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Abstract:

This paper extends the work of Glaeser et al. (1992) by looking a effects of agglomeration
economies on employment growth in Dutch city-indugtries and in very smdl (podtd) zip code-
indudries in the Dutch province of South-Holland. At both leves of geographic detall,
findings are broadly consgent with results from the earlier sudy in that employment growth
is enhanced by indudrid diverdsty and locd competition, but retarded by indudrid
soecidizaion. Also, a nove fedture of the adyss presented here is that we examine the
extent to which agglomeration economies in one location affect employment growth in other
locations.
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Knowledge Exter nalities, Agglomer ation Economies,

and Employment Growth in Dutch Cities

1. Introduction

Endogenous growth theory emphesizes the role of knowledge possessed by economic
agents and identifies knowledge spillovers between them as a crucid factor leading to externa
economies of scde in production (Romer 1986, Lucas 1988). Two important agpects of this
theory, however, are largdy unresolved. Fird, under what circumstances does knowledge spill
over most eadly betwean economic agents? Whereas Glaeser et al. (1992) and Feldman and
Audretsch (1999), find that locd employment growth is enhanced by divergty of activity
across a broad range of sectors, Henderson et al. (1995), Black and Henderson (1999a), and
Beardsdl and Hendeson (1999), find evidence that employment grows faster when more
activity is concentrated in a dngle industry. Second, how does knowledge generated in one
location affect economic growth in ancther location? Udng data on innovations and paterts,
sved papers find that knowledge is geogrephicaly bounded within the region where it was
generaied (Jaffe 1989, Jdfe, Tragtenberg, and Henderson 1993, Audretsch and Feldman 1996,
Ansdin, Varga, and Acs 1997, Rosenthd and Strange 2000). Black and Henderson (1999b, p.
255) recognize the importance of links between these two quedtions and refer to modding
human capitd oillovers over space as an exciting extenson of the literature (see dso Hanson
2001). Additiondly, the rdaive importance of various types of externdities in fodering both
locdized economic growth and growth among more geogrgphicaly dispersed aress has broad
implications ranging from the formulation and interpretation of endogenous growth modds to
precticd conclusons that might be drawvn by policy mekers regading urban planning and

development.



The purpose of this paper is to measure the contribution of knowledge externdities to
both locd growth and growth a other locations usng unique data from the Netherlands We
folow exiging literature by focusng on rdationships between employment growth and types
of agglomeration economies thought to reflect these externdities and obtain four man results
Frs, we look a Dutch dty-indudries and find that the rdationship between agglomeration
economies and employment growth identified by Gleeser et al. (1992) caries over to the
Dutch case.  Sengtivity andyses, however, suggest that this outcome rests to some extent on
how key agglomerdtive factors ae messured as wedl as on other basc issues of modd
specification.  Second, we conduct a dosdy rdated andyss of employment growth in (postd)
Zip code-indudries in the Dutch province of Zuid-Holland (South-Holland), finding thet the
same types of agglomeration ecoromies that are important to growth a the city-industry leved
dso promote growth within a city. Third, we look a the extent to which agglomeraion
economies in one locaion affect employment growth a other locations usng both the Dutch
cty and SouthrHolland zip code data We find that spatid effects of agglomeration economies
appear to fade quickly with disance, even for South-Holland where geogrgphic units andyzed
ae gndl aess within a Sngle city. Taken together, an important implication of these results
is that agglomerative forces associated with knowledge externdities may wel operate a a
geographic scae that is much smdler than a cty. Fourth, because the South-Holland data
diginguish between employment growth in edtablishments preent in a base yer and
employment growth due to later esablishment births and/or relocations, we briefly look at
effects of agglomeration economies on sources of employment growth.*

2. Background and Data

Cities are fetile grounds for testing knowledge-based theories of endogenous growth

because dense urban agglomerations provide opportunities for learning through the many new

contacts they offer (Lucas 1993, Glaeser 1999). Prior studies have tested three (in some



respects competing) hypotheses concerring the conditions under which knowledge spillovers
dfect growth. The firg hypothess, origindly developed by Mashdl (1890) and later
formdized by Arrow (1962) and Romer (1986) (MAR), emphesizes spillovers between firms
in the same indudry that aise, for example through inter-firm movements of skilled labor.
Thee oillovers are thought to be mogt important when little prevailing competition is present
s tha rents associated with sector-specific knowledge can be interndized. The second
hypothess, as developed by Porter (1990), agrees that knowledge spillovers within a locdized
industry are most important, but argues that their effects on growth are enhanced when fierce
locd competition forces firms to innovate in order to survive  The third (Jacobs 1969)
emphasizes spillovers between (rather than within) indudries, playing up the notion of cross
fertilizetion of idess, and contends tha they promote growth mogt effectivdly in a competitive
environmen.

As indicaed in the introduction, severd papers test these hypotheses and reach
conflicting conclusons  An important difference in the methodologies used in these dudies is
whether data are andyzed one manufacturing industry a a time as in Henderson et al. (1995)
or whether the sample consgs of the (Sx) largest industries of al types in each city (city-
indudries) a in Gleeser e al. (1992. The “one-indugtry-at-atime’ gpproach is less
redrictive than looking a dity-indudries in that it dlows effects of agglomeraive forces to
differ by industry and does not limit condderation only to the largest indudries in a city. The
Netherlands, however, may not be the best sdting for andyzing growth of detaled
manufacturing indudtries because of the rdaively smal number of locations where they can
flourish.?  Consequently, we adopt the dity-industry approach and probe the robustness of
results obtained to a variety of changes in specification, such as increesng the number of

indudtries taken from eech city, changing the way in which key variables are measured, and



conddering the extent to which effects of agglomeration economies pill over between
geographic locaions.

Data for this sudy come from annua surveys of establishments in dl lines of busness in
the Netherlands ~ Egablisments are enumerated based on information furnished by the
Chamber of Commerce, insurance companies, and indudtrid sector associations, and an annua
guestionnaire is sent to each. Annud response rates to the quedionnaire averaged 96%.
Quedionnaire results identify each edablishment's 6-digit zip code (a smdl area containing
about 100 different mailing addresses), and 5-digit activity code. Thus, these data represent a
census of dl busness establishments in the Netherlands. They are not subject to disclosure
rues that goply to publidy avalable employment daa in the US  While Dutch 5-digit
activity codes have no direct padld to the indudrid dassfication system used in the U.S,
they dill permit identification of industries defined a a detailed level.

The daia are extensvely checked for accuracy with specid atention given to businesses
reporting that they have no employees. Many such busnesses turn out to be (1) ‘mailbox’
enterprises that may be edablished for purposes other than meking or sdling goods and
savices (i.e, tax advantages for the owner, access to businesses-only real outlets or provide
a podd address for a firm doing busness a another location), or (2) bankrupt enterprises that
had not yet been diminaed from the regiser. Enterprises not actudly doing busines are
excluded from the data set. Also, data avalable from each of the 12 Dutch provinces are not
exectly the same.  For example, the survey was fird conducted in South-Holland in 1988 with
dl other provinces paticipating by 1991. Also, in mogt provinces only employment totds are
avalable by indusry and zip code, wheress the South-Holland data set contains informetion
about individud establishments.

A disadvantage of the data is that they do not contain measures of outputs, inputs other

than labor, or plant characterigics  Consequently, they are not agppropriate for esimating



edablishment-levd  production functions as in Black ard Henderson (19998) and Beardsdl
and Hedeson (1999). While these two dudies are important because the contribution of
agglomerdtion economies to productivity is edimated from plant levd production functions in
a fixed effects framework, condruction of the pand sacrificed condderable informetion.
Black and Henderson, for example, ended up with sample Szes averaging 8% of plants in an
indudtry; thus better control of egtablishment-specific effects was obtained by accepting a
possble sdectivity problem. Using dther the Dutch municipdty or the South-Hdland zp
code daa, on the other hand, edimation of edablishment-levdl production functions is not a
redidic option in ay case because employment is the only edablishment-specific variable
avalable, and hence the data are not wel suited for pand andyses. It is possble that
aggregaion of the data for each indudtry into geographic units may average out a portion of
the edablishment-specific effects A portion of these effects will reman uncontrolled,
however, if there is geogrgphic dudering of high qudity entrepreneurid tdent, dudtering of
older andlor newer edablishments or cudering of edablishments usng particular specidized
inputs.

