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Rüdiger Bachmann, Christian Bayer,
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Abstract

When employers face a trade-off between being large and paying low

wages—and in this sense have monopsony power—some productive employ-

ers decide to acquire few customers, forgo sales, and remain small. These

decisions have adverse consequences for aggregate labor productivity. Us-

ing high-quality administrative data from Germany, we document that East

German plants (compared to West German ones) face steeper size-wage

curves, invest less into marketing, remain smaller, and are less productive.

A model with labor market monopsony, product market power, and cus-

tomer acquisition matching these features of the data predicts 10 percent

lower aggregate labor productivity in East Germany.
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1 Introduction

Union membership around the world has declined. Yet this decline did not hap-

pen uniformly but was concentrated mostly at small plants. In this paper, we

investigate the macroeconomic and misallocation consequences when employers

strategically adjust to selective union retrenchment. The East and West German

labor markets provide a good laboratory to study these consequences. Both regions

share the same legal and, by and large, cultural institutions. In East Germany,

however, collective bargaining and union membership is more skewed towards large

plants. In the communist German Democratic Republic, trade unions did not rep-

resent worker interests. As a consequence, after reunification, union membership

fell dramatically (see Schnabel, 2005); most pronounced at small plants.

As a result of this non-uniform union decline, the size-wage curve for plants

is steeper in East than in West Germany. This creates disincentives in the East

to choose large-scale business models. Consequently, the even most productive

plants create relatively small customer networks and hire relatively few workers.

The aggregate productivity effects of these disincentives are sizable. Thirty years

after the German reunification, labor productivity and wages remain about 25

percent lower in East Germany, and the disincentives from a steeper size-wage

curve explain at least ten percentage points of this gap.

We arrive at this conclusion by employing high-quality administrative wage

data which we combine with a new heterogeneous-firm model. In this model, plants

have product market power and face an upward-sloping size-wage curve when they

decide about entry, their customer networks, and the size of their workforce. Our

model thus tractably combines elements from two recent, but separate, strands of

the heterogeneous-firm literature: We marry the literature on monopsony power

of heterogeneously productive plants (see, e.g., Berger, Herkenhoff, and Mongey,

2022) with that on customer capital accumulation (see, e.g., Sedláček and Sterk,

2017; Arkolakis, 2010). This marriage allows us to highlight a new long-term

distortion due to monopsony power, i.e., of not being a price taker in the labor

market. In our particular application, plants not being price takers results from

the unions’ focus on plants with business models that require a large scale of

operations in the long run. Plants will take this into account and skew their scale

decisions towards small-scale business models. Economically, this a distortion
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which not only generates sizable aggregate productivity losses but also explains,

parsimoniously, the differences in the plant size distributions between East and

West Germany.

We begin by documenting that, in the data, aggregate and industry differences

in labor productivity and wages are systematically related to the absence of large

plants in East Germany. The share of employment at large plants with more than

249 employees is almost twice as large in the West. In industry-level data, there is

a positive correlation between missing large plants and the East-West productiv-

ity/wage gap. For example, vehicle manufacturing has both a particularly large

East-West gap in labor productivity (36%) and in the concentration of employ-

ment at large plants (21 percentage points), while construction has a smaller labor

productivity gap (14%) and virtually the same concentration in East and West.

What is more, the lack of large plants, lower productivity, and lower wages are

systematically related to differences in size-wage curves. On average, the plant size

elasticity of wages is one fifth larger in East Germany relative to West Germany.

Exploiting differences across industries, we show that those industries with steeper

size-wage curves in the East are also those industries with particularly many miss-

ing large plants and particularly low average wages. In turn, the steeper size-wage

curves plants face in the East can be traced back to differences in collective bargain-

ing: Workers at small plants in East Germany are more likely to have individually

(and not collectively) bargained wages compared to their Western counterparts.

To quantify the effects of a steeper size-wage trade-off on the plant size distri-

bution and aggregate labor productivity, we employ a heterogeneous-plant model.

We model long-run optimal plant decisions in a static framework which allows us

to characterize the solution in closed form. Plants have the following three-stage

decision problem. First, plants decide about market entry. Second, after market

entry, they choose how many customers to acquire, trading off additional sales

and marketing expenses. This customer base choice also takes into account the

labor needed to supply additional customers and, thus, that a larger customer

base drives up wages in line with the upward-sloping size-wage curve present in

the data. Third and finally, plants decide about prices charged to each individual

customer, taking into account their product market power.

In such a model, the described trade-offs adversely affect aggregate productiv-
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ity through two channels. First, monopsony power works through a labor alloca-

tion channel: It compresses the employment distribution across the heterogeneous

plants, and reallocates labor from more to less productive plants. Second, monop-

sony power works through a network size channel: Plants spend less on customers

acquisition leading to less efficient production networks as the average variety-

loving customer bundles from fewer plants. Indeed, the data supports a close

relationship between monopsony power and marketing expenses. Marketing ex-

penses are particularly small in those industries in East Germany which have a

particularly steeper size-wage curve compared to their West German counterparts.

We calibrate the model to the average plant size and the share of large plants

in West Germany. Imposing the steeper size-wage curve from East Germany as a

menu to choose from for the plants in our model explains a 10 percentage points

lower productivity in that region. The network size channel explains half of this

number. In addition, untargeted, the model replicates the plant size distribution

in East Germany. That is, it matches the smaller average plant size and the

relatively small number of large plants. For the manufacturing sector, where East-

West differences in plant size, the size-wage trade-off, and aggregate productivity

are particularly pronounced, the calibrated model explains 18 percentage points

lower productivity in East Germany.

The remainder of the paper is organized as follows: First, we review the liter-

ature. Then, Section 2 discusses our data sets. Section 3 provides the empirical

analysis. Section 4 introduces our model, and Section 5 discusses its quantitative

implications. Section 6 concludes. We relegate additional material to a number of

appendices. In particular, we show in Appendix A that East-West differences in

aggregate labor productivity are driven by aggregate total factor productivity, not

by quality of labor inputs nor by capital intensity or quality.1 What is more, the

aggregate total factor productivity differences are unlikely the result of a higher

degree of labor market flexibility in West Germany, nor of differences in industry

composition. Also, as Appendix B shows, differences in the size distribution be-

tween East and West Germany and thus differences in aggregate labor productivity

are not driven by the fact that East Germany has fewer metropolitan areas.

1Hence, even within a country, we confirm the well-known finding from Hall and Jones (1999)
that differences in total factor productivity explain a large fraction of dispersion in labor pro-
ductivity across geographical units.
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Literature First, our paper is related to the literature that explains aggregate

productivity losses as a result of too little employment at the most productive

plants. For example, Hsieh and Klenow (2014) and Braguinsky, Branstetter, and

Regateiro (2011) take the relatively slow growth of plants/firms as evidence of high

(implicit) taxes on growing large and quantify the resulting productivity loss. More

recently, the literature, like our paper, starts from existing institutions like firing

protections and links them to aggregate productivity losses caused by their effects

on the plant size distribution. Examples are Garicano, Lelarge, and Van Reenen

(2016) and Cingano, Leonardi, Messina, and Pica (2016). Our paper highlights

a new force behind productivity losses from a compressed plant size distribution:

steeper size-wage trade-offs. To study this force, the German case is particularly

interesting. Government policies (and their enforcement) are essentially uniform

across regions but there are East-West German differences in labor market power

related to the historically determined concentration of collective bargaining at large

plants in East Germany. This selectively increases the steepness of the size-wage

curve there.

As we have argued before, steeper size wage trade-offs result in a form of

monopsony power that plants have when choosing their scale of operations. Re-

cently, Berger, Herkenhoff, and Mongey (2022) have also highlighted monopsony

power as a source of size distortions. Their focus is on the distortions of em-

ployment decisions given a plant’s business model, while ours is on the distortions

affecting the long term choice of the business model itself.2 Consequently, they use

fluctuations in corporate taxes as shifters of labor demand to identify monopsony

power. In our case, higher wages at larger plants do not arise directly from an

increased labor demand but indirectly from an increased likelihood of collective

bargaining. We view both perspectives on monopsony power as complementary.

Second, our paper relates to the large literature on productivity (non-)conver-

gence between countries in general (see Johnson and Papageorgiou, 2020, for a

recent survey), as well as former socialist countries in particular (see Svejnar,

2002, for a survey). We study non-convergence within a country and thus non-

2In addition to this more conceptual difference relative to Berger, Herkenhoff, and Mongey
(2022), we focus on monopsonistic, as opposed to oligopsonistic, competition. What is more, we
restrict the analysis to allocative effects, abstracting from normative efficiency questions.
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convergence within the same legal framework.3 Our focus is, thus, different from

those earlier studies on the difficulties of some other former socialist countries with

building good legal institutions. Studying non-convergence within a country has

the additional advantage that we can use high-quality micro data with common

measures of factor inputs across the regions.

The particular case of non-convergence within Germany has drawn attention

in the literature. Becker, Mergele, and Woessmann (2020) and Sleifer (2006) show

that East Germany has been only nine percent poorer before World War II. Today

the discrepancies are much larger. We explain 40% of today’s productivity differ-

ences between the two regions or two-thirds of the post World War II increase.

Snower and Merkl (2006) study unemployment differences between East and West

Germany and relate them to government transfers. Regarding convergence in labor

productivity, Burda (2006) emphasizes the role of capital accumulation frictions

for the slow convergence between the two regions. While capital accumulation has

played an important role for convergence right after the reunification, it cannot ex-

plain the persistent differences between the regions. Uhlig (2006) shows that initial

conditions, i.e., at reunification, may be self-perpetuating when agglomeration ef-

fects in production networks are important. In our model, differences in production

networks also play a role. They arise, however, endogenously from differently steep

size-wage curves. Using cross-border worker mobility, Fuchs-Schündeln and Izem

(2012) find that job, in contrast to worker, characteristics explain lower wages in

East Germany. Using matched employer-employee data, Heise and Porzio (2021)

document a low mobility of German workers across the two parts of the country.

What is more, they also find that plant productivity differences (as opposed to

worker quality differences) drive the majority of wage differences between the two

regions. While their paper takes these plant productivity differences as given and

explains why worker mobility does not remove East-West German wage differ-

ences, our paper explains why firm productivity is lower in East Germany and

firm mobility does not remove these wage differences, either. We thus view both

papers as complementary.

3Non-convergence can also be found in other countries (Italy’s “Mezzogiorno”, the US’ “Rust-
belt”, etc.). What makes the German case of regional non-convergence particularly interesting
is that there is a well-defined starting date from which onward we should expect convergence
(October 3, 1990), a point made by Uhlig (2006).
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Lastly, in terms of model ingredients, our paper marries two literatures. We

start by drawing from the large literature on monopsony power in the labor market

(Lamadon, Mogstad, and Setzler, 2022; Berger, Herkenhoff, and Mongey, 2022;

Jäger, Roth, Roussille, and Schoefer, 2021; Card, Cardoso, Heining, and Kline,

2018; Manning, 2011, 2003; Burdett and Mortensen, 1998). We, by contrast,

highlight that monopsony power distorts also long-run strategy decisions, namely

investments into customer acquisition. Customer acquisition, in addition to differ-

ences in technical productivities, is another force the literature has highlighted to

explain the size distribution of plants (see Einav, Klenow, Levin, and Murciano-

Goroff, 2021; Sedláček and Sterk, 2017; Gourio and Rudanko, 2014; Drozd and

Nosal, 2012; Arkolakis, 2010). We show that, combined with a love-of-variety-in-

production argument (see, e.g. Bilbiie, Ghironi, and Melitz, 2012), less customer

acquisition leads to lower aggregate labor productivity in a framework with monop-

sony power in the labor market.

2 Data

For our analysis, we use administrative aggregate, industry-level, and micro data

at the regional level. We focus on the private, non-primary sector (industries

10 to 82 in the German WZ2008 industry classification system). Specifically,

we use German national income and product accounts data, Volkswirtschaftliche

Gesamtrechnung (VGR), to compute labor productivity at the regional level.4 The

micro data sets are, respectively, the German Structure of Earnings Survey (SES),

Verdienststrukturerhebung, and the Administrative Wage and Labor Market Flow

Panel (AWFP).

2.1 Structure of Earnings Survey (SES)

The SES is a cross-sectional matched employer-employee data set maintained by

the German statistical agency (Statistisches Bundesamt). The SES is carried out

4The published national account data at the regional level is only available at the sectoral
level. We thank Dr. Thalheimer from the statistical office of Baden-Württemberg for making
data at the industry level available to us.
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every four years beginning in 2006. The German statistical agency randomly sam-

ples plants and, by law, these plants are required to provide detailed information

on their employees and their employees’ monthly working hours, earnings, and

contract types. Hence, selection due to nonresponse does not arise. It contains

the number of employees at a plant as well as industry classification and location

information at the superregional level. Specifically, the SES divides Germany up

into 5 regions.5 The sample is representative for the universe of all German plants

with at least ten employees.6 Self-employed workers are not covered.

For our analysis, we employ the 2006, 2010, and 2014 samples, which we pool

for most empirical analyses. We drop all civil servants from our sample as well

as all plants where at least 50% of employees are public servants. Moreover, we

restrict the sample to full-time employees for our baseline analysis and provide a

robustness check including part-time workers. The final sample contains 2,364,862

worker-plant observations. The 2006 sample uses a different industry classification

than the later two samples. As a result, we have to merge some industries to have

a consistent classification. Table C1 in the Appendix C provides a crosswalk for

this merger and shows how it relates to the sectors from the national accounts.

The SES provides the best available data source for our analysis. First, data on

regular earnings, overtime pay, bonuses, and hours paid, both regular and overtime,

are extracted from the payroll accounting and personnel master data of plants and

transmitted via software interface to the statistical office. Transmission error is,

hence, negligible. That is, unlike German social security data, the SES reports

the actual pay and hours worked of employees. Second, it also provides detailed

information on workers’ sex, age, education, occupation, tenure, and job levels.

