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Abstract

How do geographic frictions affect firm organization? We show that geo-

graphic frictions increase the use of middle managers in multi-establishment

firms. We assume that the CEO of a firm is a resource of limited supply

that is shared among the headquarters and the establishments. Geographic

frictions increase the costs of accessing the CEO and thus the use of middle

managers. Hiring middle managers at an establishment releases CEO time

that is reallocated over all establishments. In consequence, geographic fric-

tions between the headquarters and one establishment affect the organization

of all establishments of a firm. The model is consistent with stylized facts

about multi-establishment firm organization that we uncover using adminis-

trative data from Germany. We exploit the opening of high speed train routes

to show that both establishments directly affected by faster travel times and

the other establishments of the firm adjust their organization. Our findings

imply that local conditions propagate across space through firms’ managerial

organization.
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1 Introduction

Large firms often organize their employees in multiple establishments at different

locations. Within these multi-establishment firms, geographic frictions such as long

travel times to the headquarters adversely affect establishment performance (e.g.,

Giroud, 2013). Anecdotal evidence suggests that adjusting the managerial orga-

nization may help firms mitigate the negative impact of geographic frictions. For

example, employing middle managers at regional offices instead of the headquarters

was a key ingredient for the success of Singer Sewing Machine in the US (Chandler,

2002, p. 403-5). Philips employed dedicated country managers and regional execu-

tives as part of a larger strategy to revitalize their operations in the 1990s (Nueno

and Ghemawat, 2002). And when the Canadian firm Blinds To Go set up a manufac-

turing plant in New Jersey in 1998, moving an experienced manager on site proved

vital to improve the new plant’s production efficiency (Menor and Mark, 2001). Yet,

to date, there is no theoretical work and only very little empirical evidence on the

impact of geographic frictions on the managerial organization of firms.

This paper studies the managerial organization of firms with multiple estab-

lishments. We show that the use of middle managers can mitigate the effect of

geographic frictions in multi-establishment firms. We use a new data set from ad-

ministrative sources in Germany to document that multi-establishment firms with

more distant establishments empirically employ more employees in managerial occu-

pations. The data set is ideally suited to study multi-establishment firm organization

because it combines detailed information about the employees and the location of

the establishments of a firm. In our model, geographic frictions increase the optimal

number of managerial layers of multi-establishment firms, and affect the optimal

organization of the distant establishment.

Importantly, the organizational adjustments at the establishment have reper-

cussions for the managerial organization of the headquarters. Geographic frictions

between the headquarters and one establishment therefore affect the optimal man-

agerial organization of all establishments of a multi-establishment firm. We show

that this prediction is reflected in the organizational response of multi-establishment

firms to a reduction of travel times after the opening of high-speed train routes.

A key implication of this result is that the managerial organization of firms

with multiple establishments is interdependent across establishments. This implies

that local economic conditions not only affect the local establishment, but also the

headquarters and the other establishments of a multi-establishment firm. Local

conditions thus propagate across space through firms’ managerial organization.

We motivate our study by three stylized facts about multi-establishment firm

organization. The facts suggest that geographic frictions affect the location and

organization of multi-establishment firms, and that firms take organization decisions
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at the establishment level.

First, the probability that a firm operates an establishment at a locality de-

creases with the distance of the locality from its headquarters. Distance from the

headquarters also correlates negatively with the size of the establishments.

Second, the number of managerial layers of multi-establishment firms correlates

positively with the distance of its establishments from the headquarters. The corre-

lation is neither driven by larger firms investing at farther locations nor by other firm

characteristics. Quantitatively, doubling the distance is associated with the same

increase of the number of layers as increasing sales by 14 percent. Distance cor-

relates positively with the number of managerial layers both at the establishments

and the headquarters.

Third, multi-establishment firms reorganize gradually. They typically add or

drop managerial layers either at the headquarters or the establishments. Only rarely,

they change the number of layers at both headquarters and establishments at the

same time. This pattern is similar for firms with few and many establishments, and

for firms with close and distant establishments.

We propose a model to understand how geographic frictions affect the optimal

managerial organization of firms. We assume that a firm consists of a headquarters

and possibly an additional establishment. The production workers in the head-

quarters and the establishment share a common CEO. The CEO is located at the

headquarters and helps the workers solve problems that arise in the production pro-

cess. Production is a problem solving process (as in Caliendo and Rossi-Hansberg,

2012; Garicano, 2000). Workers input labor and generate problems that have to be

solved using their knowledge or the knowledge of the CEO to generate output. The

firm may choose to hire a layer of local middle managers. The middle managers

solve part of the problems that would otherwise have to be solved by the CEO, but

entail a quasi-fixed cost for the firm.

Helping workers costs CEO time. The driving forces behind the model results

are that the CEO has only one unit of time, and that geographic frictions between

the establishment and the headquarters increase the amount of time that the CEO

needs to help the workers at the distant establishment.

As they strain CEO time, geographic frictions decrease the probability that a

firm operates an establishment. For the same reason, establishments are typically

smaller than the headquarters. This result is consistent with the lower investment

probability at distant locations and the lower size of distant establishments docu-

mented in Fact 1.

Through limited CEO time, geographic frictions affect the organization of both

the establishment and the headquarters. The firm adjusts the establishment organi-

zation in response to more severe geographic frictions so that fewer problems have to
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be solved by the CEO. In particular, geographic frictions make it more useful to hire

middle managers. As the CEO is shared among the headquarters and the establish-

ment, the firm also adjusts the organization at the headquarters. The model thus

explains Fact 2: the number of layers increases with geographic frictions in the data,

and the organization responds both at the establishments and the headquarters.

As the middle managers entail a quasi-fixed cost, a firm only hires them if it

is sufficiently large. Importantly, hiring middle managers at the establishment in-

creases efficiency also at the headquarters (and vice versa). The reason is that middle

managers release CEO time, so middle managers at the establishment increase the

amount of CEO time available for the headquarters. As a result, they decrease the

need for hiring middle managers at the headquarters. This result explains Fact 3

that multi-establishment firms do not add layers at all establishments at the same

time. Both the gradual reorganization and the impact of geographic frictions reflect

that multi-establishment firm organization is interdependent across establishments.

As geographic frictions affect the investment probability and firm size, they have

an indirect effect on the managerial organization in addition to their direct effect.

Changes in the production quantity lead to changes in the number of workers and

thus to changes of the managerial organization. This insight is important for em-

pirical work, because it implies that exogenous variation in geographic frictions is

not sufficient to identify their direct effect on firm organization.

In the final part of our paper, we exploit the opening of high-speed train routes

in Germany to study the response of firm organization to exogenous variation in

geographic frictions. The train routes reduce the travel time between the establish-

ments and the headquarters. The new connections provide the fastest mode of travel

between locations: they are faster than cars or planes (if one accounts for waiting

times at the airport). At the firm level, the model predicts that lower travel times

have a direct negative effect on the number of managerial layers and an indirect

positive effect through larger firm size. We find that lower travel times increase

both firm size and the number of managerial layers. Using the estimated elasticity

of the number of layers with respect to firm size from Friedrich (2016), we show that

the positive effect of lower travel times on firm size explains their positive effect on

the number of layers.

The model predicts that geographic frictions between the headquarters and one

establishment have repercussions for the organization of all establishments of the

firm. Importantly, only the total—direct and indirect—effect of lower travel times is

identified. We find that establishments benefiting from faster travel times grow faster

than other establishments. Their share of employees in managerial occupations

decreases. We also find that the lower travel times affect the managerial shares of

the headquarters, consistent with the interdependence of establishment organization

3



implied by the model.

The key insight of this paper is that multi-establishment firm organization is

interdependent across establishments. This insight is particularly relevant for a re-

cent literature that documents that multi-establishment firms propagate local shocks

through their internal networks (Giroud and Mueller, 2017; Seetharam, 2018). The

literature discusses managerial and financial constraints as possible drivers of the

empirical findings. However, although CEOs are considered an important determi-

nant of firm performance (see Bertrand, 2009, for a survey), managerial constraints

have received only very little systematic attention so far. Our contribution is to

provide both a formal analysis and detailed empirical evidence on the impact of

managerial constraints on firm organization.

Our paper also contributes to the literature about the impact of distance to the

headquarters and other geographic frictions on establishment performance in multi-

establishment firms (e.g., Giroud, 2013; Kalnins and Lafontaine, 2013).1 Within the

literature, the paper is particularly close to Charnoz et al. (2015). To our knowledge,

they provide the only and purely empirical study of the impact of geographic frictions

on firm organization. They focus on business groups and also exploit the opening of

high-speed train routes. Our theoretical model shows why the impact of geographic

frictions goes beyond a particular establishment, and allows to cleanly distinguish

the direct and indirect effects of geographic frictions on firm organization. Our

empirical analysis focuses on multi-establishment firms, i.e., the establishments are

not legally independent units.

The interdependence of establishment organization is also relevant for the lit-

erature on multinational firms. In this literature, headquarter inputs are typically

considered public goods within the firm (e.g., Helpman et al., 2004; Irarrazabal

et al., 2013; Antràs and Yeaple, 2014, for a survey). Our results caution that the

public good assumption may apply to patents or trademarks, but not necessarily to

managerial inputs.

To develop our model, we build on the literature of firms as knowledge hierarchies

(for an overview, see Garicano and Rossi-Hansberg, 2015). A series of papers formal-

izes the idea that adding a layer of middle managers allows firms to increase efficiency

as they grow, and assemble empirical evidence consistent with this hypothesis (e.g.,

Caliendo and Rossi-Hansberg, 2012; Caliendo et al., 2015a, b; Friedrich, 2016).2

Similar theoretical predictions result from a monitoring hierarchy framework (e.g.,

Chen, 2017; Chen and Suen, 2017).3 The literature focuses on size as main deter-

1Battiston et al. (2017) show that frictions to face-to-face communication decrease productivity
in teams.

2Mariscal (2018) shows that the impact of new information technologies on firm organization
explains the decline of the labor share in the U.S. using a knowledge hierarchy framework. Sforza
(2017) studies the organizational responses of firms to a credit supply shock.

3In the empirical literature on firm hierarchies, Rajan and Wulf (2006) document the flattening
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minant of organization. The possibility of multi-establishment production is largely

neglected, even though multi-establishment firms are among the largest firms in

developed economies and account for a substantial share of aggregate employment.4

Our paper also offers a novel perspective on the recent management literature.

Bloom et al. (2016) document that half of the total variation in management prac-

tices between different U.S. establishments is due to variation between establish-

ments within the same firm. Implementing managerial practices requires managerial

time. The heterogeneity of management practices in multi-establishment firms may

reflect asymmetries in the number of managerial layers and the amount of CEO time

allocated to an establishment.

Finally, we add to the literature that uses the introduction of high-speed train

routes to identify the impact of reductions of geographic frictions on firm outcomes

(e.g. Bernard et al., 2017; Charnoz et al., 2015).

The paper is structured as follows. Section 2 describes the data. Section 3

presents the facts on multi-establishment firm organization. Section 4 develops the

model. Section 5 presents the evidence from the opening of high speed train routes.

The last section concludes.

2 Data

2.1 Data sources

We use a detailed linked firm-establishment-employee data set for Germany that is

uniquely suited to study multi-establishment firms. The data contain information

on the sales and the legal form of firms, and the location at the county level and the

sector of their establishments.5 We observe all employees per establishment subject

to social security contributions on 30 June. The data include the occupation, level

of education, employment history and wages of each employee. The data cover all

sectors and the period 2000-2012. Each employee, establishment and firm has a

unique identifier that allows following them over time.

We assemble the data set from two sources. The universe of social security

records provides the data on employees and establishments. The Research Data

Centre (FDZ) of the German Federal Employment Agency (BA) at the Institute

for Employment Research (IAB) makes the data available for research. We use

the employee history, the Establishment History Panel and the extension file entry

of corporate hierarchies over time, and Guadalupe and Wulf (2010) study the impact of competition
on corporate hierarchies using detailed data on 300 large publicly traded U.S. firms.

4Gumpert (2018) contains a knowledge hierarchy model with multiple establishments, but a
fixed number of layers. Crèmer et al. (2007) study firm language in a setting with multiple divisions.

5German counties are roughly comparable to counties in the USA.
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and exit.6 The Orbis database of Bureau van Dijk (BvD) contains balance sheet

information of firms. We combine the social security records and the Orbis database

using record linkage techniques. The algorithm exploits the regulation that the

establishment names in the social security data have to contain the firm name. We

identify the headquarters (HQ) establishment of a firm as the establishment with

the same zip code or locality as the firm.7 Appendix A.1 contains details on the

components of our data set and the record linkage procedure.

The data set is an unbalanced panel. We use the 2012 cross section for cross-

sectional analyses, because it contains the maximum number of establishments. The

panel analyses use the period 2000-2010. We exclude the year 2011 because of

changes in the occupational classification in that year (for details, see Appendix A.2).

Consistent with the literature, we restrict our sample to full-time employees (e.g.,

Card et al., 2013; Dustmann et al., 2009). We focus on firms with at least 10 em-

ployees in all years. 99% of the firms dropped due to this requirement are small

single establishment firms.

2.2 Measures for the managerial organization

We use the occupation of the employees to construct three measures of the man-

agerial organization of firms. Our preferred measure is the number of managerial

layers. We assign employees to four layers (following Caliendo et al., 2015b):

Level Designation Occupations

3 CEO CEOs, managing directors

2 Middle managers Senior experts, middle managers

1 Supervisors Supervisors, engineers, technicians, professionals

0 Production workers Clerks, operators, production workers

We transfer the mapping in Caliendo et al. (2015b) based on the French classifica-

tion of occupations to the German classification using official correspondence tables

(Friedrich, 2016, uses an analogous procedure for Danish data). We treat the layer

at the lowest level in each establishment as non-managerial. We count the number

of layers above the lowest layer per firm. The lowest layer contains employees at

level 0 in 98 percent of firms. Multi-establishment firms may separate management

and production, which is why we cross-check our findings treating the lowest level

in the firm as non-managerial. Appendix A.3 provides details on our procedure and

a list of occupations by level.

6The establishment identifier in the Establishment History Panel may change when firm own-
ership changes. The extension file entry and exit allows following the establishments nonetheless.

