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Abstract

This paper evaluates the impact of public employment on private sector activity using the re-
location of the German federal government from Berlin to Bonn in the wake of the Second World
War as a source of exogenous variation. To guide our empirical analysis, we develop a simple
economic geography model in which public sector employment in a city can crowd out private
employment through higher wages and house prices, but also generates potential productivity and
amenity spillovers. We show that after the relocation of the government, Bonn experienced a sub-
stantial increase in total employment and population relative to a control group of cities. However,
this increase was almost exclusively driven by an increase in public employment, while private em-
ployment remained largely unchanged. We show how this finding can be explained by our model
and provide several pieces of evidence for the mechanisms emphasised by the model.
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1 Introduction

Following Krugman (1991), there has been a wave of research investigating the spatial distribution
of economic activity. By and large, this literature has concentrated on the location choices of firms
and workers in the private sector. However, in most advanced economies, a substantial share of the
workforce is employed in the public sector.! This is important for at least two reasons. First, the
spatial distribution of public employment is unlikely to be determined exclusively by market forces.
Indeed, many governments use public employment as a form of regional policy and create public
sector jobs in economically lagging regions. Second, the location of public employment should have
important impacts on the location of private sector activity through its effects on wages, housing costs
and potential productivity and amenity spillovers.

In this paper we use the relocation of the (West) German federal government from Berlin to Bonn
in the wake of the Second World War as a source of exogenous variation to evaluate the causal impact
of public employment on the spatial distribution of private sector activity. This approach has a number
of attractive features. First, the arrival of the federal government in Bonn was a large and plausibly
exogenous shock to public employment, which was driven by factors that are unrelated to the local
economic performance of Bonn. Second, we are able to trace the impact of this shock over several
decades, which allows us to capture the long-run general equilibrium response to this shock. Third, we
are able to provide evidence on the mechanisms through which public and private sector employment
interact.

To guide our empirical analysis we develop a simple theoretical model which builds on Helpman
(1998) and Redding and Sturm (2008). In this model both private sector firms and the public sector
demand labour across different cities. Private sector firms produce manufacturing varieties which are
tradable across cities at some cost while public sector workers produce a global public good. In the
model the location of public employment affects the location choices of private sector workers and
firms through a number of channels. On the one hand, increases in public employment in a location
crowds out private sector employment through increases in house prices and nominal wages. On
the other hand, public sector employment can promote private sector activity through productivity
and amenity spillovers from public to private sector workers and by dampening the extent of local
competition.

Using panel data for Bonn and 40 control cities covering the the period from 1925 to 1987, we

examine the predictions of our model. Our basic finding is that total employment and population in

! Across the G10 countries in 2005, for example, on average 15.9 percent of employment was in the public sector, while
average employment in industry amounted to only 14.6 percent (see OECD (2009) and OECD (2015)). The original G10
countries are Belgium, Canada, France, Germany, Italy, Japan, Netherlands, Sweden, United Kingdom and United States.



Bonn substantially increased in the wake of the arrival of the Federal Government in Bonn relative to
the control group of cities. However, this increase in employment is driven by the large increase in
public employment, while private sector employment remains essentially unchanged relative to the
control group of cities.

We use our model to provide evidence for the different mechanisms through which public and
private employment interact to produce this pattern of results. First, we provide some suggestive
direct evidence for the amenity and productivity spillovers from public to private employment that
the model postulates. We find that while there is considerable evidence for amenity spillovers from
public employment in Bonn, there is little evidence for productivity spillovers from public to private
employment. Second, we show that long-term changes in wages are in line with the predictions of the
model. Third, we provide evidence that house prices in Bonn have also increased in the way predicted
by the model. Finally, we calibrate the model to explore for which parameters the model can best fit
the reduced form evidence.

Our paper contributes to a number of literatures. First, there is little systematic empirical evidence
for the interaction between public and private sector employment. A notable exception is Faggio and
Overman (2014) who use UK local authority level data covering the period 1999 to 2007 and find that
increases in public sector employment have no identifiable effect on total private sector employment.
To control for the endogenous location of public employment they use a shift-share instrument.” Our
approach differs from Faggio and Overman (2014) in three main ways. First, we are able to observe
the long-run impact of a large change in public employment. Second, we use a natural experiment
and difference-in-differences strategy to identify the impact of public employment on private employ-
ment. Finally, we use our model to shed light on the mechanisms through which public and private
employment interact.’

Second, our paper is related to the literature on local multipliers. This literature assesses how ad-
ditional manufacturing jobs create additional employment through increased demand for local goods
and services. Moretti (2010) estimates that an additional job in the tradable sector of a US city creates
1.6 additional jobs in the city’s non-tradable sector, with a larger multiplier effect for additional skilled

jobs compared to unskilled jobs. Black, McKinnish, and Sanders (2005) analyse the effect of the coal

2QOther recent contributions to this literature are Faggio (2014) who uses a difference-in-differences approach on data
covering 2003-2008 to evaluate relocations of public sector employment from London during the 2004-2010 Lyons Review,
finding broadly similar results to Faggio and Overman (2014). Schliiter (2014) investigates whether the opening of fed-
eral ministries in Berlin from 1999 onwards has resulted in private sector job creation in the immediate vicinity of these
ministries.