Third, the survey has information on about 3.2 million employees from roughly

28,700 establishments in 2006, 1.9 million employees from 32,200 establishments

in 2010, and 0.9 million employees from 35,800 plants in 2014.7

5North: Schleswig Holstein, Hamburg, Bremen, Berlin, and Lower Saxony; West: Northrhine-
Westphalia; South-West: Hesse, Rhineland Palatinate, and Saarland; South: Baden-Württem-
berg and Bavaria; East: Thuringia, Saxony, Saxony-Anhalt, Mecklenburg Western Pomerania,
and Brandenburg. West Germany summarizes the North, West, South-West, and South.

6The restriction on ten or more employees is meant to reduce the administrative burden on
small enterprises.

7The number of sampled employees decreased over time because the sampling probability of
plants became smaller to reduce bureaucratic costs. In our analysis, we equalize observation
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2.2 Administrative Wage and Labor Market Flow Panel

(AWFP) and Establishment History Panel (BHP)

For some analyses, principally for longer time series, we supplement the SES with

the AWFP which is a quarterly plant-level data set based on German social secu-

rity data and which contains daily earnings, not wages, up to the social security

cap. The data covers the universe of private German plants and is available for

both West and East Germany from 1993 until 2014 (see Stüber and Seth, 2017;

Bachmann, Bayer, Merkl, Seth, Stüber, and Wellschmied, 2021). The AWFP’s

data source is the Employment History (Beschäftigten-Historik, BeH) of the Ger-

man Institute for Employment Research (IAB). The BeH is an individual-level data

set covering all workers in Germany subject to social security.8 The information in

the BeH originates from the notification procedure for social security. Essentially,

this procedure requires employers to keep the social security agencies informed

about their employees by reporting any start and end date of employment and

by annually confirming existing employment relationships. The AWFP aggregates

this individual worker data to the plant level.9 We use the AWFP on occasion

because it covers a longer time period than the SES and provides supplementary

information about plants, but its wage data are inferior to the SES.

The BHP provides additional information for a subset of plants in the AWFP

(see Ellguth, Kohaut, and Möller, 2014). The IAB collects this information by

means of an administrative survey that it sends yearly to up to 15,500 establish-

ments. For our purposes, we use the additional information on collective bargaining

agreements at the establishment level.

weights across surveys so that all surveys receive equal weight.
8Marginal part-time workers (geringfügig Beschäftigte) have been covered since 1999. The

main types of employees not covered by the BeH are civil servants (Beamte), military personnel,
and the self-employed. East German employees were integrated with the West German social
security administration only after 1992.

9To ensure consistency over time, most variables in the AWFP—and all variables used in
this paper—are calculated on a ‘regular worker’ basis. In the AWFP, a person is defined as
a ‘regular worker’ when she is employed full-time and belongs to one of the following person
groups: ‘employees subject to social security without special features’, ‘seamen’ or ‘maritime
pilots.’ Therefore (marginal) part-time employees, employees in partial retirement, interns, etc.,
are not counted as regular workers.
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3 Empirical Analysis

We start this section by documenting that, at an aggregate level, East Germany has

lower aggregate labor productivity and labor compensation, whether one includes

the public and primary sector or not. The SES data allows us to establish that

the lower labor productivity in East Germany is related to missing large plants

in the East which itself is related to a steeper size-wage relationship there which,

finally, is related to regional differences in collective bargaining coverage.

3.1 Aggregate Productivity

In 1991, when centrally planned East Germany reunited with West Germany and

became a market economy, a broad range of factors played an important role in

depressing labor productivity: Capital was in short supply, machines were out-

dated, political pressure had plants over-employ labor in the East, and customer

networks evaporated. Consequently, labor productivity did not even reach 50% of

the West German level in 1991 (see the first panel in Figure 1). During the first

couple of years after reunification, labor productivity and wages grew quickly in

East Germany. However, this process of fast growth ended around 1995. Since

then, convergence in relative labor productivity and wages has almost come to a

halt and the difference remains currently at 18%.10 What is more, as the bottom

panel of Figure 1 shows, the East-West productivity difference remains with 25%

even larger in the private (non-primary) sector. Finally, the rightmost panels show

a similar magnitude for East-West differences in real wages. This fact, that wage

differences mirror productivity differences, also makes the following explanation

based on mere accounting unlikely: headquarters of most large firms are located

in West Germany, and, hence, the income from unlocalized intangible capital is

accounted for there. Given that we measure productivity as value added produc-

tivity, this type of accounting would increase measured West German productivity.

Yet, it would leave wages unaffected across the two regions. Therefore, without

other underlying localized productivity differences, wages across the two regions

should be the same.

10We use output per worker as our baseline measure of labor productivity. As the figure shows,
differences in output per hour are even somewhat larger than those in output per worker.
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Figure 1: Output and wages
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Notes: The figure displays yearly log real output per worker, yearly log real output per hour,
and yearly log real labor compensation per hour in East and West Germany. Output is mea-
sured as gross value added, which is the GDP concept available at the regional level, because
product-specific subsidies and taxes (the difference between the two) are only available at
the national level. The top panel displays it for the whole economy, the bottom panel for
the private, non-primary sector. Calculations are based on national accounts (VGR) from
1992 to 2017. The data is available by region and sector only since 2008, which is why the
lower panel starts only in that year. Similarly, data on hours worked by region starts in 2000.
Weinand and von Auer (2020) provide county-level consumer price indices for Germany in
2016 that we aggregate to the regional level using population weights. With 2016 as the base
year, we then calculate a time series of regional prices using the regional GDP-deflator-based
inflation rates from national accounts.

3.2 Missing Large Plants in East Germany

That East Germany has fewer large plants than West Germany in the private,

non-primary sector can be seen from Figure 2. The top panels show this in terms

of the (employment-weighted) density of plants over log employment for the pooled

samples. The bottom panels show this in terms of the CDF of employment over

(log) plant sizes for each survey year. In all sample years, employment is more

concentrated at large plants in the West. We follow the German statistical agency
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Figure 2: Plant-size distributions in East and West Germany
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Notes: The figure displays employment-weighted plant size distributions for East and West
Germany. The top panels display, respectively, an estimated density function (by a Gaussian
kernel smoother) in the private, non-primary sector and in the manufacturing sector. We pool
to the 2006, 2010, and 2014 samples. The bottom panels display, for different survey years,
what fraction of employees is employed at plants up to a certain size as measured by plant
log-employment. Data source: SES 2006/10/14.

and define plants with more than 249 employees as large. In the West, 39% of

employees were employed at such large plants in 2014, as the rightmost lower panel

shows. The same number for East Germany is only around 25%. In Appendix B,

we show that this difference in plant size extends back into the 1990s and is not

driven by differences in urbanization between East and West Germany.

A potentially confounding factor for the East-West difference in the plant size

distribution could be plant age. The restructuring of the East German economy

led to the exit of many old, large plants. Figure 3 shows, however, that even con-

ditional on plant age, East German plants are smaller because they enter smaller

and they remain smaller. Put differently, already at entry, plants in East Germany

appear to choose technologies or products that imply a relatively small plant size.

What is more, the East-West difference in the employment share of large plants is

essentially constant both in plant age and across entry cohorts.
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Figure 3: Employment share 250+ by cohort
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Notes: The figure displays, for the private non-primary sector, for different plant-entry cohorts
the share of employment at plants with more than 249 employees over their life-cycles. Data
source: AWFP.

Returning to Figure 2 and comparing its two top panels, one can also see that

the East-West differences in the plant size distribution are not uniform across sec-

tors. They are much stronger in the manufacturing sector, where in the West,

55% of all employees work at plants with more than 249 employees, while in

the East it is only 31%. Figure 4 explores the cross-sectional heterogeneity in

plant size distributions more systematically at the industry level and relates it to

East-West differences in productivity and wages. The left panels use the share of

employment at plants with more than 249 employees to compare plant size distri-

butions. The right panels use the standard deviation of log-employment instead.

The employment-weighted correlation between productivity differences and plant

size distribution differences (top-row) is 0.53 for the 249-share and 0.44 for the

standard deviation. Both scatter plots show that those industries where produc-

tivity is particularly low in the East are also the industries where particularly fewer

workers are employed at large plants in East Germany relative to West Germany.

Relating the size distribution to output per worker has the drawback that

it confounds labor share and marginal labor productivity differences across the

two regions within industry. To alleviate this concern, the bottom row of Figure

4 relates the plant size distribution to within-industry differences in average log

wages across the two regions. Similar to output per worker, we find that those

industries where wages are particularly low in the East are also the industries

where particularly fewer workers are employed at large plants in East Germany
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Figure 4: Productivity and wage differences and large plants by industry
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Notes: The top panels relate 2014 log differences in output per worker between West and East
Germany within industries to the share of employment at plants with more than 249 employees
(left panels) and the standard deviation of log plant employment (right panels). Output is mea-
sured as gross value added, which is the GDP concept available at the regional level, because
product-specific subsidies and taxes (the difference between the two) are only available at the na-
tional level. The lines show (VGR) employment-weighted least squares regressions. The bottom
panels relate differences in mean log wages between West and East Germany within industries
to the same plant size measures. The lines show (SES) employment-weighted least squares re-
gressions. MFT : Food and textile manufacturing, MPW : Paper and wood manufacturing,
MCP : Chemical and plastic manufacturing, MME: Metal manufacturing, MEL: Electron-
ics manufacturing, MVE: Vehicle manufacturing, UTL: Utilities, CON : Construction, COP :
Construction preparations, WHC: Wholesale and car retail, RTO: Other retail, TRA: Trans-
portation, STO: Storage, TUR: Tourism, BAN : Banking, INS: Insurance, RNS: Research
services, TES: Technical services, RES: Rental services, BAC: Building and area care, OTS:
Other services, FIN : Finance. See Appendix C for the mapping of industries between the SES
and VGR. Data sources: SES 2006/10/14 (plant sizes, wages) and VGR (labor productivity).

relative to West Germany. The correlations are 0.59 (249-share) and 0.57 (standard

deviation), respectively.11

11An additional advantage of using wages is that both the size distribution and wage measures
come from the same data source (SES) with the same sampling procedures.
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3.3 Size-Wage Nexus and Missing Large Plants

These differences in the plant size distribution are in turn related to differences

in the size-wage curves that plants face. To show this, we use the SES data to

estimate the following reduced-form relationship between individuals’ log wages,

lnwit, and the log employment at their plant, lnEit:

lnwit = β0 + βE Easti + ω̂W lnEit + (ω̂E − ω̂W )Easti lnEit + βxit + eit, (1)

where Easti is a dummy variable equal to one when the employer is located in

East Germany and xit are other observable plant or worker characteristics. The

coefficient of interest is the difference in the size-wage slope ω̂E−ω̂W , the interaction

term. In our baseline specification, we non-parametrically control for a workers’

age and sex by a full set of interaction dummies and for time and industry fixed

effects. For robustness, we consider a second (and a third) specification where we

fully interact age, sex, education, and occupation (job-level) dummies (in addition

to time and industry fixed effects) to allow for plant-size-related differences in

occupational (job-level) patterns within industries between the two regions.

The top panel of Table 1 displays the results. It first shows that large plants pay

higher average wages in both regions as ω̂W,E > 0. Importantly, the size premium

is larger in East Germany. In the West, a 1% higher employment is associated with

a 0.078% higher wage. The corresponding number for the East is 0.094%, one fifth

higher. For example, in West Germany, a business model with 100 employees has

to pay 5.6% higher wages than a business model with 50 employees (log difference

0.69). In the East Germany, the same difference in business models comes with

6.7% higher wages. Appendix D.1 shows that the result is robust to including non-

linear size terms, which might otherwise drive differences in the average size-wage

gradient given the differences in the plant size distributions.12

Another concern may be that the steeper size-wage relationship in the East re-

flects large plants in East Germany attracting a larger share of high-ability workers.

12The appendix also extends the analysis to include part-time workers and shows that this,
if anything, increases East-West differences in the size-wage nexus. We also estimate a more
flexible regression that allows for East/West-specific effects of industry and worker characteristics.
This controls for potential East/West-differences in sorting and East/West-specific industry-level
demand shocks. Again, we find that the differences in the size-wage elasticities become even a
little larger than in our baseline specification.
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Table 1: Size-wage elasticities

Non-primary private sector

Baseline Occupation × Job level ×
Education Education

Size-Wage elasticity, West, ω̂W 7.8 (0.1) 6.1 (0.1) 5.5 (0.1)
Difference in elasticities, ω̂E − ω̂W 1.6 (0.3) 2.0 (0.2) 2.5 (0.2)
Implied elasticity, East, ω̂E 9.4 8.4 8.4

N (in thousands) 2365 2365 2228

Manufacturing sector

Baseline Occupation × Job level ×
Education Education

Size-Wage elasticity, West, ω̂W 8.8 (0.2) 6.9 (0.1) 6.5 (0.1)
Difference in elasticities, ω̂E − ω̂W 4.3 (0.4) 4.9 (0.3) 5.4 (0.3)
Implied elasticity, East, ω̂E 13.1 12.3 12.3

N (in thousands) 1025 1025 970

Type of bargaining

Non-collective Collective

Size-Wage elasticity, West, ω̂W 7.7 (0.2) 5.8 (0.2)
Difference in elasticities, ω̂E − ω̂W -0.3 (0.4) -0.3 (0.4)
Implied elasticity, East, ω̂E 7.4 5.5

N (in thousands) 1378 986

Notes: The table displays the estimated size-wage elasticities for the non-primary private (man-
ufacturing) sector in West and East Germany. Standard errors are in parentheses. The top panel
is for all workers. The bottom panel splits the sample (non-primary private sector) by whether
the worker is covered by a collective bargaining agreement or not. All coefficients are multiplied
by 100 for better readability. Baseline: Controls for a workers’ age and sex by a full set of
dummy interactions, plus time, and industry fixed effects. Occupation × Education: Controls
for a workers’ age, sex, education, and occupation by a full set of dummy interactions, plus time
and industry fixed effects. Job level × Education: Controls for a workers’ age, sex, education,
and job level (five levels, coding the level of autonomy, complexity, and responsibility a worker’s
job has, see Bayer and Kuhn, 2018) by a full set of dummy interactions, plus time and industry
fixed effects. Data source: SES 2006/10/14.

