exit.12  This is no longer satisfactory when 

confronted with the data, although it could be argued that it is not a serious issue, as 

Dumais et al (2002) find that the combination of births, closures, expansions and 

contractions act together to maintain concentration over time.  In our case the data are 

for plant births only (i.e. investments), so expansions and contractions are not relevant, 

while to deal with the exits there are basically two approaches.   

The first is simply to calculate the index on a static basis for a single cross-section 

of plants at time T, and to base the estimates of γ na  and γ s on the dates when each of the 

included plants entered.   This shadows the approach of Ellison and Glaeser, but the 

drawback is that any plant that existed over the period but exited prior to time T will not 

be taken into account, which potentially biases ˆ γ na  and ˆ γ s.  The second approach, that is 

adopted here, mirrors the dynamics of the process and bases the index on all the births 

over T periods, including those that exited by time T, and decomposes this.  It means ˆ γ na  

and ˆ γ s are better determined, which reflects our interest, but it implies γ̂  is in some sense 

hypothetical.  Kim (1999) and Dumais et al (2002) both find that the index is stable over 

long time periods, while Rosenthal and Strange (2001) calculate the index for births only 

and find that it does not differ too much from the usual static measure. 

                                                 
12 For example, if the geographical concentration of an industry at some point in time arises from 
spillovers that occurred in the past, then in determining the source of agglomeration it is relevant whether 
the plants expanded, contracted or even exited in the period up to the time that the index is calculated.  
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Data 

 

The data give information by year on about 6,500 investments by foreign-owned plants 

across the regions of Great Britain over 1985-2005.  Foreign investment is highly mobile, 

for which spillovers are likely to be important (Blomström and Kokko, 1998), while the 

data are much used to examine location (Alegria, 2009; Dimitropoulou et al, 2006; Jones 

and Wren, 2010), where details can be found.13  The data were gathered on a consistent 

basis over a long time period, and they include the smaller plants that may be absent from 

the UK production ‘census’, which samples smaller plants.   Interest is in whether foreign 

investment reflects the pattern of previous foreign investment.  These investments tend to 

be larger in size, which gives the index a good economic meaning. 

 To maximise the number of observations the regions that are used are large and 

the industries are broad, but the purpose is to assess the methodology, which can then be 

applied to other datasets.  The areas are the Government Office regions for Great Britain, 

defined at the Eurostat NUTS I level, where London is part of the South East region. The 

concentration index is comparable at different levels of aggregation (Ellison and Glaeser, 

1997).  In the case of spillovers, Rosenthal and Strange (2001) find that they are more 

important for smaller areas, but Lamorgese and Ottaviano (2002) argue that pecuniary 

external effects occur over larger areas.  In the case of natural advantages it is reasonable 

that these are invariant over a 20-year time span, not least as the UK ‘regional problem’ 

has persisted.   Industries are for manufacturing at the 2-digit level, although where data 

necessitates sometimes aggregated to form homogeneous groupings, or where data 

                                                 
13 The data were supplied by the UK’s main national investment agency, UK Trade and Industry, and give 
information on all known investments carried out by foreign-plants in Great Britain.  Comparison with the 
published aggregate FDI stock data from the production census shows no significant difference by region.  
Data take a broad definition of FDI, including new plant entrants, acquisitions and re-investments (Wren 
and Jones, 2009), where each is potentially mobile and accounts for about a third of the total cases. 

 15



permits disaggregated to identify particular activities.  Co-agglomeration economies are 

not considered, but this is mitigated by the broad nature of the industries. 

 

Results 

 

There are 22 industries, giving an average of 294 observations on location per industry. 

