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Abstract

In a recent study, Holmes and Stevens (2002) identify for the first time a positive
relationship that exists between establishment scale and local industry concentration
using a large cross-sectional plant level data set for the US. Using an exhaustive
plant level panel data set for Irish manufacturing covering nearly three decades, we
are able to extend their analysis in two ways. Firstly, we show that failing to control
for fixed effects biases the relationship upward, although the essence of it still
remains. Secondly, the link is substantially weaker when plants locate for the first
time in an area, but strengthens with age for those that survive in the long run. We
link our results to recent contributions on the dynamics of geographic concentration.
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Section I - Introduction

In a recent paper Holmes and Stevens (2002) [HS] explicitly document, for the
first time, what appears to be a simple empirical fact: establishments tend to be bigger in
geographical areas where industry 1s most concentrated. More specifically, using a large
cross-sectional database providing information on the location of plants located in the
US for the year 1992, they show for all broad sectors of the economy that such a link
exists by regressing establishment scale, measured by employment level, on a measure of
the geographic concentration of industries. HS’s finding thus significantly adds to the
existing empirical literature concerning the effects of the distribution of economic
activity across space; see, for instance, Henderson (1986, 1994), Kim (1995), and Ciccone
and Hall (1996). Moreover, the nature of their analysis complements a number of recent
papers by Ellison and Glaeser (1997) and Dumais et al. (2002) on the measurement and
decomposition of geographic concentration using plant level data.’

In the current paper we are able to extend HS’s study by using exhaustive plant
level data for Irish manufacturing covering the period 1973-2000. Specifically, exploiting
the panel nature of the data allows us to point out two important aspects regarding the
link between establishment size and geographic concentration. First, the link is in essence
robust to controlling for unobserved industry, region, region/industry and plant level
fixed effects that could have potentially been biasing the HS results, although in
magnitude somewhat lower. Second, we show that this relationship already exists when a
plant first starts up in a particular location. However, at start-up it is weaker compared to
that found for incumbent plants, and subsequently only strengthens for long-term
survivors over their life cycle. We link these results to the findings concerning the

dynamics of geographic concentration by Dumais et al. (2002).

+ A number of studies have now implemented and extended these techniques; see, for example, Maurel and
Sédillot (1999), and Duranton and Overman (2002).



The paper 1s organised as follows. Section II presents the equation tested. Section
IIT provides a description of the data. Section IV presents the results while Section V

concludes.

Section IT — Equation tested
HS consider two levels of aggregation in order to study the relationship between
scale and concentration: the industry-location level, which they call the /location-level, and

the plant-level. For the location-level, HS use the simple location quotient
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where x, x,, x, and x; are, respectively, the level of total employment in the
manufacturing industry, the level of employment of sector 7 in region / the total of
employment of sector z and of region / They derive the following equation to be

estimated:
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where &, is an Zzd. error term, ¢ is the logarithmic value of (1) and ¢4, a measure of

average plant size, is given by the logarithmic value of

where 7, and #;, are the total number of firms in sector 7, and sector 7 and region /.
Equation (2) thus examines how the relative industry specialisation of a location affects
the average relative size of plants of sectors within that location. Specifically, if £>0, then
the more concentrated an mdustry 1s within a region the higher the average scale of its

plants will be within that location.



The relationship between scale and concentration can similarly be examined at
the plant level. For this case one estimates the relationship between the location quotient
specific to industry 7 and location / where a particular plant ¢ is located and the relative
size of this establishment compared to the average establishment size in the industry
The (neatly) analogous establishment-level quotients at the plant level ¢ are Q; and Q]

specific to each plant:
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where x; 1s the plant specific level of employment and the other variables are defined as
above. One should note that each establishment is assigned the location quotient specific

to its industry 7 and location / excluding its own employment level from the calculation.
The same applies to ;. By excluding the current plant employment level, HS index thus

avoid potential simultaneity bias given that, for example, the entry of a very large plant in
a particular region-industry could increase the location quotient for that location.

Changing the notation in (2) provides the equation to be estimated at the plant level:
Oeine = Beains + Eeins ©)

Similarly to above, the coefficient [3; obtained will give us the relationship between the

actual size of an establishment and the level of concentration of the industry at the

location where this plant is located.