However, the last two columns of Table 1 show that the difference between the
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two regions becomes yet slightly larger when we control additionally for age-, sex-,

and education-specific occupational or job-level patterns.13 In the next section,

we show that the productivity difference rationalized by our model is increasing

in the size-wage premium difference between the two regions. To be conservative,

we, therefore, choose the regression with the fewest controls as our baseline.

The second panel of Table 1 shows that the difference in the size-wage curve

between East and West Germany is even more pronounced in the manufacturing

sector. In fact, that the East-West difference in the size-wage nexus is not uni-

form across industries generalizes. Importantly, it is also systematically related to

industry variation in average wages and the prevalence of large plants, as Figure 5

shows. Industries with a particularly steep size-wage nexus in East Germany are

those industries with many missing large plants and lagging wages in the East.

Concretely, we estimate Equation (1) for 21 individual industries. In Figure 5,

we plot the difference ω̂E−ω̂W against (a) the difference in the share of employment

at large plants, (b) the difference in the standard deviation of log employment,

and (c) the difference in the average log wage for each industry. We find that

the steeper the size-wage curve is in the East relative to the West, the smaller is

the relative share of employment at large plants (employment-weighted correlation

of 0.30). The employment-weighted correlation for the standard deviation of log

plant employment is 0.33. The correlation between average wages and the size-

wage nexus is with 0.56 even stronger. The steeper the size-wage curve is in an

East German industry relative its West German “twin”, the more are East wages

lagging behind. In Appendix E, we repeat everything in Figure 5 (as well as Figure

4) splitting up West German industries by four regions. The resulting correlations

are similar but come with a higher degree of statistical confidence.

What lies behind these differences in the steepness of the size-wage curves? It

could be that East Germans have more specific workplace preferences, leading to

lower degrees of substitutability between employers. Instead, we highlight the role

of collective wage bargaining and the differences in the role of unions rooted in the

different historical developments before 1990. We find that, once we condition on

13In Appendix D.2 we investigate the issue of selection further by using the social security data
which allow us, with the caveat that these are top-coded earnings as opposed to hourly wage
data, to use estimates of plant-level fixed effects controlling for worker fixed effects. We find the
same pattern of a steeper East German size-wage curve.
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Figure 5: The share of large plants, wages, the size-wage nexus, and collective bargaining
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Notes: The top panel relates differences between West and East Germany in the share of
employment at large plants, the standard deviation of log plant employment, and average
log wages to differences in size-wage relationships. The bottom panel relates differences be-
tween West and East Germany in the share of employment at large plants, the standard de-
viation of log plant employment, and average log wages to the following double difference:
[logP (C|L,E) − logP (C|S,E)] − [logP (C|L,W ) − logP (C|S,W )], where P (C|·) is the con-
ditional probability of a worker being subject to collective bargaining in our sample in (L)arge
(>249 employees) or (S)mall (≤ 249 employees) plants in the (E)ast and (W)est. The lines
show employment-weighted least square regressions. MFT : Food and textile manufacturing,
MPW : Paper and wood manufacturing, MCP : Chemical and plastic manufacturing, MME:
Metal manufacturing, MEL: Electronics manufacturing, MVE: Vehicle manufacturing, UTL:
Utilities, CON : Construction, COP : Construction preparations, WHC: Wholesale and car
retail, RTO: Other retail, TRA: Transportation, STO: Storage, TUR: Tourism, BAN : Bank-
ing, INS: Insurance, RNS: Research services, TES: Technical services, RES: Rental services,
BAC: Building and area care, OTS: Other services. Data source: SES 2006/10/14.
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whether individual employment contracts are subject to collective bargaining, the

size-wage curve in East and West Germany is basically identical (see the bottom

panel of Table 1).14 At the same time, collectively bargained wages are higher

throughout the plant size distribution, and collective bargaining is most prevalent

at large plants. When not conditioning on the type of bargaining agreement, the

size-wage curve is, therefore, steeper than both conditional size-wage curves. In

other words, when one compares large to small plants, wages are higher not only

because large plants pay more conditional on the bargaining arrangement, but also

because large plants are more likely to be covered by collective bargaining. This

composition effect is stronger in East Germany. Small East German plants are

relatively unlikely to be covered by a collective bargaining agreement compared to

their West German counterparts.15 Expressed differently, union effort for collective

bargaining is, in East Germany, more selectively focused on large plants.16 The

first-mentioned preference-based explanation appears to be difficult to reconcile

with this pattern in Germany.

To substantiate this interpretation, the bottom panels of Figure 5 show on

the x-axes, for each industry, a double difference in the (log) prevalence of collec-

tively bargained wage contracts between large and small plants and between East

and West. That is, it shows the East-West-difference in the elasticity of bargain-

ing prevalence with respect to size. For the majority of industries, this double

difference is positive. This means that the fraction of collectively bargained wage

contracts increases indeed more in plant size in East than it does in West Germany.

This double difference is then plotted against our two measures of East-West

14The size-wage curve is flatter for collectively bargained wages (e.g., 5.8 vs. 7.7 in the West).
This means that collective bargaining raises, in particular, wages at small plants. The literature
has documented this also for the U.S. and the U.K. (see Stewart, 1987; Brown and Medoff,
1989; Blanchflower, Oswald, and Garrett, 1990; Green, Machin, and Manning, 1996). That the
size-wage curve for collectively bargained wages is not completely flat has at least two reasons:
First, in Germany, unions can negotiate firm-specific wage agreements that then hold for the
entire workforce of that firm. Second, the typical industry-wide collective bargaining agreement
in Germany establishes a wage floor for all plants bound by the agreement but allows to pay an
individual worker better, e.g., through bonuses.

15See also Table 2 in Schnabel (2005).
16In Germany, for a plant to be covered by collective bargaining, the employer needs to agree

to join an employer association. Workers can, however, pressure employers to do so by means
of strikes (see Jäger, Noy, and Schoefer, 2022). It is natural that unions concentrate such costly
efforts on large employers.
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differences in the plant size distribution: the share of employment at large plants

(left panel) and the standard deviation of log plant-level employment (center

panel). The relationships between collective-bargaining prevalence differences and

our measures of missing large plants is positive with an employment-weighted

correlation of 0.27 and 0.40, respectively. Industries in which the prevalence of

collectively bargained wages increases relatively more in plant size in the East

are also those industries where, compared to West Germany, large plants are par-

ticularly missing in the East. Finally, the right panel relates the differences in

collective bargaining to wage differences across industries. Industries in which the

prevalence of collectively bargained wages increases relatively more in plant size

in the East are also those industries where, compared to West Germany, wages

are particularly low in East relative to West Germany (correlation: 0.36). We

view these differences in collective bargaining prevalence as arising from histori-

cal developments. In the former socialist East Germany, union membership was

high because non-membership was associated with economic and social disadvan-

tages (see Hans-Böckler-Stiftung, 2022). As a result, unions were not viewed as

part of civil society, and union membership fell quickly after reunification. This

union retrenchment was particularly pronounced at small plants, leaving collective

bargaining concentrated at large plants.

In summary, the data suggest that plants in East Germany face a stronger

trade-off between being large and paying low wages. This stronger trade-off ap-

pears to originate from the larger concentration of collective bargaining at large

plants in East Germany. Most importantly, across industries, the stronger size-

wage trade-off in the East correlates with missing large plants and plants paying

on average low wages.

4 A Model of Missing Large Plants

To understand why a stronger size-wage trade-off leads to missing large plants

and lower productivity in East Germany, we introduce labor market power into

a heterogeneous plant model where plants chose their optimal scale. The recent

literature emphasizes two forces to explain heterogeneous plant scales: productiv-

ity and customer accumulation. For the former, we follow much of the literature,
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originating in Hopenhayn (1992), that treats technical productivity differences as

exogenous. For the latter, we draw on a recent and growing literature that puts

some form of customer accumulation at the center stage in addition to produc-

tivity differences (see Einav, Klenow, Levin, and Murciano-Goroff, 2021; Sedláček

and Sterk, 2017; Gourio and Rudanko, 2014; Drozd and Nosal, 2012; Arkolakis,

2010). In these models, in order to grow, plants have to make potential customers

aware of their products through marketing. Figure 6 shows that marketing ex-

penditures are, indeed, higher in most West German industries compared to their

East German counterparts. What is more, the figure shows that these differences

in marketing expenditures are systematically related to the size-wage trade-off at

the industry level. Industries with particularly steep size-wage trade-offs in the

East spend, relative to West Germany, little on marketing (employment-weighted

correlation of 0.71).17

Our model will highlight the following mechanism behind this relationship:

plants that face a steeper size-wage trade-off chose business models consistent with

a relatively small plant size, economizing on wages. Accordingly, plants in East

Germany chose a small business model because, in expectation, they, thus, avoid

paying high collectively bargained wages. Such business models also require smaller

marketing expenditures. To reiterate, this choice of business model constitutes a

form of labor market power.

Concretely, we introduce a size-wage trade-off into the following framework:

There are intermediate good producers with heterogeneous productivities using

labor to produce a differentiated good. First, these potential producers decide on

market entry; second, conditional on entry, they learn their productivity and decide

on marketing expenditures to form production networks with final goods producers

(bundlers). Third, intermediate good producers hire labor and produce, facing

both a size-wage and an output-price trade-off. Fourth, perfectly competitive

bundlers produce a perfectly substitutable consumption good.18 Finally, given

17Data for the ratio of marketing expenditures relative to sales at the industry level comes
from the Mannheimer Innovationspanel. We are extremely grateful to the team at the ZEW, in
particular Christian Rammer, who shared this data with us. The sectoral coverage is slightly
different to the SES.

18We emphasize the interaction of customer accumulation and labor market power in shap-
ing plant size and productivity, and, therefore, we abstract, for tractability reasons, from how
interregional trade additionally influences this nexus. We thus model East and West Germany
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Figure 6: Marketing expenditures and the size-wage nexus
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Notes: The figure relates differences between West and East Germany in the ratio of marketing
expenditures relative to sales (West minus East) to differences in the size-wage nexus for those
industries where marketing expenses are available. The line shows an employment-weighted
least square regression. MFT : Food and textile manufacturing, MPW : Paper and wood man-
ufacturing, MCP : Chemical and plastic manufacturing, MME: Metal manufacturing, MEL:
Electronics manufacturing, MVE: Vehicle manufacturing, UTL: Utilities, CON : Construction,
COP : Construction preparations, WHC: Wholesale and car retail, RTO: Other retail, TRA:
Transportation, STO: Storage, TUR: Tourism, BAN : Banking, INS: Insurance, RNS: Re-
search services, TES: Technical services, RES: Rental services, BAC: Building and area care,
OTS: Other services. See Appendix C for the mapping of industries to sectors. Data sources:
SES 2006/10/14 and the Mannheimer Innovationspanel 2014.

that East-West differences in plant size are relatively stable in plant age and across

cohorts (see Figure 3) we abstract from plant dynamics to maintain tractability.

4.1 Bundlers

There is a unit mass of bundlers who are indexed by j. All bundlers produces a

final consumption good, Yj, using a Dixit-Stiglitz aggregator:

Yj =

(∫
γiθijy

η−1
η

ij di

) η
η−1

. (2)

They bundle differentiated goods, yij, from a continuum of potential intermediate

good producers i (again of mass one).

A potential intermediate good producer may enter and be active, γi = 1, or

as closed economies each, which is tantamount to assuming that the bundlers in both regions
produce perfect substitutes. In addition, since plants in both regions, because of free entry, make
zero expected profits in equilibrium, there is no incentive for plants to start up in another region.
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not, γi = 0. Not all active intermediate good producers are known to each bundler,

and producer i is known to bundler j only if θij = 1. A bundler can only buy an

intermediate good from a producer that is both active and known to the bundler.

This implies that the demand for producer i’s product by bundler j is given by

yij = γηi θ
η
ij

(
pij
P̄j

)−η

Yj =


(
pij
P̄j

)−η
Yj if γi = θij = 1,

0 otherwise,
(3)

where P̄j is the cost minimizing price at which bundler j sells its bundle, and pij

is the price of the intermediate good charged by producer i to bundler j.

The cost-minimizing price of bundler j, the ideal price index, is given by

P̄j =

(∫
(γiθij)

ηp1−η
ij di

) 1
1−η

, (4)

which can be written as

P̄j =

(∫
(γiθij)

ηdi

) 1
1−η
(∫

p1−η
ij di

) 1
1−η

(5)

because we assume that prices and γ and θ are independent. The latter reflects

random matching between intermediate good producers and bundlers, the former

is tantamount to assuming, without loss of generality, that inactive producers set

a price as if they were active and could sell (a weakly dominant strategy). What is

more, random matching implies that the integral
[∫

(γiθij)
ηdi
] 1

1−η does not depend

on the specific bundler j, and, in turn, all bundlers charge the same price:

P̄j = (ΓΘ̄)
1

1−η P̂j, (6)

where Γ is the mass of all active producers, Θ̄ is the average fraction of active

producers known to a bundler, which by symmetry is also the average fraction of

bundlers that an active producer sells to (and therefore has no j index), and

P̂j =

(∫
p1−η
ij di

) 1
1−η

(7)
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is the average price charged by intermediate good producers. Because all bundlers

j charge the same price, we focus on the symmetric equilibrium in which Yj = Y,

P̂j = P̂ , and P̄j = P̄ .

