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Abstract
In this paper we show that the recent model by Gilles Duranton [Duranton, G., 2007. Urban evolutions: The fast, the slow, and the still. American
Economic Review 97, 197–221] performs remarkably well in replicating the city size distribution of West Germany, much better than the simple
rank-size rule known as Zipf’s law. The main mechanism of this theoretical framework is the “churning” of industries across cities. Little is known
in urban economics about the determinants of local industry turnover so far. We present an empirical analysis of the excess churning index for
West German cities, which describes the strength of intra-city industry reallocations over time. We find that urban growth and industry turnover
are not notably correlated: Some, but not all fast-growing cities have notably changed. Secondly, human capital is positively related to growth
and turnover, but only among successful cities. Industrial change within unsuccessful cities is driven by the disappearance of old-fashioned and
declining sectors such as agriculture or mining. On a more general level our results suggest that the recent model by Duranton is a powerful
description of the urban growth process. Still there are some aspects that are not captured by that model, which are at the core of other theories of
urban growth.
© 2008 Elsevier Inc. All rights reserved.
JEL classification: O18; R11; R12
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1. Introduction
Due to various forms of localized increasing returns, most
economic activity is concentrated in cities and cities are the
main engines of economic growth. Yet, there is no evidence
that all economic activity within a country will eventually end
up in one or a few large metropolitan areas. The data rather
suggests that the distribution of city sizes remains remarkably
stable over time, and is at least close to the famous ranksize rule known as “Zipf’s law.” Successful theories of urban
growth all come to grips with this basic fact.1 A limitation
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1 Zipf’s law implies that the country’s largest city has twice the size of the
second largest city, three times the size of the third largest, etc. Theories of
urban growth that generate such or a similar equilibrium city size distribu-
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of most existing approaches, however, is that they have little
to say about how cities change their face—i.e., their industry composition—during the growth process, and how urban
growth is related to (changes in) local economic structures.
Cities are to a large extent characterized by their economic
structure, and urban growth depends on the performance of the
local industries of which the city is composed (Simon, 2004;
Combes et al., 2004). Case studies like those by Glaeser (2005)
in fact suggest that the success of cities can be well understood
by their ability to adapt and to change (“re-invent”) their industry structure.
These issues have recently been taken up in an article by
Gilles Duranton (2007). Three facts about local growth and industrial change are the starting point of his contribution. First,
tion include, e.g. Eaton and Eckstein (1997), Black and Henderson (1999),
Gabaix (1999), Eeckhout (2004), Rossi-Hansberg and Wright (2007) or Córdoba (2008). A survey of this literature is provided by Gabaix and Ioannides
(2004).
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Duranton shows that there is considerable “churning” of industries across cities. Single industries grow or decline relatively
quickly in cities and cause rapid changes of the local industry
compositions over time. Second, entire cities move relatively
slowly up or down the country’s urban hierarchy. The speed at
which some cities take over others in the distribution of total
city sizes is low compared to the frequent changes in the location hierarchy for single industries. Finally, these processes
occur within a distribution of city sizes that is stable over time.
Duranton develops a theoretical framework—based on a spatial
version of the quality-ladder growth model by Grossman and
Helpman (1991)—that accommodates all three facts. Industries
move across cities following endogenous cross-sector innovations. Cities experience gains and losses of industries, which
partly offset each other, so that entire cities “churn” less than
single industries, and urban growth goes along with industry
turnover. Finally, the model generates a concave distribution of
city sizes in the steady-state, where individual cities are mobile
within the distribution due to the endogenous industrial relocations. Using US and French data, Duranton finds that this
steady-state city size distribution of his model matches the actual distributions in these two countries quite closely, actually
better than Zipf’s law.
The purpose of our paper is twofold. In a first step we use
data on West German local industries over the time period
1977–2002 to study the robustness of Duranton’s recent results.
We find support for considerable industry churning in Germany,
even after controlling for structural change. When calibrating
the model using our data, we obtain the result that the simulated city size distribution resembles the actual West German
distribution very closely. The model is a much more accurate
description than Zipf’s law, and it even achieves a better fit for
West Germany than for France or for the US.
The second and main aim of this paper is to provide new insights about the determinants of churning and industry turnover
in cities, which are the central mechanisms of the Durantonmodel. We make use of an “excess churning index,” which
summarizes the strength of intra-city industry reallocations corrected for overall changes in total local employment.2 The
larger the value of this index is, the more change in the local
industry composition has occurred over time. We provide an
empirical analysis on the determinants of industry turnover at
the local level, as measured by the excess churning index, and
we address the following questions: What are the characteristics
of cities that have exhibited the most rapid change, and how are
industry turnover and growth related on the local level?
This exercise is important for at least two reasons. First,
little is known about the determinants of industry turnover in
urban economics so far. Substantive empirical contributions
have analyzed the performance of metropolitan areas or single
industries, and addressed the question which local economic
structure is most conducive to growth (see e.g., Glaeser et
al., 1992, 1995; Henderson et al., 1995; Combes et al., 2004;
2 Churning indices have been used before by labor economists (see Davis
and Haltiwanger, 1998), but detached from any spatial or urban dimension of
employment.
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Simon, 2004). But the equally important issues, which type of
cities exhibit the most rapid overall change in their industrial
structure over time, and how the intensity of industry turnover
is related to long-run city growth, have not been analyzed so far.
Second and even more important, we hope to inspire further
theoretical work with our empirical results. Even though the
model by Duranton matches several stylized facts very closely,
it neglects other aspects of urban growth that have been emphasized elsewhere. In particular, it leaves aside human capital as
an engine of growth, which is the central driving force, e.g., in
Black and Henderson (1999) and in Eaton and Eckstein (1997).
Below we will analyze, among other things, if skilled cities with
a large employment share of university-trained workers exhibit
more change over time than unskilled cities, as skilled Schumpeterian entrepreneurs may speed up the process of creative
destruction of old-fashioned local industry structures. Furthermore, industries in the Duranton-model are inherently symmetrical. Thus, there is no special role assigned to local specialization patterns, even though Simon (2004) and Combes et al.
(2004) convincingly argue that the initial structure is likely to
influence a city’s subsequent development. We will analyze if
cities are more likely to change if they are initially specialized
in certain industries, and if yes, in what type of industries.
We find that growth and churning are not notably correlated
at the local level. Among the fastest growing cities there are
some that have witnessed considerable churning of their industries. Following Glaeser (2005), we see those as examples
of “reinvention cities” which are successful because of a rapid
change (“reinvention”) of their industrial structure. Yet, some
other fast-growing cities have seen very little churning of their
industries. Performing several estimations using different subsamples of cities, we find that human capital is the key engine
of growth and industrial change in successful cities, but not in
declining ones. In the latter group industry turnover is strongly
driven by the disappearance of old-fashioned and declining industries such as agriculture or mining. Taken together, our empirical findings suggest that the model by Duranton (2007) is a
powerful description of the urban growth process. Still there are
some aspects that are not captured by that model, which are at
the core of other theories of urban growth. In the light of our results, a combination of these different approaches seems to be
a very promising agenda for further research.
The rest of this paper is organized as follows. In Section 2
we briefly review the main features of the Duranton model and
simulate it using German data. Section 3 presents the empirical analysis on the determinants of local churning and growth.
Section 4 concludes.
2. Brief review and replication of Duranton’s approach
2.1. The model
Duranton (2007) embeds the quality-ladder growth model by
Grossman and Helpman (1991) into a spatial framework. The
economy consists of a large (discrete) number of industries (n),
each producing a specific commodity of a certain quality at any
point in time. Consumer preferences are symmetrical over the
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n goods, and households only demand the brand with the best
price-quality ratio from each industry. There is, thus, a unique
quality leader in each industry, which is the only active firm
that produces output. This quality leader holds a patent for its
specific brand, which only expires when another firm innovates
this industry and climbs up the next step on the quality ladder.
The R&D sector is competitive and features free entry. A research firm is specific to some industry z and invests in R&D.
It innovates the own industry with some probability β, yet with
some lower probability γ < β the research effort targeted at
industry z actually leads to an innovation of some other industry z . This possibility of cross-sector innovations is crucial for
the working of the model.
A spatial structure is introduced by assuming that the economy is divided into m locations, with m < n, across which
workers and goods can move freely at no costs. It is assumed
that research labs from industry z must engage in R&D in the
same city where the active quality leader of industry z is located, i.e., research is geographically tied to production. Total
employment of industry z consists of the production workers
and the workers engaged in R&D, and the split between the
two activities is determined endogenously by equating marginal
costs and benefits of doing research, which are the same across
all industries. Since all industries are symmetrical, they employ
the same number of homogeneous workers in equilibrium. As
a result, the size of some city c can be identified by the number
of active industries it hosts.
Cross-sector innovations are the mechanism by which industries move across cities and by which city sizes can change
in the model. If a research lab from z happens to innovate a
different industry, production of that sector moves (at no cost)
from the previous location to the city of the successful innovator.3 Locations gain or lose industries due to cross-sector
innovations, but since these gains and losses partly offset each
other, the model directly predicts that industries exhibit stronger
churning than entire cities. City sizes change relatively slowly
over time, whereas industries change their location fairly frequently in comparison.
Notice that larger cities are more likely to gain, but also to
lose industries: More research labs are located in large cities
that can successfully innovate and, thus, attract industries. At
the same time, more local industries can be innovated from
somewhere else. Hence, there will be stronger gross industry
churning in large cities, but an important property of the model
is that churning increases less than proportionately with city
size. If a city already hosts many industries, it becomes less
likely that the next innovation actually attracts a new industry,
because the innovated sector is more likely to be already lo-