7The social security data contain the address of an establishment. We are allowed to use the
address to identify headquarters, but not to conduct our analyses for confidentiality.
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The two other measures are shares of managerial occupations in the wage sum.

We determine managerial occupations in two ways. On the one hand, we use the

assignment of employees to layers and treat all employees above the lowest level as

managerial. The establishments report the occupations of the employees in the social

security data. In multi-establishment firms, establishments may assign different

occupations to similar employees. Cross-checking the results on the number of layers

with the managerial share helps ensure that our results are robust to this possibility.

On the other hand, we use the assignment of Blossfeld (1983, 1987, see Appendix A.3

for the list of managerial occupations). The assignment builds on research from

sociology and is part of establishment history panel. Managers are employees in

occupations that have control or decision-making power over the use of production

factors as well as high-level officials in organizations (Blossfeld, 1983, p. 208).

Appendix A.4 illustrates the plausibility of the assignment of employees to layers.

We show that employees at higher layers earn higher wages and have higher levels

of education in the social security data. Further, we document that the tasks of

employees systematically differ between layers in ways that plausibly reflect different

roles of employees within firms using additional survey data.

2.3 Descriptive statistics

Table 1 provides descriptive statistics of the 2012 cross-section. Our sample com-

prises 109 thousand firms. We do not observe sales for all firms, but only the larger

firms due to missing values in the Orbis data. The firms consist of 144 thousand

establishments (including headquarters) and employ 6.4 million individuals. The

data cover almost one third of total full time employment subject to social security

contributions in Germany in 2012 (Bundesagentur für Arbeit, 2016).8

9 percent of firms are multi-establishment firms. They make up a disproportion-

ate share of establishments and employment: 31 percent of establishments belong to

and 34 percent of employees work for them. This pattern is similar across sectors.

Multi-establishment firms account for 8 percent of firms, but for 40 percent of em-

ployment in manufacturing, the sector with the highest number of firms. In retail

and wholesale, the second largest sector, the share of multi-establishment firms is

12 percent, but their share in employment is 35 percent. On average across sectors,

the share of multi-establishment firms in establishments and employment is three

times their share in the number of firms.9

The statistics in the lower panel also reflect the relevance of multi-establishment

firms. Multi-establishment (ME) firms are substantially larger than single-estab-

8The total number of full time employees is only available for December 2012.
9The share of multi-establishment firms in the number of firms (employment) ranges from

5 percent (10 percent) in construction (agriculture) to 17 percent (61 percent) in mining and
quarrying.
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Table 1: Descriptive statistics, SE vs. ME firms, 2012 cross section

Units of observation N % share ME firms

Firms 109,357 9.0
with non-missing sales 57,811 9.2

Establishments 144,437 31.1
Employees 6,356,072 34.2

Descriptive statistics N ME Mean SD p25 p50 p75 p95

# employees 99,545 0 42 92 13 21 39 133
9,812 1 222 1980 22 50 127 650

Sales (M e) 52,524 0 28 694 2 4 9 67
5,287 1 358 4,111 4 15 74 608

# managerial layers 99,545 0 1.4 1.0 1 1 2 3
9,812 1 1.9 1.0 1 2 3 3

Managerial share 99,545 0 28 28 5 19 43 88
(%, layers) 9,812 1 34 27 11 29 54 85

Managerial share 99,545 0 6 11 0 0 9 27
(%, Blossfeld) 9,812 1 9 12 0 5 12 33

Descriptive statistics, 2012 cross section. ME: indicator for multi-establishment firm; # employees:
number of full-time employees; Sales (M e): sales in million e; # managerial layers: number of
managerial layers, defined in section 2.2; Managerial share (layers/Blossfeld): share of wage sum
earned by employees in managerial occupations (i.e., employees in managerial layers/managerial
occupations according to Blossfeld (1983)).

lishment (SE) firms in terms of their employment and sales. The median multi-

establishment firm employs more than twice as many employees as the median

single-establishment firm; at the 95th percentile, the factor is five. Sales of multi-

establishment firms are four times those of single-establishment firms at the median.

The managerial organization also differs between single and multi-establishment

firms. Multi-establishment firms have more managerial layers than single-establish-

ment firms, and the share of managerial occupations in their wage sum exceeds the

share in single-establishment firms.

Table 2 illustrates the complexity of multi-establishment firms. On average,

multi-establishments firms have five establishments (including headquarters). Half

of them have two establishments; the largest five percent have ten or more establish-

ments. Multi-establishment firms are typically active in two three-digit sectors. The

establishments tend to be geographically dispersed. Half of the multi-establishment

firms have only establishments located within around 150 km from their headquar-

ters. At the top of the distribution, the maximum distance between headquarters

and establishments exceeds 540 km, i.e., about two thirds of the maximum possible

distance within Germany. For firms with at least two establishments in addition to

the headquarters, we compute the minimum area in square kilometers covered by

all establishments and find that its distribution is also skewed.

The lower half of Table 2 illustrates differences between the headquarters and
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Table 2: Descriptive statistics, ME firms, 2012 cross section

Descriptive statistics, firm N Mean SD p50 p75 p95

# establishments 9,812 4.6 19.6 2 3 10
# sectors 9,812 1.6 0.9 1 2 3
Maximum distance to HQ, km 9,812 218 189 167 376 547
Minimum area covered, km2 3,579 30,116 41,725 7,025 49,915 125,253

Descriptive statistics, est. N HQ Mean SD p50 p75 p95

# employees 35,080 0 32 333 5 16 90
9,812 1 107 669 27 76 365

# managerial layers 35,080 0 0.8 0.9 1 1 2
9,812 1 1.7 1.1 2 3 3

Managerial share 35,080 0 22 28 9 39 81
(%, layers) 9,812 1 36 30 30 61 90

Managerial share 35,080 0 8 19 0 5 50
(%, Blossfeld) 9,812 1 10 16 4 14 41

Descriptive statistics, only ME firms, 2012 cross section. # establishments: number of estab-
lishments (including headquarters); # sectors: number of three-digit sectors; Maximum distance
to HQ in km: maximum distance between establishment and headquarters in kilometers; Mini-
mum area covered in km2: minimum area covered by establishments (including headquarters) in
square-kilometers; HQ: indicator for headquarter establishment; others: see Table 1.

the other establishments. Headquarters are substantially larger than other establish-

ments. The average (median) headquarters is also larger than the average (median)

single-establishment firm. The size of the establishments varies with a larger stan-

dard deviation than the one for single establishment firms. This only partly reflects

that the size cut-off is not binding at the establishment level. Multi-establishment

firm management is concentrated at headquarters: Headquarters have a higher num-

ber of managerial layers, and a substantially higher management share than estab-

lishments.

3 Facts

This section describes the location and organization patterns of multi-establishment

firms. We first describe how geographic frictions between a location and the head-

quarters affect the location decision of multi-establishment firms and establishment

size. Taking the location decisions as given, we then describe the managerial orga-

nization of multi-establishment firms in the cross-section and over time.

3.1 Distance to headquarters decreases location probability

Table 3 describes the location pattern of multi-establishment firms. Columns 1 to 3

present the results of probit regressions that relate yic, an indicator that is equal to

one if multi-establishment firm i maintains an establishment in county c and county
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Table 3: Location probability and establishment size, ME firms, 2012 cross section

Dependent variable Location probability Log # est. employees
(1) (2) (3) (4) (5) (6)

Log distance to HQ −0.304∗∗∗ −0.293∗∗∗ −0.357∗∗∗ −0.106∗∗∗ −0.112∗∗∗ −0.137∗∗∗

(0.021) (0.023) (0.020) (0.018) (0.019) (0.017)
Log market potential 0.690∗∗∗ 0.731∗∗∗ 0.485∗∗∗ 0.465∗∗∗

(0.026) (0.030) (0.044) (0.046)
Relative wages −0.732∗∗∗ −0.667∗∗∗ −0.330∗∗ −0.433∗∗∗

(0.066) (0.065) (0.108) (0.109)
Relative land prices −0.025∗∗∗ 0.020∗∗∗

(0.005) (0.005)

# observations 3,719,275 3,225,429 3,719,275 21,496 19,203 21,496
# firms 9,275 8,741 9,275 3,006 2,773 3,006
Legal form FE Y Y Y N N N
HQ sector FE Y Y Y N N N
HQ county FE Y Y Y N N N
County FE N N Y N N Y
Firm FE N N N Y Y Y

The table presents the coefficient estimates of a probit model (constant included; standard errors
clustered by HQ county in parentheses) in columns 1-3 and a linear model (standard errors clustered
by firm and county in parentheses) in columns 4-6. ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent
variable: (1)-(3): indicator that is equal to one if ME firm i has a subordinate establishment in
county c (excluding HQ county), (4)-(6): log number of employees of subordinate establishment j.
Independent variables: Log distance to HQ: log distance between county c and HQ county of firm i
in km; Log market potential: distance weighted average of the GDP of county c and surrounding
counties; Relative wages/land prices: wages/land prices in county c relative to wages in HQ county
of firm i. We use average wages in a county excluding the respective firm. Distance, market
potential and relative land prices are computed based on data of the German Statistical Office.
The number of observations varies because of covariate availability; in particular, information on
legal form is missing for some firms. FE abbreviates fixed effects.

characteristics xc. Columns 4 to 6 present the results of OLS regressions that relate

the log number of employees of an establishment j to county characteristics. The

regressions control for firm fixed effects to account for firm heterogeneity, so the

sample only includes multi-establishment firms with at least two establishments.

Firms are the less likely to locate an establishment in a county, the more distant

the county is from their headquarters. A larger market potential increases the

location probability. Lower wages and land prices in the county relative to the

headquarters also relate positively to the location probability. Establishment size

decreases with the distance between a county and the headquarters. Larger market

potential relates positively and higher wages relate negatively to establishment size.

Unlike higher wages, higher land prices are positively related to establishment size.

The results are consistent with a negative impact of geographic frictions between

the headquarters and an establishment on establishment performance. The effects

of market potential and relative wages indicate market-seeking and cost-cutting mo-

tives for having establishments. The different impact of land prices on the extensive

and intensive margin is in line with considering land a fixed cost, so it is only worth-
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while to maintain larger establishments at locations with higher land prices.

Fact 1 summarizes our findings:

Fact 1. Distance of a county from the headquarters of a multi-establishment firm is

negatively related to the probability that the firm locates an establishment in a county

as well as the size of the establishment conditional on location.

Appendix B.1 shows that results are similar during the 2000-2010 period.

3.2 Distance to headquarters increases number of layers

Table 4 describes the relation of geographic frictions and multi-establishment firm

organization. For the number of management layers, we estimate Poisson regres-

sions:

# management layersi = exp (β0 + β1geographyi + β2sizei + αl + αn + αs)

where i refers to the firm, l to its legal form, n to the county of the headquarters,

s to the headquarter sector, and α denotes fixed effects. To approximate geographic

frictions, we use the maximum distance in kilometers between an establishment

and the headquarters of a firm as well as the minimum area in square kilometers

spanned by the establishments including headquarters. The former is defined for all

multi-establishment firms, whereas the latter is only defined for firms with at least

three establishments (including headquarters). For firm size, we use the number of

employees and sales. Firm size controls for the positive effect of size on the number

of layers and for the possibility of larger firms investing at farther destinations.

To account of the fractional nature of the managerial share, we follow Papke

and Wooldridge (1996) and estimate a generalized linear model using the same

covariates. We assume a logit link function and the binomial distributional family.

The regression results show that both distance and area have a positive impact on

the number of management layers in a firm. According to columns 1 and 3, doubling

the maximum distance of an establishment to the headquarters is associated with

the same increase of the number of layers as increasing sales or the number of

non-managerial employees by 14 percent. The impact of the log area in columns 2

and 4 is similar.10 Doubling the area is associated with the same change of layers

as increasing size by 25 percent. Likewise, the managerial share is positively related

both to the maximum distance of the establishments and the area they span.

The firm-level results may disguise heterogeneity at the establishment level. As

the descriptive statistics in Table 2 indicate, the managerial organization of the

10The number of observations is lower than 3,579, the number of firms with three establishments,
because the area cannot be computed if the firm has several establishments in the same county.
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Table 4: Regression results, managerial organization of ME firms, 2012 cross-section

Dependent variable # mgmt. layers, Poisson Mg. share (∈ [0, 1]), GLM
Layers Blossfeld

(1) (2) (3) (4) (5) (6) (7) (8)

Maximum log 0.018∗∗∗ 0.019∗∗∗ 0.050∗∗∗ 0.029∗

distance to HQ (0.004) (0.004) (0.008) (0.012)
Log area 0.022∗∗∗ 0.026∗∗∗ 0.074∗∗∗ 0.074∗∗∗

(0.005) (0.004) (0.011) (0.014)
Log sales 0.125∗∗∗ 0.094∗∗∗

(0.004) (0.005)
Log # non-mg. 0.139∗∗∗ 0.109∗∗∗

employees (0.004) (0.006)

HQ sector FE Y Y Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y Y Y
Legal form FE Y Y Y Y N N N N
# firms 5,111 1,661 9,275 2,768 9,275 2,768 9,275 2,768

The table presents the estimated coefficient. Constant included. Robust standard errors in paren-
theses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Columns 2, 4, 6, 8 include only ME firms with
at least two subordinate establishments. Dependent variable: 1-4 number of managerial layers,
5-6 managerial share in wage sum, defined by layer, 7-8 managerial share in wage sum, Blossfeld.
Independent variables: Maximum log distance to headquarters: log of maximum distance between
subordinate establishment and headquarters in km; Log area spanned by firm: log of minimum
area covered by establishments in square kilometers; Log sales: log annual sales; Log # of non-mg.
employees: log number of employees at lowest layer.

establishments does not copy the headquarters’. 73 percent of establishments have

fewer managerial layers than the headquarters. Table 5 complements the firm-

level estimates with establishment-level regressions. Columns 1 to 3 refer to the

establishments and columns 4 to 6 refer to the headquarters.

Similar to the firm-level results, the number of managerial layers and the man-

agerial share of an establishment increase if the establishment is located at a larger

distance from the headquarters. The impact of geographic frictions is not limited

to the organization of the establishment. The number of managerial layers and the

managerial share at the headquarters also respond positively to geographic frictions.

Establishment size correlates positively with the number of layers both for headquar-

ters and establishments. For headquarters, we additionally condition on firm size

and obtain a negative coefficient. A plausible explanation is that given headquarter

size, a larger firm size means that establishments are larger.