Also, the levd of deal avaldble in the data actudly is too grest for mesningful
andyss. Many of the 6digit zip code aess, for exanple have only resdences and
individud 5-digit indusries are present in redivdy few 6-digit zip codes  Additiondly,
postd zip codes ae abitrary adminidrative units, not functiona economic aress. In
consequence, the data were used in two ways Fird, for the Netherlands as a whole we
identified 57 dities thought to approximate functiond economic aess, and then built up
employment totds and other variables from the 5-digit activity code, 6-digit zip code levd.
These cites induded Amgterdam, Rotterdam, and The Hague, and dl cities conddered had a
population of a lesst 50,000 persons® Then, daa for industries a the 2-digit activity code

levd (roughly the same levd of deal as 2-digit indudries in the U.S) were built up from



the 5digit activity code information. Indudries were aggregeted in this way manly to
maintain comparability with other gudies and because many of the more detalled sectors
have only alimited presence in the Netherlands.

Second, we congtructed a data set for the province of South-Holland by aggregating the
6-digit zip code, 5digit activity code data up to the 4digit zip code 2-digit activity code
levd. South-Holland is gpproximatdy 2350 knf, covers a lage pat of the core economic
aea of the Nethelands (the ‘Randdad’), and has a high population dendty (about 1190
persongkn?). The province has 416 4-digit zip code aress and the average size of each is
about 565 knf, dthough they tend to be smdler in urban centers where the density of
addresses is high and larger in areas that have more open space.  Because the province can
be viewed as a sngle urbanized areg, the South-Hodlland data provide an opportunity to: (1)
determine whether the same sat of factors that promotes growth a the city level dso operate
a a more locdized levd and (2) look for evidence of the extent of knowledge transfer
between locations within a city. Also, in compaison to the Dutch city data, the South-
Holland data cover a longer time period (198897), offer better controls for unmessured
heterogenaity, and, as mentioned earlier, are more detailed than the data avalable for other
provinces.

Table 1 shows the ten sectors that turned up most often among the six largest sectors in
the 57 Dutch cties and the 416 zip code aess in SouthrHoland, and the number of
employees in each. The most wel represented sectors in each of the two samples are
building and condruction, retall trade, busness sarvices (predominantly finencid inditutions
and savices), hedth cae, education, and wholesde trade.  Notice that manufacturing
indudtries appear less often in these samples than do non-manufecturing industries.  Further
details regarding the data sets as wel as information on the condruction of the explanatory

variables are discussed in Appendix A.



3. Employment Growth in Dutch Cities

Our andyds begins by usng data from Dutch city-indudries to explan employment
growth usng an egudaion (Table 2, Colum (1)) that comes as cose as posshle to the
gpecification used by Glaeser et al. (1992). The dependent varidble is the naturd logarithm
of the raio of 1997 employmett to 1991 employment in dty-indudries  All explanatory
vaiables measure initid (1991) conditions both to determine their effects on employment
growth and to reduce complications from sSmultaneity. Three explanatory variables
measured aspects of agglomeration economies emphasized by the previoudy described
theories of knowledge spillovers® Locd industrid concentration is measured by teking the
raio of the percentage of a cty’'s employment in an industry in 1991 to the corresponding
naiond percentage. This raio, sometimes referred to as a locaion quotient, tells whether an
industry is relaively over or underrepresented in a city compared to the naion as a whole.
Indudtrid divergty in a cty is measured by the percentage of employment in 1991 in the
largest five indudries, excduding the one under observation. Larger vaues of this percentage
uggest lower leves of indudrid diversity, so wha is measured actudly is lack of industrid
diversty. Locd competition is measured by the 1991 retio of establishments per worker in a
cty-industry to edablishments per worker in that indudry nationdly. Higher vdues of this
measure means tha establishments in a city-industry are reaively smdl as compared to the
sze of edablishments in that indugry nationdly. While Glaesr et al. argue that smaller
edablishment Sze implies grester local competitive pressure, this interpretation has been
cdled into question by Combes (2000), who contends that it may instead messure internd
diseconomies of scde and by Rosethd and Strange (2000), who view it as a broader
measure o indudrid orgenization. In ay cese, a podtive codfident of indudrid
concentration and a negdtive coefficient of competition lend support to the MAR hypothess.

Postive coefficdents of industrid concentration and competition support the Porter



hypothess A negaive coefficent of indudrid diversty and a podtive coefficent of
competition supports the Jacobs hypothesis

Additiondly, other varidbles incduded as controls ae (1) the growth rate of the
indugtry outsde the city messured as the naturd logarithm of 1997 employment to 1991
employment (to cgpture generd changes in industry productivity or shifts in demand for the
indudry’s output), (2) the 1991 industry wage rate, (3) employment in the city-indudry in
1991, (4) whether the city is located in the Randstad, and (5) whether a dity is located in the
most rurd aess of the Netherlands, referred to here as the periphery. To replicate the
Glaeser et al. goproach, we firg focus on andyzing growth in the largest Sx city-indudtries,
0 we have 57x6=342 obsarvaions. The means and dandard deviations of the dependent
and explanatory variables are presented in Table AL in Appendix A.

Regression results based on the Glaeser et al. pecification, presented in Table 2,
Column (1), spport the Jecobs hypothess.  Standard erors, computed usng Whit€'s
correction for heteroskedadticity, ae reported benesth edimated coefficients ~— Summary
datisics show tha the adjused R? equas 0.227, which is lower than the corresponding
vaue of 0.450 obtained by Glaeser et al. (see ther Table 3, Column (4), p. 1143). Also, the
likdihood ratio datidic LR(SL) tests the null hypothess of no spatid lag in the dependent
vaiable and the Lagrange multiplier datigtic LM(SE) tedts the null hypothess of no spatid
dependence in the eror teem.  Under the null hypotheses, both daidics are Chisquare
digtributed with one degree of freedom and show no evidence of spatia autocorreation.

Column (1) results suggest that locad concentration in an indudtry retards employment
growth while locad industrid diversty and locd competition promote growth.® As noted in
the table, coefficients of these variables are Sgnificat a the 5% leve, or lower. Also,
edimates show that a one standard devidtion increase in the share of a city’s employment in

the five largest indudries lowers employment growth in a city-industry by 5.3% over the



sevenyear period dudied. One gandard deviation increases in the location quotient measure
of indusrid gpeddization and in the firms per worker measure of competition dter city-
indugry growth rates by —11% and 7.5%, respectively. Regarding performance of the other
control  variables, initid employment in a dty-indudry, the initid indusry wage and
location in the Randdad or periphery are unimportant determinants of employment growth.
Glaesr et al. found that both high initid weages and high initid employment levds lowered
the rate of employment growth, but in that study, data on wages were available by both dty
and industry wheress in the Netherlands, data on wages are avalable by industry but not by
city. Additiondly, smilar to the Glaeser et al. results, the coefficient of industry growth
outsde the dty is dgnificantly grester then unity, indicating that employment growth rates
are higher in citiesthan in rurdl aress.®