3 To prevent cities from disappearing, Duranton assume that each city hosts
exactly one “first-nature industry” where production is always tied to that particular location. In the event of a cross-sector innovation from somewhere else,
the innovator must relocate (also at no cost) to the location of production. This
is different in the remaining (n − m) “second-nature industries,” where production moves in case of a successful cross-sector innovation from a different city.
Only these “second-nature” industries drive changes in city sizes.

cated there.4 Larger cities are more likely to lose an existing
second-nature industry than to gain a new one, i.e., they have
a lower expected growth rate. The endogenous mechanisms of
the model do, therefore, imply mean reversion across cities. The
model furthermore generates a steady-state city size distribution that can be represented by a strictly concave curve when
plotting log city sizes against the log of the ranks in the country’s urban hierarchy, rather than a straight line as suggested by
Zipf’s law (see Section 2.3 for further details).
2.2. Stylized facts
Before continuing with a more formal analysis of the steadystate properties of the model, we present a few stylized facts in
this sub-section which verify some of the model’s basic predictions for the case of West Germany. Our data basis is the official
employment statistics of the Institute of Employment Research
(IAB). This data set is a balanced spatial panel of local industries covering the time period 1977–2002. It encompasses all
326 Western German districts (= NUTS3 regions) except West
Berlin, and 28 different industries representing the complete
range of economic activities.5 Further details about the data set
can be found in Appendix A. First we compute the following
raw churning index for every city
 2001 n

  |e(z, c, t + 1) − e(z, c, t)|
1
Churnc =
·
25
e(c, t)
t=1977 z=1

for c = 1, . . . , 326,

(1)

where e(z, c, t) is the employment level of industry z in city
c and at time t. This index measures the average gross industry turnover in city c over the observation period t =
1977, . . . , 2001.6 This number can be compared to the yearly
average aggregate change in each city’s total employment:
 2001

 |e(c, t + 1) − e(c, t)|
1
EMPc =
·
25
e(c, t)
t=1977

for c = 1, . . . , 326.

(2)

4 The most extreme constellation is that all second-nature industries are concentrated in a single city at some point in time. In that case there is no industry
left to be attracted from somewhere else. However, the “mega-city” can still lose
industries due to cross-sector innovations from one of the immobile “first nature” industries. This intuition applies more generally and illustrates the mean
reversion property.
5 It should be noted that our data set covers all regions of West Germany,
including the rural areas. The West German districts are roughly comparable
to US counties. This is one difference with the US and French data used by
Duranton (2007), which cover only metropolitan areas. This difference does
not appear crucial, however, since the theoretical framework is more generally
about “locations” rather than “cities” with typical urban features such as an
explicitly modeled CBD or an endogenous city fringe. In the remainder of this
paper we will only use the term “city” for the West German administrative units.
6 By construction this index is equivalent to an arithmetic mean of annual
growth rates of all local industries z = 1, . . . , 28 in city c over all time periods
t when growth rates are measured in absolute terms, and when the “change
rates” of the single industries are weighted by the local employment shares of
z in period t , e(z, c, t)/e(c, t).
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Table 1
Churning in Western Germany, USA and France

West Germany
USA
France

Churnc

EMPc

Churnc /EMPc

SecEMP

4.98%
8.26%
11.40%

2.29%
4.10%
5.20%

2.17
2.01
2.19

2.62%
∼5%
∼5%

Source: Numbers for USA and France from Duranton (2007), numbers for Germany own calculation.