Fact 2 summarizes our findings:

Fact 2. The number of management layers and the managerial share of multi-

establishment firms relate positively to the distance between the headquarters and

the establishments and the area spanned by the establishments, conditional on firm

characteristics. The managerial organization of both the establishments and the

headquarters responds to geographic frictions.
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Table 5: Regression results, mg. organization of establishments, 2012 cross-section

Establishment Headquarters
Dependent variable # layers Managerial share # layers Managerial share

Layers Blossfeld Layers Blossfeld
(1) (2) (3) (4) (5) (6)

Log distance 0.021∗∗ 0.026+ 0.086∗∗

to HQ (0.007) (0.014) (0.033)
Maximum log 0.045∗∗∗ 0.109∗∗∗ 0.069∗∗∗

distance to HQ (0.004) (0.009) (0.014)
Log # non-mg. 0.309∗∗∗ 0.199∗∗∗

employees, est. (0.012) (0.008)
Log # non-mg. −0.022∗

employees, firm (0.009)

Model Poisson GLM GLM Poisson GLM GLM
Sector FE Y Y Y Y Y Y
County FE Y Y Y Y Y Y
# est./HQ 35,079 35,079 35,079 9,812 9,812 9,812

The table presents the estimated coefficient. Constant included. Standard errors in parentheses
(clustered by firm in columns 1 to 3, robust in columns 4 to 6). + p < 0.10, ∗ p < 0.05, ∗∗ p
< 0.01, ∗∗∗ p < 0.001. Dependent variable: 1, 4 number of managerial layers, 2, 5 managerial
share in wage sum, defined by layer, 3, 6 managerial share in wage sum, Blossfeld. Independent
variables: Log distance to headquarters: log of distance between establishment and headquarters
in km; Maximum log distance to headquarters: log of maximum distance between subordinate
establishment and headquarters in km; Log # of non-mg. employees, est./firm: log number of
employees at lowest layer in establishment/firm.

Robustness. Appendix section B.2 shows that our results are robust to a series

of checks. First, Tables X and Y replicate the regression results in Tables 4 and 5

using linear models. Tables X1 and Y1 show that the results are similar in the 2000-

2010 panel. Second, Tables A to D explore whether the impact of distance takes

up non-linear effects of firm and establishment size on the managerial organization.

Tables A and B include squared firm and establishment size as covariate. Table C

includes the number of establishments of a firm as additional covariate in the firm

level regressions. Table D replicates the regression results by firm size quartile. The

results are robust to all of these changes. Third, Tables E and F explore possible

non-linear effects of geography on the managerial organization by including quartile

dummies of the (maximum) distance to headquarters. We find that the effects

are driven by the third and forth quartiles. Fourth, multi-establishment firms may

separate management and production geographically. Tables G and H replicate

the analysis treating the lowest-level layer in each firm as non-managerial layer.

Finally, the social security data only contain employees subject to social security

contributions. The legal form of a firm affects whether owner-managers have to

contribute. Table I presents the results separately by the legal form to account for

the possibility that differences in the legal form affect the results. Results are very

similar for “GmbHs” and “GmbH & Co. KGs”, the two most popular legal forms.
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Table 6: Transition dynamics of the managerial organization, 2000-2010 panel

(a) # managerial layers, firm-level

# layers in t/t+ 1 0 1 2 3 SE # firms

0 85 8 6 10,968
1 5 82 7 6 20,327
2 8 79 7 5 18,696
3 6 90 4 20,206

(b) # managerial layers at headquarters/establishment

# layers in t/t+ 1 0/0 1/<1 1/1 2/<2 2/2 3/<3 3/3 SE # firms

HQ 0/ sub.e. 0 85 5 6 10,968
HQ 1/ est. 0 6 74 4 6 8 9,252
HQ 1/ est. 1 1 6 75 7 3 7,006
HQ 2/ est. 0,1 4 4 76 2 6 7 12,144
HQ 2/ est. 2 1 10 69 9 1 2 3,254
HQ 3/ est. 0,1,2 5 2 84 3 5 13,374
HQ 3/ est. 3 9 86 1 4,606

Panel (a) displays the percentage share of firms that reorganize from a number of managerial layers
in year t (given in the rows) to a possibly different number of layers in year t + 1 (given in the
columns). Panel (b) displays the percentage share of firms that change from a managerial structure
in year t (given in the rows) to a possibly different managerial structure in year t + 1 (given in
the columns). The figure in front of the slash denotes the number of layers of the headquarters.
The figure behind the slash denotes the maximum number of managerial at the establishments.
Firms with a higher number of layers at the establishments than at the HQ dropped for readability.
Empty cells contain fewer than 1% of observations. Fewer than 1% of firms exit. Diagonal in bold.

Coefficients are insignificant for AGs, but the sample size shrinks considerably.11

3.3 Multi-establishment firms reorganize gradually

Table 6 studies the reorganization of multi-establishment firms over time. The

upper panel displays the percentage share of firms that transition from a number

of managerial layers in year t to a possibly different number of managerial layers in

year t+1. The managerial organization is sluggish: at least 80 percent of firms keep

constant the number of managerial layers across periods. Firms that change the

number of layers typically typically add or drop one layer. This pattern is similar to

the reorganization patterns reported for French and Danish firms in the literature

(Caliendo et al., 2015b, Friedrich, 2016) and to the patterns of single-establishment

firms reported in Appendix X.

The lower panel studies the organizational dynamics at the establishment level.

To characterize the managerial organization of multi-establishment firms with a pos-

sibly different number of establishments, the table counts the number of managerial

11A “GmbH” is a limited liability company. A “GmbH & Co. KGs” is a limited partnership
with a limited liability company as general partner. “AGs” are public companies.
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layers at the headquarters and the maximum number of managerial layers at the

establishment. Two findings are notable. First, the managerial organization at the

establishment level is less stable than the managerial organization at the firm level:

there is less mass on the diagonal of the lower panel than on the diagonal of the up-

per panel. Second, multi-establishment firms reorganize gradually and add or drop

layers at one establishment at a time. Among the firms that reorganize, 48 percent

change the number of layers only at the headquarters, 42 percent change it only

at the establishments, and only 10 percent change it at both types of establish-

ments. For example, among multi-establishment firms with two layers both at the

headquarters and the establishments, 9 percent add a layer at the headquarters and

10 percent drop a layer at the establishments. The latter adjustment does not show

up as reorganization at the firm level. Only 1 percent of firms choose a lower or

higher number of layers across both types of establishments.

This evidence shows that the establishments are important entities for the orga-

nization of multi-establishment firms. Organizational adjustments do not only take

place at firm level, but at establishment level. Fact 3 summarizes our finding.

Fact 3. Multi-establishment firms reorganize gradually: they typically add or drop

layers either at the headquarters or at the establishments.

Robustness. Appendix Table X shows that the results are similar for firms with

headquarters and exactly one and firms with headquarters and more than one es-

tablishment. Appendix Table Y shows that the results are similar for firms with

only proximate and firms with distant establishments. We split the sample at the

median of the maximum log distance of establishments from the headquarters.

4 Model

To explain why the geography of establishments affects the managerial organization,

we develop a model where firms endogenously choose the number of establishments

and the managerial organization. The key model assumption is that the CEO is a

resource of limited supply for a firm, because the CEO has only one unit of time. We

first study the optimal organization of a firm with a single establishment (section 4.2)

and then derive the organization of a multi-establishment firm (section 4.3).

4.1 Set-up

We consider an economy with two locations, j = {0, 1}. The Nj agents per location

each supply one unit of time to the labor market. The agents are immobile, so local

wages wj can differ. We choose indexes such that w0 ≥ w1. The agents derive utility
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from consuming differentiated products i:

U(x(αi)) =

(∫
A

α
1
σ
i x(αi)

σ−1
σ dG(α)

) σ
σ−1

. (1)

x(αi) is an agent’s consumption of product i, αi > 0 is the agents’ taste for product i,

A is the set of all available products, and σ > 1 is the elasticity of substitution. The

taste draws αi follow the distribution G(α). Each firm makes exactly one product,

so we use the index i for both firms and products.

To simplify the exposition, sections 4.2 and 4.3 analyze the problem of finding

the optimal organization of a firm with taste draw α in location 0. Section 4.4

studies the competition among many firms i in the product market.

Production. Production is a problem solving process based on labor and knowl-

edge (as in Caliendo and Rossi-Hansberg, 2012; Garicano, 2000). Every unit of labor

employed in production generates a unit mass of problems. Problems are produc-

tion possibilities: the labor input turns into output if the problems are solved using

knowledge. Mathematically, knowledge is an interval ranging from zero to an upper

bound. We denote the length of a knowledge interval by z. A problem is solved

if it is realized within the knowledge interval. The problems follow a distribution

with the exponential density f(z) = λe−λz, where z ∈ [0,∞) refers to the domain

of possible problems and λ denotes the predictability of the production process.

Combining n units of labor and knowledge z̄ yields

q = n
(
1− e−λz̄

)
units of output, where 1− e−λz̄ is the value of the cumulative distribution function.

The firm hires agents on the labor market to put labor and knowledge in produc-

tion. The firm’s employees put in labor by spending their time generating problems.

To use knowledge in production, the employees have to learn it first. They spend

wjcz to learn a knowledge interval of length z, where c denotes the learning cost

that is equal across locations. As is standard in the literature (e.g., Caliendo and

Rossi-Hansberg, 2012), the firm remunerates the employees for their time and their

learning expenses, so employees receive remuneration wj(1 + cz).

The employees of the firm can communicate problems with each other, so they

can leverage differences in their knowledge. Communication is costly: an employee

in location j spends θkj units of time listening to problems communicated by an

employee in location k. Communication across space is more costly than commu-

nication within a location: 1 > θ10 ≥ θ00 > 0. The communication costs are

symmetric: θ10 = θ01, θ11 = θ00. If an employee does not know how to solve a

problem, he cannot tell who knows, but has to find a competent fellow employee.
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Organization. The firm organizes its employees in hierarchical layers (as in Caliendo

and Rossi-Hansberg, 2012; Garicano, 2000). We call the employees at the lowest

layer ` = 0 production workers. They put in labor and some knowledge in produc-

tion. They generate problems and solve those that are realized in their knowledge

interval. We call the employees at the higher layers ` ≥ 1 managers. They put only

knowledge in the production process and spend their time helping the employees at

the next lower layer. The highest managerial layer consists of the CEO. We assume

that each firm has exactly one CEO. The knowledge levels of the employees are

overlapping, so employees at layer ` know the knowledge of employees at layer `− 1

and more.12 Consequently, CEO knowledge z̄ delimits the maximum possible output

per unit of labor input, because the CEO is the most knowledgeable employee of the

firm. As the density of problems is decreasing in z, the knowledge of the production

workers covers the solution to the most common problems, whereas higher layers

also know the solutions to problems that occur more rarely. This minimizes the

probability that costly communication is necessary.13

The communication costs θjk, the learning costs c, the predictability of the pro-

duction process λ and the taste α are exogenous parameters. Assumption 1 in the

Appendix restricts the possible parameter values. The model is partial equilibrium,

so the wages wj are also taken as given. We take total output q̃ as given in sec-

tions 4.2 and 4.3, but endogenize it in section 4.4.

4.2 Single-establishment firm organization

We first determine the optimal organization of a single-establishment firm.14 The

organization consists of the number of managerial layers L ∈ {1, 2, 3}, the num-

ber n`0,L and knowledge level z`0,L of employees per layer ` = 0, ..., L − 1, and the

knowledge of the CEO z̄0,L.15 The indexes 0, L refer to the location of the firm j = 0

and the number of managerial layers L and reflect that these variables affect the

other choices.

The optimal number of layers yields minimal production costs:

C (q̃) = min
L≥1

C̃0,L (q̃) . (2)

The optimal number and knowledge levels of employees minimize costs for a given

12We assume overlapping knowledge levels to simplify the analysis. With non-overlapping knowl-
edge and multiple establishments, overlaps and gaps between CEO and establishment knowledge
may occur. This unnecessarily complicates the derivations.

13The optimal knowledge hierarchy features specialization and organization by frequency, i.e.
only the lowest layer inputs labor and the knowledge of higher layers covers the rarer problems
(Garicano, 2000).

14Our results conform with Caliendo and Rossi-Hansberg (2012)’s for non-overlapping knowledge.
15We restrict our attention to L ≤ 3 managerial layers in line with the stylized facts.
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number of layers:

C0,L (q̃) = min
{n`0,L,z

`
0,L}

L−1
`=0 ,z̄0,L≥0

L−1∑
`=0

n`0,Lw0

(
1 + cz`0,L

)
+ w0 (1 + cz̄0,L)

(3)

s.t. n0
0,L

(
1− e−λz̄0,L

)
≥ q̃ (4)

1 ≥ n0
0,Lθ00e

−λzL−1
0,L (5)

n`0,L ≥ n0
0,Lθ00e

−λz`−1
0,L ∀` = 1, ..., L− 1 (6)

z̄0,L ≥ zL−1
0,L , z`0,L ≥ z`−1

0,L ∀` = 1, ..., L− 1 (7)

The production costs consist of the personnel costs for the employees and the CEO.

Constraint (4) implies that the number of production workers and CEO knowledge

have to suffice to produce total output q̃. Constraints (5) and (6) show that the

amount of time of the CEO and the managers limit the number of problems that can

be communicated to them. The number of problems communicated to a higher layer

is computed as the number of problems, n0
0,L, multiplied with the communication

costs, θ00, and the probability that the problem is not yet solved, e−λz
`−1
0,L . Finally,

knowledge levels are overlapping and positive (constraint 7).

Appendix C.1.1 contains the Lagrangian equation and the first order conditions.

Two multipliers from the Lagrangian equation help characterizing the optimal or-

ganization. The multiplier for constraint (4), ξ0,L, denotes the marginal production

costs. The multiplier for constraint (5), ϕ0,L, denotes the marginal benefit of CEO

time. CEO time is fixed at one unit. ϕ0,L reflects how costly this constraint is for

the firm.

The firm chooses CEO knowledge such that its marginal benefit and its marginal

cost are equal in optimum:

w0c =
λe−λz̄0,L

1− e−λz̄0,L
ξ0,Lq̃ (8)

The marginal cost of CEO knowledge consists of the increase of CEO remunera-

tion w0c. The marginal benefit is the reduction of production costs, because more

output is producible for every unit of labor input with higher CEO knowledge.