4.2 Intermediate Good Producers

Intermediate good producers operate a constant returns to scale production func-

tion that transforms li unit of labor into yi = zili units of the intermediate good,

where zi denotes producer i’s idiosyncratic technical productivity (in terms of in-

termediate goods). As will become clear later, for tractability reasons, we assume

that plants learn their productivity after entry. Because in the symmetric equi-

librium, Yj = Y and P̄j = P̄ , the intermediate goods producer supplies the same

amount of goods to each bundler she knows, we can drop the subscript j and

let yi denote the representative quantity that an active producer supplies to each

bundler she knows and li the number of workers that are needed to produce this

representative quantity. The total number of employees of an intermediate good

producer is liΘi, where Θi is the mass of bundlers known to that producer.

An intermediate good producer faces monopsonistic competition in the labor

market, i.e., its wage is a function of its total number of employees. As in our

empirical specification, Equation (1), we assume a constant elasticity:

wi =

(
liΘi

l̄Θ̄

)ω̂
W, (8)

where we express size relative to the average producer size in the economy, l̄Θ̄, and

W is a wage index, which we set to 1, making labor the numeraire. While a wage

curve like (8) could be derived from preferences for specific workplaces (see e.g.

Berger, Herkenhoff, and Mongey, 2022) or imperfect information about outside op-

tions (see e.g. Jäger, Roth, Roussille, and Schoefer, 2021), we do not need to take a

stance on its precise micro-foundation because our research question is not of a nor-

mative nature. Nonetheless, our results from the previous section that East-West

differences in the size-wage curve vanish after controlling for bargaining arrange-

ments suggest an institutional rather than a preference-based micro-foundation, at

least as far as the East-West differences are concerned. In turn, these institutional
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differences are arguably driven by history so that we can view them as exogenous

to our question.

Given this environment, we solve the decision problem of the intermediate

good producers backward, starting with the optimal price-setting to one bundler.

Then, we solve for the optimal marketing policy given the downstream price-setting

decisions.

4.2.1 Price-Setting and Profits within a Single Market

Since intermediate good producers in each single (bundler/product) market face

monopolistic competition for any bundler they are known to, they set prices as a

mark-up over marginal costs, given by wages wi relative to productivity zi:
19

pi =
η

η − 1

wi
zi
. (9)

Hence, a producer who knows Θi bundlers has a total gross profit of:

πi(Θi) = Θi

(
piyi − yi

wi
zi

)
= Θi

(
yi

1

η − 1

wi
zi

)
, (10)

where the terms in brackets are the gross profits earned from commerce with an

individual bundler.

Substituting into the gross profits the demand curve from an active market,

(3), as well as the optimal price, (9), allows us to express gross profits as a function

of known bundlers and marginal costs:

π(Θi) = Θi

(
wi
zi

)1−η (
P̄
η − 1

η

)η
Y

η − 1
. (11)

4.2.2 Optimal Marketing

The intermediate good producer maximizes gross profits net of marketing costs but

takes into account wages as a function of the total number of employees. Therefore,

19The intermediate good producers’ price-setting can ignore the fact that they are in monop-
sonistic competition in the labor market, as each bundler is infinitesimally small and, hence, a
marginal increase in the quantity sold to a single bundler has only a second-order impact on the
producer’s total labor demand and is thus irrelevant for the producer’s first-order condition.
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we first need to express wages in (11) as a function of the mass of bundlers known

to the producer. To this end, we plug the number of workers, yi
zi

, required to fulfill

the demand from each individual bundler, (3), into the size-wage trade-off, (8):

wi =

((
pi
P̄

)−η
YΘi

zil̄Θ̄

)ω̂

. (12)

Next, substituting pi with the optimal pricing decision (9), solving for the wage

wi, and summarizing terms, we obtain wages as a function of the mass of known

bundlers as well as productivity and aggregates:

wi = z
(η−1)ω̂
1+ηω̂

i w̄

(
Θi

Θ̄

) ω̂
1+ηω̂

, (13)

where w̄ =
[(
P̄ η−1

η

)η
Y
l̄

] ω̂
1+ηω̂

summarizes the aggregate terms that affect wages.

Given this reformulation of the size-wage trade-off, we are now ready to solve

for the optimal marketing policy. To get to know one additional bundler, the

intermediate good producer has to pay marketing expenditures, µP̄ (µ measures

costs in terms of the output good). The resulting operating profits are:

Πi = π(Θi)− µP̄Θi. (14)

Substituting in gross profits, (11), and the size-wage trade-off, (13), yields

Πi = Θi

(
Θi

Θ̄

) ω̂
1+ηω̂

(1−η)

z
−(1−η) ω̂+1

1+ηω̂

i P̄ ηY
(η − 1)η−1

ηη
w̄1−η − µP̄Θi. (15)

The optimal scope of producer i follows from the first order condition, ∂Πi
∂Θi

= 0,

ignoring, for simplicity, that Θi ≤ 1:

1 + ω̂

1 + ηω̂

Y

µ

1

η

(
P̄

w̄

η − 1

η

)η−1(
Θi

Θ̄

) ω̂
1+ηω̂

(1−η)

= z
(1−η) 1+ω̂

1+ηω̂

i , (16)
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which, solving for Θi, simplifies to

Θi

Θ̄
= z

1+ω̂
ω̂

i

[
1 + ω̂

1 + ηω̂

Y

µ

1

η

(
P̄

w̄

η − 1

η

)η−1
] 1+ηω̂
ω̂(η−1)

. (17)

This equation relates the optimal amount of known bundlers to a producer’s id-

iosyncratic productivity, zi. More productive producers find it optimal to accumu-

late more customers. A yet different way to think about the producers’ optimal

marketing decision is to use (13) and express (17) in terms of the real wage targeted

by a producer:

wi
P̄

=
pi
P̄

η − 1

η
zi =

[
1 + ω̂

1 + ηω̂

Y

µ

1

η

] 1
η−1 η − 1

η
zi. (18)

The real wage is proportional to idiosyncratic technical productivity, zi, which also

implies that marginal costs are constant across producers. Resulting from produc-

ers’ product market power, workers do not receive the full marginal product of

labor. Instead, they get a wage equal to the inverse mark-up in the product mar-

ket, η−1
η

, of the producer’s technical productivity shifted by the term in squared

brackets. This term reflects the efficiency of the producer’s network. The price

of that producer in terms of final goods, pi
P̄

, reflects the marginal value of the

producer’s output across bundlers. The producer chooses a larger and hence more

efficient network, if demand Y divided by the inverse profit margin (in goods) η

and the cost of serving one more market µ is higher. In addition, in this choice,

producers take into account the effect of their size on their wages and hence their

operating profits. This effect becomes stronger when the size-wage trade-off be-

comes steeper as captured by the elasticity 1+ω̂
1+ηω̂

< 1, decreasing the network size.

Constant marginal costs across producers, (18), imply, using (9), that all pro-

ducers charge the same price and sell the same quantity to each bundler they know.

In turn, we obtain for the price, using (6),

pi
P̄

=
P̂

P̄
= (ΓΘ̄)

1
η−1 , (19)
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and, for the quantity sold to a single bundler, using (3):

lizi = yi =
(pi
P̄

)−η
Y = Y (ΓΘ̄)

η
1−η . (20)

Finally, using (9), the real wage is given by:

wi
P̄

=
η − 1

η
(ΓΘ̄)

1
η−1 zi. (21)

Comparing (21) to (18), we obtain:

Θ̄ =
Y/Γ

µ

1

η

1 + ω̂

1 + ηω̂
. (22)

Importantly, the average network size depends negatively on the size-wage elas-

ticity, ω̂, as higher monopsony power discourages customer accumulation, in line

with the data (see Figure 6). It depends positively on the market size per producer

gained by one unit of marketing costs, Y/Γ
µ

.

To derive a closed-form solution for the distribution of optimal marketing

choices, we need to make a functional form assumption about the distribution of

idiosyncratic productivity, zi. We assume that zi is log-normally distributed, zi ∼
LN(ln z̄,Σ2).20 For any log-normally distributed random variable z ∼ LN(ln z̄,Σ2)

and real number x, it holds that:

E(zx) = z̄xφx
2

, with φ = exp(0.5Σ2). (23)

This implies, taking expectations over (17) and using that zi is assumed to be

observed after entry:

[
1 + ω̂

1 + ηω̂

Y

µ

1

η

(
P̄

w̄

η − 1

η

)η−1
]− 1+ηω̂

ω̂(η−1)

= E
(
z

1+ω̂
ω̂

i

)
= z̄

1+ω̂
ω̂ φ( 1+ω̂

ω̂ )
2

, (24)

because Θ̄ is the expected value of Θi.

20Strictly speaking, we approximate the solution, ignoring the upper bound on Θi. The support
of the log-normal distribution of zi has no upper bound and, hence, there are always some firms
for which (16) produces a Θi > 1. However, in our calibration, that fraction is negligible.
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Dividing (17) by (24) allows us to express individual marketing choices in a

compact form:

Θi

Θ̄
=

(
zi
z̄φ
φ− 1

ω̂

) 1+ω̂
ω̂

. (25)

This equation highlights that the more a producer’s productivity exceeds average

productivity (zi > z̄φ) the more customers it accumulates relative to the average.

Furthermore, we see from (25) that log Θi is normally distributed, too, and has

a larger variance than log zi because 1+ω̂
ω̂

> 1. This means that the distribution

of networks, the distribution of Θi, is more right skewed than the productivity

distribution: The most productive producers build particularly large networks.

The endogenous customer acquisition decision amplifies, therefore, productivity

heterogeneity. This effect becomes smaller as ω̂ increases: A stronger size-wage

trade-off renders the acquisition of additional customers less attractive because

wages rise too fast.

Before we turn to the final producer decision, namely, market entry, we point

out two properties of the optimal producer size. Combining (20) and (25), producer

size is given by:

liΘi = z
1/ω̂
i Y (ΓΘ̄)η/(1−η)Θ̄

(
1

z̄φ
φ− 1

ω̂

) 1+ω̂
ω̂

(26)

From this equation follows immediately that producer size is increasing in idiosyn-

cratic productivity. This holds true even though sales per bundler, yi, are constant,

and thus workers per bundler, li, decrease in idiosyncratic productivity. More pro-

ductive producers choose to know more bundlers, and the number of bundlers they

choose to know increases more than proportionally in their productivity.

Secondly, from (26), we obtain an explicit solution for the standard deviation

of log producer employment:

std (log(liΘi)) = std

(
1

ω̂
log zi

)
=

1

ω̂
Σ. (27)

That is, the distribution of log producer employment is, similarly to the distribu-

tion of networks, normally distributed. Its dispersion depends positively on the

standard deviation of idiosyncratic productivity, Σ. Importantly, and consistent
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with the data in Figure 5, it depends negatively on the size-wage elasticity.21

4.2.3 Producer Entry

We assume free producer entry which implies that competition drives average pro-

ducer profits to zero. Recall that producers learn their idiosyncratic productivity

level only after entry. Let λP̄ (λ is measured again in terms of the output good)

be the costs to establish a producer. Given the marketing and downstream price-

setting behavior, we obtain that producers enter until average operating profits,

(14), equal entry costs:∫
Θiyi

(
pi −

wi
zi

)
di−

∫
µP̄Θidi = λP̄ , (28)

which implies, using (19)–(21):

λ =

∫ [
ΘiY

(
ΓΘ̄
) η

1−η
(
ΓΘ̄
)− 1

1−η

(
1− η − 1

η

)]
di− µ

∫
Θidi. (29)

This, integrating out Θi, simplifies to

Y

Γ

1

η
= λ+ µΘ̄. (30)

Equation (30) has an intuitive interpretation: the goods sold per producer, Y/Γ,

multiplied by the profit margin per goods sold (in terms of goods), 1/η, equal the

sum of market entry costs, λ, and expected marketing costs, µΘ̄, (both in goods).

The steepness of the size-wage trade-off determines on which of the two margins,

entry versus marketing, the profits from goods sold per producer are spent. The

flatter the size-wage trade-off, the more this decision is tilted towards marketing

and, thus, the larger the producers become, in particular the most productive ones.

21Specifically, we refer to the middle-upper panel in Figure 5. Note that Figure 5 displays
positive relationships because the y-axis uses West-East and the x-axis East-West differences.
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4.3 Equilibrium

In equilibrium, the total amount of employment needs to equal aggregate labor

supply. We abstract from agglomeration effects whereby a larger economy enjoys

more product varieties and is, therefore, more productive. For this reason, we

fix the aggregate labor supply at one unit.22 Hence, labor demand of all active

producers, (26), integrated over all producers needs to be one:

Γ

∫
Θilidi = Γ

∫
z

1
ω̂
i Y (ΓΘ̄)η/(1−η)Θ̄

(
1

z̄φ
φ− 1

ω̂

) 1+ω̂
ω̂

di = 1 (31)

which, solving for Y , yields:

Y = z̄φ(ΓΘ̄)
1

η−1︸ ︷︷ ︸
=P̂ /P̄

φ
2
ω̂ . (32)

This equation highlights key properties of the model: First, aggregate output

increases not only with expected technical productivity, z̄φ, but also in the mass

of intermediate good producers known to the representative bundler, ΓΘ̄. This

network size effect is important because of love-of-variety in production. The

effect can alternatively be expressed as the ratio of the average price charged to a

bundler, P̂ , and the ideal price index, P̄ . It reflects the fact that a larger variety

of intermediate inputs used by the final goods producer increases its efficiency

and, thus, lowers the ideal price index. Second, the last term, φ
2
ω̂ , is a labor

allocation effect similar to the Oi-Hartman-Abel effect (see Oi, 1961; Hartman,

1972; Abel, 1983) discussed in the investment literature. It arises through the

complementarity of labor and technical productivity, zi. This complementarity

can be exploited better when a low ω̂ allows for a higher concentration of labor at

the most productive producers, which build larger customer networks to this end.