There are exactly two cases when Eqs. (1) and (2) are equal:
Either all industries z in city c exhibit positive growth rates in a
given time period, or all have a negative growth rate. Whenever
some industries grow while others decline, industry turnover is
stronger than the aggregate change in city employment.
In fact, Table 1 shows that, on average across the 326
West German cities, Churnc is more than twice as large as
EMPc . I.e., the average city saw its industries changing twice
the amount necessary to accommodate aggregate employment
changes. The average amount of raw churning, roughly 5%
p.a., is also decisively higher than the average industry turnover
at the 
national level, as measured by SecEMP = (1/T ) ×

T
n
t=1
z=1 (|e(z, t + 1) − e(z, t)|/e(t)), which ranges around
2.62% p.a. This variable is a measure for the general structural
change that has occurred in West Germany.7 The comparison
between Churnc and SecEMP should be interpreted as follows: the average industry turnover at the local level is almost
twice as strong as the amount of industrial change that would
be observed, if all regions would mimic the sectoral employment changes that occur at the national level. Since the national
industry turnover is composed of the turnover in the single
locations, this implies that some cities must have changed considerably stronger than the national average, while the turnover
speed in other cities has been lagging behind the national average.8
Turning to a cross-country comparison we find that the observed strength of raw churning in West Germany is somewhat
lower than in the USA and in France. This is due to the fact
that the industry classification in our data set is not as disaggregated as in the US and French data. Hence, the data will
indicate less employment turnover between industries, since
there is more change within the broader classified industries.
Furthermore our data set of administrative regions indicates
7 In the theoretical model by Duranton (2007) there is no “structural change”

at the national level, because all industries are identical and share the same
expected (quality-adjusted) growth rate in the steady state. An interesting model
where a particular form of structural change arises as an equilibrium outcome,
namely the transition from sectoral to functional specialization of cities, has
been presented by Duranton and Puga (2005).
8 Notice that if a particular city has a churning rate Churn that is equal to
c
SecEMP, this implies that the overall turnover speed in that city is the same as
in the national average, but not necessarily the direction of the industrial change
as single regions might develop their structure against the national trend. One
could try to neutralize raw city churning from the national component of structural change. This would possibly lead to an identification of different types of
cities: Those which exhibit a turnover pattern with a similar direction as the
national average (yet, possibly at a different speed), and those which develop
against the average national trend. A more detailed inspection of these issues is
beyond the scope of this paper, however.
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less average change in total local employment as compared to
American or French metropolitan areas. Total local employment, thus, appears to be more volatile across economically
defined metropolitan areas than across administrative regions.
However, even if the absolute numbers for West Germany are
lower, when comparing the intensity of industrial churning in
relative terms (Churnc /EMPc ) across countries we obtain
numbers that lie in the same ballpark as in France and in the
United States.9
The other two basic predictions from the model are that large
cities churn more than small cities, but at a decreasing rate,
and that there is mean reversion across cities. Both predictions
can be addressed in a straightforward way. When regressing
log(Churnc ) on the log of total city employment in the base
year period t0 = 1977, log e(c, t0 ), we obtain a coefficient equal
to −0.13 with standard error 0.01 (the French and US estimates
are −0.20 and −0.21, respectively). Since the churning index
(1) is normalized by total city employment, these results suggest that churning increases less than proportionately with city
size. Secondly, when regressing the long-run city employment
growth rates over the period 1977–2002 on log e(c, t0 ), we obtain a coefficient of −0.099 (std.error 0.015). This is consistent
with the literature on mean reversion across cities (e.g., Glaeser
et al., 1995) and also compares to the coefficient −0.11 for
France as reported by Duranton.
In sum, the basic stylized facts about industry churning and
city growth in West Germany appear to be very similar as in the
USA and in France.
2.3. Simulation of the steady-state city size distribution
In this sub-section we describe the steady-state city size distribution of Duranton’s theoretical model, and we calibrate it
using our data. Recall that cross-sector innovations of secondnature industries are the only way by which city sizes can
change in the model. Let i denote the number of industries a
city hosts. As explained in Section 2.1 this number is a sufficient statistic to describe the city size, since all industries in
the model are symmetrical and employ the same number of
workers. Due to the presence of the city-specific first-nature industries, i = 1 is the minimum city size.
Let mi be the number of cities of size i. In the steady state,
the number of cities of any size i must be constant over time.
More formally, it is required that E[mi (t + dt)] − mi (t) = 0
holds for any arbitrarily small time interval dt. Hence, the probability of having one more city of any size i must be equal to
the probability of having one less city of that size, conditional
on the event of a cross-sector innovation. This reasoning can be
illustrated for the case of cities of size one (i = 1). The probability that m1 increases is equivalent to the probability that a city
9 To complement this analysis we have also performed a Markovian analysis

of mean passage times for industries and cities. Consistent with Duranton’s
results we find that mean passage times to move from the lowest to a highest
quartile in the respective location ranking are much faster for single industries
than for entire cities. More detailed results are available upon request from the
authors.
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of size i = 2 loses its second-nature industry due to a crosssector innovation from a research lab that is located in a city
which has at least the size i = 2.10 There are m2 cities of size
i = 2, and (n − m1 − 2) research labs that are neither located in
cities of size one, or in the city that loses the industry itself. The
number of all possible cross-sector innovations in the economy
is given by n(n − 1). Hence, the conditional probability that
m1 increases can be expressed as m2 (n − m1 − 2)/n(n − 1).
In a similar vein, the conditional probability that m1 decreases
is equivalent to the probability that a research lab from a city
of size i = 1 successfully attracts an industry from a city that
is strictly larger than i = 2: m1 (n − m − m2 )/n(n − 1). In the
steady state, these two conditional probabilities must be equal,
hence, the condition m2 = n−m
n−2 · m1 must hold.
Generalizing this reasoning, Duranton shows that the steadystate city size distribution of the model can be described in
terms of the parameters n and m only, whereas the other parameters of the model (e.g. β, γ ) only affect the aggregate growth
rate of the economy. The city size distribution can be expressed
by the following equation (see Eq. (28) and the Appendix in
Duranton, 2007):
mi =

m−2
m(m − 1)  n + 1 − m − i + j
·
,
n−1
n−m+j

(3)