This is about 43,000 pairings in each case (i.e. ), which may be assigned to natural 

advantages or spillovers according to (12).  The industries are defined in Appendix B, 

along with the frequency estimates of 

294C2

ˆ p  and .  Table 2 presents the results for ˆ p na γ̂  and 

its decomposition ˆ γ q
s  and ˆ γ q

na  for each industry.  It reports the coefficients as percentages 

for values of q equal to 1, 2, 3 and 5 years.  Since regional policy operated in favour of 

foreign investment throughout the period, and biased manufacturing location (Jones and 

Wren, 2010), xr is calculated from the data for all manufacturing 

Overall, the results are encouraging.  For the average across 22 industries ˆ γ na  is 

robust to q, lying between 2.41% and 2.72%, while ˆ γ s decreases monotonically as q 

increases, from 4.00% over 1 year to 1.90% over 5 years.  In order to interpret these, 

Ellison and Glaeser (1997) regard a value of the index of less than 2% as being not very 

localized and a value of more than 5% as being highly localized, and these can be applied 

to results in Table 2.  The industries are geographically concentrated on average, i.e. γ̂  = 

3.27%, and spillovers extend over a period of about 3 to 5 years, although there are some 

strong differences between industries that are worthy of consideration. 

 Spillovers occur in about half the industries, which not only include relatively 

labour-intensive activities, such as textiles, leather, publishing and furniture, but capital-

intensive activities, such as refining, chemicals, pharmaceuticals, basic metals, metal 

products and other transport.   As q increases spillovers generally decline monotonically, 
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although electronic components is an exception, and seven industries record a value of ˆ γ s 

at or above 2% over a 5-year time horizon.  Of course, what is measured is not whether a 

location 5 years ago affects current location, but whether all locations in the previous 5 

years affects current location, which might bias the results towards longer horizons, but 

either way the effects appear to be reasonably long-lasting.  Natural advantages occur in 

about half the industries, but not necessarily in the same industries as spillovers.   

 The results support the methodology, and suggest that foreign investment tends to 

be geographically concentrated within manufacturing industries, with natural advantages 

and spillovers having a similar effect over a 3-year time horizon, although it is only over 

this period that it is consistent with the conjecture of Ellison and Glaeser (1999).  They 

also confirm that the index will reveal comparatively little about spillovers.  Thus, across 

the industries in Table 2, the correlation coefficient between γ̂  and ˆ γ q
na  is 0.96, 0.94, 0.96 

and 0.96 for q = 1, 2, 3 and 5 respectively, but between γ̂  and ˆ γ q
s  it is only 0.34, 0.32, 

0.34 and 0.41.  This is because the spillovers have a limited temporal scope, which for 

any given industry is regardless of the magnitudes of ˆ γ q
na  and ˆ γ q

s . 

 

Some Robustness Tests 

 

Before concluding, several tests were undertaken of the methodology.  First, longer-time 

horizons for spillovers were considered, and Appendix C reports the results with q equal 

to 7 and 10 years (the results for 3 and 5 years are reproduced from Table 1).  These 

suggest spillovers can extend over a seven-year time horizon, but that they are generally 

exhausted over ten years.  Indeed, for some industries ˆ γ 10
s  is negative and large, but this 

arises because when q is large the number of pairings due solely to natural advantages is 

small, so that γ10
na  is poorly determined.  It suggests data may limit the calculations over 
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longer time horizons, in which case ˆ γ q
na  falls out of line with previous estimates, although 

spillovers are generally exhausted by then. 

Second, the weight on γ s in (14) is based on the proportion of periods over which 

the spillovers are assumed to occur, but it takes no account of the fact that plants arrive 

unevenly over time, so that there may be either a large or small number of observations 

on these.  As an alternative, rather than (18), spillovers were determined using: 

 

  ˆ γ q
s =

n n −1( )
2 nt nt−τ + nt nt −1( )

τ=1

τ= q∑⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ t= q +1

t=T∑

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
⎟ 

ˆ γ − ˆ γ q
na( ).  (19) 

 

The denominator of the weight in (19) is the number of observations on plant pairings 

over q periods, while the numerator gives the total number of pairings.   Using this makes 

no difference to either γ̂  or ˆ γ q
na , so that the results for ˆ γ q

s  only are presented in Appendix 

D based on (19), along with (18) for the purpose of comparison.  However, the two sets 

of estimates are virtually identical, so that the same conclusions emerge. 