Ultimately, Equation (32) together with the average network size, (22), and

producer entry, (30), determine the aggregate equilibrium in the economy. Nor-

22If we analyzed only one geographical unit, for instance, West Germany, this would be an
innocuous normalization. However, when we calibrate the model separately for East and West
Germany, we make this abstraction for both regions, and, thus, disregard the possibility that
East Germany is less productive simply because it is smaller.
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malizing average producer productivity z̄φ to one and solving these equations for

aggregate output, the average mass of known bundlers, and the share of active

producers yields:

Y =

(
1

µη

1 + ω̂

1 + ηω̂

) 1
η−2 (

φ
2
ω̂

) 1
η−2

φ
2
ω̂ , (33)

Θ̄ =
λ

µ

[
1

η − 1

(
1 + ω̂

ω̂

)]
, (34)

Γ =
1

λ

η − 1

η

ω̂

1 + ηω̂
Y. (35)

Equation (33) shows that output is the product of three terms which are all nega-

tively affected by the size-wage trade-off. The last term, φ
2
ω̂ , is the aforementioned

labor allocation effect on output that would also be present in a pure monopsony

model with heterogeneous producers but without endogenous customer accumula-

tion, as we show in Appendix F.23

Comparing (32) to (33) (and taking into account the normalization of pro-

ductivity z̄φ = 1) yields a convenient interpretation of the first two terms: they

reflect the efficiency of the transformation of intermediate goods into final goods,

a love-of-variety effect. This efficiency depends on the network size of bundlers,

ΓΘ̄ =

(
1

µη

1 + ω̂

1 + ηω̂

) η−1
η−2 (

φ
2
ω̂

) η−1
η−2

,

and is affected by monoposony power because a steeper size-wage trade-off restricts

the varieties available to bundlers. The first term,
(

1
µη

1+ω̂
1+ηω̂

)
, reflects the fact that

all producers reduce their network size because of their monopsony power. This

term would also be present in a model without producer heterogeneity, φ = 1.

The second term, φ
2
ω̂ , reflects the fact that it is particularly harmful that the most

productive producers reduce their network size. The fact that both terms enter the

average network size with an exponent, η−1
η−2

, larger than one, reflects that there is

a demand externality in the model, which can also be seen in (35): when aggregate

23Whether one interprets the impact of ω̂ on the allocation of labor across differently produc-
tive producers—through φ

2
ω̂ —as an inefficiency depends on the ultimate source of ω̂. We have

discussed some potential sources in Section 4.2. Given the positive focus of this paper, we do
not need to take a strong stance on this question.
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demand is higher, more producers enter, the average network becomes bigger and

the economy more productive. In turn, output increases further and hence also

demand.24

From these equations also follows that aggregate labor compensation in final

goods, which equals aggregate output minus entry and marketing costs, is propor-

tional to aggregate output, where the proportionality factor is the inverse markup:

LC = Y − Γ(λ+ µΘ̄) = Y

[
1−

(
η − 1

η

ω̂

1 + ηω̂
+

1

η

1 + ω̂

1 + ηω̂

)]
= Y

η − 1

η
. (36)

This means that it is irrelevant whether we compare Y or LC differences across

regions in what follows (assuming η is the same).

5 Implications

With the model solution at hand, we can now quantify the aggregate implications

of the differences in monopsony power between East and West Germany that we

documented in Section 3. Moreover, we can discuss potential policy implications.

5.1 Quantitative Results

We need to determine five parameters to evaluate the quantitative implications

of our model: the standard deviation of productivity, Σ, the degree of product

market power, η, the unit marketing costs, µ, the entry costs, λ, and the elasticity

of wages to employment, ω̂. Our strategy is to calibrate the model to the West

German economy given our baseline estimate of ω̂W = 0.078 from Section 3.3.

Note from Equation (33) that, once we fix ω̂, the key parameters to understand

the relative output between two regions are product market power, η, and the

dispersion of idiosyncratic productivities, Σ. Bundesbank (2017) finds an average

price-cost margin of 1.4 in Germany, and, therefore, we set η = 3.5. We calibrate

24This demand externality is one important difference to Kroft, Luo, Mogstad, and Setzler
(2020), who discuss the effects of simultaneous labor and product market power in a model in
which each producer serves a single product market. They find that product and labor market
power dampen each other. The demand externality implies that an increase in product market
power, which comes with an increase in love of variety, makes the distortions of the production
network size that come from labor market power more detrimental.
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the dispersion for idiosyncratic productivities to match the share of employment

at large plants, that is, one with more than 249 employees. To this end, we

require a notion of plant size in the model. Therefore, we effectively calibrate

Σ (0.16) and the entry costs, λ (0.05), jointly to match the average plant size

(62 employees) and the share of employment at large plants (39%) in the data

(for West Germany). Recall that the data is truncated at plants with at least

10 employees, and we impose the same truncation in the model simulation when

computing these moments. However, we compute output in the model following

(33), i.e., using the non-truncated producer distribution, when we compare it to

national accounts data that is based on the universe of producers.

Given this calibration, marketing costs µ do not affect relative productivities

between East and West Germany, and, thus, different choices would only lead to a

recalibration of λ. However, the data we use in Figure 6 pins down the marketing

cost, and we, therefore, set µ to match an average West German ratio of marketing

costs to sales of about one percent.

To isolate and quantify the effect of a steeper size-wage trade-off in East Ger-

many, we start from the parameters calibrated to West Germany and change ex-

clusively ω̂, setting it to the value estimated in Section 3.3 for the private, non-

primary sector in East Germany (ω̂E = 0.094). The top panel of Table 2 displays

the results of this exercise, in the column titled “Model East.”

First and importantly, by varying only ω̂, the model matches the moments of

the plant size distribution (that were targeted for West Germany) extremely well

in East Germany where they were not targeted. That is, the average plant size

decreases from 62 to 45 employees compared to 46 in the data, and the share of

workers employed at large plants decreases from 39 to 22 percent compared to 21

percent in the data. Second, the model, through these effects of ω̂ on the plant size

distribution, implies a substantial drop in productivity by ten percentage points.

In other words, the model explains roughly 40 percent of the observed output

differences per worker between the two regions. From Equation (36) it follows

that the model also rationalizes a ten percentage points lower labor compensation

in the East relative to the West.

Section 3.3 shows that East-West size and productivity differences are partic-

ularly large in manufacturing. To investigate whether the model is able to match
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Table 2: Size distortions and output losses: model vs. data

Variable Model West Model East Data West Data East

Private non-primary sector

ω̂W = 0.078 and ω̂E = 0.094

1/Γ 61.4 44.6 61.4 46.4
std(log(θili)) 0.96 0.84 0.91 0.83
Share E > 249 0.39 0.22 0.39 0.21
Yeast/Ywest 0.90 0.74

Manufacturing sector

ω̂W = 0.088 and ω̂E = 0.131

1/Γ 98.5 57.1 98.5 64.2
std(ln(θili)) 1.11 0.90 1.05 0.94
Share E > 249 0.55 0.24 0.55 0.31
Yeast/Ywest 0.84 0.70

Notes: The table compares model simulated moments to data moments from the SES (pooled
2006/10/14) and German national accounts for the private, non-primary sector (top panel) and
manufacturing (bottom panel). 1/Γ: Average plant size, std(log(θili)): Standard deviation of
log plant size. Share E > 249: Share of employment at plants with more than 249 employees.
Yeast/Ywest: Output per worker in East relative to West Germany.

this stylized fact, we next, keeping the general calibration strategy the same, re-

calibrate our economy to the manufacturing sector in West Germany. The bottom

panel of Table 2 shows that the average plant size in manufacturing is larger

than in the total private, non-primary sector and that a larger share of workers is

employed at large plants. Accordingly, we adjust the dispersion of idiosyncratic

productivity, Σ (0.17), and entry costs, λ (0.82). Bundesbank (2017) finds that

average price-cost margins in manufacturing are lower than in the private sector

as a whole, implying η = 6.

The panel shows that also for the manufacturing sector the difference in the

size-wage trade-off alone is able to explain the smaller average plant size and the

lower share of employment at large plants in East Germany. Importantly, and

consistent with the data, the model produces output differences in manufacturing

that are larger than in the private sector as a whole. The model predicts that
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Table 3: Decomposition of output loss

Private non-primary Manufacturing

Total productivity difference 10.3% 15.5%

Network size effect,
(
ΓΘ̄
) 1
η−1 5.4% 5.6%

sans heterogeneity,
(

1
µη

1+ω̂
1+ηω̂

) 1
η−2

1.9% 2.9%

cum heterogeneity, φ
2
ω̂

1
η−2 3.5% 2.7%

Labor allocation effect, φ
2
ω̂ 5.2% 10.6%

Notes: The table displays the output loss per worker in East relative to West Germany, 1−
Yeast/Ywest from Table 2, decomposed, to the first order, into the three channels highlighted
in the discussion of Equation (33).

output in East Germany is 84 percent of output in West Germany, in the data it

is 70 percent.

Table 3 decomposes the predicted output losses into the two channels we have

highlighted in Equation (33). In the private, non-primary sector, the total output

effect is split roughly half into the network size and the labor allocation effect.

In manufacturing, the share of the effects is roughly one third and two thirds,

respectively. Of the two terms that constitute the network size effect, the term

arising from heterogeneity is quantitatively larger than the effect that would also be

present in a homogeneous producer model. In other words, the model implies that

monopsony power is particularly costly when it discourages the most productive

producers to choose a business model with many customers, rendering the entire

production network in the economy less efficient.

5.2 Policy Discussion

5.2.1 Subsidies

The standard output loss associated with monopsony power is due to underem-

ployment. We deliberately abstract from this effect by assuming an inelastic labor

supply. Instead, we highlight two additional sources of output loss originating from

35



a distorted choice in the scale of a plant’s operation: first, labor is allocated away

from large, productive plants towards small, less productive plants; and, second,

producers establish too small production networks by underinvesting in marketing.

These two sources of output loss are not affected by untargeted wage subsidies,

the standard policy instrument recommended to eliminate the distortions result-

ing from monopsony power, as we show in Appendix G. Intuitively, such subsidies

raise the labor demand of all producers but neither change the relative distortions

of labor demand nor create incentives to invest in larger networks.

The output losses we highlight are also not affected by entry subsidies, another

policy tool often suggested by policymakers to help distressed regions catch up.

This can be seen in Equation (33), where the entry costs, λ, do not appear. In the

model, increasing the number of active producers through entry subsidies crowds

out network investments of existing producers one-for-one so that the equilibrium

production network size, ΓΘ̄, remains unaffected, (see Equation 34). While our

model is admittedly a special case with full crowding out, it highlights a general

force, where existing producers adversely react to entry with their choice of pro-

duction networks and thereby reduce the number of varieties available to bundlers.

Larger production networks can be created, however, by subsidizing marketing

expenses. In fact, output (net of entry and marketing costs) is not maximal when

producers privately pay the marketing costs, as we show in Appendix H. The

intuition for this result is the positive externality created by larger networks that

render all producers more productive (in terms of the final good) by making more

varieties available to bundlers.25

The output-net-of-cost maximizing subsidy is 37% in West Germany and would

increase output net of costs by 9%. Owing to the steeper size-wage curve, the op-

timal subsidy is slightly larger in East Germany (38%) and the output gain (again

net of costs) would be 10%. Note, this subsidy works exclusively through increasing

the average network size, i.e., the variety of products known to different bundlers,

which increases their productivity. It does not alter the allocation of workers across

25We note that this externality aspect of marketing choices carries over to a setup that explicitly
motivates monopsony power by a love of variety by households for employers. Appendix H shows
that a positive subsidy not only increases output net of cost but also the number of active firms
and thus varieties in terms of employers. Thus, the laissez-faire equilibrium in such a setup is
inefficient.
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producers, and, thus, leaves the associated output losses that explain most of the

East-West productivity difference unaffected.

Finally, there is also the question whether minimum wages could mitigate the

monopsony power related to the choice of business models which we highlight in

this paper. To the extent that minimum wages substitute for low collective bar-

gaining coverage at small plants and, thereby, flatten the size-wage curve, our

framework would indeed suggest that they increase aggregate productivity. In

particular, minimum wages could, thus, incentivize producers to invest into larger

production networks and reallocate workers towards the most productive produc-

ers. However, differently from marketing subsidies, they may not reduce the size-

wage tradeoff for the most productive producers who pay wages in excess of the

minimum wage.

5.2.2 Collective bargaining coverage

Given that simple subsidies cannot fully eliminate the output losses from monop-

sony, another way to cast the policy discussion is to ask how to directly affect the

size-wage trade-off of employers. The empirical evidence from Table 1 suggests

that collective bargaining coverage is one such avenue. Employers subject to col-

lective bargaining face flatter size-wage curves, and differences between East and

West Germany even disappear once we condition on bargaining arrangements. In

particular, the unions’ focus on large plants in their efforts to implement collective

bargaining steepens the size-wage curves.