Because of the previoudy cited differences in results obtaned in rdaed sudies of
employment growth in dities it is worthwhile to check whether these results are robust
agging severd types of specification changes.  Fird, the variables measuring industry
growth outsde the city and the industry wage rae were replaced with 24 industry dummy
vaidles 56 dty dummy vaidbles to better control for industry-spedific and dity-specific
effects on employment growth.”  Coeffidents of these dummies were jointly significant a
the 1% leved, but because the overdl performance of the agglomeration economy measures
was broadly smilar to that reported in Coumn (1) (the coefficient of the indudrid diversty
vaiadble, however, more than doubled in dbsolute vaue), results of this regresson ae
reported in Table A2 in Appendix A rather than in Table 2. In any case, it appears tha the
measures of agglomerative factors used here are not smply proxies for factors such as labor
market characteridics or naturd location advantages tha might be expected to vay

systematicdly across cities or for factors that might vary systematicdly across indudtries.
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Second, the largest 12 (insteed of 6) indudtries were taken from eech city (thus
increesng the number of obsarvations to 57x12=684; for the means and dandard deviations
of the vaious vaiailes sse Column (2) in Appendix A Teble Al). Because induding the
indugtry- and city-specific dummy variables did not dramatically dter results here ether, we
report the outcome based on usng the Table 2, Column (1) specification with the exception
that indudrid diversty is measured as the share of a city’s employment in the largest deven
(rather than five) indudtries in 1991, not counting the one under obsarvaion. As shown in
Table 2, Column (2), increasing the number of (smdler) indudries taken per city results in a
smdler coefficent of indudrid diverdty tha does not differ sgnificantly from zero a the
5% levd. This outcome suggests that the Jacobs hypothess may be more gpplicable to
larger city-indudries and is consgtent with one of the findings of Henderson et al. Tha
sudy induded many smdl dty-indudries in the andyss and found little evidence thet initid
industrid diversity mattered for later employment growth.®

Third, usng the “top 12’ sample, we tesed whether the competition variable matters
more for nonmanufecturing industries  then  manufacturing  industries.® A possble
conjecture in this regard is tha the competition vaiable is an indicaior of both product
maket and labor market competition for non-manufecturing establishments that sdl  goods
and savices only locdly, but an indicator of jus labor market competition for
menufacturing establishments that are more likdy to sdl in naiond or worldwide markets
(see Fddman and Audretsch 1999). Results presented in Appendix A, Table A2 show that
the coeffident of competition is pogtive and sgnificantly different from zero in a regression
usng 507 nonmanufacturing city-indudries, and is podtive with a t-datidic of less than one
in a regresson usng 177 menufacturing dty-indudries  This outcome might be interpreted
a a ecification test because a finding that locad competition matters for industries that

produce traded goods might cast doubt on the method used here for identifying effects of
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competition on employment growth.  Furthermore, our results for manufecturing industries
stand in contrast to those obtained in the Henderson et al. sudy, as we find thet growth is
harmed by industrid specidization. With respect to the role of space, we find tha
manufacturing indudtries grow dower in the country’s periphery, and a Lagrange Multiplier
test (LM(SE)) detects spatid error dependence.

Fourth, we checked whether the lack of support found above for the MAR and Porter
hypotheses was due to the way in which indudrid specidization and competition were
measured. Regarding specidization, the location quotient measures relative concentration of
an indugtry in a city as compared to its Netherlands average (see Appendix B). What might
metter for spillovers, however, could be the absolute scde of an indudry in a city, rather
than its rdaive scde in a city compared to the country. In consequence, we tried measuring
indugtrid  specidization with the fraction of a dty’s employment in an industry (which is just
the numeraior of the location quotient) and with employment in an indwstry per square
kilometer. A gSmilar asgument can be made regarding the competition varigble in that
knowledge spillovers may be more fully interndized when an indudry consgs of a large
number of smdl edablishments raher than of a smdl number of large establishments
independently of the industry’s average firm size in the rest of the country. In any case, we
tried messuring competition as the number of establishments per employee in an industry
(the numerator of the competition variable used in Cdumns (1) and (2)), and the number of
establishments in a city-indudtry divided by totd cty employment.

Ovedl, these dternaive messures of pecidization and competition performed
inconggently as illugrated by the example regresson presented in Table 2, Column (3).
This regresson is specified identically to the one in Column (1), except that specidization is
messured by city-indusry employment divided by totd cty employment and compeition is

measured by the number of city-indusry establishments per employee.  In this regression,
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measures of indudrid diversty and specidization have coefficients tha do not differ
sgnificantly from zero a the 5% levd, and the coefficent of the competition measure is
negative with a tddidic of —2.09. One interpretetion of this outcome is thet, in contrast to
regressons presented in Columns (1) and (2), knowledge spillovers ae mos eesly
interndized when egablishments present in a city have maket power. Little confidence,
however, can be placed in this result. When the regresson was rerun with industry and city
dummies none of the three agglomeration economy variddles hed coefficents with t-
detigics that exceeded unity. Thus the rdative magnitude of a city's agglomeration
economies compared to the Netherlands as a whole gppears to matter more for growth than
ther absolute scde. A possble explanation here is that the reative measures of indudrid
specidization and competition control for the sze of indudries a the naiond leve, whereas
the absolute measures do not.

Fifth, even though diagnogics from the three regressons reported in Columns (1)-(3)
in Table 2 indicate litle evidence of gpatid autocorrdation (but see the top-12
manufacturing regresson in Column 2 of Table A2), we neverthdess looked a the extent to
which effects of agglomeration economies spill over between cities  This andyss is pursued
because it bears on the question of how far knowledge is tranamitted over space as wel as on
the dosdy rdated issue of whether cities are the most appropriate geographic unit in which
to dudy knowledge spillovers (see bdow). We invedigated this issue by: (i) adding
digance-weighted  (gravity) meesures of indudrid divergty, competition, and indudrid
specidization to the Table 2, Column (1) regresson and (i) estimding the Table 2, Column
(D) regresson in a soatid lag framework (Ansdin 1988), both with and without gravity
vaiables. For a given city, these gravity varidbles are defined as distance-weighted sums of
agglomeration economies in dl other cties  These vaiables cgpture direct effects of

agglomeration economies elsewhere on city-industry employment growth in a paticular city.
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On the other hand, the gpatid lag modd podts an indirect reationship between the
agglomeration economies dsewhere and employment growth a home that may occur, for
example through input-output linkages.  Cdculaion of the disanceweighted agglomeration
economy varidbles is more fully explained in Appendix B and a brief overview of the spdtid
lag modd is presented in Appendix C. Both ordinary leest squares and maximum likeihood
spatid lag edimates condgently indicate that coefficdents of the gravity vaiadles for
industrid specidizetion and diversity are not Sgnificant a the 5% levd and that the
coefficient of the gravity competition varigble is podtive and sgnificantly different from
zero a 1%. Also, the spdid lag codfficients are never sgnificantly different from zero at
5% udng two dterndive spaid weight matrices (see Appendix C), no mater whether the
gravity varisbles ae incduded. These outcomes ae illusraed by the example spdid lag
edimates reported in Table 2, Column (4), which incdudes diganceweghted agglomeration
economy measures as explanatory varigbles  Notice that in this regresson the three “own-
city” agglomeration variables 4ill peform much as they did in the Tabdle 2, Coumn (1)
regresson.  Thus agglomerdtion in one city appears to have only limited effects on
employment growth in other cities, & least in comparison to ther effects on growth a home
This outcome is consgent with prior sudies (Jaffe 1989, Jaffe et al. 1993, Audretsch and
Fddman 1996, Andin et al. 1997, Rosenthd and Strange 2000) that found that knowledge
stays close to the location where it was generated.
4.  Employment Growth in South-Holland

This section andyzes the South-Holland zip code data in two ways thet tie in directly
with results just preseted for Dutch cities  First, we look a rdationships between
agglomeration economies and employment growth usng the SouthrHolland zip code data
City and sub-city anadlyses turn out to be complementary in that, together, they shed light on

the extent to which employment growth within dities is locdized, as wdl as for choosng the
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aopropriste geographic level & which to dsudy effects of agglomeration.  Second, because
the SouthHolland data are more detalled than are corresponding data for other provinces,
we look a the extent to which agglomeraion economies contribute to employment growth
in edablisments origindly present in a zip code as contrased with ther effects on
simulating establishment births and/or relocation of establishments from sewhere.