Given CEO knowledge, constraint (4) determines the number of production

workers n0
0,L. Constraint (5) determines the knowledge level of the highest below-

CEO layer in the firm. The employees at the highest below-CEO layer have to solve

a sufficient fraction of problems so only the unit of CEO time is used. The knowl-

edge levels of the production workers and managers at lower layers are a recursive
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function of the knowledge level at the highest below-CEO layer:

eλ(z
`−1
0,L −z

`−2
0,L ) =

(
1 + cz`0,L

) λ
c
∀` = 2, ..., L− 1, (9)

eλz
0
0,L =

(
1 + cz1

0,L

) λθ00

c
. (10)

At each layer, the firm trades off the costs of higher knowledge in terms of higher

remuneration and the benefit of a lower number of employees at the next higher layer.

Constraint (6) determines the number of middle managers. Finally, the marginal

production costs ξ0,L and the marginal benefit of CEO time ϕ0,L are given by:

ξ0,L =
w0

(
1 + cz0

0,L + c
λ

+ 1(L ≥ 2)θ00
c
λ

∑L−1
`=1 e

−λz`−1
0,L

)
1− e−λz̄0,L

,

ϕ0,L =
w0c

λ
eλ(z

L−1
0,L −z

L−2
0,L ) for L− 1 > 0, ϕ0,L =

w0c

λθ00

eλz
0
0,L for L− 1 = 0.

The single-establishment firm adjusts its choices to changes of its total output.

Proposition 1. Given the number of layers of management L of the firm,

a) the number n`0,L and the knowledge z`0,L of the employees at all below-CEO

layers ` < L, the knowledge of the CEO z̄0,L and the marginal benefit of CEO

time ϕ0,L increase with total output q̃.

b) The cost function C0,L(q̃) strictly increases with total output q̃. The average

cost function AC0,L(q̃) is U-shaped. It reaches a minimum at q̃∗L where it

intersects with the marginal cost function, and converges to infinity for q̃ → 0

and q̃ →∞.

Proof. See Appendix C.1.2.

CEO knowledge z̄0,L and the number of production workers n0
0,L increase because

labor and knowledge are complementary inputs in production, so the firm optimally

employs a higher amount of both to achieve higher output. The larger the output

is, the more problems the production workers generate and, if unsolved, communi-

cate to higher layers. Higher output therefore leads to an increase in the number

of employees n`0,L at all below-CEO layers. The amount of CEO time is fixed, how-

ever. Correspondingly, the knowledge of the employees at the highest below-CEO

layer zL−1
0,L increases. Otherwise, the CEO could not listen to all problems that are

communicated to him. The knowledge levels at lower layers z`0,L, ` = 0, ..., L−2 also

increase, though to a lesser extent, thereby mitigating the increase in the number

of employees at layers ` = 1, ..., L − 1. The larger the firm is, the more benefi-

cial it would be to increase CEO time and avoid the increase of knowledge. Thus,
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the shadow price of the CEO time constraint—the marginal benefit of CEO time—

increases with total output.

The resulting cost function is strictly increasing, as the marginal costs are posi-

tive. The average cost function is U-shaped. The U-shape reflects two counteracting

forces. On the one hand, the marginal cost of production increase with output.16 On

the other hand, the quasi-fixed costs of the CEO and the middle managers are spread

over a larger output. For quantities below the minimum efficient scale q̃ < q̃∗L, the

latter effect dominates, and for quantities above q̃ > q̃∗L, the former effect dominates.

The optimal number of managerial layers minimizes the production costs. The

firm faces a trade-off. On the one hand, middle managers entail a quasi-fixed cost,

because they are remunerated, but do not generate problems and increase output.

On the other hand, middle managers solve part of the problems that are generated by

the production workers and reduce the number of problems sent to the CEO. They

thus allow decreasing the knowledge of the production workers and the marginal

production costs. In consequence, adding a layers is only worthwhile if the firm is

sufficiently large. The optimal number of layers increases with total output q̃.

Formally, the minimum efficient scale q̃∗L of an organization increases with the

number of layers. The average cost curves of an organization with L and L+1 layers

cross between the minimum efficient scales, i.e., in the interval (q̃∗L, q̃
∗
L+1). The firm

adds a layer of managers at the crossing q̃L+1
L (as in Caliendo and Rossi-Hansberg,

2012; see also Appendix C.1.3). Figure 1a illustrates the average cost function of a

single-establishment firm with only a CEO (L = 1) or a CEO and middle managers

(L = 2).

4.3 Multi-establishment firm organization

The firm may maintain a second establishment at location j = 1 to exploit wage

differences or to access the local product market. To distinguish the effect of wage

differences and market access on the organization, we derive the optimal multi-

establishment firm organization in two steps. In section 4.3.1, the firm can hire

employees in the local labor markets at both locations, but sells output in a global

product market. In section 4.3.2, the firm incurs transport costs to ship output from

one location to the other.

4.3.1 Local labor markets, global product market

The CEO is located in the headquarter establishment in location 0. The firm chooses

whether to produce in one establishment at either location or two establishments

16The marginal cost of production globally increase with output for L = 1; for L > 1, they
increase for sufficiently high output. In particular, they increase at the minimum efficient scale.
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Figure 1: Illustration of the average cost functions

(a) Single-establishment firm
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The figure plots the average cost functions of a single and multi-establishment firm for w0 = w1,
θ00 = θ10. Parameter values: c

λ = .225, θ00 = .26 (from Caliendo and Rossi-Hansberg, 2012),
w0 = 1. (a): The average cost function of a single-establishment firm is U-shaped for a given
number of below-CEO layers. The firm adds a layer at the intersection q̃10 . (b): The average cost
function of a multi-establishment firm with a symmetric number of below-CEO layers {0, 0} or
{1, 1} is U-shaped. The firm adds a layer at one establishment at the minimum efficient scale q̃∗0
and a layer at the other establishment at q̃

1/1
0/1 > q̃10 .

at both locations as well as the number of managerial layers. We use the term

“organizational structure” and the variable ω to denote the number of establishments

and number of layers per establishment. All other endogenous variables depend on

the location of an establishment and the organizational structure, so we index them

by j, ω. If the firm produces in two establishments, it chooses how much output qj,ω

and which share sj,ω of CEO time to allocate to each establishment. The firm also

determines the level of CEO knowledge z̄0,ω as well as the number n`j,ω and knowledge

level z`j,ω of the employees in each layer ` and establishment j.

We split the optimization problem into three parts. First, the firm chooses

the optimal organizational structure ω from the set of possible structures Ω to

minimize its production costs, similarly to choosing the number of layers in the

single-establishment case:

C (q̃) = min
ω∈Ω

C̃0,ω (q̃) (11)

Second, the firm determines the allocation of output qj,ω and CEO time sj,ω across

establishments and chooses CEO knowledge z̄0,ω to minimize the costs of the chosen

organizational structure. The costs consist of the personnel costs per establishment
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and the remuneration of the CEO time that is not used in production.

C̃0,ω (q̃) = min
{qj,ω ,sj,ω}1j=0,z̄0,ω≥0

1∑
j=0

Cj,ω (qj,ω, sj,ω, z̄0,ω) +

[
1−

1∑
j=0

sj,ω

]
w0 (1 + cz̄0,ω)

(12)

s.t. s0,ω + s1,ω ≤ 1 (13)

q0,ω + q1,ω ≥ q̃ (14)

Equation (13) reflects the CEO’s time constraint. Constraint (14) describes that

the production quantities have to sum up at least to the total output q̃.

Third, the firm determines the number of employees and their knowledge for each

layer and establishment. If the firm decides to produce at an establishment, the pro-

duction costs consist of the below-CEO personnel costs as well as the remuneration

for the CEO time allocated to the establishment. Otherwise, the production costs

are zero.

Cj,ω (qj,ω, sj,ω, z̄0,ω)


qj,ω>0

= min
{n`j,ω ,z`j,ω}

Lj
`=0≥0

Lj∑
`=0

n`j,ωwj
(
1 + cz`j,ω

)
+ sj,ωw0 (1 + cz̄0,ω)

qj,ω=0
= 0

(15)

s.t. n0
j,ω

(
1− e−λz̄0,ω

)
≥ qj,ω (16)

sj,ω ≥ n0
j,ωθj0e

−λz
Lj
j,ω (17)

n`j,ω ≥ n0
j,ωθjje

−λz`−1
j,ω ∀` = 1, ..., Lj (18)

z̄0,ω ≥ z
Lj
j,ω, z`j,ω ≥ z`−1

j,ω ∀` = 1, ..., Lj (19)

Lj denotes the number of below-CEO layers of management at the establishment.

The constraints (16)-(19) are analogous to the constraints (4)-(7).

We solve the problem backwards. We first determine the number and knowledge

of employees per layer and establishment, taking as given the firm level choices as

well as the organizational structure. We then solve for the knowledge of the CEO,

the allocation of CEO time and output given the organizational structure, which we

determine in the last step. Appendix C.2.1 contains the Lagrangian equations and

the first order conditions.

Establishment-level choices. The establishment outcomes depend on the choices

at the firm level—CEO knowledge, the allocation of output and CEO time—through

the binding constraints (16)-(18). The formal expressions are variants of those for

the single establishment outcomes in section 4.2, which is why we state them in

Appendix C.2.1.

Constraint (16) determines the number of production workers. Constraint (17)
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fixes the knowledge level of the highest layer at the establishment as a function of

the allocated share of CEO time. The knowledge levels at lower layers are recursive

functions of the knowledge level at the highest below-CEO layer. Constraint (18)

determines the number of middle managers. The Lagrangian multipliers ξj,ω denote

the marginal production costs and the multipliers ϕj,ω denote the marginal benefit

of CEO time at an establishment.

Firm-level choices. The firm optimally uses the full unit of CEO time and pro-

duces only the required quantity, i.e. the constraints (13) and (14) are binding.

Concerning the allocation of total output and CEO time, the firm can reduce the

production costs by reallocating total output or CEO time as long as the marginal

production costs or the marginal benefit of CEO time are not equal if it produces

at two establishments.

Proposition 2. Suppose the firm produces at two establishments. The firm allocates

output to equalize the marginal production costs across establishments and CEO time

to equalize the marginal benefit of CEO time across establishments. Formally, in

optimum,

ξ0,ω = ξ1,ω and (20)

ϕ0,ω = ϕ1,ω. (21)

Proof. See Appendix C.2.2.

Hence, the firm produces total output in one establishment if the marginal costs

of total output at this establishment are lower than the marginal costs at the other

establishment. It spends the full unit of CEO time for one establishment if the

marginal benefit of doing so exceeds the marginal benefit of spending time for the

other establishment.

Corollary 1. It is not optimal to produce at two establishments with the same

number of below-CEO management layers L0 = L1 if the communication costs across

space exceed those within a location, θ10 > θ00, but the wages are equal or higher at

the establishment location than at the headquarters location, w1 ≥ w0.

Proof. See Appendix C.2.2.

Intuitively, the firm only produces at both locations if some advantage at lo-

cation 1 counterbalances the higher communication costs across space θ10. The

advantage can consist of lower wages or a different managerial structure of the es-

tablishment.
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Concerning CEO knowledge, the firm balances its marginal benefit and marginal

cost, analogously to the single establishment case:

w0c =
λe−λz̄0,ω

1− e−λz̄0,ω

1∑
j=0

ξj,ωqj,ω. (22)

Comparative statics. Before deriving the optimal organizational structure ω,

we show how firm choices depend on the total output q̃ and the communication

costs θ10.17

Proposition 3. Suppose the firm produces at two establishments. Suppose further

that the establishments are asymmetric, i.e., θ10 ≥ θ00, and w1 < w0, or L1 6= L0.

Given the organizational structure ω,

a) CEO knowledge z̄0,ω and the total number of employees at all below-CEO lay-

ers
∑1

j=0 n
`
j,ω, ∀` < L, increase with total output q̃, while the knowledge of

the employees at all below-CEO layers z`j,ω and the marginal benefit of CEO

time ϕj,ω are constant.

b) The share of CEO time sj,ω and the number of employees at all below-CEO

layers n`j,ω, ∀` < L, increase with total output q̃ at the establishment and

decrease at the headquarters, unless L0 > L1 and wages w1 are too high. Local

output qj,ω increases at the subordinate establishment.

c) The cost function C0,ω(q̃) strictly increases with total output q̃. The marginal

production costs ξj,ω decrease with total output q̃.

Under symmetry, i.e., θ10 = θ00, w1 = w0 and L1 = L0, total output has the

same effect on the choices of a multi-establishment firm as on those of a single

establishment firm.

Proof. See Appendix C.2.3.

As in a single-establishment firm, higher total output q̃ leads to higher CEO

knowledge and a higher total number of production workers because labor and

knowledge are complementary inputs. The higher number of production workers

leads to a higher number of employees at all below-CEO layers. If there is asym-

metry between the establishments, the below-CEO knowledge levels, and thus the

marginal benefit of CEO time, do not vary with total output, unlike in the single-

establishment firm. This is because maintaining two asymmetric establishments

effectively allows the firm to use labor and knowledge in two different ways, and

17The communication costs θ10 reflect geography in the model, which is why the main text
focuses on them. Appendix C.2.5 contains comparative statics with respect to local wages w1.
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to increase output by recombining them. For instance, the number of layers may

differ between the establishments. Section 4.2 shows that the efficiency of a cer-

tain number of layers depends on total output for a single-establishment firm. The

multi-establishment firm can freely allocate output between the establishments and

thus choose the optimal combination of layers for its output. Similarly, wages may

differ between the establishments. The multi-establishment firm can allocate output

to optimally combine the lower communication costs at the headquarters and the

lower wages at the subordinate establishment. The firm therefore does not vary the

knowledge levels with output, but chooses the knowledge levels at each establishment

that are optimal given establishment characteristics. It accommodates higher total

output by reallocating CEO time and output between the establishments. A single-

establishment firm instead increases below-CEO knowledge to respect the CEO’s

time constraint.

The allocation of total output and CEO time reflects that the firm leverages the

asymmetries between the establishments. The larger the firm is, the more important

are low wages relative to low communication costs, because the firm hires more

employees. The firm thus allocates higher shares of total output and CEO time

to the subordinate establishment. The number of employees at an establishment

depends on the share of CEO time and thus varies with it.