 

6: Conclusions 

 

Geographical concentration is the propensity of economic activity to locate unevenly 

across geographic space, and it is measured by the Ellison and Glaeser index.  The index 

distinguishes between the agglomeration source, i.e. natural advantages in the form of 

access to input and output markets, and spillovers that are technological or pecuniary in 

nature, but a difficulty is that there is an ‘observational equivalence’, as these contribute 

to the index in an identical manner.  The contribution of this paper is to decompose the 

geographic concentration index and to offer an empirical methodology that relaxes the 
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observational equivalence.  This utilises the difference in the temporal scope, as whereas 

natural advantages persist in a location it is argued spillovers have a transitory effect on 

subsequent location, which allows the separate effects to be identified. 

 The approach is applied to a dataset on the location decisions of about 6,500 

foreign-owned manufacturing investments across the regions of Great Britain, and yields 

plausible and interesting results. Overall, it finds that the factors that determine locations 

within short time spans of one another differ from those that determine locations over 

longer time horizons, and provides convincing evidence for the existence of spillovers.  

While natural advantages appear to have a broadly constant location effect over different 

time horizons, spillovers decay and on average occur over a time period of about 3 to 5 

years, although for some industries it is longer than this.  On average, over a 3-year time 

horizon they have a similar effect on location as natural advantages. 

 The methodology and results of this paper have several important implications, 

of which perhaps a key finding is that the geographic concentration index will primarily 

capture location effects due to natural advantages.  This is because spillovers have a 

limited temporal scope, so that rather than contributing to the index in an identical way, 

most of the correlations making at the index will be due to natural advantages.  This in 

turn has implications for empirical work that uses the index in an attempt to determine 

the source of agglomeration, e.g. whether the spillovers are pecuniary or technological in 

nature.  It may be that the low coefficients of determination found in econometric work 

do not just reflect the difficulty of specifying a full set of natural advantages, but that it 

may also be because the index gives a low weight to spillovers. 
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Figure 1: Simulation of Plant Location Patterns 

(a)  (b)  (c)  (d) 
 r1 r2 r3 r4   r1 r2 r3 r4   r1 r2 r3 r4   r1 r2 r3 r4

t1 4 0 0 0   2 2 0 0   4 0 0 0   4 0 0 0 

t2 0 4 0 0   2 2 0 0   0 4 0 0   4 0 0 0 

t3 4 0 0 0   2 2 0 0   0 4 0 0   0 4 0 0 

t4 0 4 0 0   2 2 0 0   4 0 0 0   0 4 0 0 

          

(e)  (f)  (g)  (h) 
 r1 r2 r3 r4   r1 r2 r3 r4   r1 r2 r3 r4   r1 r2 r3 r4

t1 2 2 0 0   2 2 0 0   2 2 0 0   1 1 1 1 

t2 2 2 0 0   2 2 0 0   2 2 0 0   1 1 1 1 

t3 0 0 2 2   2 2 0 0   0 0 2 2   1 1 1 1 

t4 2 2 0 0   0 0 2 2   0 0 2 2   1 1 1 1 
 
Note: Each cell gives number of the 16 plants locating across the 4 regions and 4 time periods. 
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Table 1: Numerical Explorations 

 
 (a) (b) (c) (d) (e) (f) (g) (h) 

         
ˆ p  0.47 0.47 0.47 0.47 0.27 0.27 0.20 0.20 

ˆ p 1
na  0.70 0.48 0.41 0.11 0.21 0.14 0.03 0.22 

∑r xr
2 = 0.25:         
γ̂  0.29 0.29 0.29 0.29 0.02 0.02 -0.07 -0.07 

ˆ γ na  0.60 0.31 0.21 -0.19 -0.05 -0.14 -0.30 -0.04 

ˆ γ s -0.50 -0.03 0.13 0.77 0.11 0.26 0.37 -0.05 

∑r xr
2 = 0.50:         
γ̂  -0.07 -0.07 -0.07 -0.07 -0.47 -0.47 -0.60 -0.60 

ˆ γ na  0.41 -0.04 -0.19 -0.78 -0.58 -0.71 -0.94 -0.56 

ˆ γ s -0.77 -0.05 0.19 1.00 0.18 0.38 0.54 -0.06 
Notes: Decomposition of the geographic concentration index based on location patterns in (a) to 