Because of South-Holland's smdl dze, the zip code daa provide naurd control for
important locationspecific factors that affect growth. In fact, severd variables enumerated
in prior dudies (Henderson et al. 1995, Henderson 1997, Kim 1999, Hllison and Glaeser
1999) as potetidly important location-specific factors are roughly congtant between
locations in South-Holland.  For example, the province is smdl enough thet workers can live
in one zip code area and commute to work in dmogt any other (as well as to aress in other
provinces) usng ether public or private transportaion modes, and in fact they do. Thus
wage rates within a sector would be uniform and there is little need to control for labor
market characterigics such as job search efficiency, levd of education, percent of workers
with paticular <kills, or percent of workers who ae union membas  Additiondly,
differences between locations in energy prices, taxes, environmental amenities (such as
climate), environmentd regulaions and culturd aspects are quite smdl. Land use patterns
and zoning regulaions, however, do vary between zip codes Controls for these and other
locationspecific factors within the province are discussed later on.

Does employment growth associated with agglomeration economies occur in locdized
arees within a city? One perspective on this question can be obtained by looking a whether
the same st of factors determining employment growth at the city level dso are & work a
the zip code levd in a dngle urbanized area If o, this outcome would suggest thet
agglomeration economies fogter growth in a rdaively smdl aea nearby to where they are

generaed.  On the other hand, a finding that employment growth in a zip code is unrdated to
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agglomerative factors there may, in light of findings in the previous section, indicate that we
need to look across a larger area (perhaps a whole city) to see ther effects.  Additiondly, an
outcome that different agglomeration economies are associated with growth & the zip code
levd, as compared to the city leve, could suggest a problem with spaid aggregaion bias
In particular, suppose that we divide a city into a number of areas (perhgps, zip codes), each
of which with the same number of employess and each completedy specidized in the output
of goods produced by a different indudry. Thus, each aea would have high indudrid
concentration and no indudriad diversty, but from the sandpoint of the city as a whole
indicators of indugtrid concentration and diversity would tell a different story.

These idess are investigaied in two geps (i) we esimate a regresson shown in Table 3,
Column (1) that is specified as closdy as possible to both the work of Glaeser et al. and to the
regresson for Dutch cities shown in Table 2, Column (1) and (i) we extend this modd to
dlow for the posshility thet agglomeration economies in one zip code dafect employment
growth in neghboring zip codes  Edablishment data used in these regressons were
aggregeted into zip code industries and the sx with larges employment initidly were sdected.
However, because zip code aess ae gmdl, some of the sx larget sectors had little
employment making employment growth rae cdculdaions problematic.  Therefore, those with
less than 50 employees in the base year were (arbitrarily) excluded from the andyss  This
minimum employment cut-off reduced the number of zip code indudries in the daa st from
2496 (416x6) to 1797. Also, the dependent varisble messured employment growth of a zip
code-industry over the period 198897 and explanatory variables messure characterigtics
present in the base year (1988). The agglomeration economy indicators are defined in the
same way as for Dutch cities, except that they now are messured a the zip code ével and the
raive specidization and competition variables compare a zip code to SouthrHolland, rether

than to the Netherlands  Additiond controls measure initid employmet in a zip code

16



industry, growth of the industry in SouthHdlland, but outsde the zip code, and initid wages
in an industry. Also, whether a zip code was predominantly a work area in 1988 (rather than a
resdentid ared) measures initid land use paterns, and digance (in kilometers) of a zip code
from the Rotterdam harbor, from Amserdam, and from Utrecht captures the spatid layout of
the province. Column (4) in Table A1 presents means and dandard devidions of dl variables
used in the Table 3 regressions.

This regresson is esimated by ordinary leest sguares and uses the employment growth
rate for dl establishments in a zip code-industry as the dependent varigble. The R=0.128, a
lower vadue then that obtaned when running the corresponding regresson for Dutch
municipdities The amdl Sze of the zip code areas may be patly respongble here. Many zip
code indusries have fewer than 100 employees so relaivdy smal absolute employment
changes over the sample period can produce rdaively large changes in growth rates. Standard
erors, obtaned usng Whit€s correction for heteroskedadicity, ae shown benesth
coefficients esimates. Diagnogtics for spatid autocorrdation (the Lagrange Multiplier tet for
spatid error dependence) suggests that spatiad autocorrelation is not aproblem.

Coefficient edtimates fran this regresson are Smilar in many respects to those found
ealier for Dutch municipdities and show tha indudry specidization retards growth, while
indudtriad  diversty and competition foster growth.  Effects of these three agglomeration
measures are somewhat andler in aosolute vaue than those for Dutch city-indugtries shown in
Table 2, Column (1). Also, in the Table 3, Column (1) regresson, we controlled for land use
paterns, zoning, and the generd spatid layout of the province by induding a dummy vaigdle
indicating whether a zip code was dasdfied as a work area in 1988 and variables indicating
digance of a zip code from the Rotterdam harbor, from Amserdam, and from Utrecht.
Employment growth tended to be grester in work areas and away from the Rotterdam harbor,

but disance from Amgerdam and Utrecht did not matter. Regading performance of other
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controls used in Table 3, Column (1), coefficients of growth in a zip code-indudry outdde the
Zip code was pogtive and ggnificantly diffeent from zero & conventiond leves  High initid
wages, on the other hand, retard growth and initid employment in a zip code-indusry was an
unimportant determinant of zip codeindustry employment growth.  These results again
support the idea that Jaoobs-type externdities foger growth, while MAR externdities tend to
dow it down and sugges that the same types of agglomeration economies found to be
important & the city level aso areimportant at the zip code levd.

Jug as in andyzing the Dutch city-industry data, we dtered the Table 3, Column (1)
regresson in a number of ways to see whether the above outcome is sendtive to changes in
goecification.  Results are lagdy unaffected by adding 31 indusry dummy varidbles by
rasng the zip code-industry employment cut-offs for induson in the data set to 75, 100, 125
and 250 employess, or by exduding those industries for which the theory of knowledge
sillovers are less likdy to apply; see Table A3 Columns (1)-(3).° The same measures of
asolute scde for indudrid  specidization and competition performed unevenly as occurred
with the Dutch city data Also, as an dternative drategy to control for land use paterns, we
induded dummy varidbles for esch of the 69 munidipdlities in SouthrHdlland™  As shown in
Appendix A, Tade A2, Coumn (1), when munidpdity dummies are induded together with
the industry dummies coeffident esimates for industrid specidization, indudrid diversty,
and compdtition are datidicdly dgnificant and amilar in megnitude to those reported in Table
3, Codumn (1). This outcome pardlds findings for Dutch dties discussed in the previous
section.

The regresson in Table 3, Column (2) dlows for agglomeraive factors in one zip code
to affect growth in other zip codes In addition to the explanatory variables induded in the
Table 3, Column (1) regression, we dso included gravity variables for the three messures of

agglomerative factors and for initid employment and then estimated the equation in a spdid
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lag framework. This gpproach dlows for agglomeration economies to have both direct and
indirect effects on employment growth in other locations as previoudy discussed in Section 3.
As shown in Column (2), coefficients of “own-zip code’ agglomeration economy varigbles are
virtualy unchanged as compared to those presented in Column (1), an outcome that agan
supports the Jacobs hypothesis'®  Also, the spatid lag coefficient and coefficients of the
gravity vaiables are not ggnificantly different from zero a conventionad levels, an outcome
that is remarkable in light of the fact that South-Holland zip codes average less than 6 knf in
sze. This rexult suggests that effects of agglomeration economies in one location on
employment growmth a anather locaion die out quickly with digance  An  important
implication of this result together with the finding that effects of agglomeration economies on
employment growth are Smilar a the city and sub-city levels is tha these effects gppear to be
highy locdized and may well occur on a geographic scde that is smaler than acity.