The marginal production costs are positive, so the cost function increases with

total output. The marginal production costs decrease with total output. This

property results because below-CEO knowledge levels are constant, so the costs

per unit of labor input are constant. CEO knowledge increases with total output.

Therefore, more output is producible for every unit of labor input, which decreases

the marginal costs.

If the two establishments are fully symmetric with respect to both location char-

acteristics and the number of layers, the multi-establishment firm makes the same

choices as a single establishment firm. Consequently, changes in total output affect

multi-establishment firm organization as stated in Proposition 1 for single establish-

ment firms.

The communication costs θ10 also affect the optimal organizational structure.

Proposition 4. Suppose the firm produces at two establishments. Suppose further

that θ10 > θ00 and L0 ≤ L1. Given the organizational structure ω,

a) CEO knowledge z̄0,ω, the marginal benefit of CEO time ϕj,ω and the knowl-

edge of the employees at all below-CEO layers z`j,ω, ∀` < L, increase with the

communication costs θ10. The increase is stronger at higher than at lower

layers of an establishment. If both establishments have the same number of

below-CEO layers, the increase is stronger at the subordinate establishment
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than at the headquarters. The total number of employees at all below-CEO

layers
∑1

j=0 n
`
j,ω, ∀` < L, decreases.

b) The share of CEO time sj,ω, local output qj,ω and the number of employees

at all below-CEO layers n`j,ω increase with the communication costs θ10 at the

headquarters and decrease at the subordinate establishment.

c) The cost function C0,ω(q̃) and the marginal production cost ξj,ω increase with

the communication costs θ10.

The comparative statics also hold for a higher number of layers at the headquarters

than at the subordinate establishment, L0 > L1, if wages w1 are sufficiently low.

Proof. See Appendix C.2.4.

Higher communication costs θ10 make it more costly to use CEO knowledge be-

cause the CEO spends more time per problem. The firm increases CEO knowledge

to compensate the higher costs with a higher benefit of using the CEO. Due to the

CEO time constraint, more problems have to be solved at below-CEO layers. The

marginal benefit (or shadow price) of CEO time and the knowledge of the below-

CEO layers increase. The increase is stronger at higher than at lower layers of an

establishment because the number of employees is lower at higher layers, so it is

cheaper to increase their knowledge. Below-CEO knowledge increases both at the

subordinate establishment and the headquarters, because the marginal product of

knowledge is decreasing. Consequently, fully compensating the higher communica-

tion costs in the subordinate establishment is not efficient. The knowledge increase

is stronger at the subordinate establishment than at the headquarters to ensure that

the marginal benefit of CEO time remains equal across establishments. The higher

knowledge levels allow the firm to hire fewer production workers and fewer managers

at all below-CEO layers.

Higher communication costs θ10 make it more costly to produce at location 1.

Correspondingly, the firm reduces the share of CEO time, local output, and the

number of employees there. As the organizational adjustments do not fully com-

pensate the higher communication costs, the cost function and the marginal costs

increase.

An important implication of Proposition 4 is that the organization of the estab-

lishments of the multi-establishment firm is interdependent. Changes of the commu-

nication costs with the subordinate establishment lead to organizational adjustments

at both establishments because of the common CEO. This interdependence is also

reflected in the choice of organizational structure.
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Organizational structure. The firm chooses the organizational structure with

the minimal production costs. To disentangle the impact of total output and of

location characteristics on the organization, we first derive the optimal organization

when both wages and communication costs are equal, w0 = w1 and θ10 = θ00.

Proposition 5. Suppose that wages and communication costs are equal, w1 =

w0, θ10 = θ00. Let “{L0/L0}-organization” denote the organizational structure of a

multi-establish-ment firm with L0 below-CEO layers at both establishments, i.e. ω =

L0/L0. Let “{L0/L0 + 1}-organization” denote the organizational structure of a

multi-establishment firm with L0 below-CEO layers at establishment 0 and L0 +

1 below-CEO layers at establishment 1.

a) The average cost function of the {L0/L0}-organization is U-shaped in total

output and reaches a minimum at q̃∗L0/L0
.

b) The average cost of the {L0/L0+1}-organization and the {L0/L0}-organization

are equal at q̃∗L0/L0
. The average cost function of the {L0/L0 + 1}-organization

decreases with total output q̃ for q̃∗L0+1/L0+1 > q̃ > q̃∗L0/L0
.

c) The average cost function of the {L0 + 1/L0 + 1}-organization intersects the

average cost function of the {L0/L0}-organization at the output q̃
L0+1/L0+1
L0/L0

be-

tween the minimum efficient scales, i.e., q∗L0+1/L0+1 > q̃
L0+1/L0+1
L0/L0

> q∗L0/L0
.

The average cost function of the {L0/L0 + 1}-organization intersects the aver-

age cost function of the {L0+1/L0+1}-organization at the output q̃
L0+1/L0+1
L0/L0+1 >

q̃
L0+1/L0+1
L0/L0

.

Analogous results apply to a multi-establishment firm with L0 below-CEO layers at

establishment 1 and L0 + 1 below-CEO layers at establishment 0.

As a result, the multi-establishment firm with L0 below-CEO layers at both es-

tablishments reorganizes gradually: it adds a layer of managers at one establish-

ment at the output q̃∗L0/L0
and at the other establishment at output q̃

L0+1/L0+1
L0/L0+1 ∈

(q̃
L0+1/L0+1
L0/L0

, q̃∗L0+1/L0+1).

Proof. See Appendix C.2.6.

Figure 1b illustrates the average costs of the multi-establishment firm, taking an

organization with 0 or 1 below-CEO layers as example. The figure shows that the

average cost function of an organization with the same number of below-CEO layers

at both establishments is U-shaped. It coincides with the average cost function

of a single-establishment firm. The average cost function of the {0/0}-organization

increases for quantities above the minimum efficient scale q∗0. In contrast, the average

cost function of the {0/1}-organization decreases. Consequently, the former intersect

27



the average cost function of the {1/1}-organization at a lower quantity than the

latter.18

Proposition 5 is a key result of the model. It states that the multi-establishment

firm reorganizes gradually. In the single-establishment case, hiring one or more lay-

ers of middle managers is only worthwhile for firms with sufficiently high output.

The multi-establishment firm is free to allocate total output and CEO time across

establishments. It can optimally combine different numbers of layers at the estab-

lishments and thus decrease production costs. At the quantity q∗L0/L0
, the {L0/L0}-

organization has the minimum average costs. A multi-establishment firm with a

{L0/L0 + 1}-organization would allocate total output to the establishment with L0

below-CEO layers at q∗L0/L0
. For quantities q̃ > q∗L0/L0

, the average costs of the

{L0/L0}-organization increase. The average costs of the {L0/L0 + 1}-organization

decrease up to the minimum efficient scale of the L0 + 1 organization, because

the firm can allocate a share (or all) of total output to the establishment with

L0 +1 below-CEO layers. For quantities close to the minimum efficient scale, only a

small share is allocated to the establishment with L0 + 1 below-CEO layers, but the

larger the quantity q̃, the larger its share of production. The additional managerial

layer releases CEO time: relative to output, the CEO spends a larger share of time

at the establishment with L0 than at the establishment with L0 + 1 layers. This

keeps below-CEO knowledge low. The additional managerial layer thus increases ef-

ficiency at both establishments. In consequence, the multi-establishment firm only

switches to the {L0 + 1/L0 + 1}-organization at output q̃
L0+1/L0+1
L0/L0+1 > q̃

L0+1/L0+1
L0/L0

. As

in Proposition 4, the organization of a multi-establishment firm is interdependent:

The optimal number of layers at one establishment depends on the number of layers

at the other establishment.

Possible asymmetries of wages and communication costs qualify, but do not

fundamentally alter the results.

Corollary 2. Suppose the communication costs across space exceed those within a

location, θ10 > θ00, but the wages are equal or higher at the subordinate location than

at the headquarter location, w1 ≥ w0.

As total output q̃ increases, the firm alternates between single-establishment pro-

duction at location 0 and multi-establishment production with an unequal number

of below-CEO layers. The higher the communication costs across space θ10 are,

the lower is the range of output levels for which multi-establishment production is

optimal.

18The average cost function of the {0/1}-organization coincides with the average cost functions of
the the {0/0}-organization and the {1/1}-organization for quantities below and above the minimum
efficient scales respectively, because for those levels of output, single establishment production
with 0 and 1 below-CEO layers respectively is more efficient than production with the {0/1}-
organization.
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Proof. See Appendix C.2.6.

Corollary 2 is an immediate implication of Corollary 1: multi-establishment pro-

duction is only optimal if the higher communication cost across space are counter-

balanced by lower wages or a lower-cost organization at the subordinate location.

The firm thus only chooses multi-establishment production with an unequal num-

ber of below-CEO layers. The higher the communication costs across space are,

the smaller is the range of output levels for which the organizational advantage can

counterbalance them.

In contrast, if lower wages at the subordinate location w1 < w0 counterbalance

the higher communication costs across space, multi-establishment production can

be optimal both with the same and an unequal number of below-CEO layers at the

establishments.

4.3.2 Local labor and local product markets

Firms may maintain several establishments not only to leverage wage differences

across locations, but also to be closer to their customers. To account for market

access motives, we assume that the firm incurs transport costs if it sells output

produced one location in the product market at the other location. We assume that

transport costs τ > 1 are iceberg-type.19 Local demand {q̃j}1
j=0 may differ between

markets.

The transport costs do not affect the choice of the optimal organizational struc-

ture (equation 11) or the optimization problem at the establishment level (equa-

tions 15-19). However, they constrain the allocation of output at the firm level.

C̃0,ω

(
{q̃j}1

j=0

)
= min
{qj,ω ,sj,ω}1j=0,z̄0,ω≥0

1∑
j=0

Cj,ω (qj,ω, sj,ω, z̄0,ω) +

[
1−

1∑
j=0

sj,ω

]
w0 (1 + cz̄0,ω) (23)

s.t. s0,ω + s1,ω ≤ 1 (24)

1(qj,ω ≥ q̃j ∧ qk,ω ≤ q̃k)(qj,ω − q̃j + τ(qk,ω − q̃k)) ≥ 0, k 6= j (25)

Constraint (25) states that output at a location j, qj,ω, has to be large enough

to satisfy demand q̃j and a possible difference between local production and local

demand at location k including transport cost: qj,ω ≥ q̃j + τ(q̃k − qk,ω) for qk,ω ≤ q̃k.

Appendix C.2.7 contains the Lagrangian equation and the first-order conditions.

Proposition 6. Suppose the firm produces in two establishments and incurs trans-

port costs τ > 1 to ship output from one location to the other. The firm allocates

CEO time to equalize the marginal benefit of CEO time across establishments. The

marginal production costs typically differ between establishments. The firm allocates

19I.e., τ > 1 units of a good need to be shipped for one unit to arrive at destination.
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output either to equalize the marginal production costs adjusted by the transport costs

across establishments, or to satisfy local demand. Formally, in optimum,

ϕ0,ω = ϕ1,ω, (26)

τξ0,ω = ξ1,ω if q0,ω = q̃0 + τ(q̃1 − q1,ω), (27)

ξ0,ω = τξ1,ω if q1,ω = q̃1 + τ(q̃0 − q0,ω), and (28)

ξ0,ω < τξ1,ω ∧ ξ1,ω < τξ0,ω if q1,ω = q̃1 ∧ q0,ω = q̃0. (29)

The marginal production costs are equal if establishments are symmetric, i.e. if w1 =

w0, θ10 = θ00, and L1 = L0 (local demand q̃j may differ).

Proof. See Appendix C.2.8.

The firm can flexibly allocate CEO time across establishments. As in the case of

a global product market, the firm reallocates CEO time until its marginal benefit is

equal across establishments. The transport costs limit the flexibility of the allocation

of output. The firm chooses between three options: it produces output locally,

ships it from the other location or does both. If the marginal production costs at

the subordinate establishment are equal to the marginal costs at the headquarters

including the transport costs, the firm produces part of the output locally and

ships part of it from the headquarters (equation 27). The analogous result holds if

the marginal costs at the headquarters and the marginal costs at the subordinate

establishment including the transport costs are equal (equation 28). If the marginal

costs at either establishment are lower than the marginal costs including transport

costs at the other establishment, the firm produces as much output as there is local

demand (equation 29). This is the case if establishments are symmetric. Finally,

if the marginal costs including transport costs at one establishment are lower than

the marginal costs at the other establishment, the firm produces total output in this

establishment, i.e. it is a single establishment firm.

Corollary 3. Suppose the firm incurs transport costs τ > 1 to ship output from

one location to the other. It can be optimal to produce at two establishments with

the same number of below-CEO management layers L0 = L1 if the communication

costs across space exceed those within a location, θ10 > θ00, but the wages are equal

or higher at the subordinate location than at the headquarters location, w1 ≥ w0.

Proof. See Appendix C.2.8.

As in the case of a global product market, production in the subordinate estab-

lishment is only efficient if some advantage counterbalances the higher communica-

tion costs across space θ10. Avoiding the transport costs τ is an advantage that can

make multi-establishment production with the same number of below-CEO layers

optimal even if subordinate local wages are higher than headquarter wages.
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Comparative statics. The transport costs affect the comparative statics results.

The results on local demand q̃j are similar to those in Proposition 3 if it is efficient

to reallocate output across establishments and to those in Proposition 1 if it is not.

Proposition 7. Suppose the firm produces at two establishments. Suppose further

that the firm incurs transport costs τ > 1 to ship output from one location to the

other. Given the organizational structure ω,

a) CEO knowledge z̄0,ω increases with local demand q̃0, q̃1.

b) If either ξ1,ω = τξ0,ω or ξ0,ω = τξ1,ω, the marginal benefit of CEO time ϕj,ω

and the knowledge of the employees at all below-CEO layers z`j,ω, ` ≤ L0, do

not vary with local demand q̃0, q̃1.

c) If ξj,ω 6= τξk,ω, j 6= k, the marginal benefit of CEO time ϕj,ω and the knowledge

of the employees at all below-CEO layers z`j,ω, ` ≤ Lj, increase with local de-

mand q̃0, q̃1 if the CEO spends a sufficient share of time on the establishment

with higher demand. Higher local demand q̃j increases the number of produc-

tion workers at the same location n0
j,ω and decreases their number at the other

location n0
k,ω, k 6= j.