Section III — Data Set

Our data source is the Forfds Employment Survey collected by Forfds, the policy and
advisory board for industrial development in Ireland, since 1973, and we have access to
this data up until and including the year 2000. The response rate to this survey is argued
by Forfis to essentially be nearly 100 per cent, i.e., our data can be seen as including
virtually the entire population of manufacturing plants in Ireland at any point 1 time
during the sample period. Information at the plant level includes a unique plant identifier
that allows one to link plants across years, their sector of production, the regional
location of each plant, the year of start-up, and the level of employment. Sectors are
classified according to four digit European NACE Revision 1 codes, which roughly
corresponds in the degree of disaggregation to the four digit SIC sectoral classification in
the US data used by HS.” The location of plants is categorised into the 26 counties of
Ireland, the standard Irish administrative regional decomposition. The average size of
Irish counties is about 2700 sq. km, while average county size in the US is around 1140

sq. km. Average population densities are however significantly higher for the latter.

Two other features of our data that lie 1n contrast to that of HS are noteworthy.
Firstly, our data provides us with the acfuallevel of employment for all plants rather than,
as in HS’s data, being grouped mto size categories, thus avoiding any potential bias
resulting from assuming uniform employment distributions within categories. Secondly,
our data only covers manufacturing whereas HS had data for the whole economy and
thus could examine the issue at hand for all broad sectors. With regard to this latter
aspect one should note that HS consistently found a stronger relationship between
establishment scale and local industry concentration to be for manufacturing compared

to other sectors of the economy.



Section IV — Empirical Analysis

Our results for the Jocation-level regression as described 1 equation (2) using
simple OLS are presented in the first row of Table 1.° As can be seen, we find, as HS,
that local industry concentration has a positive effect on establishment size. The
coefficient £’ is equal to 0.597, which is larger, but still comparable to the one found by
the HS for US manufacturing (0.415). We also checked whether this difference is due to
the fact that our data spans a long time period by interacting our time dummies with
local concentration, but in almost all cases these turned out to be insignificant with very
small coefficients, thus suggesting that the relationship has not changed over time.

With access to only cross-sectional data for one year HS were unable to fully
mvestigate whether the failure to account for time invariant unobservables (to the
researcher) possibly correlated with local industry concentration could be driving or
biasing their result; see Greene (2000). However, the panel nature and the long time span
of our data allow us to explicitly examine this issue. We first proceeded by re-estimating
equation (2), by also including regional dummies only to control for unobserved region-
specific effects, the results of which are in the second row of Table 1. Accordingly,
controlling for regional fixed effects makes no noticeable difference to the size and
statistical significance of the relationship. Including instead industry dummies, with and
without region dummies, as depicted in the third and fourth row, actually strengthens the

link between establishment size and local concentration.

It must be noted, however, that even with industry and region dummies included
in equation (2) there may still be time invariant effects specific to each region/industry

unit that are biasing the estimate of 5. For example, a particular region may have certain

5> Thete are 860 4-digit SIC classes compared to 503 4-digit NACE classes in manufacturing. Ideally we
would have liked to converte our sectoral codes to the SIC classification. However, there does not exist a
one to one correspondence between these two classification systems at this level of disaggregation.

6 All regressions presented include time dummies given that we have information across a 28-year petiod.



(unobservable) natural advantages that are important to particular industries and thus
cause greater agglomeration of these. The panel nature of our data also allows us to
control for these types of factors if they are time invariant by employing a fixed effects
estimator, thus purging all time mvariant unobserved factors from (2). The results of our
panel estimation detailed in the fourth row show that the coefficient is still highly
significant compared to the simple OLS results without mdustry and regional dummies
and about 25 per cent higher.” Thus our results indicate that at the /ocation-level the
relationship between establishment scale and local industry concentration 1s not an
artefact of time invariant unobservables, potentially correlated with local industry
concentration.

Proceeding to the estimates of the plant level equation (6), we first used simple
OLS without controlling for any fixed effects as given in the fifth row of Table 1. As HS
for US manufacturing, we find that the relationship between establishment size and local
concentration 1s statistically significant. Moreover, the size of our coefficient, 0.11 is
fairly similar to what the authors find for the US at the county level (0.126). Adding
region dummies on their own or i conjunction with industry dummies, the results of
which are depicted in rows 6 and 7, respectively, does not alter the significance of the
relationship, but does lower its size by a little over 25 per cent.® Thus regional and
industry specific effects, while not qualitatively changing the relationship, will cause an
upward bias 1if not controlled for. As above, one may also postulate that certain regions
have natural advantages that ate important for certain industries so that industry/region
fixed effects may be driving the observed link rather than local industry concentration.

Moreover, the estimates may be further biased because the specification does not include

7 A simple t-test reveals that this difference is statistical significant.

8 The fact that industry dummies alter the size of the coefficient even though the dependent variable is
normalised by average industry size, suggests that the time invariant unobservable industry effects are not
very correlated with average industry size.



any other plant level controls.” A general fixed effects estimation again allows us to purge
all time invariant factors of this kind, which could potentially be correlated with the
concentration proxy, from our regression, see Greene (2000).