3Boeri, Nicoletti, and Scarpetta (2000) and Algan, Cahuc, and Zylberberg (2002) use panel data across a small set of
OECD countries to estimate the impact of higher public employment on private employment at the country level. Although
interesting, these estimates do not fully take into account adding-up constraints, or fully resolve the endogeneity problems
surrounding public employment.



boom in the 1970s and the subsequent coal bust in the 1980s on local labour markets in Kentucky, Ohio,
Pennsylvania, and West Virginia. They estimate that each additional mining job created 0.17 non-
tradable jobs; the loss of a mining job implies a loss of 0.34 non-tradable jobs. Carrington (1996) finds
significant increases in the non-tradable sector when the construction of the Trans-Alaskan Pipeline
System between 1974 and 1977 temporarily increased construction employment. Our paper looks at
employment effects of an exogenous increase in public sector employment which we have good reason
to expect to be different from the effect of increases in other sectors.

Third, following Rosen (1979) and Roback (1982) a large literature has examined the implications of
amenity and productivity differences across locations. See Albouy (2008) and Albouy and Lue (2015) for
recent contributions. While much of this literature has considered exogenous differences in amenities,
many urban amenities are plausibly endogenously determined, as in Glaeser, Kolko, and Saiz (2001)
and Diamond (2015). We show that public employment is potentially an important channel of local
amenity differences across cities. Fourth, we also contribute to the wider literature on local labor
market shocks. One strand of this literature investigates the impact of closures of military bases on
local economic outcomes (see, for example, aus dem Moore and Spitz-Oener (2012) and Moretti (2011)
for a recent survey). Finally, there is a developing literature on evaluating the effects of place based
policies. Recent contributions to this literature include Kline and Busso (2013) and Kline and Moretti
(2014). See, Neumark and Simpson (2015) for a recent survey.

The remainder of this paper is organised as follows. The next section develops a simple theoretical
framework to guide our empirical analysis. Section 3 provides some historical background. Section 4
describes our data and Section 5 our empirical strategy. Section 6 presents our main empirical findings.
Section 7 provides evidence for the mechanisms through which public and private employment interact

and the final section concludes.

2 Theoretical Framework

In this section we develop a simple economic geography model in which both private sector firms and
a public sector employ workers. The model builds on Helpman (1998) and Redding and Sturm (2008).*
The location choices of private sector firms are determined by the usual agglomeration and dispersion
forces. The main agglomeration forces are that firms want to locate production near large markets
to economise on transport costs and similarly consumers want to locate close to large markets where
they can consume more varieties without incurring transport costs. The main dispersion forces are

that firms in larger markets face more competition and that house prices increase until workers are

*A more detailed exposition of the model is contained in the technical appendix of this paper.



indifferent across all locations that are populated in equilibrium. The key novel feature of the model
is the presence of public employment, which is assumed to produce a global public good. We treat the
location of public sector jobs as a policy parameter and explore how the distribution of public sector

employment affects the private sector equilibrium.

2.1 Endowments, Preferences and Technology

The economy consists of a number of locations, which we refer to as cities. The economy is populated
by a mass of representative workers, L, who are mobile across cities and are endowed with a single
unit of labour which is supplied inelastically with zero disutility.’ Utility is defined over a consumption
index of manufacturing varieties, C, consumption of housing, C”, and the amenity level of the city,

B_.® The upper level utility function is assumed to be Cobb-Douglas:
U.=B.(CM)" (cH)'™, o<p<l (1)

The tradeables consumption index takes the standard CES (Dixit-Stiglitz) form. There are iceberg type
transport costs for manufacturing varieties between locations and for one unit of a variety produced
in city ¢ to arrive in city ¢, a quantity 7;. > 1 must be shipped. The dual tradeables price index is as

follows:
1/(1-0)

pM = [Z ni(piTic)' =" ; ()

which uses the fact that all n,; tradeable varieties produced in city ¢ face the same elasticity of demand

and charge the same equilibrium price p;. = T}.p; to consumers in city c. Note, that the price index
in equation (2) depends on the access of consumers in city c to tradeable varieties, as captured by
the number of varieties and their free on board prices in each city 7, together with the trade costs of
shipping the varieties from cities ¢ to c.