Proof. See Appendix C.2.9.

As in Propositions 1 and 3, higher local demand—and thus higher output—leads

to higher CEO knowledge. The impact of higher local demand on the other endoge-

nous variables depends on whether reallocating output between establishments is

efficient or not. If the marginal costs adjusted for transport costs are equal across

establishments, the firm reallocates output and the comparative statics results are

similar to those for a multi-establishment firm that does not incur transport costs.

In particular, the marginal benefit of CEO time and the below-CEO knowledge lev-

els are constant, because the firm accommodates higher output by reallocating CEO

time and output between the establishments.

If instead the marginal costs adjusted for transport costs differ across establish-

ments, the firm does not reallocate output. The comparative statics results are

similar to those for a single-establishment firm (that, by definition, cannot reallo-

cate output either). In particular, the firm hires more production workers at the

establishment where local demand increases. It hires fewer production workers at

the other establishment, because the higher CEO knowledge allows maintaining the

same level of output with fewer workers. If the establishment with the demand

increase is sufficiently large, as reflected by the fact that the CEO spends a suffi-

ciently high share of time on it, the increase of the number of production workers

at the establishment outweighs the decrease at the other establishment. The num-

ber of problems generated and communicated to the CEO increases. To satisfy the
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CEO time constraint, below-CEO knowledge levels increase. Correspondingly, the

marginal benefit of CEO time rises.

Whether reallocating output between establishments is efficient is also relevant

for the effect of higher communication costs across space θ10 on headquarter orga-

nization.

Proposition 8. Suppose the firm produces at two establishments with θ10 > θ00.

Suppose further that the firm incurs transport costs τ > 1 to ship output from one

location to the other. Given the organizational structure ω,

a) CEO knowledge z̄0,ω, the knowledge of the employees at all below-CEO lay-

ers z`1,ω, ` ≤ L1, and the marginal production costs ξ1,ω at the subordinate

establishment increase with the communication costs θ10. The total number

of production workers
∑1

j=0 n
0
j,ω and the number of production workers at the

subordinate establishment n0
1,ω decrease.

b) If either ξ1,ω = τξ0,ω or ξ0,ω = τξ1,ω, the marginal benefit of CEO time ϕ0,ω,

the knowledge of the employees at all below-CEO layers z`0,ω, ` ≤ L0, the num-

ber of production workers n0
0,ω and the marginal production costs ξ0,ω at the

headquarters increase with the communication costs θ10.

c) If ξj,ω 6= τξk,ω, j 6= k, the marginal benefit of CEO time ϕ0,ω, the knowledge of

the employees at all below-CEO layers z`0,ω, ` ≤ L0, the number of production

workers n0
0,ω and the marginal production costs ξ0,ω at the headquarters decrease

with the communication costs θ10.

These comparative statics results hold for ξj,ω = τξk,ω, k 6= j if L0 ≤ L1 or if L0 > L1

and wages w1 are sufficiently low, and for ξj,ω 6= τξk,ω, k 6= j if L1 ≤ 1 or if L1 = 2

and the subordinate share of CEO time s1,ω is sufficiently high.

Proof. See Appendix C.2.10.

As in the case of a global product market, higher communication costs θ10 make

it more costly to use CEO knowledge. The firm increases CEO knowledge to com-

pensate the higher costs with a higher benefit of using the CEO. As labor and CEO

knowledge are complementary inputs, higher CEO knowledge allows the firm to de-

crease the total number of production workers. The firm decreases the number of

production workers at the subordinate establishment, because the higher communi-

cation costs θ10 increase the costs of generating problems there. Due to the CEO

time constraint, more problems have to be solved at below-CEO layers, so the knowl-

edge of the employees in the subordinate establishment increases. In consequence,

the marginal production costs rise.

32



Figure 2: Illustration of the average cost functions, local product markets

(a) Symmetric locations (b) Communication costs θ10

Quantity
 

 

Average production costs, 10=00
Average production costs, 10=200

The figure plots the average cost function of a multi-establishment firm for w0 = w1, θ00 ≤ θ10.
Parameter values: c

λ = .225, θ00 = .26 (from Caliendo and Rossi-Hansberg, 2012), w0 = 1.
(a): At each kink, the multi-establishment firm adds a layer at one establishment. (b): Higher
communication costs θ10 decrease the total production quantity at which the firm reorganizes.

Establishment organization is interdependent, so the increase of the communi-

cation costs with the subordinate establishment θ10 affects the headquarters. If

the marginal costs including transport costs are equal across establishments, the

firm reallocates output from the subordinate establishment to the headquarters in

response to higher θ10. In consequence, the number of production workers at the

headquarters increases, as do their knowledge and the marginal production costs.

If instead the marginal costs adjusted for the transport costs differ across establish-

ments, reallocating output is not efficient for the firm. The number of production

workers at the headquarters decreases because local output is constant, but CEO

knowledge increases. Correspondingly, the knowledge of the employees at the below-

CEO layers at the headquarters decreases as do the marginal production costs. The

difference between the two cases is also reflected in the effect of higher communica-

tion costs θ10 on the marginal benefit, or shadow price, of CEO time. Reallocating

output between establishments increases the efficiency of the use of CEO time, so its

marginal benefit increases. In contrast, having to produce output strictly for local

demand reduces the efficiency of the use of CEO time and thus its marginal benefit.

In summary, whether reallocating output is efficient is decisive for how changes

at one establishment affect the other establishment of the firm.

Organizational structure. The firm chooses the organizational structure with

the minimum production costs. Figure 2a illustrates the average production costs of

different possible organizational structures if locations are symmetric, i.e., if wages

and the communication costs are equal: w1 = w0, θ10 = θ00. The average production

costs are U-shaped, as in the case of a single-establishment firm. This reflects that
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reallocating output is only efficient under certain conditions. These conditions do

not hold for symmetric locations if the number of below-CEO layers is equal, for

example. As Proposition 7c) shows, the impact of higher output on firm organization

is similar to its impact on a single-establishment firm if reallocating output is not

efficient. This explains why the shape of the average cost function is similar to

the single-establishment case. Importantly, though, the multi-establishment firm

reorganizes gradually, as does a multi-establishment firm in a global product market.

The firm does not add a layer at all establishments at the same size, but successively

first at one and than the other.

Figure 2b illustrates how the communication costs across space θ10 affect the

number of managerial layers of the firm. Higher communication costs increase the

production costs of the firm. The higher the communication costs are, the smaller

is the quantity at which the firm adds a layer at one establishment, as a comparison

of the solid and dashed lines show. Higher communication costs increase the knowl-

edge levels of employees and thus the marginal production costs at the subordinate

establishment. Adding a layer helps the firm to mitigate the cost increase, because

it allows decreasing production worker knowledge and thus marginal costs.

Local vs. global product market(s). The main insights on the organization of

multi-establishment firms are similar in the case of global and local product mar-

kets. In both cases, the firm allocates CEO time to equalize its marginal benefit

across establishments. In both cases, changes to the communication costs across

space θ10 affect the organization of the headquarters. Their impact on subordinate

establishment organization is also similar. In both cases, the multi-establishment

firm reorganizes gradually, so the number of layers at an establishment depends

on the managerial structure of the other establishment. Whether product markets

are global or local is relevant for the choice between single and multi-establishment

organization and for the effect of changes to local parameters on the other estab-

lishment. For example, it matters for how the communication costs across space θ10

affect the organization of the headquarters.

4.4 The optimal total output

For tractability, we endogenize the optimal total output in the setting with a global

product market studied in section 4.3.1. Appendix C.4 treats local product markets.

We consider a setting with many firms i that each produce a differentiated prod-

uct. Agents maximize their utility (1) subject to their budget constraint. The total

demand results from multiplying the individual demand by the number of agents

per location:

q(αi) = αi(R0 +R1)P σ−1p(x(αi))
−σ
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Rj = Njwj denotes income and P is the price index. We normalize the price index

to 1.

Each firm chooses the optimal output to maximize profits given the taste draw:

max
q̃≥0

πi(αi) = p(q̃(αi))q̃(αi)− C(q̃) (30)

Substituting the demand function and solving for the optimal output yields

q̃(αi) = αi (R0 +R1)

(
σ

σ − 1
ξ0,ω (q̃(αi))

)−σ
, (31)

where we make explicit that the marginal costs ξ0,ω are a function of αi through

output. The optimal price is a constant mark-up over marginal costs:

p(αi) =
σ

σ − 1
ξ0,ω (q̃(αi)) (32)

Proposition 9. The optimal output q̃(αi) increases continuously with the taste pa-

rameter αi. If the firm produces at both locations, the optimal output decreases with

the communication costs across space θ10.

Proof. See Appendix C.3.

This result implies that firm geography affects firm size. The higher the commu-

nication costs across space are, the higher the marginal production costs are and in

consequence, the lower total output is. Higher communication costs thus decrease

total profits and the incentive to produce at both locations.

4.5 Summary

As stated at the beginning of this section, the objective of the model is to explain

why the number of establishments of a firm affects its managerial organization.

Taking stock, we find that the model is consistent with the three facts uncovered in

section 3.

Proposition 5 shows that multi-establishment firms add a managerial layer at

one establishment at a lower output and at the other establishment at a larger

output than single establishment firms. This is consistent with Facts 2 and 3.

Multi-establishment firms are predicted to have more managerial layers than single

establishment firms and to reorganize gradually.

Extending the model with transport frictions helps understand why the num-

ber of layers of a multi-establishment firm increases with establishment distance, as

found in Fact 2. Proposition 6 implies that the marginal costs differ across establish-

ments depending on the transport costs. The extended model is therefore consistent
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with recent evidence from the literature that distance to the headquarters decreases

establishment performance (e.g., Giroud, 2013). It explains the negative effect of

distance on the location probability and establishment size uncovered in Fact 1.

The key driver of the model implications is that firms allocate the common

resource CEO time such that its marginal benefit is equal across establishments.

Consequently, the organizational structure is interdependent across establishments.

We next use an exogenous change of spatial frictions to provide evidence for this

model prediction.

5 Reorganization due to high-speed train routes

Section 5 exploits the opening of high-speed train routes between major cities in

Germany (similar to Charnoz et al., 2015; Bernard et al., 2017). The new routes

make it easier to travel between the headquarters and the establishments and thus

facilitate face-to-face interaction in multi-establishment firms. They provide an ex-

ogenous reduction of the costs to manage the establishments from the headquarters.

In the terms of the model, they decrease θ10, the communication costs across space.

5.1 Model predictions

The communication cost θ10 is an important determinant of multi-establishment

firm organization. It affects organization decisions at the headquarters and the

establishment (Propositions 4, 8) as well as the organizational structure (Corol-

lary 2, section 4.3.2). Importantly, it also affects the optimal production quantity

(Proposition 9), another key determinant of multi-establishment firm organization

(Propositions 3, 5). We take this complexity into account in our empirical analysis.

Figure 3 illustrates the model implications using a directed graph. Solid circles

denote observable and hollow circles denote unobservable variables. The arrows

denote causal links between the variables at the nodes. To keep the graph simple,

we group variables and use semi-solid circles if only part of the group is observable.

The travel time affects the communication costs between an establishment k

and the headquarters θk0,k 6=0. Changes to θk0 affect the optimal total output q̃. The

communication costs thus have direct and indirect effects on the organization of

multi-establishment firms. θk0 has a direct effect on the organizational structure ω

and an indirect effect through q̃ because total output is a determinant of ω. Similarly,

CEO knowledge z̄0,ω, the allocation of CEO time sj,ω and the allocation of output qj,ω

depend directly on θk0, but also indirectly through q̃ and ω. The choice of the number

and knowledge of employees per layer n`j,ω, z
`
j,ω depend directly on θk0 and indirectly

through z̄0,ω, sj,ω, qj,ω and ω.
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Figure 3: Response of endogenous variables to change in the travel times

 Travel time Communication costs ௞଴,௞ஷ଴ߠ Total output ෤ݍ

Organizational structure
߱

CEO knowledge, allocation of CEO time/ output
,଴̅,ఠݖ ሼݏ௝,ఠ, ௝,ఠሽ∀௝ݍ

Number and knowledge of employees
ሼ ௝݊,ఠ

ℓ , ௝,ఠℓݖ ሽ∀௝

The graph illustrates the response of the endogenous variables to a change of the travel time
according to the model in Section 4. The arrows denote causal relationships between the variables
at the nodes. The node symbol • (◦) denotes that a variable is (un)observable. G# denotes that
a group of variables contains observable and unobservable variables. The travel time affects the
communication costs between an establishment k and the headquarters θk0,k 6=0. θk0 has a direct
effect on the organizational structure ω, CEO knowledge z̄0,ω, the allocation of CEO time and
output {sj,ω, qj,ω}∀j , and the number and knowledge of employees n`j,ω, z

`
j,ω. θk0 also has an

indirect effect on these variables through the impact on total output q̃.

The figure makes clear that the changes to the travel times provide an exogenous

change of the model parameter θk0 that affects many endogenous variables. Put

differently, we have more endogenous variables than exogenous instruments. In

result, we can only test Proposition 9 that output increases if the communication

costs decrease. We can only estimate the total, direct plus indirect, effect of θk0

on the organizational structure ω. We can, however, assess the magnitude of the

indirect effect through size by using the estimated elasticities of the number of layers

with respect to firm size in Friedrich (2016). It is not possible, however, to test the

predictions of Proposition 4, because the Proposition derives the impact of θk0 on

endogenous outcomes taking as given total output and the organizational structure.

Nevertheless, our empirical exercise is informative about the main model prediction:

The key insight of the model is that changes to the economic environment of one

establishment affect the organizational structure of all establishments of a multi-

establishment firm. We take two predictions to the data:

Prediction 1. Firm size increases after a reduction in the travel time between an

establishment and the headquarters of the multi-establishment firm.

Prediction 2. A reduction in the travel time between one establishment and the

headquarters of the multi-establishment firm affects the organization of the head-

quarters and all establishments.