Findly, because previous dudies wee unaddle to track movements of individud
esablishments over time, dtention generdly has been focused on overdl industry employment
growth. This variable, however, incdudes both growth of exising esablishments as wdl as
employment changes due to edablishment births and relocations These three sources of
employment growth may be driven by different sets of explanatory factors To better isolate
effects on employment growth aisng from a locaion's compostion of economic activity, the
regresson presented in Table 3, Column (3) is spedified like the one presented in Table 3,
Column (1), however, it uses the employment growth rae of only those establishments
origindly present in a zip codeindudry in 1988 as the dependent varidble In 1997, these
“old” esablishments represented 64% of dl edablishments and their employment represented
83% of employmett in dl edablishments Thus, edablishments aisng from hbirths and
rlocations are rdaively smdl compared to old establishments and old establishments account

for mogt of the employment a the end of the period. As shown in Table 3, results for old
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esablishments are quite smilar to those for dl edablishments and again support the Jacobs
hypothesis.  Although this result might be expected because old establishments account for
mos of the employment & the end of the period, it dill suggests thet results presented in Table
3, Column (1) are not driven by the indusion of new and relocating establishments™®

5. Discusson and conclusons

This paper presents empiricd evidence on the role of agglomeraion economies on
employment growth by extending the work of Glaeser et al. (1992) and usng data from the
Netherlands.  The agglomeration economies sudied are thought to affect growth through the
planned or unplanned transfer of knowledge within or between indudtries. Our data permit us
to andyze indusry growth in Dutch cities as well as in very smdl podd zip code aress in one
of 12 Dutch provinces the heavily urbanized province of South-Holland. At both of these
levels of geographic aggregation, we find that locd indudrid diversty and the presence of
many sma edablishments (interpreted as a measure of loca competition), but not locd
indugtrid specidization, tend to promote growth. Our results, which are conggent with those
of Glaeser et al., suggest that (1) the same set of factors that promote growth a the city leve
adso promote growth in smdl aress with dties and (2) knowledge is not necessarily industry
gpecific and that ideas generated in one sector may dso be fruitfully gpplied in others. These
results turn out to be robust againg many, but not dl, changes in modd specification that we
investigated.

We ds0 look a the posshility that agglomeration economies in one location might affect
employment growth in other locations.  As might be expected from prior andyses of patents
and innovations, pillover effects between cities appear to be unimportant. A remarkable
result, however, is tha this same result emerges in the andyss of South-Holland zip codes
Despite the fact that these zip codes average only about 6 km? in size, there is litlle evidence

that agglomeration economies in any one of them has much effect on employment growth
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dsawhere.  An implication of our andyses of growth both within and between cities and zp
codes is that agglomeration economies may well operate on a geographic scde that is much
srdler then a cty. This posshility might ussfully be the subject of additiond empiricd
dudies for other countries because the gppropriate geographic scae a which to sudy effects
of agglomeration economies has sddom been directly invedigated.  Findly, the South
Holland data permit us to look a employment growth in existing firms (as opposed to industry
growth which is dso determined by firm entry and exit). In this case, we again find thet loca

indudtrid diversty and local competition are important to their growth.
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ENDNOTES
"Daen van Soest is grateful to the Netherlands Organization for Scientific Research (NWO) for
financid support of the PRET ressach program. Shdby Geking acknowledges the
hospitdity of CentER at Tilburg Universty where this paper was written. He would dso like
to thank NWO for finencid support (vidting grant B46-386). This paper has benefited from
presentations a conferences of the Regiond Science Associdion, the European Economic
Asocidion, and from comments from seminar participants a Colorado State Universty, and
the Universties of Groningen, Tilburg, and Wyoming, and from a lage number of
condructive comments by J-S. Pischke, two anonymous referees, Bert van der Knaap,
Raymond Horax, Henri de Groot, Jan Lambooy, John Lig, Bat Los Richad Shearmur, and
Will Strange.
Yidentification of new versus old establishments dso is possble usng Dun and Bradstreet
Marketplace data for the U.S. at the zip code level (see Rosenthd and Strange 2000).
4n their sudy of industry growth in U.S. dities Henderson et al. induded dl dities even
though many of them had rdativey few establishments present. Therefore, they faced the
additional problem that because of federd dsclosure rules, indusry employment vaues were
censored in as many as 30% of the cities sudied. Censoring is not a problem in our data sets;
See below.
*This population cut-off value was chosen because it roughly corresponded to the size of the
smdleg ditiesinduded in the Glaeser et al. andysis.
“For exact pecifications of the agglomeration economy indicators, see Appendix B.
We dw tried two dternative meesures of industrid diversity in this regresson; Gini and
Hirschman-Herfindahl indices of inequdity of indusry employment shares.  Codfficients of
these varidbles were negative and differed Sgnificantly from zero a conventiond levels again

indicating that grester indudrid diversty in a municipdity leads to faster employment grawth.
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These results as well as others discussed later that are not presented in tebles are available
from the authors on request.

%t may be interesting to note that had we constrained coefficients of the nationd industry
growth rae to unity, resulting edtimates would be interpreted as an explandion of the
differentid shift term in shift-share andysis (see Dunn 1960 and Perloff et al. 1960). The
differentid shift term messures the extent to which an industry in a region (or city) grows
faster or dower than it does on average in a broader geographic area.  In an earlier day, there
was conddereble debate among regiond scientits as to wha determines the vaue of the
differentid shift term (see Houston 1967). The Glaeser et al. results suggest that Jacobs-type
externdities are important in this regard.

In the presence of indusiry dummy variables, indusion of the wage rate and industry growth
outside the city causes a multicollineerity problem.

%We ds0 tried lowering the vaue of population needed for induson in the sample from
50,000 persons to 20,000 persons in order to incdude a larger number of smdler municipdity-
indugtries in the andyds.  This dteration adso weskened the performance of indudrid
diversty meesures.

*The comparison of menufacturing industries with non-manufacturing industries could not be
caried out usng the “top 6’ sample because it contained too few manufacturing indudries to
warrant separde andyds.  Also, we tried running a regression specified identicdly b the one
in Table 2, Coumn (1) that induded manufecturing and busness sarvices and excduded many
local sarvice sectors such as hotds, wholesdle and retail trade, educetion, and hedth care.
Reaults here were dmilar to those described for manufacturing indudtries and are reported in

Table A2, Column (4).
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“The results are dso invariant with respect to usng a HirschmanHerfindehl index as a
measure for indudrid diversty. However, when using the Gini coefficient as a measure of
diversty, no gatisticdly sgnificant relationship was found.

Yn principle, we could indude dummies for each of the 416 zip code aress in place of
dummy varigbles for the 69 municipdities. This step was not taken because of the large
number of explanatory variables thet would have to be included in the regressions.

"“When esimating the Teble 3, Column (2) spedification by ordinary lesst squares,
coefficients of the gravity vaiailes are not Sgnificantly different from zero.  Also, when
egtimaing the Table 3, Coumn (1) equdion in a spatid lag format (without the gravity
vaiaddles), the spaid lag coefficient is not dgnificantly different from zero a conventiond
levels.