There is a fixed cost in terms of labour of producing tradeable varieties, F' > 0, and a constant

variable cost. The total amount of labor, [, required to produce z units of a variety is:

|=F+ -, (3)
Pi

where @; captures the productivity of firms in city 7. Profit maximisation subject to a downward

sloping demand curve for each tradeable variety yields the standard result that the equilibrium free

5Tt would not be difficult to extend the model to also include non-working dependents for each worker.
®We use both c and ¢ to index cities. When the distinction is important, we use c to indicate a city when it is consuming
and ¢ to indicate a city when it is producing.



on board price of tradeable varieties is a constant mark-up over marginal cost:

o w;
pi— (0_1) “, @

2.2 Public Sector

The public sector produces a global public good (e.g. defence) that affects all agent in the economy
equally independent of their location. Without loss of generality we normalise the utility that the
agents derive from this public good to zero. The public sector hires a number of workers L{' in city
i, which we treat as a policy parameter.” Public sector workers in city i are paid a wage w¢ which
we assume to be equal to the wage w; that private sector workers in city ¢ receive.® To finance public
employment the government levies a flat income tax 7 on the wage income of both public and private

sector workers to exactly satisfy the government budget constraint:

T Z(wiLl-) = (w;Lf). (5)

i
We assume that public sector employment in a city generates two potential spillovers to private

sector workers in the same city. First, productivity of the tradable sector in city 7 is:
G
Yi = (Lz )a’ (6)

where « is the elasticity of city productivity with respect to the size of the public sector in this city.

Similarly, we assume that consumption amenities in city ¢ are determined by:
G\6
B, = (Lc ) ) (7)

where § is the elasticity of city amenities with respect to the size of the public sector.

2.3 Spatial Equilibrium
With free labor mobility across cities, workers’ utility has to be the same in all cities. Substituting the
equilibrium demand functions into the utility function (1), equal utility across cities implies:

w.B,
(PMY" (BI)H

=k, for all ¢ (8)

7 As we only consider shifts in the spatial location of public sector employment but no changes in the aggregate amount
of public employment, it is in the model equivalent whether the public sector creates new jobs in a particular city, or
whether the public sector has a dedicated workforce of public sector employees who move between cities.

81t would not be difficult to modify the model so that public sector jobs offer a higher wage than private sector employ-
ment in the same city.



where we implicitly assume that all cities are populated in equilibrium. The intuition behind (8) is that
higher wages or higher amenities make a city more attractive, while higher housing costs or a higher
price of manufacturing goods make the city less attractive.

Labor market clearing implies that labor demand in the tradeables and public sector sums to to-
tal employment in the city. Using the fact that free entry in the private sector combined with the
CES demand structure implies a constant equilibrium labor input for each variety and the tradeables

production technology in equation (3), the labor market clearing condition can be written as:
Li— LY = LM =n;Fo. (9)

This relationship therefore pins down the number of tradeable varieties produced in city ¢ as a function

of city population, the level of public employment and parameters of the model.

2.4 Simulation

To explore the properties of the model we simulate a simple two-city version of our model. In par-
ticular we start with two ex-ante identical cities and explore the impact of changes in the location of
public employment on private sector activity. For this simulation we assume central values for the key
parameters of the model. In particular we assume an elasticity of substitution of four which is similar
to the values typically used in the international trade literature (see, for example, Feenstra (1994); Ghi-
roni and Melitz (2005)). Furthermore, we set the share of expenditure on housing in total expenditure
to 0.25, which is close to the estimates in Davis and Ortalo-Magné (2011). Finally, we assume that
economy wide public employment is one quarter of total employment.’

Figure 2 shows the impact of shifting public employment from city 2 to city 1 for different assumed
values of the amenity and productivity spillover parameters ¢ and a. The figure has a number of
striking features. In the absence of productivity or amenity spillovers shifting public employment
from city 2 to city 1 actually reduces total employment in city 1. The intuition behind this more than
proportional crowd out effect is as follows. If the public sector moves more employment to city 1, this
increases local house prices and induces private sector employment to migrate from city 1 to city 2. To
see why the crowd-out of private sector employment is more than 100 percent, consider a one to one
replacement of private sector employment in city 1 with public sector jobs. This implies that there is
less local production of manufacturing varieties in city 1 compared to city 2 and the price index (2) is
therefore higher in city 1 than city 2. To bring about spatial equilibrium more private sector worker
therefore have to leave city 1 until house prices in city 1 have fallen sufficiently relative to city 2 to

make private sector workers indifferent between locating in city 1 and city 2.

9We also normalise fixed costs F' to one and set the iceberg transport costs between the two cities to 1.5.



If there are either productivity or amenity spillovers from public sector employment to the private
sector, this negative impact of increasing public employment on total employment can be overturned.
Figure 1 shows that sufficiently strong spillovers can actually increase private employment in city 1 in
response to an increase in public employment in this city. The bottom panels show how these changes
are reflected in nominal wages and house prices. Given the Cobb-Douglas preferences, house prices
are proportional to total nominal income in the city, which is obviously closely related to total employ-
ment in the city. Both, productivity and amenity spillovers that are strong enough to increase total
employment in city 1 also increase house prices. The impact of productivity and amenity spillovers
on wages is slightly more subtle. Both types of spillovers increase nominal wages in city 1 marginally
and this is driven by two mechanisms. First, there is the usual new economic geography mechanism
that firms with better market access (i.e. the firms located in the larger city) are able to pay higher
nominal wages in a zero profit equilibrium. Second, public employment creates demand for private
sector firms without any competition effect.’