5.2 Data on travel times

We use information on the travel times between German cities from Deutsche Bahn

AG, the state-owned German railway firm. We exploit the opening of four high-

37



Figure 4: The new high speed train routes and the high speed railway network
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The map shows the German high speed rail network (black) including the new high speed train
routes (red). Trains run at up to 300 km/h on the red routes, around 100 km/h faster than on
the black routes. Data source: Deutsche Bahn AG (http://data.deutschebahn.com/dataset/geo-
strecke).

speed train routes. Figure 4 shows a map of the new high speed train routes and

how they connect to the existing high speed rail network. Deutsche Bahn AG either

constructed new rails (routes 1, 3, 4) or substantially upgraded the existing railway

network (route 2). Route 1 almost halved the travel time between Frankfurt and

Cologne from 135 minutes to 76 minutes. Service started in August 2002 (Eurail-

press.de, 2002). Route 2 reduced the travel time between Hamburg and Berlin from

135 minutes to 90 minutes from December 2004 (Eurailpress.de, 2004). Route 3,

the new train route between Ingolstadt and Nuremberg, opened in May 2006. The

route reduced the travel time between the two cities from 66 minutes to 30 minutes

(Brux, 2006). Route 4 decreased the travel time between Leipzig and Berlin from

145 minutes to 75 minutes in the same year (Eurailpress.de, 2006).

Trains on all routes exclusively transport people. Except for the Hamburg-

Berlin connection, the high speed trains run at up to 300 km/h and thus around

100 km/h faster than on the other routes of the German high speed rail network.

Between the connected cities, it is faster to take the train than the car or even

plane. In fact, regular plane service between Cologne Bonn Airport and Stuttgart

Airport was discontinued in 2002,20 and the service between Cologne Bonn Airport

and Frankfurt Airport was discontinued in 2007.21 The number of flights between

Cologne Bonn Airport and Nuremberg Airport dropped substantially (Deutscher

Bundestag, 2007).

20It takes about 80 minutes to travel from Frankfurt to Stuttgart by train.
21The carrier Lufthansa cited the new high speed train route as main reason for lower demand

(Eurailpress.de, 2007).
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As figure 4 shows, the German railway network is very complex compared to

other countries. Paris, for instance, is the center of the French railway network

that has approximately a “star” network structure. In the German railway network,

there are many different connections between medium sized cities. The travel time

reductions therefore propagate through the network and affect more locations than

only those at the immediate ends. For example, route 3 between Ingolstadt and

Nuremberg decreased travel times from Munich to many medium sized cities such

as Würzburg or Bamberg, Leipzig, and, together with route 4, Berlin.

To capture the impact of the train routes, we use information on the mean

and minimum travel times in the years 2000, 2004 and 2008. Our data comprise

115 train stations that are connected to the ICE network, the German high speed

train network, in at least one of the three years. To make sure that temporary

construction works do not affect the travel times, Deutsche Bahn AG computed the

mean travel times based on information from three different weekdays in March, June

and November. Travel times may change over time for several reasons, including

adjustments of the time table, construction works, new changeover connections, or

new high speed routes. To allow us to disentangle lower travel times due to the new

routes and other reasons, the data contain an indicator for station pairs where more

than 50% of passengers used one of the new high speed routes in 2008. We merge

the travel times and the data on multi-establishment firms using the information on

the county where the establishment and the station is located.

5.3 Empirical specification

To understand the impact of high-speed train routes on multi-establishment firms,

we run regressions at the level of the firm, its headquarters and its establishments.

We use the sale of the firm as measure of total output to provide evidence on

Prediction 1. We use the number of establishments, the number of managerial layers,

the managerial shares and the number of non-managerial employees as indicators

of the organizational structure. For the establishments and the headquarters, we

use the number of managerial layers, the managerial shares and the number of non-

managerial employees to shed light on how the impact of the train routes propagates

through the firm. We restrict the sample to firms that have headquarters and at

least one establishment connected to the high speed rail network to avoid that

unobservable differences between firms connected and not connected to the network

drive the results.

At the firm level, we estimate:

yit = β0 + β1D∃j s.t. θj0↓,it + αi + αht + εit (33)

39



i refers to a multi-establishment firm, j to an establishment, h to the headquar-

ter county and t indexes time. The variable of interest is the indicator variable

D∃j s.t. θj0↓,it . It is equal to one if the travel time between at least one establishment

and the headquarters decreases. α denotes fixed effects. Given Prediction 1, we

expect β1 > 0 for firm size.

The specification mimics a difference-in-differences estimation equation. The

“treatment” is faster travel time between at least one establishment and the head-

quarters. Its baseline effect is captured by the firm fixed effect. The time fixed effect

captures the “after” dummy. The indicator variable D∃j s.t. θj0↓,it is equivalent to the

interaction term of the “treatment” and “after” dummy variables.

We estimate the same specification to understand the impact of high-speed train

routes on headquarter outcomes. To understand the impact of the “treatment” on

the establishments, we follow Giroud (2013) and estimate:

yijt = β0 + β1Dθj0↓,ijt + αj + αit + εijt (34)

where the main variable of interest is Dθj0↓,ijt, an indicator variable for lower travel

times between the establishment and its headquarters. αj is an establishment fixed

effect.

Finally, we adjust the estimation equation to explore the impact on non-treated

establishments of treated firms:

yikt = β0 + β1D∆θk0=0∧∃j s.t. θj0↓,ikt + αk + αcht + εikt, k 6= j (35)

k refers to an untreated establishment. The indicator variable D∆θk0=0∧∃j s.t. θj0↓,ikt

is equal to one if the travel time between one of the other establishments of the

firm and the headquarters decreases. The control group consists of establishments

of non-treated firms.

In our baseline specification, we set the indicators Dθj0↓,ijt, etc. equal to one

if the travel time between an establishment and the headquarters decreases by at

least 30 minutes because the high-speed train routes decrease the travel times by

at least 30 minutes. As Appendix Table D.1 shows, virtually none of the non-high-

speed-route connections exhibit a decrease in travel times of 30 minutes or more.

The threshold thus helps us to ensure that the reduction is indeed driven by the

exogenous new route instead of potentially endogenous adjustments to the time

table that may respond to changes of demand. We exclude establishments with

minor travel time reductions from the control group. We conduct robustness checks

to show that our insights are robust to these restrictions.

Difference in the travel times may also affect other model parameters, such as

local wages because employees commute longer distances. Firms may also benefit
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Table 7: Regression results, firm

Dependent variable Sales # est. # lay. Mg.sh. Mg.sh. # nm.em.
(1) (2) (3) (4) (5) (6)

Firm treated 0.056◦ −0.161 0.042∗∗ 0.337 0.321+ −0.012
(0.034) (1.001) (0.016) (0.277) (0.186) (0.013)

Firm FE Y Y Y Y Y Y
HQ county-year FE Y Y Y Y Y Y
# firms 1,807 2,890 2,890 2,890 2,890 2,890

Standard errors clustered by firm and headquarter county in parentheses. ◦ p < 0.15, + p < 0.10,
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: Sales: log sales; # est.: number
of establishments including headquarters; # lay.: number of managerial layers; Mg.sh.: share of
managerial occupations in wage sum, where managerial occupations are determined by layer in
column 4 and according to Blossfeld (1983) in column 5; # nm.em.: log number of non-managerial
employees.

from better suppliers (Bernard et al., 2017). The empirical methodology isolates the

impact of lower face-to-face frictions on firm organization from the effect of other

economic forces. Lower local wages or better suppliers benefit establishments of

treated and untreated firms, so our estimation strategy differences out their effect.

5.4 Regression results

Firm level. Table 7 displays the results at the firm level. Consistent with Pre-

diction 1, we find that treated firms grow compared to untreated firms. The faster

travel times increase sales by 6 percent. Treated firms do not change their number of

establishments, but they increase their number of layers. The increase of the num-

ber of layers is also reflected in an increase of the managerial share, which is only

significant for the Blossfeld-classification, however.22 The number of non-managerial

employees does not change significantly.

We use the estimated elasticity of the number of layers with respect to firm size

from Friedrich (2016) to explore whether larger firm size explains the positive effect

of train routes on the number of layers. Friedrich (2016) estimates a system-GMM

model that regresses the number of layers on firm sales and the number of layers in

the pre-period. For comparability, we re-estimate our model using his specification,

i.e. we condition on the number of layers in the pre-period. The coefficient reduces

to 0.022. Using Friedrich (2016)’s elasticity of 0.328, we find that virtually all of

this increase is attributable to the increase of sales (0.328× 0.056 = 0.018 ≈ 0.022).

Establishment level. Tba (waiting for clearance).

22For readability, we use managerial shares in percent.
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Appendix

A Data

A.1 Data sources and record linkage procedure

A.1.1 Social security records

Employee history. The Integrated Employment Biographies (Integrierte Erwerbsbi-
ografien, IEB) are based on records from the German Social Security System. They
contain information on all employees subject to social insurance contributions since 1975
and are updated at least annually. The data cover nearly all private sector employees in
Germany, but do not cover civil servants and the self-employed. The IEB contain infor-
mation on birth year, gender, nationality, education, occupation, full time or part-time
status and daily earnings of each employee. Jacobebbinghaus and Seth (2007) and Antoni
et al. (2016) provide a detailed description of the structure of the data.23

Information on education is not reported for all periods for every individual, but can
be inferred from other observations on the same individual. We follow the imputation
procedure in Fitzenberger et al. (2005) and impute missing values for the education variable
based on past and future information.

Establishment history panel. The Establishment History Panel (Betriebshistorik-
panel, BHP) is a panel data set that contains information on the sector, number of em-
ployees and location of all establishments with at least one dependent employee on 30 June
of each year since 1975. Following the regulations of the German Federal Employment
Agency, an establishment is defined as the aggregation of all employees in a municipality
that are working for the same firm in the same sector.24 Sectors are defined based on
the Classification of Economic Activities of the German Statistical Office (see also sec-
tion A.2). The location of establishments is provided at the county level. Germany is
divided into 402 counties with around 200,000 inhabitants on average. German counties
are roughly comparable to counties in the US. Schmucker et al. (2016) provide a detailed
description of the data set.

A.1.2 Orbis

We use a linkage table between the social security records and the firm-level database Orbis
of the commercial data provider Bureau van Dijk (BvD). BvD compiles its firm-level data
from publicly available sources as well as by acquiring data from other commercial data
providers. For Germany, BvD’s main data provider is Creditreform. BvD defines a firm
as an independent unit that holds a specific legal form and may incorporate one or more
establishments.

It is important to note that BvDs financial information on firms in Germany is most
reliable since 2006, as there have been some changes in the financial reporting system
in Germany at that time. In the years before these changes, a higher share of financial
information is missing.

23The paper by Antoni et al. (2016) focuses on the Sample of Integrated Labor Market Biogra-
phies (SIAB), a 2% random sample drawn from the IEB.

24That is, if a firm has several plants in one and the same municipality, all plants in the same
sector are assigned the same establishment identifier. Plants in different sectors have distinct
identifiers.
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A.1.3 Record linkage procedure

The record linkage between Orbis and the social security data was performed indepen-
dently of our project by the German Record Linkage Center (GRLC, see Antoni and
Schnell (2017) or www.record-linkage.de for more details on the GRLC). The basis of the
linkage was an extract of Orbis acquired by the Institute for Employment Research (IAB).
This extract contained data on all German firms at the reference date of January 30, 2014.
Of the 1,938,990 firms contained in the data, 1,627,668 were marked as active in Germany
at that reference date.

Apart from a wide range of financial variables, the extract contained the name, legal
form and address of each firm. The GRLC used these identifiers to link the firm-level
data to the administrative establishment-level data of the IAB. This was made possible
by the fact that firms have to apply for an establishment number to be issued centrally
by the Federal Employment Agency (BA) for each establishment they set up. During this
process, firms are required by law to provide their name, legal form and address to be
recorded in the Data Warehouse (DWH) of the BA. At the time of the record linkage, the
DWH included names, the superordinate firm’s legal form and addresses of establishments
that had been active only before or in 2013. To increase the linkage success while also
limiting the computational and memory requirements, the GRLC used linkage identifiers
of all establishments that had been recorded as active in Germany at least one day during
the years 2011 to 2013. Despite this restriction, names, legal forms and addresses of more
than 12 million different establishment numbers could be used for the record linkage.

The whole set of identifiers is used to identify the headquarters establishment of the
firm. Other establishments within the same firm do not have to be located in the same
municipality as the headquarters, which is why additional establishments were linked using
only the name and legal form of the firm. In some steps of the iterative linkage process,
the GRLC also used the main sector of activity, as this is also contained in both databases.

As these identifiers are non-unique and error-prone, the GRLC developed extensive
cleaning, standardization and parsing routines (usually referred to as pre-processing) to
achieve records that could successfully be compared between the two data sources. To deal
with remaining differences in, for instance, the spelling or abbreviations of the identifiers,
the GRLC applied error-tolerant methods of record linkage (see Christen, 2012). The
resulting linkage process consists of 17 consecutive steps, not counting the pre-processing,
that varied in terms of which identifiers were used and how strict the requirements on
agreement of the compared records were. Schild (2016) provides a more detailed descrip-
tion of the record linkage process. Antoni et al. (2018) report on the linkage success and
the representativeness of the resulting data set.

To rule out that we classify independent firms with similar names as multi-establishment
firms by accident, we only keep establishments that were matched based on the following
criteria: exact long name and legal form, exact short name and legal form, exact long name
(with or without activity component) and zip code, exact short name (with or without
activity component) and zip code.

A.1.4 Identification of headquarters

The linkage process explained in the previous subsection aimed at identifying as many
establishments per firm as possible without trying to determine which of the linked es-
tablishments had been the headquarters of the firm. This information was added by the
Research Data Centre (FDZ) at the IAB afterwards. To do so, the FDZ performed several
iterative steps that mainly relied on the address of the firm according to Orbis and of the
establishments according to the administrative data. During later steps the FDZ also used
information on the share of administrative staff or the industry code of the establishments
under consideration. Given that the administrative data do not contain information that
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directly identifies an establishment as the headquarters of a superordinate company, this
process had to rely on variables that allow the identification of the most likely headquar-
ters among the linked establishments. Antoni et al. (2018) provide more details on the
whole process and on the remaining uncertainty regarding the identified headquarters.

A.2 Sector and occupation classification

The information on the establishment sector changes over time. The sector information
uses the respective latest sector classification of the German Statistical Office that updated
the classification in 1993, 2003 and 2008. We follow Eberle et al. (2011) and transfer the
sector classification after 2003 into the classification as of 1993.