j =1

and it is monotonically decreasing in i. That is, there are strictly
more cities of size one than of size two (m1 > m2 ), more cities
of size two than of size three (m2 > m3 ), etc. This in turn
implies that larger cities are more likely to lose one of their
existing industries than to gain an additional one.
We can readily use our data on West German local industries to simulate the city size distribution that is generated by
the model. The simulation procedure stays as close as possible to the original approach used by Duranton (2007) and is
described in greater detail in Appendix B. In each run of one
simulation, 10,000 cross-industrial innovations are randomly
drawn.11 Each run yields one fictitious distribution of city sizes,
after which cities are ranked by the natural log of their simulated size. We repeat this procedure 1000 times and compute
the average of the fictitious natural log size for each rank.
This outcome, the simulated city size distribution, is then compared to the actual city size distribution
 of West Germany in
1
the following fashion: msd = 326
· 326
j =1 [Actual ln sizej −
Mean ln simulated sizej ]2 . We construct the simple efficiency
criterion R 2 = 1 − msd/var, where var is the variance of the
actual (log) city sizes. This R 2 -measure depicts how much of
the sample’s variation can be explained by the model.
10 If the second-nature industry from a city of size two gets innovated by a
research lab from a city of size one, there would be no net increase in m1 . The
possibility that a city of size i = 3 loses two industries at the same time, etc.,
can be neglected since the time interval dt in which innovations occur can be
made arbitrarily small.
11 We experimented with more simulated innovations, but in general 10,000
were sufficient for convergence. Additionally, we simulated a scenario where
initially industries are uniformly distributed across cities. Similar results were
obtained with one million innovations in each run.

Results are very encouraging. The R 2 of the benchmark
model is 92% for West Germany (the numbers for France and
the US are 91% and 85%, respectively). To set these results into
perspective, we have also constructed a Zipf counterfactual. We
compute how the employment distribution across cities would
look like if Zipf’s law held perfectly, and compare this fictitious
city size distribution to the actual one.12 The respective R 2 for
the Zipf scenario is a meager 23%.
To further evaluate the model’s performance we have plotted the actual rank-size distribution of West German cities, the
rank-size relationship that is generated by the model, and the
simple Zipf line with slope −1 in Fig. 1. The concave relationship that is generated by the model fits the actual distribution in
Germany fairly closely. In fact, the model performs even better
for Germany than for France or for the US. Despite the lumpiness of industries (this is why the simulations look stepwise in
the lower tail), the model still replicates the lower tail better
and underestimates the size of the bigger cities with lower rank.
The simulated rank-size curve even moves a bit closer to the
actual city size distribution when we introduce ad-hoc agglomeration effects in the R&D sector (see also Appendix B). This
assumption implies relatively more successful innovations, and
thus more industries that are attracted by large cities. The performance of the model mildly increases to 0.922, and the fit in
the upper tail is improved since large cities will be relatively
larger the stronger the agglomeration effects are.
3. Empirical analysis
The previous section indicated that the churning of industries
shows up as a pervasive fact in the data, creating considerable
turbulence from the perspective of cities. As a consequence, in
the last three decades, an average German, French, or US city
faced changes in its industrial employment composition that
have been more than twice as large as its (aggregate) employment change. Moreover, we observe considerable variation in
the magnitude of excess churning across cities in the data: the
city with the strongest industry turnover has a churning rate
around four times as large as the city with the least change
in its industry composition. Naturally, cities are heterogeneous
in a variety of other dimensions as well: some are considerably more human capital intensive than others; some cities are
strongly specialized in particular industries whereas other cities
have more balanced industry compositions, etc. Most of this
heterogeneity refers to characteristics that are not directly part
of the Duranton-model. For example, workers in the model
are assumed to be homogeneous, industries are assumed to be
symmetrical, and cities are not inherently different. From an
empirical point of view and as a direction for further theoretical
extensions it is crucial, however, to understand if certain city
characteristics are robustly related to churning patterns.
12 Two conditions must be met to compute the Zipf counterfactual: First, the
ln rank–ln size relationship must hold perfectly, with the Zipf coefficient equal
to −1. Second, the sum of the implied city sizes must be equal to the sum of
the real world city sizes. Given that there are 326 cities in the data set, there is
precisely one city size distribution that satisfies both conditions.
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Note. On the vertical axis we plot the natural logarithm of the rank of cities in the urban hierarchy. On the horizontal axis we depict the corresponding total local
employment level of the respective city c (also in natural logarithm). The three curves refer to the actual size of the city of the respective rank, the predicted size
according to the simulation of the Duranton-model, and the hypothetical city size if Zipf’s law would hold perfectly.
Fig. 1. Simulation results.

Two issues immediately come to mind on which we will
put our main focus in this paper. First, do “skilled cities” with
a large local share of university-trained workers exhibit more
rapid industry turnover than “unskilled cities”? This may be
possibly due to the fact that the R&D process that is needed
to attract footloose second-nature industries is skill-intensive.
Second, what is the role of the initial industry composition
for subsequent churning and growth? Do cities with an idiosyncratic initial specialization pattern exhibit different turnover
patterns than cities with an average initial industry mix? This
issue appears to be quite complex. A city that is initially specialized in the “wrong” industries may be interested in changing
considerably, whereas a high concentration of the “right” industries may be an indicator that the city is less likely to change
in the future. In the empirical analysis in this section we will
analyze, in particular, the effect of human capital and initial industry structure for subsequent city churning and city growth.
3.1. Churning in cities
As the dependent variable we use the average annual excess
churning rate of city c = 1, . . . , 326
ExcChurnc = Churnc − EMPc
⎡ n
( z=1 |e(s, c, t + 1) − e(s, c, t)|)
2001
−|e(c, t + 1) − e(c, t)|
1  ⎢
⎢
= ·
⎣
T
e(c, t)
t=1977

⎤
⎥
⎥ × 100. (4)
⎦

This index has a straightforward interpretation: The larger
ExcChurnc is, the more has the industrial composition changed
over the years, in excess of the overall change in the city’s total
employment level. The index has some notable properties: It is
non-negative by definition and equal to zero if all industries z
within the city exhibit growth rates with the same sign. Notice
that ExcChurnc = 0 by no means requires uniform growth rates
across industries in c, but only that all industries grow or all
shrink. If some industries grow and others decline in employment terms, the index ExcChurnc is positive, and increasing in
the degree of industrial reallocation.13
Fig. 2 presents a histogram of the excess churning rates
across West German regions. The index ExcChurnc ranges from
1.2% to 4.5% p.a. in West Germany (with mean 2.7% and
std dev. 0.6). A look at simple correlation tables reveals that
ExcChurnc is strongly negatively correlated with initial total
city size in the base period t0 = 1977(ρ = −0.6114). When
running a simple bi-variate OLS regression, as reported in column (1) of Table 2, we find that (log) total employment in t0
is highly significant and explains nearly 40% of the variation
of excess churning rates. This high explanatory power is reassuring of the theoretical model, which precisely predicts such a
13 Alternatively we could have used the ratio Churn /EMP , which has a
c
c
similar interpretation. Furthermore we could have specified the dependent variable in logs, in order to take into account that excess churning rates are truncated
at zero. We have performed such regressions as well and obtained results that
were qualitatively very similar to those reported below.
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Note. This figure illustrates the distribution of the variable ExcChurnc as defined in Eq. (4) across the 326 West German NUTS3 regions (in % p.a.).
Fig. 2. Histogram of excess churning rates across cities (1977–2002).