(h) of Figure 1. ˆ p  and  are given by (7) and (16) with q = 1, ˆ p 1
na γ̂  by (3) and ˆ γ na  and ˆ γ s by (17) 

and (18).  ∑r xr
2 gives the assumed plant location pattern for all industry.  
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Table 2: Decomposition of the Index 

 
s
qγ̂  na

qγ̂  
Manufacturing Industry 

 
γ̂  1 yr 2 yr 3 yr 5 yr  1 yr 2 yr 3 yr 5 yr 

            
Food, Beverages and Tobacco -0.67 0.39 0.24 0.32 -0.16 -0.72 -0.72 -0.77 -0.60 
Textiles and Textile Products 2.72 6.90 6.20 6.43 5.87 1.77 1.33 0.75 0.05 
Leather and Leather Products 8.29 31.76 22.42 12.77 5.71 3.89 3.25 4.38 5.69 
Wood and Wood Products 1.56 1.05 1.90 1.58 0.38 1.42 1.14 1.08 1.39 
Pulp, Paper and Paper Products 5.44 0.85 1.32 1.48 0.22 5.32 5.14 4.98 5.34 
Publishing and Printing 10.43 4.37 1.58 -0.31 0.99 9.83 10.07 10.52 9.97 
Coke, Refined Petroleum Products 2.16 2.83 3.06 0.17 0.91 1.77 1.48 2.11 1.75 
Chemicals 1.36 2.31 2.30 2.10 1.96 1.04 0.84 0.72 0.47 
Pharmaceuticals 4.66 3.74 3.70 3.63 4.29 4.14 3.83 3.55 2.70 
Rubber and Plastic Products 0.28 0.78 0.84 0.62 -0.02 0.17 0.09 0.09 0.29 
Mineral Products 1.54 0.07 0.22 0.55 1.99 1.53 1.49 1.37 0.64 
Basic Metals 2.93 4.15 3.74 2.81 2.37 2.36 2.09 2.07 1.85 
Metal Products 2.73 0.98 0.68 0.08 0.07 2.59 2.58 2.71 2.70 
Machinery 0.92 0.70 0.54 0.58 0.04 0.82 0.80 0.74 0.90 
Office Machinery 4.23 2.26 1.77 2.24 1.82 3.92 3.83 3.54 3.40 
Electrical Machinery 0.62 1.76 0.97 0.50 -0.19 0.37 0.41 0.47 0.71 
Electronic Components 10.84 1.70 1.86 3.47 4.56 10.60 10.42 9.77 8.76 
TV and Radio 1.36 2.16 1.74 1.15 1.56 1.06 0.97 1.01 0.65 
Medical and Optical Instruments 0.59 0.94 0.54 0.81 0.93 0.46 0.47 0.35 0.17 
Motor Vehicles 6.23 0.32 0.32 0.54 0.69 6.18 6.16 6.06 5.91 
Other Transport 0.61 8.98 5.55 3.02 3.02 -0.63 -0.64 -0.32 -0.77 
Furniture and Leisure Goods   3.15 8.99 8.14 6.89 4.72 1.90 1.32 1.03 1.00 
          
Mean 3.27 4.00 3.17 2.34 1.90 2.72 2.56 2.56 2.41 

Note: Decomposition of index in (14), based on (17) and (18) and frequency estimates in Appendix B.  Index calculated for 
q = 1, 2, 3 and 5, where index expressed as a percentage.  xr is the regional share across all manufacturing industries. 
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Appendix A: Derivation of the Frequency Estimators for pna 

 

To derive the estimator of  for plant location, we first note that the total number of 

plant pairings within regions is 

pna

nr nr −1( )
r=1

r= R∑ 2 , and that between and within regions 

it is n n − 1( ) 2, so that the ratio of these gives (15).    