¥These condusions dso hold when induding industry and municipaity dummies as can be

seen from the fourth column in Table A3.
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TABLE L

RANKING OF INDUSTRIES BY FREQUENCY OF OCCURRENCE (WITH
EMPLOYMENT LEVELS) IN THE DUTCH CITIES AND SOUTH-HOLLAND DATA

FETS
Netherlands (1991 SouthHolland (1988)

Industries Representation Employment Industries Representation Employment
Hedth care 56 388,297 Buildingand 231 66,016

construction
Business sarvices 48 298,897 Retall trade 194 69,997
Retall trade 46 214,531 Business sarvices 185 76,913
Buildingand 45 131,336 Hedth care 174 103,166
construction
Wholesde trade 37 170,314 Education 165 43,893
Education 24 102,727 Wholesde trade 140 66,063
Government and 18 104,670 Agriculture and fishery 89 31,393
socid insurance
Furniture industry 6 11,927 Government and socid 82 51,945

insurance
Publishing and 5 19,192 Disgtribution by land 76 22534
reproduction
Chemicd industry 5 14,397 Metal products indugry 35 8,026

¥Figures shown pertain to the Dutch city-industry “top 6” dataset.
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TABLE 2: ANALYSISOFEMPLOYMENT GROWTH IN DUTCH CITIES (standard errors are presented in parenthesis)

L og(Employment in 1997/Employment in 1991) in the city -industry

EXPLANATORY VARIABLE Top6 Top 12 Top 6 Absolute Top 6 Spatiad lag model
(€] (2 (3 (4
Congtant 0.147 0.075 0.201 -0.856
(0.249) (0.308) (0.298) (0.428)
Log(Netherlands employment in 1997/Netherlands employment in 1991) in the industry outside 1.558" 1924 2.083" 1349
the city (0.267) (0.178) (0.266) (0.293)
Annua industry wage ratein 1991 (in thousands of 1991 Dutch guilders) 0.001 -1.56E-04 -0.003 0.002
(0.003) (0.002) (0.003) (0.003)
Employment in the city industry in 1991 -1.91E-06 -1.36E-06 -4.05E-06 -2.69E-06
(4.52E-06) (4.31E-06) (4.73E-06) (4.43E06)
Digtance-weighted sum of the city-industry’s employment outside the city under observation in 273506
1991 (1.08£05)
Dummy variable indicating presence in the Randstad -0.043 -0.072 -0.060 -0.165
(0.057) (0.046) (0.060) (0.087)
Dummy variable indicating presence in the country’s periphery -0.097 0169 -0.118 0.046
(0.063) (0.050) (0.065) (0.110)
Gty -industry’s share of city employment relaive to the industry's share of Netherlands -0023" -0027" -0039"
employment in 1991 (0.005) (0.006) (0.007)
City -industry’ s share of city employment in 1991 0.252
(0.764)

Distance-weighted sum of the industry’s employment in all cities divided by the distance- weighted 0085
sum of total employment in al cities outside the city under observation, relative to industry’s 0.162)
share of Netherlands' employment in 1991 )

Number of establishments per employee in the city-industry relative to the number of 0.208" 0171" 0.153"

establishments per employee in the Netherlandsindustry in 1991 (0.074) (0.052) . (0.076)

Number of establishments per employeein the city-industry in 1991 -0.298

(0.142)
Digtance-weighted sum of the industry’s number of establishments in al cities divided by
distanceweighted sum of the indusry’s employment in al cities outside the city under 0399
observation relative to the number of establishments per employee in the Netherlands (0.120)
industry in 1991
City' s other top fiveindustries' share of total city employment in 1991 0881 -0483 -0.891°
(0.431) (0.479) (0.438)
City' s other top eleven industries’ share of total city employment in 1991 -0.370
(0.405)
Digtance-weighted sum of the top six industries employment in al cities divided by the distance- 3304
weighted sum of total enployment in all cities outside the city under observationin 1988 (1.950)
Spatially lagged dependent variable -0.088
(0.181)

SUMMARY STATISTICS

N 342 684 342 342

Adjusted R 0.227 0.266 0.169 0.276

LR(SL) 0.053 1.397 1635 0.220

LM(SE) 1.482 0.001 0.007 0.423

: Significant at 5%, : Significant a 1%.




TABLE 3: ANALYSISOF EMPLOYMENT GROWTH IN ZIP CODE INDUSTRIES IN SOUTH-HOLLAND (standard errors are presented in parenthesis)

Log(Employment in 1997/Employment in 1988) in the zip code industry

All establishments All establishments Old establishments
EXPLANATORY VARIABLE ) Spatial lag model (©)]
(2)
Condant -0519 -0.459 -0.944
(0.404) (0.556) (0.464)
Log(SouthHolland employment in 1997/ South-Holland employment in 1988) in the industry outside the zip code 1.037" 0.960" 0726~
(0.220) (0.158) (0.242)
Annua regiona industry wage rate in 1988 (in thousands of 1988 Dutch guilders) -0007" 0,005 -0.008"
(0.002) (0.0029) (0.003)
The industry’s employment in the zip code in 1988 -6.69E-05 -9.16E:05 -5.77E-05
(4.71E-05) (5:10E-05) (5.34E:05)
Distance-weighted sum of theindustry’ s zip code employment in 1988 outsidethe zip-code under observation 1.19E-05
7.35E-
Industry’ s share of zip code employment relative to industry’s share of Netherlands employment in 1988 -0015" ( 331;19 9 -0015"
(0.003) (0.002) (0.003)
Digtance-weighted sum of the industry’s employment in al zip codes divided by the distanceweighted sum of totd employment in all 0.066
Zip codes outsidethe zip-code under observation, relative to industry’s share of South-Holland's employment in 1988 (0:214)
Number of establishments per employee in the zip code industry relative to establishments per employee in the industry in South- 0197 0.183" 0187
Holland in 1988 (0.030) (0.029) (0.032)
Distance-weighted sum of the industry’s number of establishments in al zip codes divided by distanceweighted sum of the industry’'s -0.255
employment in al zip codes outside the zipcode under observation, relative to the number of establishments per employee in the (0212)
industry in South-Holland in 1988
Zip code's other top five industries’ share of total zip code employment in 1988 -0817" 0804 1042
(0.205) (0197) (0.229)
Distance-weighted sum of the top six industries employment in al zip codes outside the zip-code under observation divided by the -0.370
distance weighted sum of total employment in all zip codesin 1988 (0.417)
Dummy variable indcating whether the zip code’ s function in 1988 is predominantly industrial as opposed to residential 0267 0.269" 0.240”
(0.065) (0059 (0074)
Variableindicating the distance to Amsterdam 6.20E-06 9.93E-06 7.85E-06
(4.72E-06) (5:89E-06) (5.34E:06)
Variableindicating the distance to Rotterdam harbor 149E-05" 1.75E-05" 206E05"
(5.25E-06) (6.98E-06) (6.00E-06)
Variableindicating the distance to Utrecht 2.61E-06 3.34E-06 5.87E-06
(3.18E-06) (3.56E-06) (3.59E-06)
Spatially lagged dependent variable 0.348
(0.318)
SUMMARY STATISTICS
N 1797 1797 1797
Adjusted R 0128 0137 0092
LR(SL) 0432 0783 0555
LM(SE) 0016 1.086 0.640

: Significant at 5%, : Significant a 1%.
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APPENDIX A: DESCRIPTION OF THE DATA

The data that are used n this pgper are derived from various sources.  The most important
ones ae the longitudind datasats of the Firm Regiger SouthrHolland (BZH) and the Nationd
Informetion System on Employment (LISA, the nationwide firm regiger in which the BZH is
embedded). Regidration is a the levd of individud firms induding detailed information on
location (6-digit zip code) and activity (5digit SBI93-code, completely consstent with NACE
and ISIC indudrid dasdfications).  The daa concerning agriculturd  employment  were
derived from the Agriculturd Statidics of the Dutch Centrd Bureau of Satigtics (CBS) on the
munidpdity-levd, and locdized to 4-digit zip codes on the bass of the Land Use Statidics
(Bodemdatistiek CBS, function agriculture). Various other sources have been consulted to
condruct and verify the remaining variables, like data from the Chamber of Commerce in
1990 and CBS dgatidics on (aggregate) employment development. The naiond (and, in case
of South-Holland, regiond) industry-specific wage raes were cdculated from CBS Regiond
Economic Data. Whereas for the Netherlands only the nation's average wage rate is avalable
for each individud indudry, information on indusnyspecific wage raes is avalable for each
of the five GOROP regions that together make up the province of South-Holland.  Information
on each zip-codes economic function (whether it is predominantly a resdentid aea or a
working ares) was obtained from RPD (1998).