Table 2
Determinants of churning
All cities
(1)

All cities
(2)

All cities
(3)

All cities
(4)

Growing cities
(5)

Declining cities
(6)

−0.506***
(0.035)
–

−0.722***
(0.06)
−1.721
(2.80)
−0.878
(0.75)
−0.242
(0.93)
−4.903***
(1.58)
−0.009
(0.03)
−2.899**
(1.12)
1.379
(0.88)
11.96***
(4.66)
4.33***
(1.01)
5.42***
(1.76)
8.469***
(3.64)
326
0.6222

−0.731***
(0.11)
2.383
(4.83)
−1.865
(1.19)
−0.034
(1.43)
−4.860**
(2.24)
0.036
(0.07)
−1.847
(1.75)
−1.646
(1.47)
9.05
(5.74)
1.26
(1.55)
3.12
(2.66)
20.68***
(6.42)
142
0.7189

−0.708***
(0.08)
−7.300
(4.48)
−0.036
(0.97)
−1.128
(1.38)
−6.269**
(2.41)
−0.063
(0.05)
−3.697**
(1.62)
3.125**
(1.35)
13.49*
(7.68)
6.53***
(1.35)
4.23*
(2.78)
3.241
(5.52)
184
0.6417

Share of workers with
University degree
Share of workers with
completed apprenticeship
Share of workers in large plants (>100 emp.)

–

−0.571***
(0.044)
5.338**
(2.24)
–

–

–

Share in medium-sized plants (20–100 emp.)

–

–

Average age employees

–

–

Fraction on male employees

–

–

Average daily wage (log)

–

–

employment share
agriculture
employment share
metallic mining
employment share
non-metallic mineral mining
Constant

–

–

−0.653***
(0.06)
3.169
(3.23)
−0.902
(0.68)
−0.098
(0.60)
−2.776**
(1.30)
−0.018
(0.04)
0.732
(0.88)
0.204
(0.84)
–

–

–

–

–

–

–

7.976***
(0.371)
326
0.3740

8.515***
(0.436)
326
0.3881

10.04***
(2.93)
326
0.4384

Total employment (log)

NOBS
R2

Note. dep. var. is the excess churning rate given in Eq. (5). The estimation method is OLS with robust standard errors reported in parentheses. Further control
variables in the 4th–6th specification (coefficients not reported for brevity): local employment shares of all other industries. Full details about all results are in
Appendix C, columns (1), (3), (5).
* Significant at 10% level.

** Idem, 5%. *** Idem, 1%.
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negative relationship between city size and industry churning.14
Starting from this benchmark specification, we have performed
several regressions to find out which characteristics are robustly
related to excess churning rates. All controls are measured for
the base year period t0 = 1977. Of particular interest are skillrelated variables, as well as variables that describe the initial
industry composition of the cities.
The first basic conclusion that we draw is that human capital
does not have an obvious and robust effect on churning patters.
When we only include the local share of high-skilled workers in
the regression (see second column), we do in fact find a positive
and significant effect on city churning. This result is not robust,
however. Controlling for further city characteristics with which
human capital is likely to be correlated, such as the share of
workers in large firms, it turns out that the positive impact of
high-skilled workers on churning is no longer significant (see
third column). This indicates that the specification in the second
column suffers from a basic omitted variable bias.
When looking at the full sample we find that “skilled cities”
with a large employment share of university-educated workers
did not exhibit notably stronger industry turnover than “unskilled cities” over time. We will come back to the role of
human capital below when we present more detailed results for
different sub-samples of cities.
Further controls included in the third column, such as the
age and gender structure or the average city wage, do not seem
to play a role either. The only characteristic that is related to
churning patterns is the regional firm-size composition. Cities
face less churning if a large share of the employees work in
medium-sized firms (with 20–100 employees), which suggests
that employment in such firms is relatively stable. All in all, it
turns out that total city size remains the only highly significant
explanatory variable. The other characteristics do not add much
to the understanding of excess churning rates. The regression
R 2 increases only mildly from the first to the third specification.
Moving to our second main focus, the role of the initial industry composition for subsequent turnover, we control for a
city’s initial structure by adding the employment shares of 27 of
the 28 industries (leaving the public sector as the excluded reference category) in the baseline period 1977 to the regressions.
For expositional purposes we only report the main results in the
fourth column of Table 2 (the complete tables are relegated to
Appendix C).
The most important insight from this exercise clearly is that
cities with a large initial employment share in agriculture and
(metallic and non-metallic) mining have experienced significantly stronger industry turnover.15 Like in most developed
countries, these traditional sectors have been on a steady down14 This property can be seen even more clearly when re-estimating the first
specification as follows: Churnc = 7.62 + 1.092EMPc − 0.49 log(empc,t0 ),
where all estimated coefficients are highly significant. The coefficient on
EMPc , which is larger than one, is also consistent with the property of the
theoretical model that industries churn more than entire cities.
15 There are only two additional significant coefficients for the other initial
industry shares when looking at the full sample of regions (gastronomy and
health care, see column (1) of Appendix C).
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ward trend during the last decades in Germany. Of course,
cities initially specialized in these sectors are dis-proportionally
affected by these general trends of structural change. Consequently, their legacy of a disadvantageous economic structure
is a good predictor for their subsequent change in terms of industrial composition.16
We run the same specification on the two sub-samples of
growing and declining cities with above-average and belowaverage total employment growth rates over the period 1977–
2002, respectively. Results are reported in the 5th and 6th column of Table 2 and in Appendix C (columns (3) and (5)). We
find that the positive effect of the initial agriculture or mining share on excess churning is driven by the declining cities.
Among the growing cities a high concentration of certain industries (like optics and the IT-sector) leads to less subsequent
churning, i.e., cities specialized in these fairly “modern” sectors
are less likely to change afterwards. Yet, there is no notable impact of agriculture or mining on churning patterns in this group
of regions. In contrast, among the declining cities we find a significantly positive effect of these initial industry shares.
3.1.1. Robustness checks
The regressions on the two sub-samples of growing and
declining cities are less efficient than the regression on the full
sample of cities, since the number of observations is lower. Furthermore, the coefficient for the central significant explanatory
variable (log total employment) appears not to differ across
sub-samples. Therefore, we performed a robustness check of
our result that the initial industry composition drives churning in the declining regions only. We ran a regression on the
full sample of cities, and included the initial industry shares
and interaction terms of these shares with a dummy variable
that indicates whether the city is a growing or a declining one.
Consistent with the results reported above, we obtain significantly positive coefficients of the agriculture and mining share
on city churning. The interaction terms are negative and significant (strongly significant at the 1% level for mining, at the 10%
level for agriculture). These findings verify that city churning is
associated with the disappearance of old-fashioned industries,
yet only among declining cities.
Secondly, one might wonder how the fact that our data set includes all West German locations (including rural areas) affects
our results. We have repeated the comprehensive specification
in column (4) of Table 2 and excluded all rural areas. Furthermore we ran this specification on the rural areas only. It
turns out that the qualitative results are very similar across samples: the coefficient for the high-skilled employment share is
insignificant, and the coefficients for the initial agriculture and
mining shares are positive and significant in all regressions. Our
16 Notice, as obvious these results appear they were by no means so clear a
priori. Since ExcChurnc measures the industry turnover in excess of a city’s aggregate employment change, it might still have been the case that no correlation
between the initial employment shares in declining industries and ExcChurnc
shows up in the data. This would have been the case, if on average cities initially specialized in those declining industries had not gained employment in
other rising industries.
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Fig. 3. City growth and industry churning.