The result of estimating (6) with a fixed effects estimator are depicted in row 9.
Accordingly, this induces only a further 10 per cent decrease in the coefficient, which still
remains highly significant. One can thus conclude that at the plant level analysis the
relationship between establishment size and local concentration is robust to controlling
for all unobserved fixed effects as it was for the location-level regression, although for the
former the strength of this relationship is somewhat weakened.

Our panel data also allows us to examine how the link between establishment
size and local concentration evolves over a plant’s life cycle. For example, it may take
some time before a plant reaches its efficient scale. Also, one may suspect that there is
greater uncertainty about this scale in the earlier part of the life cycle of a plant. Our
ability to address the relationship over the life cycle derives from the fact that we can
explicitly identify plant births and trace them over their lifecycles as far as these fall
within our sample period. Plant births, and hence their subsequent age, are 1dentified by
their first year of positive employment and for those plants that existed prior to the first
year of collection of the data there is information on the start-up year from which one
can readily calculate their age.

We first ran our basic regression, mcluding industry and regional dummies, using
observations for the year of start-up of a plant and those for incumbent plants separately.

As can be seen from the 10" and 11" rows of Table 1, the coefficient for plant start-ups

? We experimented with including the few plant level variables that one can extract from our employment
survey, namely, nationality of ownership and plant age (for the plants that started up over our sample
period), but these changed little in the estimates. Further details on all non-reported, but discussed, results
are available from the authors.



1s positive and significant, but about half that for incumbents. A simple t-test verifies
that this difference 1s statistically significant.

The fact that the relationship between start-up size and local concentration is
weaker than for the entire data set suggests that the link may become stronger as plants
age. Of course, the age a plant acquires, and thus possibly its size, at any point in time is
mtrinsically linked to its ability to survive. Many plants that enter a (local) market may
not be able to survive over the long-term. If survivability also determines the way a
plant’s size evolves according to local concentration, then it 1s clearly important to take
account of differences between plants according to their ability to survive in the long run.
To do this in a simple way we classified plants into survivors and non-survivors. The
choice of when a plant should be considered a survivor 1s, however, not clear-cut. Due
to data considerations in terms of having a reasonable and representative sample size of
each group, we assume that plants that survive more than ten years are ‘survivors’.
Choosing different thresholds would have resulted in more unbalanced groups and often
unfeasible sample sizes.""  One must note, however, that we did also experiment with
using a five years cut-off point and that this produced qualitatively similar results.

To proceed we included a set of ten age dummies and their interaction with the
local concentration measure in our base plant level specification, thus allowing us to
estimate the impact of age on the link between size and local concentration. This
specification was estimated for observations on plants no more than ten years old, for
the survivor and non-survivor groups separately. The results of this exercise are reported

m Table 2. We also provide plots of the coefficients of the total effect by age, obtained

10 Given that there is only one observation per plant, we are not able to run a fixed effects estimation for
the start-up observations. We thus also used OLS , but included region and industry dummies, for the
incumbent plant regression. The coefficient using fixed effects for incumbents, which comprise an
overwhelmingly majority of all observations, was, unsurpzisingly, nearly identical to that of the overall
sample.

11 Choosing ten years as the cut-off points means excluding all plant births after 1990. We thus also limited
our total sample to only observation from prior to this year for this exercise. Excluding the last ten years
from our data and estimating our overall plant level regression produced almost identical results.



by adding the coefficients for the base year and the appropriate interaction terms, in
Graphs 1 and 2 for survivors and non-sutvivors, respectively.12 For sutvivors, all the
mnteraction terms proved to be significant, and it is clear from the graph that in general
the strength of the relationship increases as the plants age. In contrast, for non-survivors
not only are few of the interaction terms statistically significant, but any positive
relationship 1s clearly absent. As a matter of fact, for those that survived more than six
but less than 11 years, the relationship is actually significantly weaker than that at birth."
As a matter of fact, for those short-term survivors that last at least 8 years the
relationship becomes in aggregate negative — although this latter result must be viewed
with considerable caution as it is sensitive to our choice of cut-off point for long-term
survival and due to a very small proportion of the sample of non-survivors.