Are such changes in the prevalence and selectiveness of collective bargaining

also reflected in changes in the steepness of the size-wage curve and plant sizes at

entry over time? Figure 7 provides suggestive time series evidence in favor. First,

it shows that, in Germany, collective bargaining has substantially declined over

time. In 1996, more than 55% of plants were covered by a collective bargaining

agreement. This number decreases to less than 30% by 2013. What is more,

collective bargaining declined foremost at small plants (for evidence on selective

retrenchment in collective bargaining see also Jäger, Noy, and Schoefer, 2022). In

1996, collective bargaining coverage was 37 percentage points higher at plants with

more than 249 employees compared to plants with fewer employees. This gap rose
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Figure 7: Large plants, steepness of the size-wage curve, and collective bargaining over time
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Notes: On the left axis, the figure displays for all of Germany, private non-primary sector, over
time the share of plants covered by a collective bargaining agreement (share bargaining cover-
age), the difference in the share of bargaining coverage at plants with at least 250 employees
and plants with fewer employees (Bargaining gap), and the share of employment at plants of
at least 250 employees in an entering cohort of plants, 4 quarters after entry (share large at
entry). On the right axis, it displays the East-West difference in the steepness of the size-wage
curve minus its steepness difference in 1996 (ω̂t − ω̂1996). Data sources: AWFP for ω̂t − ω̂1996

and “share large entry” and IAB Establishment Panel, for “Share bargaining coverage” and
“Bargaining gap”.

to 48 percentage points by 2013. Second, and in line with what one would expect

from our cross-sectional evidence, this selective decline in collective bargaining

goes along with a steepening of the size-wage curve. Finally, and in line with the

cross-sectional data (industry differences across East-West) and our theory, there

is a parallel trend towards smaller plant sizes (at entry). Figure 7 shows that

about 24% of all employees of an entry cohort used to be at large plants in 1996.

This share has declined to around 12% by 2013.

Our paper highlights that collective bargaining retrenchment, in general, and

selective retrenchment, in particular, decreases aggregate productivity through dis-

torting plants’ long run business-model choices. In an influential study, Brown and

Medoff (1978) show that, at the industry level in the U.S., high unionization rates

are positively associated with labor productivity. Subsequent studies fail to con-

firm this earlier finding using within-industry, firm-level data (see Hirsch, 2004, for

a survey). Our analysis suggests that these results may not be contradictory after

all. At an aggregate (industry) level, an increase in unionization of small plants
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flattens size-wage curves, making it more attractive to choose business models that

require large operations. As we have argued, this raises aggregate labor productiv-

ity. However, given that the threat of unionization affects business model choices

at entry, productivity differences need not manifest themselves when individual

unionized and non-unionized firms are compared within industry.

6 Conclusion

Large aggregate labor productivity differences persist across regions where govern-

mental policies (and legal institutions enforcing these) are almost identical. We

consider the case of Germany where, more than two decades after reunification,

the East German private, non-primary sector remains about 25% less productive

than its West German counterpart. We show that this difference in productiv-

ity is closely linked to differences in the size distribution of plants, which are, in

turn, related to differences in collective bargaining coverage. In East Germany,

collective bargaining is much more concentrated at large plants than it is in West

Germany. This selective difference in collective bargaining coverage create incen-

tives to chose business models in East Germany where the plant stays small to

avoid paying high wages, i.e., it effectively creates additional labor market monop-

sony power in East relative to West Germany. Finally, these East-West differences

in monopsony power correlate with average-wage and productivity differences.

We develop a model that merges labor market power and customer acquisition

and show that labor market power distorts the size distribution and lowers, thereby,

aggregate labor productivity. When firms face steeper size-wage curves and thus

have more labor market power, they decide to forgo customer acquisition because

otherwise they would require a larger workforce, which raises wages. This leads to

long-run business models relying on smaller production networks in general and to

a smaller concentration of workers at the most productive producers in particular.

Both channels affect aggregate labor productivity adversely. The model, calibrated

to the estimated difference in monopsony power, explains about 40 percent of the

observed lower labor productivity in East Germany.

We finally show that neither hiring nor entry subsidies can remedy this pro-

ductivity loss. A marketing subsidy can mitigate but not fully cure the problem
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which is ultimately linked to non-uniform collective bargaining retrenchment across

plants.
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A Differences in Input Factors and Reallocation

In principle, lower output per worker in East Germany could be the result of

differences in the quality and quantity of factor inputs or differences in total factor

productivity (TFP). TFP differences, in turn, could result from differences in

access to technology or institutions (which is unlikely to be the case in the German

context), differences in the capability of the labor market to reallocate workers to

firms that become more productive—a sclerotic labor market in East Germany—

or a persistent misallocation of workers to relatively unproductive plants (as in

our model, where we attribute this misallocation to the disincentives of the most

productive plants to acquire a large customer network).

In this appendix, we establish that, first, differences in factor inputs are unlikely

the reason behind the observed differences in output per worker. In other words, it

rather has to be TFP.26 Second, we show that the labor market in East Germany is

at least as dynamic as the West German labor market, meaning that labor market

sclerosis is not to blame, either.

A.1 Capital and Labor Inputs

Burda (2006) puts forwards an explanation for low labor productivity where capital

accumulation is subject to frictions. East Germany had a lower capital stock in

1992, implying low initial labor productivity, and if it takes time for the East to

accumulate capital, this would explain a persistent productivity gap. Figure A1

(left panel) compares the (net, i.e., after depreciation) capital stock per worker

in East Germany to that in West Germany. It shows that the capital stock per

worker was indeed much lower initially, but, differently from output per worker,

had almost converged by 2005. In 2019, the difference in the capital stock per

worker is only 3%. Thus, with a constant returns to scale Cobb-Douglas production

function and a standard capital share of 30%, this difference in capital intensity

would explain 0.9 percentage points of labor productivity differences.

We are particularly interested in differences in the private, non-primary sector.

26This also agrees with Mertens and Müller (2022) who test and reject the so called work-
bench hypothesis according to which East German producers only produce standardized and
low-productivity input goods for West Germany.
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Figure A1: Capital stock
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Notes: The left panel displays the net capital stock (after depreciation) per worker in East
and West Germany for the total economy and the production sector (manufacturing, mining,
utilities, and construction). The right panel displays the modernness of the capital in East
and West Germany (net capital divided by gross capital). Data source: VGR.

Unfortunately, the German national accounts do not provide the capital stock by

detailed industry and region. It does, however, provide data on the production

sector (manufacturing, mining, utilities, and construction), and Figure A1 (left

panel) shows that, in that sector, East Germany has even overtaken the West

German economy in terms of capital intensity by 1998.

In this comparison, a confounding factor could be capital quality. Specifically,

one might expect that East German plants still produce with outdated capital from

before the reunification. Figure A1 in the right panel displays the modernness of

capital, i.e., net capital divided by gross capital. Consistent with the large catch-

up in capital accumulation shown in the left panel, the capital stock is of a younger

vintage in East Germany suggesting that, if anything, it is of higher quality.

Another potential explanation for the lower labor productivity in East Ger-

many could be lower quality of labor inputs. If this was the case, then wage

differences between East and West Germany should be explainable by measures of

worker quality, such as age, sex, education, and occupation. At first inspection, for

education and occupation, Table A1 does not suggest that differences in worker

quality are a likely explanation. Considering formal education, East Germany

tends to have, if anything, a more skilled workforce with fewer workers without
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Table A1: Worker skills

Education shares

Low Medium High

West East West East West East

11.58 3.66 74.79 83.75 13.63 12.59

Work task shares

Low Medium Semi-high High

West East West East West East West East

40.09 44.31 42.98 41.99 7.68 5.79 9.24 7.91

Note: The table displays the shares of education and occupation categories in West and East
Germany. Education: Low: Workers without formal vocational training. Medium: Workers with
formal vocational training and/or higher education entrance qualification. High: Workers with
a university degree. Task: Low: Agricultural occupations, elementary manual occupations, ele-
mentary personal services occupations, elementary administrative occupations. Medium: Skilled
manual occupations, skilled services occupations, skilled administrative occupations. Semi-high:
Technicians, associate professionals. High: Professional occupations, managers. (see Blossfeld,
1987) Data source: AWFP 2006–2014.

formal training. Considering tasks, there is some evidence that workers in West

Germany perform tasks that require somewhat more skills but differences are mi-

nor. To analyze this more formally, we estimate in the SES, at the worker-level,

the following regression for the years 2006, 2010, and 2014:

lnwit = α0 + Easti + F (ageit, sexit) + educit + occit + εit, (A.1)

where Easti is a dummy variable equal to one if a worker works at a plant that is

located in the East, and age, sex, educ, and occ are sets of dummy variables for

workers’ age, sex, education, and occupation, respectively. We estimate two ver-

sions of this regression, one with worker observables, age and sex fully interacted,

and one without any observables. This restricted regression simply estimates the

mean log-wage differences between East and West Germany for each year. The

regression with observables does the same but controlling for different worker skill
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Figure A2: Worker quality
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Notes: The figure displays the predicted log wage effect of a plant being located in East Germany
(No controls) and the predicted effect of a plant being located in East Germany when controlling
for worker observables (With controls). Estimation is based on the non-primary, private sector
from either the SES or the AWFP. Worker observables in the SES are age and sex fully interacted,
education, and occupation. Worker observables in the AWFP are the share of employment of
workers across different ages, sex, education, and task categories at the plant level.

distributions in East and West Germany. Figure A2 compares the two regressions.

It shows that the mean difference in log wages and the mean difference in log wages

after controlling for observable worker characteristics are very similar. Controlling

for worker observables explains some of the lower wages in East Germany but, even

among observationally identical workers, wages are about 0.35 log points lower in

East Germany.

The AWFP data allows us to extend this analysis back in time. However,

the AWFP being a plant-level data set, we can only do so at the plant level,

using plant-level averaged earnings and plant-level shares of worker observables.

In addition, the AWFP summarizes occupations in four broad groups called work

tasks. This leads to the following plant-level regression for each year:

lnwjt = α0 + Eastj + agejt + sexjt + educjt + taskjt + εjt, (A.2)

where lnwjt is the log average wage at plant j in year t, Eastj is a dummy variable

equal to one when plant j is located in the East, and agejt is the share of employ-

ment of workers across different age categories, sexjt the share of employment of

workers across different sex categories, educjt the share of employment across dif-

ferent education categories, and taskjt the share of employment across different
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Figure A3: Net migration
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Notes: The figure displays the net migration from East to West Germany. The data is from
the German statistical agency (Bevölkerung und Erwerbstätigkeit Fachserie 1 Reihe 1.2).

task categories at the plant. We demean all covariates by their West German

mean and estimate again two versions of the regression, one with the covariates of

worker observables and one without it.

Again, as Figure A2 shows, worker observables explain little of the wage dif-

ferences. In fact, during the early years after reunification, worker characteristics

have been somewhat better in East relative to West Germany.27 The relative

improvement of the West German worker skill distribution has in part resulted

from an outflow of workers from East Germany, see Uhlig (2006). However, as

just argued, the overall distributions of qualities remain very similar in the two

regions. Moreover, Figure A3 shows that net-outflows from the East to the West

have essentially converged to zero by 2013.

In line with the above, Fuchs-Schündeln and Izem (2012) and Heise and Porzio

(2021) find that plant or job characteristics, rather than worker characteristics,

explain the bulk of wage differences between East and West Germany even when

unobserved worker heterogeneity is controlled for.

A.2 Missing Reallocation

Given that it appears to be neither capital nor the quality of labor that explains

productivity differences, the explanation must rest on TFP. In the German context,

reunification has been a major shock, and one possibility might be that, even after

27We note that a similar quality of the workforce also suggests that East German plants do
not remain small because they cannot find high-skilled workers, as in Gomes and Kuehn (2017).
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Figure A4: Job and worker turnover rates
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Notes: The first panel displays the job turnover rate (the sum of job creation and job de-
struction). The second panel displays the worker turnover rate (the sum of accessions and
separations). The third panel displays the share of employment at plants entering in a quarter.
All three panels: private non-primary sector. Data source: AWFP.

30 years, East Germany has failed to reallocate labor from the former state-run,

unproductive plants towards more productive plants.28 Using the AWFP, we show,

however, that common measures of labor market reallocation are not lower in East

Germany.

To this end, we study quarterly job and worker reallocation rates as defined

and explained in detail in Bachmann, Bayer, Merkl, Seth, Stüber, and Wellschmied

(2021). Figure A4 (a) displays the job turnover rates for East and West Germany.

Job reallocation in East Germany has been relatively high following the years after

reunification, likely contributing to the rapid productivity growth during these

years, yet, missing reallocation does not appear to be the reason for the missing

productivity convergence afterward. That is, job reallocation has remained higher

in East than in West Germany throughout the sample period. In fact, the amount

of job turnover in East Germany was sufficient to destroy and create every job 2.8

times between 1993 and 2015.

An economy may reallocate workers across plants also without reallocating

jobs, for example, to improve match quality between existing jobs and workers.

Figure A4 (b) shows that East Germany also does not fall short in terms of worker

reallocation relative to the West. In particular, worker reallocation has been par-

28Boeri and Terrell (2002) find that such job reallocation has indeed been important in un-
derstanding productivity growth in former Soviet Republic countries. Even for the U.S., the
evidence suggests that much of long-run productivity growth is driven by the reallocation of jobs
from less to more productive plants (see Foster, Haltiwanger, and Krizan, 2001).
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ticularly high after reunification in East Germany and has nearly converged to

the West level afterward. Dauth, Findeisen, Lee, and Porzio (2022) show that the

high labor reallocation after the reunification was, indeed, from low- to high-paying

plants, contributing to the initial rapid wage growth in East Germany.

The third panel, Figure A4 (c), considers another notion of reallocation, namely,

that arising from new plant entry. It displays the share of total employment in

a quarter that is due to employment at plant start-ups. Again, if anything, East

Germany is the economy with more reallocation.

Yet another notion of reallocation is the growing and shrinking of industries.