findings, thus, appear to be robust to different definitions of “locations”.17
3.2. Churning versus growth: A classification of four different
types of cities
How are the growth of a city and the excess churning of
industries it faces interrelated? A priori, it is not clear if one
should expect a positive or a negative correlation, if any at all.
Strong urban growth may go along with strong urban change:
The success of a city may be due to the fact that it has modernized its economic structure and outpaced other regions in terms
of industry turnover and structural change. On the other hand,
urban growth may also result from factors that are essentially
unrelated to industrial change, i.e., some cities may grow without exhibiting notable industry turnover over time.
Indeed, plotting the cities’ excess churning rates against the
standard employment growth rates (as in Fig. 3) we only find
a slightly positive correlation (ρ ≈ 0.1) between the two variables. City growth rates and excess churning rates are both measured relative to the respective sample average. Regions to the
right (left) of the vertical solid line have grown faster (slower)
than the West German average over the years 1977–2002. Regions above (below) the horizontal line have seen more (less)
industry turnover than the average region over the same time
period.
17 For the definition of “rural areas” vs. (non-rural) “cities” we adhered to the

different area types defined by the German Federal Agency of Building and
Planning (BBR). Regions not belonging to area types 1 and 5 were defined as
“rural” in this robustness check. Of course, the agricultural employment shares
in non-rural cities are now much lower, but the variation was still sufficient to
identify all coefficients.

The emerging picture allows a stylized classification of cities
into four types. In some cities, located in the north-east corner
of the figure, high growth rates coincide with a strong churning
of industries. Yet other growing cities, located in the south-east
corner, have seen relatively little change in their industry composition. A similar distinction can be made for the group of
declining regions. Those in the north-west corner exhibit aboveaverage excess churning rates, whereas those in the south-west
corner rank below the average both with respect to growth and
churning.
Following Glaeser (2005), we think of the regions in
the north-east corner as examples of successful “reinvention
cities.” The above-average values of the growth rate and the
ExcChurnc -index imply that these regions have seen considerable industry turnover, such that the employment losses in the
declining sectors were more than compensated by the gains in
the growing industries. Many of these cities are rather small
and located in the state of Bavaria (like Freising or Landshut),
which has been dominated by traditional industries but then developed rapidly over the 1970s and 1980s to become of one
of Germany’s leading high-tech states. Growth in these regions
coincides with rapid change, which suggests that they have successfully “re-invented” themselves fairly quickly.
Yet, there is also a huge group of regions where high growth
coincides with relatively low excess churning rates. This coincidence indicates that, by and large, all local industries have
exhibited positive growth rates. The best example of such a
city is Munich. Of course, even in Munich some industries
grew stronger than others. Hence, relative industry shares have
changed over time, but very few industries actually shrank in
absolute terms. In view of this, we call the cities in the southeast corner of the figure the “high-flying cities” which generally
grow without exhibiting strong industrial change.
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As for the declining cities, those in the north-west corner still
have above-average excess churning rates. At least some industries have grown in these cities, even though this growth was not
sufficient to compensate the employment losses of the declining sectors. Many large cities from the coal & steel dominated
Ruhr area (like Herne, Gelsenkirchen, Dortmund) belong to this
group. These cities launched a process of change, but what has
been achieved was not sufficient to compensate the losses in the
declining traditional sectors. We therefore call these regions the
“structural change losers.” Finally there are some cities, where
most industries shrank over time, so that low city growth coincides with a low excess churning rate. We call these regions
in the south-west corner the “depressed cities,” since encouraging experiences of at least some growing industries appear to be
absent.
3.3. Determinants of churning and growth in the different
types of cities
In Section 3.1. we have investigated the determinants of excess churning rates for all cities in the sample. In this section
we present similar regressions for the different types of cities.
More precisely, we re-estimate the comprehensive specification (4) of Table 2 on the four sub-samples (reinvention cities,
high-flyers, structural change losers, depressed cities). Furthermore, we conduct all regressions not only with ExcChurnc as
the dependent variable, but also with the standard long-run employment growth rate of cities over the period 1977–2002. The
selection of a city into one of the sub-samples is of course not
random. However, our aim in this paper is not to uncover causal
mechanisms that determine the success of cities ex ante, but
we try to develop new stylized facts about the processes of industry turnover and growth ex post. What have been the main
characteristics of the cities in the four respective groups that
are notably correlated with their growth performance and their
turnover pattern? In particular, we are interested in whether the
effects of human capital and the initial industry composition on
churning and growth have been different in the different types
of cities.
Table 3 highlights the most important results.18 Columns (1)
and (2) present the results for excess churning and growth using
the full sample of cities. The share of university-educated workers is insignificant in the estimation of the excess churning rate,
as argued above. Yet, it is positive and highly significant in the
standard employment growth regression. The important role of
human capital as an engine of local growth is well documented
in several previous studies that find that “skilled cities” exhibit
faster employment/population growth than unskilled cities (see
Simon, 1998 and Glaeser and Saiz, 2004 for the US; Südekum,
in press for West Germany). We obtain consistent results. Yet,
there is no evidence that the faster growth of skilled cities is accompanied by more industrial change in general. A more complex picture emerges, however, when repeating the regressions
18 Some coefficients are omitted in Table 3 for expositional purposes. The