All varidbles messuring physcd disances (such as the distances between the zip codes
necessaty for the potentid moded and the spdid lag modds, as wel as the digance to
Rotterdam harbor, Utrecht and Schiphol) were condructed using Atlas*GIS, Arcinfo and
ArcView geographical information systems.  Additional caculations (of disance- and weight
matrices) were caried out within the datisticd package SpaceStat (Ansdin 1995). A deailed
description of the data and the verifications goplied can be obtained from the authors.

31



A summay of the data sets is given in Table Al, which presents the means and standard
deviations for the dependent and explanatory variables usad in this pgper. Sx daa sets have
been condructed. For the Netherlands the following four have been used: (1) a data set
conggsting of the 6 largest indudtries in the 57 cities, (2) a data st consgting of the 12 largest
indudtries in the 57 cities, (3) a data st congdting of the manufacturing industries (if they are
among the largest 12 in their dty) and (4) a Imilar one for the non-manufacturing indudtries.
Two additiond daa sets have been used for the SouthrHolland andyses, which contain
information largest Sx indudries in each (4-digit) zip code with initid employment leves a
leest 50 (Column 5) or 250 employees (Column 6). In the main text, some regression results
are discussed that are obtained from dternative data sets that are not presented here; additiona

information on these are available upon request.
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TABLEA1: MEANSAND STANDARD DEVIATIONS (in parenthesis) OF THE VARIABLES IN THE VARIOUS DATA SETS

NETHERLANDS SOUTH-HOLLAND
All industries All industries Manufacturing Non-manufacturing All industries All industries
VARIABLE Top-6 Top-12 industries Top-12 industries Top-12 (1988 employment(150) (1988 employment[1250)
(€] (2 (3 (4 (5) (6
Log(Employment 1997 divided by base-year employment) in the city/zip code-industry 0.044 0.010 -0.295 0.116 -0.264 -0.330
(0.501) (0.576) (0.974) (0.272) (1.067) (1.077)
Log(Employment 1997 divided by employment 1988) in firms in the zip code-industry that aready existed -0.524 -0.562
in 1988 (1.186) (1.243)
Log(Netherlands/South-Holland ~ employment  in 1997, divided by initid  Netherlands/South-Holland 0.127 0.100 -0.025 0.144 0.082 0.087
employment) inthe industry outsidethe city/zip code (0.098) (0.116) (0.125) (0.073) (0.166) (0.167)
Annual industry wage rate in the base year (in thousands of base year Dutch guilders) 46.671 47.426 47.256 47.486 46.256 46.078
(8.800) (9.154) (5.621) (10.104) (8.434) (8.417)
Employment in the city/zip code-industry in the base year 4836.225 3553544 2038.655 4082.41 402132 757.389
(5811.472) (4906.419) (2162.388) (5457.499) (582.569) (742.563)
Employment in the municipality industry in 1988 6609.251 8614.59%6
(9504.878) (10629.29)
Distance weighted sum of industry employment in citieszip codes in the base year outside the location 6988.816 5870.308 6747502
under observation (3862.437) (4257.261) (4748.918)
Dummy variable indicating presence in the Randstad 0.386 0.386 0.328 0.406
(0.487) (0.487) (0.471) (0.492)
Dummy variable indicating presence in the country’s periphery 0.228 0.228 0.266 0.215
(0.420) (0.420) (0.443) (0.411)
Dummy variable indicating whether the zip code's function in 1988 is predominantly industrid as opposed 0.263 0.352
to residential (0.440) (0.478)
Variableindicating the distance to Amsterdam 51393.010 51380.661
(11850.717) (11060.560)
Variable indicating the distance to Rotterdam harbor 21465484 21034.532
(10532.938) (10290.864)
Variableindicating the distance to Utrecht 52615.179 52963.928
(10004.027) (9124.551)
City/zip code-industry’s share of city/zip code employment relaive to industry's share of 2135 1.845 2.887 1481 4.823 5.365
Netherlands/SouthHolland employment in the base year (4.760) (3571) (4.552) (3.097) (13582 (9.381)
City/zip code-industry’ s share of city/zip code employment 0.092 0.066 0.048 0.073 0.147 0196
(0.040) (0.040) (0.024) (0.043) (0.128) (0.144)
Distance -weighted sum of the industry’s employment in all cities/zip codes divided by the distance- 0543 0518 0524
weighted sum of total employment in all cities/zip codes outside the |ocation under observation, (0' 159) (0'259) (0'254)
relativeto industry’ s share of the Netherlands' or South-Holland’ s employment in the base year i ’ i
Number of establishments per employee in the city/zip code-industry relative to the number of 0.806 0.826 0678 0.878 1129 0.705
establishments per employee in the Netherlands/South-Holland industry in the base year (0.358) (0.393) (0.425) (0.368) (0.924) (0.557)
Number of establishments per employeein the city/zip code-industry 0.164 0.092 0.048 0.107 0.115 0.196
(0.187) (0.084) (0.045) (0.088) (0.118) (0.144)
Distance -weighted sum of the industry’s number of establishmentsin al cities/zip codes divided by
distance weighted sum of theindustry’s employeesin dl cities/zip codes outside the city/zip code 1.005 0.986 0.982
under observation, relative to the number of establishments per employee in the Netherlands/South (0.276) (0.147) (0.171)
Holland industry in the base year
City/zip code's other top five (or eleven) industries share of total city/zip code employment in the base 0.460 0.730 0.559 0.725 0.590 0.537
year (0.060) (0.053) (0.191) (0.055) (0.137) (0.132)
Distance -weighted sum of the top six industries’ employment in all cities/zip codes divided by the 0185 0333 0330
distance- weighted sum of total employment in all cities/zip codes outside the location under : . ’
. (0.034) (0.142) (0.130)
dhservation in the base year
Number of observations 342 684 177 507 1797 783
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TABLEA2: ANALYSISOF EMPLOYMENT GROWTH IN DUTCH CITIES (standard errors are presented in parenthesis)

Log(Employment in 1997/Employment in 1991)
in the city -industry

EXPLANATORY VARIABLE All industries Manufacturing industries Non-manufacturing industries Selection of industried
Top-6 Top-12 Top-12 Top-12
(1) (2 3) (4)
Congtant 0.543 0.831 0.115 0.189
(0.339) (1.319) (1.779) (0.592)
Log(Netherlands employment in  1997/Netherlands  employment 3267 0954 1997
in 1991) in the industry outside the city (0.692) (0.157) (0.250)
Annual industry wageratein 1991 0.029 -0.001 -5.64E-04
(0.015) (0.001) (0.250)
Employment in thecity -industry in 1991 891E-07 -1.60E-05 -7.87E-07 -1.04E-06
(8.95E-06) (3.05E-05) (2.32E-06) (8.58E-06)
Dummy variable indicating presence in the Randstad 0.071 -0.173 -0.050 -0.103
(0.297) (0.152) (0.027) (0.077)
Dummy variable indicating presence in the country’s periphery 0.205 -0.358" -0.081" 0241
(0.187) (0.158) (0.030) (0.083)
City -industry’s share of city employment relative to the industry’s -0032" -0070" -6.75E-05 -0026"
share of Netherlands employment in 1991 (0.007) (0.016) (0.004) (0.007)
Number of establishments per employee in the city-industry . " "
relative to the number of establishments per employee in 0252 010 01% 0215
theindustry in the Netherlands in 1991 (0.086) (01549 (0052 (0079)
City's other top five irdustries share of total city employment in 1851
1991 (0.796)
City's other top eleven industries share of total city employment -2.889 0.098 -0.528
in 1991 (1.553) (0.233) (0.736)
Industry fixed effects YES” NO NO NO
Municipality fixed effects YES” NO NO NO
SUMMARY STATISTICS
N 342 177 507 395
Adjusted R 0651 0276 0.127 0.247
LR(SL) 0.145 0.528 0.268 0.465
LM(SE) 1.100 4506 1524 1951

& All industries except wholesale trade, retail trade, hotels and restaurants, government and social insurance, education, health care, waste disposal services, trade unions, sports and culture, personal services (hair dressers, sauna's etc).
E Significant at 5%, ” Significant at 1%.