Since the industry composition has been significantly different in East Germany

at the time of reunification, it could be that East Germany failed to reallocate

jobs to more promising industries. To better understand the role of different in-

dustry structures between the two regions, Figure A5 plots the Kullback-Leibler

divergence as a measure of the distance between the West and East German em-

ployment distributions over 21 industries. Initially, the industry distributions have

been different but this difference has decreased between 1995 and 2008. Neither

does the period of high productivity growth in East Germany, that is the years

before 1995, coincide with convergence in industry structure, nor does the period

of convergence in industry structure, that is 1995 to 2008, exhibit particularly

strong aggregate productivity convergence. Most importantly, when looking at

productivity differences within industries, as already seen in Figure 4, differences

in output per worker are as large within sectors as in the economy as a whole:

East Germany is less productive in each sector, and differences range from 0.44

log differences in finance to 0.08 in electricity and water supply. Hence, any yet

missing convergence of the industry structure is unlikely to explain the persistent

differences in output per worker between the two regions.
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Figure A5: Industry convergence
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Notes: The figure displays the Kullback-Leibler divergence index between the West and East
German employment distributions over 21 industries from the private non-primary sector:

KL =
∑2

i=1 1P (xi)log
P (xi)
Q(xi)

, where P (xi) is the employment share of industry i in West

Germany, and Q(xi) is the corresponding share in East Germany. Data source: AWFP.
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B Further Data on Plant Size Distributions and

Wages in East and West Germany

Figure B1: Size distribution AWFP
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Notes: The figure displays employment-weighted plant size distributions in form of an estimated
density function (by a Gaussian kernel smoother) in the total private, non-primary sector in
1994, 2004, and 2014. Data source: AWFP.

In this appendix, we show that differences in the plant size distribution extend

to earlier time periods and are not driven by differences in urbanization between

East and West Germany. To that end, we use the AWFP data going back to 1994

and use the information on plants’ locations at the German “Kreis” (county) level

(which are not available in the SES ).

Figure B1 displays the density of plants over log employment in East and West

Germany starting in 1994. The East-West size distribution differences have been

fairly stable between 1994 and 2014.

Figure B2 displays plant size distributions conditional on a plant being located

in a metropolitan area. To define these areas, we use the definition from Dijkstra,

Poelman, and Veneri (2019). The figure shows that metropolitan areas have on

average more large plants than non-metropolitan areas. Importantly, however,

even within each area type, the plant size distribution in East Germany is shifted

to the left relative to West Germany and displays a less fat right tail.
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Figure B2: Size distribution AWFP metropolitan areas, 2014
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Notes: The figure displays employment-weighted plant size distributions in form of an estimated
density function (by a Gaussian kernel smoother) in the total private, non-primary sector, split-
ting the sample by plants being located in a non-metropolitan area (left panel) or metropolitan
area (right panel). Metropolitan areas are defined as in Dijkstra, Poelman, and Veneri (2019),
based on functional urban areas. Data source: AWFP.

56



C Industry Classifications

Table C1: Industry classifications

SES 2008 SES 2003 VGR 2008

MFT 10–15 15 10–15
MWP 16–18/31–32/58–60 20 16–18/31–33/58–60
MCP 19–23 22/25–26 19–23
MME 24–25/28 30 24–25/28
MLE 26–27 32 26–27
MVE 29–30 37 29–30
UTL 35–39 36/43/90 35–39
CON 41–42 45

41–43 (CON)
COP 43 46/47
WHC 45–46 48 45–47
RTO 47/33 51
TRA 49–51/61–63 53–54

49–53/61–63 (TRA)
STO 52–53 57
TUR 55–56 52 55–56
BAN 64 63

64–66 (FIN)
INS 65–66 64
RNS 68/72–75 71 68/72–75
TES 69–71 72 69–71
RES 77 77

77–82 (OTS)BAC 78–81 78
OTS 82 93

Notes: The table provides a crosswalk that maps the 21 industries used in this paper into the
industry classifications used by the SES, the 2003 and 2008 industry classifications, and the
SNA-ISIC-A38-level industry classification from the national accounts (also based on WZ08).
The latter is less detailed, and we have to group some industries. Parentheses show the name
we give to the respective industry group. MFT : Food and textile manufacturing, MPW :
Paper and wood manufacturing, MCP : Chemical and plastic manufacturing, MME: Metal
manufacturing, MEL: Electronics manufacturing, MVE: Vehicle manufacturing, UTL: Util-
ities, CON : Construction, COP : Construction preparations, WHC: Wholesale and car re-
tail, RTO: Other retail, TRA: Transportation, STO: Storage, TUR: Tourism, BAN : Bank-
ing, INS: Insurance, RNS: Research services, TES: Technical services, RES: Rental ser-
vices, BAC: Building and area care, OTS: Other services.

Industry classifications have undergone several revisions since reunification.

The AWFP data contains WZ08 2-digit “Abteilungen” as industry classification.

Also, the 2010 and 2014 samples of the SES use the 2-digit WZ08 classification.

The 2006 sample from the SES uses the WZ03 classification. Finally, national

accounts are organized by the SNA-ISIC-A38 level of the WZ08 classification. The

latter is less fine grained than the 2-digit level. Table C1 provides a cross-walk

across the different classifications.
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D Robustness of the Size-Wage Nexus

This appendix provides a number of robustness checks to our baseline size-wage

estimate. We start with worker-level data from the SES followed by analysis with

plant-level data from the AWFP.

D.1 Worker-Level Data

Table D1: More on the size-wage relationship

Non-primary private sector

Quadratic Cubic

Difference ω̂E − ω̂W 1.9 (0.3) 1.5 (0.3)

N (in thousands) 2365 2365

Adding part-time More region-specific controls

Difference ω̂E − ω̂W 2.0 (0.2) 2.0 (0.3)

N (in thousands) 3074 2365

Note: The table displays the estimated difference in the size-wage relationships for the non-
primary private sector in West and East Germany. Standard errors are in parentheses. All
coefficients are multiplied by 100 for better readability. Quadratic: Controls for a workers’
age and sex by a full set of dummy interactions, plus time and industry fixed effects and a
second order polynomial in size that is common across the regions. Cubic: Controls for a
workers’ age and sex by a full set of dummy interactions, plus time and industry fixed ef-
fects and 3rd order polynomial in size that is common across the regions. Adding part-time:
The same as our baseline estimate but including part-time workers in the sample. More
region-specific controls: The same as the baseline estimate but allows workers’ age and sex
as well as industry effects to be region specific. Data source: SES 2006/10/14.

In Section 3.3, we assume that the size-wage relationship is log-linear. It is

possible that the true relationship is non-linear and the steeper estimate for the

size-wage relationship in East Germany simply captures this non-linearity. For

instance, if the plant size relationship was steeper for small plants, the steeper

average size-wage relationship in East Germany would simply reflect that there

are more small plants there. To allow for this possibility, we replace the common

linear term ωW lnEit in regression (1) by a common non-linear term, F (lnEit),
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that takes the form of either a 2nd-order or 3rd-order polynomial:

lnwit = β0 + βE Easti + F (lnEit) + (ω̂E − ω̂W )Easti lnEit + βxit + eit. (D.1)

The first column of Table D1 shows that allowing for a 2nd-order polynomial leads

to, if anything, an even steeper size-wage curve in East relative to West Germany.

Using instead a 3rd-order polynomial yields almost the same difference between

East and West Germany as does the baseline, linear, specification.

Furthermore, recall that we compute the baseline estimate using a sample of

full-time workers. The distribution of full-time and part-time workers in East and

West Germany is somewhat different, and, hence, it is natural to ask whether

our results are robust to including part-time workers. The bottom panel of Table

D1 displays estimates of the size-wage relationship in East and West Germany

when we include part-time workers. This leads, if anything, again to an even

steeper size-wage curve in East relative to West Germany. Finally, we allow worker

characteristics and industry effects to have heterogeneous effects on wages across

the two regions (“More region-specific controls”). That is, we allow in a flexible

way for worker sorting based on observables to have different wage effects in the

two regions and industry-level demand shocks to be different across the regions.

Again, we find that the differences in the size-wage elasticities become even a little

larger than in our baseline specification.

D.2 Plant-Level Data

In Section 3.3, we control for worker heterogeneity and worker sorting by observable

worker characteristics: age, sex, education, occupation, and job levels. The plant-

level AWFP data together with Bellmann, Lochner, Seth, and Wolter (2020) allows

us to control for unobserved worker heterogeneity, too. Specifically, Bellmann,

Lochner, Seth, and Wolter (2020) estimate the following regression for all German

plants for three time periods (1998-2004, 2003-2010, and 2010-2014) using the

matched employer-employee data from the German social security:

lnwijt = α0 + αxjt + φi + γj + εijt, (D.2)
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where wijt are the daily earnings of worker i at plant j in period t, xit are time-

varying worker observables, γj is a worker fixed effect, and φi is a plant fixed effect.

They provide an estimate of the plant fixed effect, φ̂i, which we match to the AWFP

data. This plant fixed effect equals the average wage of a plant controlling for its

worker characteristics (observed and unobserved). We then can use this average

wage in our size-wage regression. That is, we estimate the following regression:

φ̂i = β0 + βE Easti + ω̂W lnEi + (ω̂E − ω̂W )Easti lnEi + ei. (D.3)

The left panel of Figure D1 plots the estimates for ω̂E − ω̂W for the private, non

primary sector for all three sample periods. Again, we find that East Germany

faces a relatively steeper size-wage, more precisely size-daily-earnings, relationship.

The right panel repeats the analysis but restricts it to the manufacturing sector.

Reassuringly and as in our baseline results, size-wage differences are particularly

pronounced in manufacturing. In other words, these regressions suggests that our

baseline findings are not driven by sorting on unobservables. We note that the

estimated East-West elasticity difference for the private, non-primary sector is

somewhat smaller compared to our baseline (an elasticity of one vs 1.6 percent).

This baseline uses practically uncensored hourly wages. The alternative interprets

daily top-coded earnings as wage data. This means that deviations from full time

hours lead to measurement error in wages in the alternative data set. This mea-

surement error can be expected to vary systematically with plant size stemming

from the larger flexibility of work hours at larger plants. This effect is likely to be

less important in the manufacturing sector, where we find very similar elasticities

across the two approaches: workers in that sector are more likely to work full time.

Conversely, one can ask whether our result of a steeper size-wage curve is driven

by high-skill workers in East Germany sorting more into larger plants. Lochner,

Seth, and Wolter (2020) (c.f. their table B.4) shows that this is not the case.

If anything, high-skilled workers sort more into large plants in West Germany

which is consistent with our observation in Section 3.3 that the difference in the

steepness of the size-wage curve becomes more pronounced the more we control

for additional worker observables.
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Figure D1: Plant-level size-wage differences
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Notes: The figure displays, the difference in the size-wage, more precisely the size-daily-earnings,
relationship between East and West Germany when the size-wage relationship is estimated using
plant-level data. It plots the OLS estimate of a regression of the log plant fixed effect of wages
on log plant size. Error bands are estimated using asymptotic heteroskedastic robust standard
errors. The plant-level fixed effects are provided by the IAB. Data source: AWFP.

61



E Analysis with a Finer Regional Resolution for

West Germany

Figure E1: Plant-size distributions
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Notes: The figure displays the employment-weighted plant size distributions for five German
regions, subdividing West Germany in four regions. It displays an estimated density function
(by a Gaussian kernel smoother) in the total private, non-primary sector. Data source: SES
2006/10/14.

Our baseline analysis distinguishes only between East and West Germany. The

SES data allow us to further distinguish between five regions in total: North, West,

Center, South, and East.29 This appendix extends the analysis and exploits the

additional variation coming from the four regions within West Germany. We find

the same qualitative patterns as in the main text, however, the relationships have

a higher statistical significance.

Figure E1 displays the plant size distributions for all five regions. It first shows

a visible distinction between the East and all West German plant size distributions.

East Germany has, by far, the most missing large plants. Second, there is some

variation also among the West German regions, which we exploit in the following

analysis.

29North: Schleswig Holstein, Hamburg, Bremen, Berlin, and Lower Saxony; West: Northrhine-
Westphalia; Center: Hesse, Rhineland Palatinate, and Saarland; South: Baden-Württemberg
and Bavaria; East: Thuringia, Saxony, Saxony-Anhalt, Mecklenburg Western Pomerania, and
Brandenburg.
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Table E1: P-values

East-West East-West
+ finance dummy

Y/N , > 249 0.044 0.091
Y/N , Std log 0.097 0.149
Wages, > 249 0.005 0.000
Wages, Std log 0.006 0.002
> 249, ω̂E − ω̂W 0.185 0.021
Std log, ω̂E − ω̂W 0.142 0.030
Wages, ω̂E − ω̂W 0.008 0.017
> 249, Collective 0.244 0.155
Std log, Collective 0.079 0.055
Wages, Collective 0.121 0.157

Finer West regions Finer West regions
+ finance dummy

Y/N , > 249 0.000 0.000
Y/N , Std log 0.000 0.000
Wages, > 249 0.000 0.000
Wages, Std log 0.000 0.000
> 249, ω̂E − ω̂W 0.007 0.005
Std log, ω̂E − ω̂W 0.011 0.006
Wages, ω̂E − ω̂W 0.044 0.043
> 249, Collective 0.073 0.070
Std log, Collective 0.133 0.110
Wages, Collective 0.004 0.004

Notes: The table displays p-values (two-sided tests) from the regression lines
in Figures 4, 5, E2, and E3. The last column repeats the regressions from the
second column adding a dummy for the financial sector, taking into account
that this sector is particular in terms of its branching structure and, therefore,
in terms of its definition of a plant as a production unit. Data sources: SES
2006/10/14 and VGR.

Figure E2 is the analog to Figure 4 in the main text. Those industry/region

combinations that have particularly few large plants operating also have low output

per worker and low average wages. Table E1 shows that these relationships are

statistically significant at the 1% level.

Next, we produce with Figure E3 the analog to Figure 5 in the main text.