complete set of results is reported in Appendix C.
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for the group of growing cities only, and for the two sub-groups
of growing cities (specifications (3)–(8)).
First of all we find that human capital is even stronger correlated with city growth within growing cities than in the full
sample (compare specifications (2) and (4)), yet the correlation is again even stronger among the fast growing and quickly
changing “reinvention cities.” Among those cities which grow
and churn, the skill-intensive ones have grown much faster although they were not the ones that exhibited the fastest turnover
within the group of fast churners. Interestingly, when looking
at the “high-flying cities” which grow fast but churn relatively
little, the results are reversed. Within this group we find that
the skill-intensive cities have not grown faster, but instead they
have exhibited a somewhat stronger turnover. Furthermore, the
association between the initial industry composition and subsequent growth seems to be quite different between the two types
of growing regions (see in particular Appendix C, columns (8)
and (10)). For both, the re-invention and the high-flying cities,
we find that the initial mining and agricultural employment
share are not significant in the churning and growth regressions.
Yet, growth among the high-flying cities was notably positively
correlated with the initial employment shares of 13 out of 27 industries (e.g., education or automobile production). In contrast,
the initial industry composition played a much lesser role for
growth among the reinvention cities.
These empirical findings suggest that there have been two
different profiles of urban success. In the first type of successful
cities, the “reinvention cities,” there is a principal association
of growth with human capital. The reinvention cities must exhibit declining employment in a notable number of industries,
but this decline has been dominated by the growth of rising
industries. This growth of the rising industries appears to be
strongly associated with human capital.19 In the second type
of successful cities—the “high-flyers”—growth was not significantly associated with human capital. We believe that this
result is due to the fact that this group entails some successful cities, where growth is due to fortunate circumstances such
as location or market potential, which are detached from skill
intensity. These cities have been specialized in the “right” industries already in the beginning of the observation period, as
suggested by the positive effects of several industry shares on
growth (see Appendix C). These cities have, thus, experienced
a growth process that did not require the city to change constantly. Yet, even within this group of “high-flyers” we still find
that the most skill intensive ones showed the relatively most
rapid industry turnover. This may indicate that the most skilled
“high-flyers” realize that a strategy of change may be needed in
the longer run to complement the fortunate development that is
common to these cities.
In declining cities, churning and growth seem to have quite
different characteristics. Most importantly, we find no significant effect of human capital, neither on churning nor on growth.
This is true for the group of declining regions altogether, but
19 This finding is nicely consistent with Glaeser’s study on Boston (see
Glaeser, 2005), where he argues that the city’s success in “reinventing itself”
was essentially due to its human capital.
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Table 3
Growth versus churning—growing vs. declining cities (selected results)
All cities
Churning (1)
Total employment (log)

Agriculture
Mining
Constant
NOBS
R2

Growth (4)

Churning (5)

−0.084***

−0.495**

(0.06)
−1.721
(2.80)
11.965**
(4.66)
4.337***
(1.01)
8.469**
(3.64)

0.014
(0.02)
3.513***
(1.61)
−2.339**
(1.13)
0.189
(0.39)
2.942***
(1.10)

−0.731***
(0.12)
−2.383
(4.83)
9.058
(5.47)
1.265
(1.55)
20.688***
(6.42)

(0.03)
6.015***
(2.47)
−0.120
(2.32)
1.320**
(0.63)
0.250
(1.82)

326
0.6222

326
0.6387

142
0.7189

142
0.5105

−0.722***

All declining cities
Churning (9)
Total employment (log)
Share highly-qualified workers
Agriculture
Mining
Constant
NOBS
R2

Re-invention cities

Churning (3)

Struc. change loser
Growth (10)

Churning (11)

(0.22)
−14.341
(17.22)
−12.415
(8.54)
0.856
(2.41)
13.258
(10.45)
73
0.6039

High-flyers
Growth (6)

Churning (7)

Growth (8)

−0.076
(0.07)
21.218***
(5.76)
2.528
(2.98)
1.207
(0.79)
4.617
(3.53)

−0.413***
(0.15)
11.018**
(4.45)
−0.001
(5.57)
−5.224
(4.62)
12.868*
(7.72)

−0.133**
(0.06)
3.100
(2.92)
−1.342
(2.37)
2.846
(2.37)
1.297
(2.79)

73
0.7306

69
0.6849

69
0.7804

Depressed cities
Growth (12)

Churning (13)

Growth (14)

−0.708***

0.027**

−0.857***

(0.08)
−7.300
(4.58)
13.498*
(7.68)
6.539***
(1.36)
3.241
(5.52)

(0.01)
0.984
(0.78)
−2.184**
(0.87)
−0.459*
(0.25)
2.677***
(0.82)

(0.16)
2.804
(9.23)
23.380***
(10.26)
2.610*
(1.51)
−12.012
(8.13)

0.020
(0.03)
−0.587
(2.41)
−0.966
(1.64)
−0.067
(0.45)
3.529**
(1.58)

−0.341***
(0.09)
0.547
(3.86)
12.575***
(3.16)
4.430**
(1.76)
0.331
(6.20)

0.002
(0.02)
0.260
(1.07)
−0.899
(0.83)
−0.259
(0.31)
1.299
(1.02)

184
0.6417

184
0.6024

71
0.6909

71
0.7186

85
0.7291

85
0.5980

Note. Dep. var. is excess churning rate given in Eq. (5), respectively the long-run employment growth rate of city c, (empc,2002 − empc,1977 )/empc,1977 . Robust std. errors in parentheses. Further controls (coefficients
omitted for brevity) are: empl. shares large and medium-sized firms, average age of employees, fraction of men, wage, local employment shares of all other industries not reported above. Full results including all
estimated coefficients are reported in Appendix C.
* Significant at 10% level.
** Idem, 5%.
*** Idem, 1%.
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share highly-qualified workers