After a brief summary of the historical background, we now examine how public and private sector
interact empirically and use the model to provide evidence for the different mechanisms through which

the public and private sector interact.

3 Historical Background

In the wake of the Second World War, Germany was divided into four different parts: West and East
Germany, areas that became part of Poland, and an area that became part of the Soviet Union. Berlin,
the pre-war capital of Germany, was situated approximately 200 kilometres to the east of the border
between East and West Germany. Berlin was jointly occupied by U.S., British, French, and Soviet
troops and divided into four sectors of occupation. The origins of Germany’s division can be traced
back to a wartime protocol that organised Germany into zones for the purposes of the post-war military
occupation. With the intensification of the Cold War, cooperation between the Western allies and the
Soviet Union deteriorated and West Germany was founded in 1949 on the area of the U.S., British, and
French zones, while East Germany was founded in the same year on the Soviet zone (see, for example,
Franklin (1963) and Kettenacker (1989)).

As part of the foundation of West Germany, a location for the new West German government had

19The prediction that both amenity and productivity spillovers increase wages and house prices differs from the classic
Roback (1982) analysis for two main reasons. First, in our model housing is not used as a factor of production. Second,
Roback (1982) assumes that there is a freely tradeable homogenous final consumption good, while our model has positive
trade costs and love of variety preferences which implies that differences in market access influence nominal wages and
the prices consumers face. See Redding and Sturm (2008) and Handbury and Weinstein (2015) for recent evidence for the
importance of market access at the city level.



to be found. There were four main contenders for the seat of government, which in order of their 1939
population were: Frankfurt, Stuttgart, Kassel and Bonn. It was widely believed that Frankfurt was the
obvious choice for several reasons: It had been the seat of the first German parliament in 1848, it was
the largest of the candidate cities, and it was centrally located in West Germany with good transport
links. However, on 10 May 1949, the West German Parliamentary Council (“Parlamentarische Rat”)
voted narrowly for Bonn as the preliminary capital. Of the 65 delegates, 29 voted for Frankfurt and 33
for Bonn, with 2 invalid votes.'" This decision was confirmed by the newly constituted West German
parliament on 3 November 1949 with 200 votes for Bonn versus 176 for Frankfurt (Floehr (1986)).'?

A popular myth is that Konrad Adenauer, Germany’s first post-war chancellor, single-handedly
engineered this outcome as he was of an advanced age and lived on the outskirts of Bonn.'* The truth
is likely to be more mundane. First, the heavy military presence of American troops in Frankfurt was
viewed as a disadvantage for an independent West German government. Second, and probably more
important, making Bonn the new capital was viewed as a signal that the division of Germany was a
temporary arrangement that had to be overcome as soon as possible.

Despite initial hopes that division would be short-lived, it was over time formalised in international

treaties and became widely believed to be permanent.'*

However, increasing dissatisfaction among
East Germans led to large scale demonstrations in 1989 and culminated in the fall of the Berlin Wall on
9 November 1989. Only eleven months later, on 3 October 1990, East and West Germany were formally
reunified. On 20 June 1991 the German parliament voted in a narrow vote of 338 to 320 to relocate
the parliament and parts of the federal ministries back to Berlin. In return for the loss of status and
economic power, Bonn received generous compensation. This involved financial compensation, the
allocation of new institutions of national and international significance, and the promise to retain the
majority of federal government employment in Bonn. After extensive building works, the parliament

moved from Bonn back to Berlin in September 1999.

The term preliminary was chosen to stress that Bonn was the new capital of West Germany but Berlin would become
the capital of a future unified Germany.

2The unexpected choice of a provincial town as Germany’s capital was widely ridiculed. The New York Herald Tribune
called Bonn in 1959 “one of the strangest capitals of the twentieth century”; the English envoys referred to the British
Embassy in Bonn as “Her Majesty’s only mission in a cornfield” and a Newsweek correspondent was surprised to see
that his news bureau close to the federal parliament “faced a meadow on which a shepherd grazed his flock every Friday
afternoon” (as cited in Wise (1998)).

3 A popular German joke at the time was that “If you say ‘A’ for Adenauer you also have to say ‘B’ for Bonn”.

“West German opinion polls in the 1980s show that less than 10 percent of the respondents expected a reunification to
occur during their lifetime (Herdegen (1992)).



4 Data

Our basic dataset is panel data on employment and population in Bonn and a set of 40 control cities
which were also located in West Germany. The pool of control cities are the 20 West German cities
with a 1939 population just above Bonn and the 20 cities with a 1939 population just below Bonn.
Figure 1 shows the spatial distribution of the cities in our sample.”> The dataset contains observations
from the pre-war censuses in 1925, 1933 and 1939 as well as data from the post-war censuses in 1946,
1950, 1961, 1970 and 1987.'° To make the cities comparable over time, we follow Redding and Sturm
(2008) and control for major changes in city boundaries over the sample period by aggregating all
population concentrations that merge at some point in time with one of the sample cities throughout
the sample.