Initially, suppose spillovers extend over a single period only, i.e. q = 1, so that 

they occur between τ = t - 1 and t.  To get  then from each of the above we deduct 

the relevant number of plant pairings occurring over a single time period and within the 

same period of location, i.e. time t.  The number of pairings between and within times t - 

1 and t for region r is , but excluding those at t - 1 it is 

p1
na

nrt +nrt −1 C2
nrt +nrt −1 C2 − nrt−1 C2, i.e. 

 

nrt + nrt−1( ) nrt + nrt−1 −1( )
2

−
nrt−1 nrt−1 −1( )

2
= nrt nrt−1 +

nrt nrt − 1( )
2

. 

 

Hence, for all regions the number of the pairings is nrt nrt−1 + nrt nrt −1( ) 2[ ]
r=1

r= R∑ , and 

over the T periods it is nrt nrt−1 + nrt nrt −1( ) 2[
r=1

r= R∑
t= 2

t=T∑ ].   By the same reasoning the 

deduction from the denominator is nt nt−1 + nt nt −1( ) 2[ ]
t= 2

t=T∑ , giving: 

 

ˆ p 1
na =

nr nr −1( ) − 2 nrt nrt −1 + nrt nrt −1( )[ ]
t =2

t =T∑⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ r=1

r=R∑
n n −1( ) − 2 nt nt −1 + nt nt −1( )[ ]

t =2

t =T∑
.  (A1) 

 

If spillovers extend over q periods, then to capture the number of pairings between 

plants at time t and those over the pervious q periods, substitute nrt−ττ =1

τ = q∑  for nrt-1 in 

(A1), which gives  in (16) of the text. ˆ p q
na
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 To get the estimators for the geographic concentration of jobs between plants 

(i.e. in effect allowing the plant size to vary), then to avoid excessive notation we note 

that the number of job pairings within regions is sr
2 − H

r=1

r= R∑⎛ 
⎝ 
⎜ ⎞ 

⎠ 
⎟ 2, and that between and 

within regions it is 1 − H( ) 2, where sr is the share of region r in total employment, and 

the ratio of these gives the frequency estimator in (7).  To get  it can be shown that 

the number of job pairings between plants over a single time period and within the same 

period of location is 

ˆ p 1
na

srt srt−1 + srt srt −1( ) 2[
r=1

r= R∑
t= 2

t=T∑ ].  Further, between and within 

regions it is st st−1 + st st −1( ) 2[
t= 2

t=T∑ ].  These now give: 

 

ˆ p 1
na =

sr
2 − 2 srt srt −1 + srt srt −1( )[ ]

t =2

t =T∑⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ − H

r=1

r=R∑
1 − 2 st st −1 + st st −1( )[ ]− H

t =2

t =T∑
.   (A2) 

 

This reduces to (A1) if plants are of equal size.  This can be seen by writing sr = nr / n, 

noting that H = 1 / n = ∑r nr / n
2, and likewise for the t-subscripted terms.  However, if 

the spillovers extend over q periods then (A2) generalises to: 

 

ˆ p q
na =

sr
2 − 2 srt srt −τ + srt srt −1( )

τ =1

τ =q∑⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ t =q +1

t =T∑⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

− H
r=1

r=R∑
1 − 2 st st −τ + st st −1( )

τ =1

τ =q∑⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ − H

t =q +1

t =T∑
.  (A3) 

 

Following the same reasoning as above, this reduces to (16). 

 24



Appendix B: Industry Classification and Frequency Estimates 

 
 