All growing cities
Growth (2)
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also for the two-subgroups of declining regions with aboveaverage and below-average industry turnover, respectively. This
suggests that human capital is associated with local growth
and change only within the group of successful cities. Within
the group of unsuccessful cities we do not find that the skillintensive ones are relatively less unsuccessful. What stands out
for the group of declining regions is the effect of the initial agriculture and mining share.
Among the declining cities we find that those with large initial shares in agriculture and mining had stronger turnover, but
grew less over the years. Industries other than mining or agriculture show no significant correlation with churning among the
declining regions, which points at the special role of these two
sectors for the declining cities.
To sum up, our empirical findings point at two important
characteristics of the processes of local growth and churning
that have been neglected in the Duranton-model. First, human
capital matters, at least in successful cities. In the “reinvention
cities” human capital particularly boosts the growth of the rising
industries, and it accelerates industry turnover in the “highflyer” cities. Second, initial industry composition also matters
for the subsequent turnover pattern of cities, particularly among
declining cities. Cities that are initially specialized in declining industries, such as agriculture or mining, are more likely
to change afterwards, as an industry turnover is needed to cope
with their initial structural problems.
4. Conclusions and outlook
In this paper we have shown that the recent model by Duranton (2007) is successful in explaining a variety of facts about
industry turnover and growth in West German cities and local industries. The steady-state city size distribution of that
model comes very close to the actual distribution, and the
model clearly outperforms Zipf’s law. These results are reassuring of the importance of Duranton’s approach, since all essential results can be confirmed for the case of West Germany
in our independent study. Secondly, we have established several new facts and insights about industrial churning in cities,
which is the central mechanism of that model. In particular, we
have investigated the effect of human capital and the initial industry composition on industry turnover in different types of
cities.
Our empirical findings point at some aspects of the urban
growth process that are not fully captured by the Durantonmodel. The prominent role of the skill structure for local growth
among successful cities is strongly in line with theories in the
spirit of Black and Henderson (1999), which relies on human
capital accumulation with knowledge spillovers as the main
growth engine. Worker heterogeneity is neglected as an integral part of Duranton (2007), however. Urban growth appears
to carry facets of both theories. Both, industry reallocations
and human capital play important roles in reality. It seems to
be an exciting area for further research to combine these two
views of the urban growth process in a unifying framework,
possibly by being more explicit about the role of human capi-
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tal for the endogenous R&D process that drives local industry
turnover.
A second feature that is not captured by Duranton (2007)
concerns the fact that the development of cities sometimes cannot be detached from long-run trends of structural change. Following Duranton we consistently find strong spatial mobility
of industries in general, which causes rapid industry turnover
at the local level in West Germany. Yet, the evidence also suggests that not all cities and industries are symmetrical in this
respect. At least for some cases we find fairly persistent local specialization patterns in the data, so that the fate of a city
is closely tied to the fate of a particular sector. Some sectors,
such as agriculture and mining, are on a long-term trend of
decline. Cities with a high concentration of those sectors are
stuck with a structural problem, which is resolved only slowly
over time. Consistent with this view, we find that a large initial
employment share of agriculture and mining is associated with
more rapid subsequent industry turnover but with lower growth.
Coming to grips with these observations will probably require
including aspects of inertia in local economic structures as well
as industry-specific growth trends into the model.
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Appendix A. Details about data set
The data is a balanced spatial panel, with annual observations for the time period 1977–2002. Data is not subject to any
censoring. For each local industry and year the following information is available:
– SIZE: the total employment level of full-time employees
(35 working hours per week) referring to workplace location.
– MEDIUM, LARGE: the employment shares in mediumsized (20–99) and large (>100) firms. Residual share is
employed in small firms (<20 workers). Data for firms refer to the headquarter location, i.e., the data does not refer
to establishment sizes.
– HQ, MQ: employment share of workers with completed
tertiary education, respectively with completed apprenticeship. Residual share: Workers without formal vocational
qualification.
– AGE: average age of all employees in the respective local
industry.
– MEN: fraction of men among all employees in the respective local industry.
– WAGE: the average wage income per employee per calendar day, including all bonuses and extra payments subject
to social security.
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Note: Standard errors omitted for expositional purposes. Variable abbreviations are explained in Appendix A.
* Significant at 10% level. ** Idem, 5%. *** Idem, 1%.
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The 28 different industries that are distinguished in the data
set are: Agriculture, Mining, Electronics, Chemical Industry,
Synthetic Material, Non-metallic Mineral Mining, Glass & Ceramics, Primary Metal Manufacturing, Machinery, Automobile,
Office Supplies & IT, Toys & Jewellery, Wood-working, Paper & Printing, Leather & Textile, Food & Tobacco, Building
& Construction, Transportation, Banking & Insurance, Hotels
& Gastronomy, Health Care, Business-Related Services, Education, Leisure-Related Services, Household-Related Services,
Social Services, Commerce and the public sector. Data for the
public sector contains only public employees with social security contributions but no civil servants, who are exempted from
the social security system.
The abbreviations of variable names refer to the full results
tables presented in Appendix C.
Appendix B. Simulation of the steady state city size
distribution
The number of cities in the simulations is equal to the number cites in our dataset, hence m = 326. The derivation of n
relies on the assumptions that all industries are homogeneous
in size, and that the smallest cities in our model host one industry. The number of the smallest cities can be shown to be
m1 =

m(m − 1)
,
(n − 1)

(B1)

see Duranton’s Appendix A, Eq. (A12). Since m1 cities host
one industry, it must hold that the average size of the m1 cities
times n must equal the sum of all employed people in the economy, defined as POP:
POP =

m1
1 
·
e(c, t) · n.
m1

(B2)

c=1

Solving (B1) for n and inserting this into (B2) with m = 326
yields:
POP =

m1
m1
326(326 − 1) 
1 
·
e(c, t) +
·
e(c, t).
m1
(m1 )2
c=1

(B3)

c=1

Using the most recent year in our panel t = 2002, we have
POP ≈ 16.28m. Then the best “fit” for Eq. (B3) is achieved
with a value of m1 = 115, which in turn implies a fixed industry size of approximately 18,400 employees and n = 885
industries. These industries are then assigned to the 326 cities
in proportion to their relative size in 2002.
In the first step of each simulation, one “innovator” of the
n = 885 industries is randomly picked from a discrete uniform
distribution. The “innovated”’ industry is then drawn from the
remaining pool of n − m = 559 second-nature industries. The
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“innovated” industry moves to the city of the “innovator” (or
stays if already located there).
In the benchmark model every city faces a probability of
being home to an ”innovator” of ic /n, where ic denotes the
number of industries in city c. In an extension, we also consider
ad hoc agglomeration benefits to R&D (yet, not in production)
in the simulations. This is done by assuming that the probability
1+ϕ
for a city to innovate increases to ic /n, where ϕ  0 captures
the scale economies in R&D. Like Duranton (2007) we allow φ
to vary over the 0.00–0.05 range in different simulations. Fig. 1
refers to the set of simulations with φ = 0.01.
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