Our results with regard to the life cycle of plants can be put in the context of
those found by Dumais et al. (2002) in their investigation of the components driving
geographic concentration for the US. Specifically, they discover that births of plants act
to decrease, while plant closures tend to increase geographic concentration, and this
result 1s confirmed for Irish manufacturing by Barrios et al. (2003) using the same data as
here. Relating this to our findings, one can think of births decreasing geographic
concentration in two, not necessarily mutually exclusive, ways. For one, new plants may
be more likely to locate in less concentrated regions. However, it may also be the case
that new plants that locate 1 less concentrated areas tend to be larger than those that
locate in more concentrated areas. The fact that we find that the positive relationship
between size and geographic concentration also holds for plant births, although 1t 1s

weaker, suggests that the latter 1s unlikely to serve as an explanation for the decreasing

12 The local concentration variable on its own was significant for both groups and its value can be read as
the intercept of the line.

13 One must note, however, that the number of observations for each age group decreases substantially the
higher the age.



effect of births on geographic concentration. In fact, for this explanation to hold we
would have had to find a negative coefficient for plant births and this was not the case.
One can similarly interpret our findings with regard to the result on plant
closures by Dumais et al. (2002). The increasing effect of closures on geographical
concentration could be due to plants being more likely to close in less concentrated areas.
However, it may also be the result of the possibility that plants that close in less
concentrated areas are larger. Given that in general the probability of closure is much
higher in the early years of a plant’s life cycle, see, for instance, Geroski (1995), our
finding of a positive relationship between size and geographic concentration for at least
the earlier years of non-survivors, would tend to rule out the latter explanation. To
further check this we re-ran (6) for all observations of plants exiting Irish manufacturing
in the year immediately before closure including industry and region specific dummies
and, as can be seen in the last row of Table 1, we found that the coefficient of interest to

still be positive and significant, although slightly lower than for the overall sample."*

Section IV — Conclusion

In this paper we test the relationship between establishment scale and the
regional concentration of industries using exhaustive employment panel data on Irish
manufacturing plants for the period 1973-2000. Our analysis extends the recent study by
Holmes and Stevens (2002) for the US. Besides confirming their evidence of positive link
between these two variables, our results bring two important additional conclusions: first,
we find that this relationship is qualitatively robust to controlling for fixed effects
although we discover that not doing so may bias the result upward at the plant level,

second, the link is substantially weaker for start-up plants but strengthens as plants get

14 As with plant births, given that there is at most one observation per plant we were not able to control for
plant specific fixed effects.



older and survive in the long run; this latter result provides further insight into the link

between plants’ life cycle and the dynamics of agglomeration.
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Table 1 — General Estimations

ROW | Sample Regional FE Industry FE General FE Obs. f3 p-value
(€] Location Level No No No 0.597  0.00
2) Location Level Yes No No 0.6714  0.00
3) Location Level Yes Yes No 0.691  0.00
“) Location Level Yes Yes Yes 0.749  0.00
5) Plant Level — All obs.  No No No 0.777  0.00
(6) Plant Level — All obs.  Yes No No 0.775  0.00
@) Plant Level — All obs.  Yes Yes No 0.077  0.00
®) Plant Level — All obs.  No Yes No 0.080  0.00
) Plant Level — All obs.  Yes Yes Yes 0.070  0.00
(10) Plant Start-Ups Yes Yes No 0.042  0.00
(11) Incumbent Plants Yes Yes No 0.087  0.00
12) Closures Yes Yes No 0.055  0.00

Notes: (1) p values in parantheses. (2) All regressions included time dummies. (3) General FE refers to a
fixed effects estimation where all time invariant effects are purged from the equation; see, Greene (2000).
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Table 2 — Estimations for Survivors and Non-Survivors

Survivors Non-Survivors
q* 0.04 16 0.033%¢
(0.000) (0.001)
q* * AGE1 0.012* 0.007
(0.062) (0.311)
q* * AGE2 0.014+* 0.006
(0.030) (0.403)
q**AGE3 0.012% -0.004
(0.075) (0.635)
q* * AGE4 0.014%* 0.002
(0.041) (0.850)
q* * AGE5 0.013** -0.009
(0.049) (0.365)
q* * AGE6 0.015%* -0.013
(0.027) (0.245)
q* * AGE7 0.0244 0.005
(0.001) (0.684)
q* * AGES 0.025%+% -0.027%
(0.001) (0.077)
q* *AGE9 0.024++% -0.053 ¢k
(0.002) (0.005)
q* * AGE10 0.036% -0.083 %k
(0.000) (0.002)
# Obs. 53639 27842
# Plants 5760 6094
R-squared 0.23 0.07

Notes: (1) ***, ** and * represent one, five and ten per cent significance levels, respectively. (2) standard
errors in parantheses. (3) A constant term and age and time dummies on their own are also included but

not their coefficients not reported.
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Graph 1: [ -coefficient fot sutvivor plants
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Graph 2: [ -coefficient for non-survivor plants
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