Due to changes in employment classifications over time, we are only able to disaggregate total
employment into four sectors: agriculture; industry; transportation, wholesale trade, retail trade and
communications; other employment. As employment in agriculture is extremely small for the cities
that we consider, we abstract from it in the analysis below. The category “other employment” includes
public employment but also other private services, including banking and insurance and the non-profit
sector. We use this category as our main proxy of public employment in each city. While it is very
difficult to construct a consistent time series of public employment spanning several decades at the city
level for Germany, we were able to determine the share of public employment in “other employment”
for the years 1961 and 1970. These data suggest that public employment accounts for 31 percent of
“other employment” in our control cities and for 42 percent in Bonn. In these years, the share of “other
employment” in total employment is 52 percent in Bonn and 29 percent in the control cities. So the
overall employment share of public employment in Bonn is 22 percent versus 9 percent in the control
cities.

In addition to this basic dataset we have collected a number of datasets to provide evidence for
the mechanisms emphasised by our model. First, we use data reported in (Deutscher Stadtetag (1988))
to compare differences in a variety of consumptive amenities (health, education, culture) between
Bonn and the control cities in the late 1980s. Second, we have collected data on gross value added
per worker in Bonn and the control cities from Gemeinschaftsveroffentlichung der Statistischen Lan-
desamter (1991). Third, we use data from the Historic Employment and Establishment Statistics (HES)
database (see Bender, Haas, and Klose (2000) for a detailed description) for 1987 that allows us to es-

1>Bonn is the 31st largest West German city in 1939 in our data. We exclude the city of Saarbriicken from the control
group, because Saarbriicken was under the rule of the League of Nations from 1919 to 1935 and under French rule from
1945 to 1957.

16We have also experimented with using a larger number of control cities but this has no meaningful impact on the
results.
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timate individual-level wage regressions. While comparable wage data does not exist for the pre-war
period we proxy pre-war wage differences across cities with information on payroll tax receipts in
1937 reported in Statistisches Reichsamt (1941).

5 Empirical Approach

Our basic empirical approach is a simple difference-in-differences comparison of Bonn and our 40 con-
trol cities. As we observe Bonn and the control group of cities for several periods prior to treatment, we
can assess whether the treatment city and control group of cities move in parallel before the treatment.
Whereas difference-in-differences comparisons are one of the classic approaches to analysing natural
experiments, there are two potential concerns with this approach in our setting. First, as we only have
one treatment unit (Bonn), it is particularly important to compare this city to a control group that is as
similar to Bonn as possible. Second, Conley and Taber (2011) point out that clustering standard errors
at the level of cities is likely to underestimate standard errors if there is only one treatment unit in a
difference-in-differences regression.

To address both of these concerns, we also construct a synthetic control city for Bonn as proposed
by Abadie and Gardeazabal (2003) and extended by Abadie, Diamond, and Hainmueller (2010). The
main idea of the synthetic control method (SCM) is to acknowledge that a simple average of other
cities may not be a good enough control, and instead to let the data speak and search for a weighted
average of cities that best mimics the pre-treatment trend (predictors) in Bonn. More formally, let
J be the number of available control cities (‘donor pool’), where J is equal to 40 in our application.
Let W = (wy,...,wy) be a (J x 1) vector of nonnegative weights which sum to one. The scalar w;
represents the weight of city j in the synthetic Bonn. Each different vector W produces a different
synthetic Bonn. The synthetic control method chooses the weights 11 so that the synthetic Bonn most
closely resembles the actual one before 1949.

To understand how the weights are determined, let X; be a (K x 1) vector of pre-1949 values of K
employment predictors for Bonn. Similar to X7, X is defined as a (K x J) matrix which contains the
values of the same variables for the .J possible control cities. For each city, X includes exogenous co-
variates and a linear combination of pre-treatment outcomes that control for unobserved time-variant
common factors that may affect the post-treatment trend. Exogenous covariates include a dummy
for proximity to the German-German border to control for market access changes as in Redding and
Sturm (2008); data on the number of refugees in the wake of the Second World War; the amount of
rubble per capita and percentage of the housing stock destroyed as reported in Kastner (1949) to cap-

ture war-time destruction; and the number of students registered at the local university prior to the

11



Second World War.