Industry 

Number of 
investments 

 
p̂  

 
nap1ˆ  

 
nap2ˆ  

 
nap3ˆ  

 
nap5ˆ  

       
3 Food, Beverages and Tobacco (15 and 16) 360 0.115 0.115 0.115 0.115 0.116 
4 Textiles and Textile Products (17 and 18) 170 0.145 0.143 0.141 0.140 0.138 
5 Leather and Leather Products (19) 26 0.194 0.184 0.183 0.189 0.195 
6 Wood and Wood Products (20) 94 0.135 0.134 0.133 0.133 0.135 
7 Pulp, Paper and Paper Products (21) 201 0.169 0.169 0.168 0.167 0.169 
8 Publishing and Printing (22) 131 0.213 0.211 0.212 0.214 0.213 
9 Coke, Refined Petroleum Products (23) 25 0.154 0.150 0.149 0.152 0.153 
10 Chemicals (24, excl. 24.4) 473 0.133 0.132 0.131 0.131 0.130 
11 Pharmaceuticals (24.4) 231 0.162 0.161 0.160 0.159 0.158 
12 Rubber and Plastic Products (25) 418 0.123 0.123 0.123 0.123 0.123 
13 Mineral Products (26) 155 0.134 0.134 0.134 0.134 0.132 
14 Basic Metals (27) 193 0.147 0.146 0.145 0.145 0.144 
15 Metal Products (28) 380 0.145 0.145 0.145 0.145 0.145 
16 Machinery (29) 797 0.129 0.129 0.129 0.129 0.129 
17 Office Machinery (30) 131 0.158 0.158 0.158 0.158 0.157 
18 Electrical Machinery (31) 399 0.126 0.126 0.126 0.126 0.127 
19 Electronic Components (32.1) 493 0.216 0.216 0.215 0.213 0.210 
20 TV and Radio (32.2 and 32.3) 271 0.133 0.132 0.131 0.132 0.131 
21 Medical and Optical Instruments (33) 339 0.126 0.126 0.126 0.126 0.125 
22 Motor Vehicles (34) 779 0.176 0.175 0.175 0.175 0.175 
23 Other Transport (35) 189 0.126 0.124 0.125 0.125 0.124 
24 Furniture and Leisure Goods (36) 217 0.148 0.146 0.144 0.144 0.145 
        
Mean 294 0.150 0.149 0.148 0.149 0.149 
Notes: Industries defined according to NACE (rev. 1), with the 2 or 3-digit code given in parentheses.  Total 

number of projects over 1985-05. ˆ p  is calculated using (7) and  using (16) for q = 1, 2, 3 and 5. ˆ p q
na
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Appendix C: Decomposition of Index over Longer Time Horizons 

s
qγ̂  na

qγ̂  
Manufacturing Industry 

 
γ̂  3 yr 5 yr 7 yr 10 yr  3 yr 5 yr 7 yr 10 yr 

           
Food, Beverages and Tobacco -0.67 0.32 -0.16 -1.00 -1.41 -0.77 -0.60 -0.08 0.40 
Textiles and Textile Products 2.72 6.43 5.87 5.68 0.76 0.75 0.05 -0.61 2.15 
Leather and Leather Products 8.29 12.77 5.71 4.11 6.52 4.38 5.69 5.87 3.39 
Wood and Wood Products 1.56 1.58 0.38 -0.39 -1.32 1.08 1.39 1.79 2.56 
Pulp, Paper and Paper Products 5.44 1.48 0.22 -0.77 -3.15 4.98 5.34 5.89 7.80 
Publishing and Printing 10.43 -0.31 0.99 -0.66 -0.50 10.52 9.97 10.82 10.80 
Coke, Refined Petroleum Products 3.75 0.17 0.91 -2.94 -12.46 2.11 1.75 3.89 11.52 
Chemicals 1.36 2.10 1.96 0.58 -0.29 0.72 0.47 1.01 1.58 
Pharmaceuticals 4.66 3.63 4.29 4.46 2.00 3.55 2.70 2.04 3.15 
Rubber and Plastic Products 0.28 0.62 -0.02 -0.53 -0.54 0.09 0.29 0.59 0.68 
Mineral Products 1.54 0.55 1.99 1.65 0.69 1.37 0.64 0.57 1.02 
Basic Metals 2.93 2.81 2.37 1.39 1.27 2.07 1.85 2.11 1.98 
Metal Products 2.73 0.08 0.07 0.11 -1.55 2.71 2.70 2.67 3.89 
Machinery 0.92 0.58 0.04 -0.25 -0.68 0.74 0.90 1.06 1.43 
Office Machinery 4.23 2.24 1.82 1.52 1.40 3.54 3.40 3.34 3.18 
Electrical Machinery 0.62 0.50 -0.19 -0.43 -0.51 0.47 0.71 0.87 1.00 
Electronic Components 10.84 3.47 4.56 5.24 2.80 9.77 8.76 7.76 8.73 
TV and Radio 1.36 1.15 1.56 0.07 -0.38 1.01 0.65 1.32 1.64 
Medical and Optical Instruments 0.59 0.81 0.93 0.91 0.47 0.35 0.17 0.06 0.24 
Motor Vehicles 6.23 0.54 0.69 0.45 0.26 6.06 5.91 5.96 6.03 
Other Transport 0.61 3.02 3.02 4.15 -4.42 -0.32 -0.77 -1.83 3.93 
Furniture and Leisure Goods   3.15 6.89 4.72 3.13 1.57 1.03 1.00 1.31 1.97 
          