63



Figure E2: Productivity and wage differences and large plants by industry
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Notes: Each dot represents an industry/region combination and displays the difference to the
same industry in the North region in Germany. The top panels relate 2014 log differences in
output per worker to the share of employment at plants with more than 249 employees (left) and
the standard deviation of log plant employment (right). Output is measured as gross value added,
which is the GDP concept available at the regional level, because product-specific subsidies and
taxes (the difference between the two) are only available at the national level. The lines show
(VGR) employment-weighted least squares regressions. The bottom panels relate differences in
mean log wages to the same plant size measures. The lines show (SES) employment-weighted
least squares regressions. Data sources: SES 2006/10/14 (plant sizes, wages) and VGR (labor
productivity).

That is, we use data for 21 industries paired with the five regions to revisit the

relationship between steeper size-wage curves and missing large plants and low

wages. The figure displays in the two top panels for each industry within each

region the difference in the size-wage nexus against the difference in the share of

employment at large plants (left panel), the difference in the standard deviation

of log employment (center panel), and the difference in mean log wages (right

panel). Those industry/region combinations that have particularly steep size-wage

curves also have relatively few large plants operating and have low wages in that
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Figure E3: The share of large plants, wages, the size-wage nexus, and collective bargaining
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Note: Each dot represents an industry/region combination and displays the difference to the
same industry in the North region in Germany. The top panel relates differences in the share
of employment at large plants, the standard deviation of log plant employment, and average log
wages to differences in size-wage relationships. The bottom panel relates differences in the share
of employment at large plants, the standard deviation of log plant employment, and average log
wages to the following double difference: [logP (C|L,Ri) − logP (C|S,R1)] − [logP (C|L,Ri) −
logP (C|S,R1)], where P (C|·) is the conditional probability of a worker being subject to collective
bargaining in our sample in (L)arge (>249 employees) or (S)mall (≤ 249 employees) plants in
region 1 (North) and region i. The lines show weighted least square regressions. Data source:
SES 2006/10/14.
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industry/region. Table E1 shows that these relationships are again statistically

significant.

The bottom panels of Figure E3 show on the x-axes, for each industry, the

double difference in the prevalence of collectively bargained wage contracts between

large and small plants and between regions. We again plot this double difference

against our two measures of differences in the plant size distribution: the share of

employment at large plants (left panel) and the standard deviation of log plant-

level employment (center panel). Moreover, the right panel shows the relationship

with industry/region differences in average log wages. The relationship between

collective bargaining prevalence differences and plant size differences is positive.

Industry-region combinations in which the prevalence of collectively bargained

wages increases relatively more in plant size are those industry-region combinations

where large plants are particularly missing. Similarly, the relationship between

collective bargaining prevalence differences and differences in average log wages

is positive. Industry-region combinations in which the prevalence of collectively

bargained wages increases relatively more in plant size are those industry-region

combinations where plants pay lower average wages. Table E1 shows that these

relationships are statistically significant.
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F A Simple Model of Monopsony Power

This appendix makes explicit the additional output effects arising from the com-

bined presence of customer accumulation, love-of-variety in production, and en-

dogenous producer entry over and above those present in a simple model of monop-

sony power in the labor market. For this purpose, consider the simplified version of

our model of Section 4 without love-of-variety in production, no customer accumu-

lation, and no endogenous producer entry. Producers hire labor, li, and combine it

with their idiosyncratic productivity, zi, to produce a homogeneous output good,

yi. We assume again that a producer’s wage, relative to the average wage, is

log-linear in its size, li:

wi =

(
li
l̄

)ω̂
W, (F.1)

where again we normalize the wage at the average plant size, W , to unity, making

labor the numeraire. Hence, producers’ profits are given by their revenues minus

labor costs:

Πi = Pzili − li
(
li
l̄

)ω̂
. (F.2)

Taking the first-order condition with respect to labor and rearranging gives a

producer’s optimal size as a function of its idiosyncratic productivity:

li = l̄z
1
ω̂
i

(
P

1 + ω

) 1
ω̂

. (F.3)

Labor market clearing implies that total labor demand is equal to the total labor

supply of one. Hence, integrating (F.3), where we again assume that zi is log-

normally distributed, yields

∫
lidi = l̄z̄

1
ω̂φ

1
ω̂2

(
P

1 + ω

) 1
ω̂

= 1. (F.4)

Dividing (F.3) by (F.4) to eliminate P and rearranging yields:

li = z
1
ω̂
i z̄

− 1
ω̂φ− 1

ω̂2 . (F.5)
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It follows that the output of each producer is:

yi = zili = z
1+ω̂
ω̂

i z̄−
1
ω̂φ− 1

ω̂2 . (F.6)

Finally, integrating and normalizing average productivity, z̄φ, to one as in the

main text, gives total output as:

Y =

∫
yidi = φ

2
ω̂ , (F.7)

which is the analog to (33):

Y =

(
1

µη

1 + ω̂

1 + ηω̂

) 1
η−2 (

φ
2
ω̂

) 1
η−2

φ
2
ω̂ ,

which determines output in our main model. Comparing the two equations high-

lights the importance of producer networks in our baseline model. The monopsony

model with heterogeneous producers does, however, feature the labor allocation

effect, φ
2
ω̂ . As a corollary, it follows that, with homogenous producers and fixed

labor supply, there is no output loss from monopsony power in the labor market.
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G A Wage Subsidy

The standard output loss associated with monopsony power is underemployment.

Given our assumption of exogenous labor supply, this is absent in our model.

Instead, Section 4 identifies two additional sources of output loss: Allocation of

workers away from the most productive producers and underinvestment into pro-

ducer networks. This appendix shows that the standard policy tool to overcome

the problem of underemployment, a (proportional) wage subsidy, fails to address

these two additional sources of output loss. The intuition for this result, before

laying out the argument formally, is as follows: With constant elasticity in goods

demand, all producers charge the same markup and thus all prices (relative to

wages) move down proportionally with the subsidy. This leaves the share of an

individual producer in the total output of a bundler unchanged if the individ-

ual producer’s wage does not change relative to other producers. This also means

that individual employment per known bundler is constant relative to total em-

ployment. With isoelastic producer-specific labor supply, it also turns out that

the individual share of known bundlers relative to the average is constant. In

the end, all incentives to accumulate customers change proportionally with the

subsidy. Altogether, this means that the individual share in total employment

remains unchanged and hence, because this share is the only determinant of an

individual producer’s relative wage, these relative wages indeed remain unchanged,

confirming the conjecture above. This leaves entry as the only potential margin

to be affected by the subsidy. The subsidy increases, ceteris paribus, the profits

of active producers and should thus spur entry. However, with fixed labor supply,

average wages adjust one-for-one with the subsidy, eliminating the extra entry

incentive as well as any aggregate incentive to accumulate more customers.

The formal exposition of this argument follows closely the model of Section 4

and, thus, we will be brief here. Producers receive a proportional wage subsidy, τ .

Hence, they set prices as a mark-up over their real marginal costs

pi =
η

η − 1

wi
zi

(1− τ), (G.1)

i.e., the wage subsidy raises the labor demand of each producer for each final good
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producer that it knows. From this follows the gross profits as a function of known

bundlers:

π(Θi) = Θi

(
wi
zi

)1−η

P̄ ηY
(η − 1)η−1

ηη
(1− τ)1−η. (G.2)

Moreover, using the wage equation, we can derive again wages as a function of the

number of known bundlers as well as productivity and aggregates:

wi = z
(η−1)ω̂
1+ηω̂

i w̄

(
Θi

Θ̄

) ω̂
1+ηω̂

(1− τ)−
ηω̂

1+ηω̂ , (G.3)

where w̄ =
[(
P̄ η−1

η

)η
Y
l̄

] ω̂
1+ηω̂

summarizes the other aggregate terms that affect

wages. Using (G.3) together with the gross profits, (G.2), and subtracting mar-

keting expenditures yields the operating profits:

Πi = Θi

(
Θi

Θ̄

) ω̂
1+ηω̂

(1−η)

z
−(1−η) ω̂+1

1+ηω̂

i P̄ ηY
(η − 1)η−1

ηη
w̄1−η(1− τ)

1−η
1+ηω̂ −µP̄Θi. (G.4)

Solving the associated first-order condition for Θi yields again a relationship be-

tween the optimal amount of known bundlers and a producer’s idiosyncratic pro-

ductivity:

Θi

Θ̄
= z

1+ω̂
ω̂

i

[
Y

µ

1 + ω̂

1 + ηω̂

1

η

(
P̄

w̄

η − 1

η

)η−1
] 1+ηω̂
ω̂(η−1)

(1− τ)−
1
ω̂ . (G.5)

This equation, at first glance, seems to suggest that a wage subsidy indeed

increases relative customer accumulation proportionally and for all firms. However,

this is logically impossible, and thus, by using the definition of Θ̄, the subsidy term

drops and we get back to the same equation (c.f. equation 25) that determines the

individual producer’s size of the customer network relative to the average:

Θi

Θ̄
=

(
zi
z̄φ
φ− 1

ω̂

) 1+ω̂
ω̂

(G.6)
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Using this equation, we can now derive the optimal producer-level behavior:

wi = ziw̄z̄
− 1+ω̂

1+ηω̂φ− (1+ω̂)2

ω̂(1+ηω̂) (1− τ)
−ηω̂
1+ηω̂ (G.7)

pi =
η

η − 1
w̄z̄−

1+ω̂
1+ηω̂φ− (1+ω̂)2

ω̂(1+ηω̂) (1− τ)
1

1+ηω̂ (G.8)

pi
P̄

=
P̂

P̄
= (ΓΘ̄)

1
(η−1) (G.9)

lizi = yi =
(pi
P̄

)−η
Y = Y (ΓΘ̄)

η
1−η . (G.10)

From (G.10) follows that the distribution of output per bundler and, hence, em-

ployment per bundler is unchanged compared to the main text. In particular,

they do not depend on the wage subsidy. Together with (G.6) this implies that

the distribution of employment across plants, liΘi, remains unchanged. Hence,

the subsidy cannot cure the output loss resulting from a reallocation of labor away

from more to less productive producers.

It still could be that the subsidy promotes entry. The producers’ free entry

condition reads: ∫
Θiyi

(
pi −

wi
zi

(1− τ)

)
di−

∫
µP̄Θidi = λP̄ , (G.11)

which, after aggregation and using (G.7) - (G.10), yields:

Y

Γ

1

η
= λ+ µΘ̄. (G.12)

Similarly, we can derive again the average network size:

Θ̄ =
Y/Γ

µ

1

η

1 + ω̂

1 + ηω̂
, (G.13)

where again τ does not show up explicitly.

Finally, labor market clearing implies that also Y is independent of τ because

Γ

∫
Θilidi = Γ

∫
z

1
ω̂
i Y (ΓΘ̄)η/(1−η)Θ̄

(
1

z̄φ
φ− 1

ω̂

) 1+ω̂
ω̂

di = 1 (G.14)
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yields for Y :

Y = z̄φ(ΓΘ̄)
1

η−1φ
2
ω̂ . (G.15)

This means that τ does not show up in the equilibrium conditions (G.12), (G.13),

and (G.15), which are the same as without the subsidy. This concludes the argu-

ment.
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H A Marketing Subsidy

In Section 4, producers maximize profits given their private marketing costs µ.

Yet, individual private marketing expenditures create a positive externality by

increasing the network size that producers build and, thus, increase the produc-

tivity of the bundlers. This also means that all producers in the network become

more productive in producing final output. What is more, the increase in output

increases aggregate demand leading to a yet larger optimal network size. A Ram-

sey planner that can subsidize marketing and thereby freely choose the marketing

costs, µ̃, that private producers take into account, while the planner still has to

pay the physical marketing costs, µ, would maximize output minus real costs, i.e.,

consumption, which also equals labor compensation:

LC = Y − Γ(λ+ µΘ̄), (H.1)

subject to the optimal employment, customer accumulation, and entry decision of

producers:

Y =

(
1

µ̃η

1 + ω̂

1 + ηω̂

) 1
η−2 (

φ
2
ω̂

) 1
η−2

φ
2
ω̂ (H.2)

Θ̄ =
λ

µ̃

[
1

η − 1

(
1 + ω̂

ω̂

)]
(H.3)

Γ =
1

λ

η − 1

η

ω̂

1 + ηω̂
Y. (H.4)

Combining these equations yields:

LC = Y − Y
(
η − 1

η

ω̂

1 + ηω̂
+
µ

µ̃

1

η

1 + ω̂

1 + ηω̂

)
. (H.5)

The corresponding first-order condition is given by:

∂Y

∂µ̃
− ∂Y

∂µ̃

(
η − 1

η

ω̂

1 + ηω̂
+
µ

µ̃

1

η

1 + ω̂

1 + ηω̂

)
+

1

µ̃2

µ

η

1 + ω̂

1 + ηω̂
Y = 0, (H.6)

73



where, using (H.2),
∂Y

∂µ̃
= − 1

η − 2
Y

1

µ̃
, (H.7)

and, hence,

1−
(
η − 1

η

ω̂

1 + ηω̂
+
µ

µ̃

1

η

1 + ω̂

1 + ηω̂

)
− µ

µ̃

η − 2

η

1 + ω̂

1 + ηω̂
= 0. (H.8)

Rearranging yields:

µ

µ̃
=

η

η − 1

1 + ω̂(η − η−1
η

)

1 + ω̂
. (H.9)

That is, the optimal subsidy is positive ( η
η−1

> 1 and
1+ω̂(η− η−1

η
)

1+ω̂
> 1 if η > 2) and

grows in ω̂.

However, the size-independent marketing subsidy only addresses the effect sans

heterogeneity on network size. It does not remedy the allocation of workers to

relatively unproductive plants. This follows from the observation that the first-

order condition is independent of the labor allocation effect, φ
2
ω̂ . By extension, the

effect cum heterogeneity on network size, φ
2
ω̂

1
η−2 , is also not remedied. In other

words, a size-independent subsidy on marketing expenditures cannot alter the

output losses arising from the compressed distribution of labor across producers.
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