Let V' be a diagonal matrix with nonnegative components. The values of the diagonal elements of V'
reflect the relative importance of the variables over which the synthetic control group is constructed.
The vector of weights W* is chosen to minimise (X; — XoW)'V(X; — X,W) subject to w; > 0
(j=1,2,...,J)and wy + ... + w; = 1. The vector W* defines the combination of control cities which
minimises the mean square prediction error (MSPE) and best resembles the city of Bonn in employment
determinants at the outset of German division. We follow Gobillon and Magnac (2015) and set V' to
be the identity matrix, which gives equal weights to all control variables. Alternatively, Abadie and
Gardeazabal (2003) and Abadie, Diamond, and Hainmueller (2010) propose a data-driven procedure
to choose V' such that employment before 1949 is best reproduced by the synthetic control defined
by W*(V), ie. the MSPE is minimised over the pre-treatment period. We have also estimated this
alternative specification and find very similar results with this approach and our results are therefore
not sensitive to the choice of V.7

The treatment effects ay; for Bonn in the post-treatment years t=1950, 1961, 1970, 1987 are then

estimated as the difference between Bonn and the synthetic control city:

Gy = Yy, — Yo W (10)

6 Basic Results

In this section, we use both difference-in-differences and the synthetic control method to establish
a counterfactual for Bonn in the absence of the arrival of the federal government. We begin with a
simple graphical difference-in-differences comparison of Bonn and the control group and then turn to

synthetic controls.

6.1 Difference-in-Differences

Figure 3 shows the level of employment in Bonn and the average level of employment of the 40 control
cities over the period 1925 to 1987 and Figure 4 shows the difference between Bonn and the average of
the control cities. The graphs show a number of striking patterns. Total employment in Bonn expands
substantially relative to the control group in the wake of the Second World War. By 1987, Bonn hosts
about 25,000 employees more than the control group. In the pre-period, Bonn and the control group

have similar trends though Bonn has between 15,000 and 20,000 employees less than the control group.

7Kaul, Kl68ner, Pfeifer, and Schieler (2015) argue that a potential problem with a data-driven procedure to choose V' is
that using all outcome lags as separate predictor variables results in very low weights for all other covariates, which can
results in significant differences in these other covariates between treatment and synthetic control. As discussed below,
using the identity matrix for V, results in well balanced co-variates in our application.

12



Once we split overall employment into three sectors, it turns out that the growth in total employ-
ment in Bonn is almost entirely driven by the expansion in “other employment” which is our proxy
for public employment. In this category, Bonn and the control group show almost exactly the same
development in the pre-period. However, employment in industry is essentially unchanged relative to
the control group as is employment in retail and wholesale trade and transportation.

While Bonn and the control cities track each other fairly well before 1949 there are also clear
differences. First, the level of employment is not the same in Bonn and the control group, which
could affect post-war growth trends. Second, Bonn suffered slightly less war-time destruction than the
control cities which is reflected in slightly larger employment growth during the war. We now turn to
synthetic control methods (SCM) to reduces these and any other observable differences between Bonn

and the control group.

6.2 Synthetic control method

Figure 5 shows Bonn and the synthetic control city. The synthetic control city tracks employment
in Bonn prior to 1949 closely both in levels and growth rate. Figure 6 compares the treatment effect
estimated using the synthetic control city to that obtained from the simple difference-in-differences
comparison above. Results from the synthetic control method and simple difference-in-differences do
not differ substantially. We again find that there is a sharp relative increase in employment in Bonn
which is driven by our proxy for public employment while manufacturing, trade and transportation
are largely unchanged.

Table 1 shows the balance in observables between the synthetic control city and Bonn across the
four outcome variables. All covariates are given the same weights in our specification and we observe
small differences between Bonn and its synthetic counterpart. The RMSPEs are small, taking on values
of 0.341 for other employment, 0.615 for industry employment, 0.686 for employment in trade and
transportation, and 2.432 for total employment. This indicates that the synthetic control method is
providing a good fit in the pre-treatment period.

Figure 7 investigates the uniqueness of Bonn’s employment development. This graph combines 40
placebo estimates for the cities in our donor pool of control cities (grey lines) with the graph for Bonn
(black line). Each line in this figure shows the difference between a city and its synthetic control.
In addition to the 40 placebo graphs, the shaded area encloses the region between the 5th and the
95th percentile of the distribution of placebo graphs (excluding the largest city Stuttgart whose size
cannot be reproduced with any combination of cities in our sample). In terms of total employment,
Bonn’s post-1949 development is more pronounced than that of most other cities. Once we focus

on “other employment”, which is out proxy for changes in public sector employment, Bonn’s trend
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clearly dominates the entire distribution. This provides strong evidence for the uniqueness of Bonn'’s
development.

We can summarise our main results as follows. Looking at a panel of more than 60 years, we find
robust evidence that the decision to make Bonn the capital of West Germany had massive effects on the
size of the city and its local labor market. Bonn’s overall population and employment nearly doubled.
However, this exceptional increase is driven by the expansion of the public sector, while employment

in industry and trade and transportation is virtually unchanged.'®

7 Mechanisms

The previous section has shown that in the wake of the arrival of the federal government in Bonn,
the city has experienced a dramatic expansion in total employment and population. However, this
expansion was driven by a large expansion in public employment, while private sector employment
remained largely unchanged. In this section, we interpret this finding in the light of our theoretical
model and provide a number of pieces of evidence for the mechanisms emphasised by the model. First,
we provide some suggestive direct evidence for the amenity and productivity spillovers from public to
private employment that the model postulates. Second, we show that proxies for long-term changes
in wages are in line with the predictions of the model. Third, we provide evidence that house prices
in Bonn also responded in the way predicted by the model. Finally, we calibrate the model to see for

which spillover parameters the model can best fit the reduced form evidence.