Mean  3.27 2.34 1.90 1.20 -0.43 2.56 2.41 2.56 3.59 
Notes: Decomposition of geographic concentration index for spillovers of up to q = 10 years.  Calculated on the same 
basis as Table 2, where indices for 3 and 5 years are reproduced from this table.  Indices expressed as %. 
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Appendix D: Estimates of Spillovers using Alternative Weightings 

Notes: Estimates of ˆ γ q
s  for q = 1, 2, 3 and 5 using (19) and (18).  Indices expressed as %. 

New weighting in (19) Old weighting in (18) 
Manufacturing Industry 

1 yr 2 yr 3 yr 5 yr  1 yr 2 yr 3 yr 5 yr 
         
Food, Beverages and Tobacco 0.37 0.23 0.32 -0.17 0.39 0.24 0.32 -0.16 
Textiles and Textile Products 7.02 6.40 6.69 6.49 6.90 6.20 6.43 5.87 
Leather and Leather Products 29.74 23.04 13.66 6.40 31.76 22.42 12.77 5.71 
Wood and Wood Products 0.84 1.60 1.39 0.47 1.05 1.90 1.58 0.38 
Pulp, Paper and Paper Products 0.83 1.33 1.51 0.23 0.85 1.32 1.48 0.22 
Publishing and Printing 3.81 1.45 -0.28 0.93 4.37 1.58 -0.31 0.99 
Coke, Refined Petroleum Products 1.61 2.26 0.12 0.65 2.83 3.06 0.17 0.91 
Chemicals 2.37 2.43 2.32 2.27 2.31 2.30 2.10 1.96 
Pharmaceuticals 3.22 3.31 3.31 3.99 3.74 3.70 3.63 4.29 
Rubber and Plastic Products 0.76 0.82 0.62 -0.03 0.78 0.84 0.62 -0.02 
Mineral Products 0.07 0.22 0.61 2.55 0.07 0.22 0.55 1.99 
Basic Metals 3.85 3.54 2.74 2.62 4.15 3.74 2.81 2.37 
Metal Products 0.98 0.69 0.08 0.08 0.98 0.68 0.08 0.07 
Machinery 0.71 0.58 0.64 0.05 0.70 0.54 0.58 0.04 
Office Machinery 1.84 1.45 1.91 1.59 2.26 1.77 2.24 1.82 
Electrical Machinery 1.63 0.91 0.48 -0.18 1.76 0.97 0.50 -0.19 
Electronic Components 1.59 1.80 3.90 5.84 1.70 1.86 3.47 4.56 
TV and Radio 1.92 1.75 1.24 2.00 2.16 1.74 1.15 1.56 
Medical and Optical Instruments 0.91 0.54 0.85 1.01 0.94 0.54 0.81 0.93 
Motor Vehicles 0.31 0.30 0.52 0.68 0.32 0.32 0.54 0.69 
Other Transport 7.69 4.85 2.65 2.67 8.98 5.55 3.02 3.02 
Furniture and Leisure Goods  7.46 6.88 6.10 4.64 8.99 8.14 6.89 4.72 
         
Mean 3.62 3.02 2.34 2.04 4.00 3.17 2.34 1.90 
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