TABLEA3: ANALYSISOF EMPLOYMENT GROWTH IN ZIP CODE INDUSTRIES IN SOUTH-HOLLAND (standard errors are presented in parenthesis)

Log(Employment in 1997/Employment in 1988) in the zip code industry

All firms All firms, selection of All firms, 250 employees Old firms
EXPLANATORY VARIABLE (1) industries® (2) or more(3) 4)
Condant -4.065 -0.349 -0.983 -4.954
(1.212) (0.655) (0.759) (1.302)
Log(SouthHolland employment in 1997/ South-Holland employment in 1988) in the industry outside the zip code 0757 0.657
(0.299) (0.351)
Annual regional industry wage rate in 1988 (in thousands of 1988 Dutch guilders) 0014 -0.002 -0.004 0.022
(0.020) (0.006) (0.004) (0.021)
Theindustry’s employment in the zip code in 1988 -1.66E-05 -158E:04" 3.19E-05 1.25E-05
(4.89E-05) (8.11E05) (5.78E-05) (5.36E-05)
Industry’ s share  zip code employment relative to industry’ s share of Netherlands employment in 1988 -0011”" -0014” 0023 -0011"
(0.003) (0.003) (0.011) (0.002)
Number of establishments per employee in the zip code industry relative to establishments per employee in the 0181 027" 0358" 0189
industry in South-Holland in 1988 (0.029) (0.038) (0.079) (0.033)
Zip code’s other top five industries’ share of total zip code employment in 1988 -0589" -1477" 0651 -0798"
(0.207) (0.337) (0.320) (0.229)
Dummy variable indicating whether the zip code's function in 1988 is predominantly industrial as opposed to 0327 0458 0.161 0321
residential (0.072) (0.088) (0.096) (0.082)
Variableindicating the distance to Amsterdam 218E-05 215606 7.54E-06 243E-05
(9.91E-06) (7.02E-06) (9.36E-06) (1.10E-05)
Variableindicating the distance to Rotterdam harbor 344505 112605 141E05 4.28E-05"
(1.03E:05) (8.10E:06) (LO1E-05) (1.18E-05)
Variableindicating the distance to Utrecht 7.13E-06 4.86E06 4.53E-06 1.24E-05
(5.87E-06) (5.035:06) (5.38E-06) (6.92E-06)
Municipality fixed effects YES” NO NO YES”
Industry fixed effects YES” NO NO YES”
SUMMARY STATISTICS
N 1797 968 783 1797
Adjusted R 0.217 0.136 0.114 0.205

3 All industries except wholesale trade, retail trade, hotels and restaurants, government and socia insurance, education, health care, waste disposal services, trade unions, sports and culture, persona services (hair dressers, sauna’s etc).

*: Significant at 5%, " Significant at 1%.
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APPENDIX B: CONSTRUCTION OF THE KNOWLEDGE INDICATORS

In line with Glaeser et al. (1992), industry concentration, which is interpreted as indicating the
extent to which knowledge is industry-specific, is cdculated as follows:

Concentratonof industry k in loation |
_ employmentin industry kiin location j/total employmentin location j
employmentin industry k in the regon/total employment in the region’

where “location” is dther the zip code (in the SouthrHolland andyses) or the city (in the
Netherlands andyses), and the “region” is respectivdly SouthrHolland or the Netherlands. Al
information used refers to the base year (1991 for the Netherlands, 1988 for South-Holland).
With respect to the three hypotheses cited in Section 2, MAR and Porter would predict thet
concentretion is pogtivey corrdaed with  (employment) growth, wheress Jacobs  would
predict a negative rdationship. Similarly, conpetition is caculated asfollows:

Competition faced byindustryk in locaton |
_ firmsinindustryk in location j/employees in industry k in location |
firmsin industryk in theregion/employees inindustrykin theregion ’

and a pogtive rdaionship of this variable with employment growth would give support to the
hypotheses as formulated by Porter and Jacobs, whereass a negative one would give support to
MAR. Findly, therole of economic diversty can be andyzed usng the following varidble

Industrial Diversity for indugry k in location |
_ employmentin the five other biggest industries inlocationj
total employment inlocation | ’

As Jecobs argues that knowledge is not industry-specific and thet idess generated in one
industry can fruitfully be gpplied in another, she would predict a negative relationship between
lack of divesty and employment growth; if the rddionship is podtive this would give
additiond support for the dam of MAR and Porter that knowledge is predominantly industry-
spexcific.

To dlow for knowledge drectly spilling over between locations, we cdculae distance
weighted versons of the knowledge indicators. They were congructed by replacing the
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aguments in the dandard knowledge indicators by digance-weighted ones.  Denoting the
disance between two locations i and j by dj (as messured in kilometers), the distance
weighted variables are cdculated as:

Distance- Weighted Concentration of indwstry k inlocation |

o 1, . . y,e 1 . o
a —(l ndustry K semploymentin location |)/a — (total employmentin location |)
_ g Hij itj Y

- industry K s employmentin the region/total employmert in the region

Distance- Weighted Competition facedby industry k in lo@tion |

a i(firms. in the industry kin location i)/ § i(employeesin industry kin location i)
_ it Y itj Yij
= ,and
firmsinindustrykin the regon/employees inindustryk in the regon

Distance- Weighted Industrial Diversity of industry k in loation |

a di (employmentin the six biggestindustriesin location i)
ity Hij

8 —(total employmentin location i)

1
j dij

o
i1
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APPENDIX C: SPATIAL LAG AND SPATIAL ERROR MODELS

In the literature on knowledge extendities and growth (Glaeser et al., Combes 2000),
standard OL S regression specifications have been used of the form:

y=Xb+e, (CY
in which y denotes an Nx1 vector of location-industry growth rates, X denotes a matrix of
obsavaions on a st of location- or indudry-specific explanatory vaiables, b is the
coefficient vector and e denotes a vector of disurbances. In this specification, distance does
not play arole; theimpact of spilloversisassumed to be fully localized.

One way to account for the role of disance would be to reformulate equation (C1) as a

spatid lag modd (Ansdlin 1988), which is specified as follows

y=r Wy+Xb+e (€2
in which matrix W would reflect (inverse) disances between locations (see Appendix B;
indudries in the same zip code are assumed to be less than one kilometer gpart) and the spetid
coefficient r would index the drength of employment growth linkages over spece  An
dternative specification to the spatid lag modd is the spaid eror specification shown in
eguation (C3):

y=Xb+u; u=I Wu+e. (62!
In equation (C3), u is interpreted as the outcome of a spatid autoregressve process involving a
weight matrix (W) and a spatid autoregressve coefficient (1). The digtinction between the
soatid lag and spatid eror specifications is important because in the former case, growth in
one location is linked to growth in other locations, wheress in the latter case, linkages between
locations occur viathe error generation process.

Note that wheress the spatid eror term smply corrects for spatid corrdation in the error

term, the spatid lag mode has a dear economic interpretetion. By rewriting (C2) as follows,

y=AXb+Ae, (=
the dements of the matrix A=(I+W)™ show how a change in X in one location affects
employment growth rates in other locations after teking dl such spatid linkages into account.
Coumn sums of A have the interpretation of spatid multipliers.  Of course, A depends on an
esimate of r and the specification of W. With respect to the ways in which weight matrix W
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can be condructed, two dternative specifications of have been agpplied, one that dlows for all
goatid linkeges that depend on digance and does not distinguish between indudries, and one
that dlows for links only between a given industry in one location and that same indugtry in
other locations. Both specifications were tried for dl regressons mentioned in this paper, but
gpace was never found to be very important. Therefore, we only present the regresson results
based on the specification that incdudes dl spetid rdationships between zip-codes and/or

cities.
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