7.1 Amenity Spillovers

The two key spillovers emphasised by the model are amenity and productivity spillovers from public
to private sector employment. In this section we provide some suggestive evidence that there are likely
to be substantial amenity spillovers from public employment in Bonn. Glaeser, Kolko, and Saiz (2001)
discuss four consumptive amenities in cities that they consider to be key to urban success. First, the
size and diversity of local services and consumer goods including restaurants and live performance
theatres. Second, aesthetics and the physical setting which involves the built environment as well as
the natural environment. Third, the quality of public services including good schools and low crime

rates. Finally, the speed of public transportation to facilitate commuting. While some of the these

8We ran two further alternative specifications that support the validity of our findings. First, we repeated our analysis
and generated weights for control variables using a data-driven procedure. Second, one may argue that generating different
synthetic control groups for our four outcomes may be misleading since it implies that the size of one sector does not depend
on the size of the other sectors. To account for that, we used the same vector of weights W* from the total employment
estimation for all sub-sectors. Both specifications do not affect our results.
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amenities such as the natural environment are difficult to change, most can be changed through local
interventions.

Table 2 shows a set of simple cross-sectional regressions which compare Bonn to the control cities
for a number of proxies for local amenities in the spirit of Glaeser, Kolko, and Saiz (2001). The regres-
sions control for a university town dummy, state capital dummy and the logarithm of 1987 population.
Across many of these regressions Bonn has substantially higher values of amenities than the control
group of cities. Column (1), for example, suggests that cultural spending by the city of Bonn is around
50% higher than in the control group of cities. While these regression are simple cross-sectional re-
gressions, they are suggestive that amenities in Bonn differ substantially from other cites of a similar

size in Germany.

7.2 Productivity Spillovers

We will now turn to potential productivity spillovers from increased public employment in Bonn. In
the absence of data that would allow us to estimate firm-level productivity regressions, we present
regressions of city-level gross value added in the industry sector and the trade and transportation
sector on controls for university town status, state capital status and a dummy variable for Bonn.
The regressions in Table 3 show a clear picture. There is no evidence that gross value added per
worker in Bonn is higher than in the control group. Instead, we find negative and statistically sig-
nificant differences between gross value added per worker in Bonn and the control group of cities.
We cautiously interpret this as suggestive evidence that public employment is unlikely to produce

productive spillovers that benefit private sector firms.

7.3 Nominal Wages

To investigate how the large increase in employment affected nominal wages in Bonn, we use a 5% ran-
dom subsample of wages from the Historic Employment and Establishment Statistics (HES) database
for 1987 and estimate whether wages in Bonn are higher compared to the control cities. The HES data
report workers’ daily wages, their industry and occupation, and socio-demographic characteristics
such as educational attainment, gender, age, and place of work. The wage information is very reliable,
since it is used to determine social insurance contributions. One drawback of the data is that wages are
censored due to the limit for compulsory social insurance payments.'’ To control for this, we include
a dummy variable for observations where wages are top-coded. Alternatively, we have also imputed

the truncated wages following Gartner (2005). The data exclude civil servants and self-employed in-

This affects only 9.6 percent of the observations.

15



dividuals which are not covered by the social security system.?

Table 4 shows the results of the wage regressions. In Column (1), we present a bivariate regression
showing that wages are, on average, 7.3% lower in Bonn than in the set of 40 control cities. In Columns
(2) to (4), we add a number of control variables. In Column (2), we add experience and experience
squared, education, gender and a foreigner dummy. Additionally, we include interactions between
experience, experience squared and gender, education and nationality as suggested by Beaudry, Green,
and Sand (2012). In Column (3), we add dummies for 88 2-digit industries. In Column (4) we add a
control for the logarithm of income tax revenue per capita for 1937 in each city in the sample. This
variable controls for potential pre-existing differences in income before Bonn became capital. One can
think of this regression as a quasi-DID regression. The Bonn dummy gets smaller as we add these
further control variables and is marginally positive but statistically insignificant in Column (4).

The remaining columns of the table consider several further robustness checks. Column (5), uses
the weights that determine the synthetic control city estimated in Section 6.2 which does not change
the results substantially. In Column (6) we impute the truncated wages following Gartner (2005), which
has minimal impact on the results. In the final column we add a control for log population. Holding
population constant means that we control for the fact that larger cities typically have higher wages.
Since the increase in size in Bonn is driven by public sector employment that does not increase local
competition among private sector firms, one can interpret this specification as suggestive evidence for
the relative importance the competition effect. In line with these considerations, we see the coefficient
on the Bonn dummy decrease and taking on a negative sign though the estimate remains statistically
insignificant. Taken together, these results suggest that there has been little change in nominal wages

in Bonn relative to the control group of cities.

7.4 Rents

[Work in progress]
7.5 Calibrating the Model

[Work in progress]

8 Conclusion

[To be written]

20We also drop from the sample workers younger than 18 or older than 65 and we also exclude all individuals in training
and in part-time jobs since there is no information on hours worked in the HES.
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Table 1: Balancing Tests

(1) (2) @) (4) (®) (6)

Employment Industry
Treatment  Control T-C Treatment  Control T-C
Outcome in 1925 56.252 55.143 1.109 25.226 24.315 0.91
Outcome in 1933 61.229 62.128 -0.899 25.673 26.070 -0.397
Outcome in 1939 65.283 67.864 -2.581 27.628 28.326 -0.698
Outcome in 1946 58.923 55.040 3.883 22.007 21.830 0.177
Border Dummy 0.000 0.063 -0.063 0.000 0.054 -0.054
Refugees 23.200 22.049 1.151 23.200 22.094 1.106
Rubble 7.300 8.571 -1.271 7.300 8.584 -1.284
Flats 37.300 33.751 3.549 37.300 34.084 3.216
Share students 1925-1939 0.013 0.012 0.001 0.013 0.012 0.001
Trade and Transportation Other Sectors
Treatment  Control T-C Treatment  Control T-C
Outcome in 1925 14.591 14.250 0.341 13.816 13.731 0.085
Outcome in 1933 16.415 16.752 -0.337 15.987 16.128 -0.141
Outcome in 1939 16.166 17.046 -0.880 18.360 18.567 -0.207
Outcome in 1946 13.274 12.329 0.945 19.922 19.325 0.597
Border Dummy 0.000 0.063 -0.063 0.000 0.069 -0.069
Refugees 23.200 22.133 1.067 23.200 22.001 1.200
Rubble 7.300 8.554 -1.254 7.300 8.987 -1.687
Flats 37.300 34.138 3.161 37.300 33.094 4.205
Share students 1925-1939 0.013 0.012 0.001 0.013 0.012 0.001

Notes: The table shows the balance of the covariates between the treatment (Bonn) and its synthetic control group
for four different outcome varibales, total employment, industry imployment, trade and transportation employment
and other sector employment that includes services and the public sector.
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Figure 1: Bonn and the Control Cities

Former East Germany

Note: The map shows the location of the city of Bonn (square) and the 40 control cities that comprise the control group in

the DID comparisons and the donor pool for the synthetic control approach.
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Figure 2: Simulating the Impact of Public Employment
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Note: The graphs show a simulation of the model for two ex-ante symmetric cities. In the simulations with productivity
spillovers we assume an elasticity of productivity with respect to the level of public employment of 8 percent (o = 0.08)
and no amenity spillovers. In the simulations with amenity spillovers we assume an elasticity of amenities with respect to
the level of public employment of 8 percent (6 = 0.08) and no productivity spillovers.
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Figure 3: Difference-in-Differences
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Note: The graphs show employment in Bonn (solid line) and the average for the 40 control cities (dotted line) in thou-

sands. Total employment is broken down into three sectors: Industry; Retail and Wholesale Trade, Transportation and

Communication; Other Services which includes public employment.

27



Figure 4: Difference-in-Differences: Treatment minus Control
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Note: The graphs show the difference between employment in thousands both for Bonn (treatment city) and the average
for the 40 control cities in thousands.
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Figure 5: Bonn and the Synthetic Control City
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Note: The graphs shows employment in thousands both for Bonn (solid line) and the synthetic control city (dotted line). In
the top-left panel with total employment as outcome, control cities and their synthetic weights are: Braunschweig (6.3%),
Freiburg (20%), Hagen (31.5%), Heidelberg (18.3%), Munster (6.4%), Osnabriick (12%), and Stuttgart (5.4%). In the top-right
panel with industry sector employment as outcome, control cities and their synthetic weights are: Braunschweig (5.4%),
Freiburg (13.3%), Hagen (42.9%), Heidelberg (17.1%), Munster (17.6%), and Wilhelmshaven (3.6%). In the bottom-left panel
with trade and transportation employment as outcome, control cities and their synthetic weights are: Braunschweig (6.3%),
Freiburg (19.9%), Hagen (36%), Heidelberg (17.7%), Munster (8.1%), Osnabriick (9.8%), and Stuttgart (2.4%). In the bottom-
right panel with other employment as outcome, control cities and their synthetic weights are: Braunschweig (6.3%), Bremen
(4.8%), Freiburg (20.8%), Hagen (13.9%), Heidelberg (21.5%), Osnabriick (18.4%), and Stuttgart (13.9%).
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Figure 6: Bonn and the Synthetic Control City
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Note: The graphs compares the treatment effects on employment in Bonn estimated using the simple DID approach (solid

line) and using the synthetic control approach (dotted line).
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Figure 7: Synthetic Placebos
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Note: The graphs shows placebo treatment effects for all 40 control cities and also the estimated treatment effect for Bonn
(bold line). The placebo treatments are estimated by constructing a synthetic control city for each of the control cities in

the donor pool.
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