The information on the occupation of employees follows the German classification of
occupations “Klassifikation der Berufe” (KldB). The years 1998-2010 contain the three
digit occupation according to the 1988 version of the KldB. The years 2012-2014 contain
the five digit occupation according to the 2010 version of the KldB. In 2011, establishments
were free to report using either version of the KldB. We therefore exclude 2011 from our
analysis.

A.3 Assignment of occupations to layers

Layers. To assign occupations to layers, we build on the classification of Caliendo et al.
(2015b) for the French PCS ESE occupation classification. We transfer the classification
to the international ISCO classification of occupations and from there to the German
occupation classification KldB (see section A.2). We use official correspondence tables from
the German Federal Employment Agency and the International Labor Organization (ILO).
In some cases, the translation assigns several layers to the same occupation. Following
Friedrich (2016), we generally assign the minimum level of layers to these occupations.
Table A.1 displays our assignment of occupations to layers.

Managerial occupations according to Blossfeld (1983, 1987). The assign-
ment treats the following occupations as managerial: 751, 752, 753, 761, 762, 763.
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Table A.1: Assignment of occupations to layers

Level KldB 1988 KldB 2010 Examples
3 751 63124, 71104, 73294, 84394, 94494 Manager, executive, director, board

member
2 721, 722, 724, 752,

753, 761, 763, 843
All sub-groups of type 2 in occupation groups: 434, 524, 815; of type 3 in occupation
groups: 411, 431, 434, 524, 922; of type 4 in occupation groups: 115, 411, 412, 431, 432,
433, 434, 511, 513, 516, 524, 532, 621, 625, 632, 633, 634, 712, 713, 715, 722, 723, 731,
732, 815, 824, 921, 922, 933;

Manager in business organization
and strategy, finanical analyst,
software developer, qualified IT-
specialist, lawyers

plus: 11494, 21194, 23294, 27194, 27294, 27394, 29194, 29294, 31174, 31194, 41203, 41303,
41383, 41304, 41384, 41394, 41403, 41404, 41484, 41494, 42124, 42144, 42314, 42324,
42394, 43152, 43323, 43343, 43353, 43383, 51133, 51233, 51533, 51543, 51594, 53184,
53394, 61194, 61294, 61394, 63114, 63194, 63313, 71224, 71333, 71433, 72144, 72194,
72243, 73394, 81214, 81234, 81404, 81414, 81424, 81434, 81444, 81454, 81464, 81474,
81484, 81804, 81814, 81884, 82594, 83193, 83194, 84194, 84294, 84304, 84494, 91344,
91354, 92113, 92304, 92394, 92424, 92434, 93303, 93313, 93323, 93343, 93383, 94214,
94493, 94404, 94414, 94484, 94534, 94794

1 31, 32, 601, 602,
603, 605, 606, 607,
611, 612, 621, 622,
623, 625, 626, 627,
628, 629, 762, 811,
813, 841, 842, 844,
862, 863, 871, 872,
873, 874, 875, 881,

All sub-groups of type 2 in occupation groups: 271, 273, 311, 312, 412, 414, 421, 613, 634,
811, 812, 817, 818, 821, 833, 844, 931, 932, 944, 946, 947; of type 3 in occupation groups:
233, 271, 312, 341, 421, 422, 423, 432, 523, 531, 532, 533, 541, 611, 612, 613, 625, 634,
721, 723, 733, 811, 812, 816, 817, 818, 821, 822, 833, 842, 845, 912, 913, 923, 924, 931,
941, 942, 945, 946, 947; of type 4 in occupation groups: 117, 221, 222, 223, 231, 233, 234,
241, 242, 243, 244, 245, 251, 252, 261, 262, 263, 312, 321, 322, 341, 342, 343, 422, 512,
523, 714, 813, 816, 817, 821, 822, 833, 845, 911, 912, 914, 931, 932, 935, 936, 941, 943,
946;

Quality manager, training supervi-
sor, management assistant, scientist,
engineer, interpreter

Continued on next page
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Table A.1: Assignment of occupations to layers

Level KldB 1988 KldB 2010 Examples
882, 883, 604, 624,
633, 687, 812, 822,
831, 851, 852, 853,
855, 891, 892, 893,
922

plus: 1104, 11132, 11103, 11113, 11123, 11133, 11104, 11114, 11124, 11184, 11233, 11214,
11423, 11424, 11603, 11604, 11713, 11723, 12103, 12113, 12123, 12104,12144, 21113, 21114,
21124, 21213, 21223, 21233, 21313, 21323, 21363, 21413, 21423, 22103, 22183, 22222,
22203, 22303, 22333, 22343, 23113, 23123, 23222, 23223, 23224, 23322, 23413, 23423,
24133, 24203, 24233, 24303, 24413, 24423, 24513, 24523, 24533, 25103, 25133, 25183,
25213, 25223, 25233, 25243, 25253, 26113, 26123, 26223, 26243, 26253, 26263, 26303,
26313, 26323, 26333, 26383, 27104, 27184, 27212, 27223, 27283, 27224, 27284, 27313,
27304, 27314, 28103, 28113, 28123, 28133, 28143, 28104, 28114, 28213, 28223, 28214,
28224, 28313, 28343, 28314, 29103, 29113, 29123, 29133, 29143, 29104, 29114, 29134,
29203, 29213, 29223, 29233, 29243, 29253, 29263, 29273, 29283, 29204, 29284, 31103,
31133, 31143, 31153, 31163, 31173, 31104, 31114, 31124, 31134, 31144, 31154, 31164,
32103, 32113, 32123, 32203, 32223, 32233, 32243, 32253, 32263, 33133, 33213,
33223, 33233, 33243, 33303, 33323, 34203, 34213, 34233, 34303, 34323, 34343, 41213,
41283, 41293, 41322, 41313, 41323, 41314, 41324, 41413, 41423, 41433, 41483, 41414,
41424, 41434, 42114, 42134, 42202, 42334, 43102, 43112, 43122, 43313, 43333, 43363,
51182, 51113, 51123, 51183, 51223, 51243, 51503, 51513, 51523, 51583, 51593, 51504,
51534, 51623, 51663, 53152, 53124, 53134, 53222, 53232, 53312, 53322, 53332, 53314,
61132, 61124, 61204, 61214, 61284, 61314, 62183, 63122, 63132, 63123, 63212, 63213,
71403, 71423, 71522, 71523, 72124, 72134, 72184, 72213, 72223, 72233, 73162, 73163,
73183, 73241, 73202, 73212, 73232, 73242, 73282, 73203, 73213, 73233, 73243, 73253,
73283, 73314, 73324, 73334, 81224, 81294, 81302,81332, 81352, 81382, 81313, 81323, 81333,
81353, 81383, 81393, 81494, 81894, 82212, 82232, 82332, 82343, 82522, 82503, 82523,
82504, 82514, 82524, 82534, 83112, 83132, 83123, 83133, 83124, 83134, 83154, 83223,
84114, 84124, 84134, 84144, 84184, 84214, 84224, 84413, 84404, 84414, 84424, 84434,
84444, 84454, 84484, 91314, 91324, 91334, 91384, 92133, 92384, 92414, 92494, 93213,
93223, 93233, 93333, 93413, 93433, 93513, 93523, 93603, 93613, 93623, 93633, 93643,
93653, 93683, 94224, 94303, 94313, 94323, 94403, 94413, 94483, 94522, 94532, 94582,
94514, 94704, 94714, 94724

Continued on next page
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Table A.1: Assignment of occupations to layers

Level KldB 1988 KldB 2010 Examples
0 Others Others Unskilled/semi-skilled occupations

in metal-working, printing, machine
and equipment assemblers, green
keepers, catering, office clerks

The KldB 1988 assigns a three digit code to each occupation. The KldB 2010 assigns a five digit code to each occupation. The first three digits denote the
occupation group. Digit # 4 denotes the occupation sub-group. Digit # 5 denotes the type of occupation (1 = unskilled/semi-skilled, 2 = skilled, 3 = complex, 4
= highly complex).
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A.4 Descriptive evidence on occupations by layer

Table A.2: Log wages and education by layer

Layer N Mean p25 p50 p75

Log wages
0 4,313,387 4.441 4.181 4.453 4.715
1 1,396,129 4.765 4.533 4.816 5.102
2 594,340 4.965 4.841 5.089 5.173
3 52,216 5.059 5.018 5.173 5.173

Education
0 4,313,387 2.010 2 2 2
1 1,396,129 2.744 2 2 4
2 594,340 3.243 2 4 4
3 52,216 3.228 2 4 4

2012 cross-section, only firms with at least 10 employees. Log wages: log daily wages. The median
and 75th percentile are equal for employees at layer 3, because wages exceed the social security limit.
Education: 1 - Primary school/ lower secondary school/ intermediate school leaving certificate, no
vocational qualification; 2 - Primary school/ lower secondary school/ intermediate school leaving
certificate, with vocational qualification; 3 - Upper secondary school leaving certificate (Abitur),
with or without vocational qualification; 4 - Degree from university/ university of applied sciences.
Share of employees in category 4 by layer: 0 - 6.2%, 1 - 34.0%, 2 - 60.5%, 3 - 60.7%.

Evidence on the tasks of occupations by layer. The 2006 BiBB/BAuA Survey
of the Working Population administered by the German Federal Institute for Vocational
Education and Training (Bundesinistitut für Berufsbildung, BiBB) and the Federal Insti-
tute for Occupational Safety and Health (Bundesanstalt für Arbeitsschutz und Arbeitsmedi-
zin, BAuA) collects data on the education, career and current employment conditions of a
representative sample of 20,000 working age individuals in Germany (Hall and Tiemann,
2006). The data contains information on the occupation of employees. We relate the tasks
of employees to the layer assigned their occupation by estimating, via OLS:

yi = βDlayer,i + γXi + δZi + ui (A.1)

where yi is individual i’s answer to a survey question about i’s tasks, Dlayer,i is a dummy
for the layer to which we assign individual i’s occupation, Xi is a vector of employee
characteristics and Zi are characteristics of i’s employer.

Figure A.1 plots the coefficients and confidence bands by layer. Employees at higher
layers are significantly more likely to be supervisors. The predicted probability that an
employee at layer 3 is a supervisor at the mean is 84%. Employees at higher layers also
supervise larger teams. They are more likely to independently organize their own work.
Their duties comprise organizing work for others, making decisions and solving problems.
The job of employees at higher layers also require more specific skills. Overall, this de-
scriptive evidence is consistent with the assumption that the assignment of occupations to
layers reflects differences between the managerial tasks and duties of employees in firms.
Table A.3 presents the estimated coefficients.
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Figure A.1: Evidence on tasks by layer, 2006 BiBB/BAuA survey
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The figure plots the estimated coefficients of the layer dummies in equation (A.1) for different
survey questions. See Table A.3 for the survey questions.
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Table A.3: Regression results: tasks by layer, 2006 BiBB/BAuA survey

(a) (b) (c1) (c2) (d1) (d2) (e1) (e2) (f1) (f2) (g)

Layer 1 0.063∗∗∗ 0.179∗∗∗ 0.250∗∗∗ 0.177∗∗∗ 0.117∗∗∗ 0.199∗∗∗ 0.253∗∗∗ 0.119∗∗∗ 0.201∗∗∗ 0.267∗∗∗ 1.554∗∗∗

(0.012) (0.044) (0.023) (0.031) (0.012) (0.012) (0.017) (0.015) (0.015) (0.021) (0.090)
Layer 2 0.236∗∗∗ 0.327∗∗∗ 0.337∗∗∗ 0.293∗∗∗ 0.147∗∗∗ 0.252∗∗∗ 0.246∗∗∗ 0.209∗∗∗ 0.157∗∗∗ 0.289∗∗∗ 1.321∗∗∗

(0.022) (0.066) (0.042) (0.057) (0.023) (0.022) (0.032) (0.018) (0.027) (0.038) (0.159)
Layer 3 0.474∗∗∗ 0.926∗∗∗ 0.428∗∗∗ 0.436∗∗∗ 0.330∗∗∗ 0.327∗∗∗ 0.471∗∗∗ 0.256∗∗∗ 0.271∗∗∗ 0.279∗∗∗ 2.494∗∗∗

(0.025) (0.062) (0.047) (0.063) (0.025) (0.025) (0.036) (0.022) (0.031) (0.043) (0.177)
Age 0.000 0.003 −0.002 0.005∗∗∗ −0.003∗∗∗ −0.003∗∗∗ −0.002∗∗∗ −0.003∗∗∗ −0.007∗∗∗ −0.006∗∗∗ −0.026∗∗∗

(0.000) (0.002) (0.001) (0.001) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001) (0.004)
Tenure 0.037∗∗∗ 0.088∗∗∗ 0.087∗∗∗ 0.021 0.018∗∗∗ 0.027∗∗∗ 0.054∗∗∗ 0.027∗∗ 0.001 0.050∗∗∗ 0.151∗∗∗

(0.005) (.020) (0.010) (0.014) (0.005) (0.005) (0.008) (0.008) (0.007) (0.009) (0.043)
Gender −0.114∗∗∗ −0.183∗∗∗ 0.028 −0.187∗∗∗ −0.021∗ 0.100∗∗∗ −0.169∗∗∗ 0.027 −0.120∗∗∗ −0.082∗∗∗ −1.282∗∗∗

(0.009) (0.035) (0.017) (0.023) (0.009) (0.009) (0.013) (0.014) (0.011) (0.015) (0.072)
Constant 0.009 0.664 2.434∗∗∗ 2.197∗∗∗ 0.293∗∗∗ 0.507∗∗∗ 1.616∗∗∗ 1.624∗∗∗ 1.830∗∗∗ 2.223∗∗∗ 20.451∗∗∗

(0.036) (0.210) (0.121) (0.163) (0.037) (0.036) (0.052) (0.057) (0.044) (0.062) (0.296)

# observations 12,514 4,400 11,958 11,926 12,514 12,514 12,510 12,509 12,511 12,510 10,282

Standard errors in parentheses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Regression results of equation A.1. Dependent variables defined by questions from BiBB
survey: (a) Supervisor status (Y/N); (b) How many people do you supervise?; (c1) You are allowed to plan and schedule your work by yourself; (c2) You are
able to influence the amount of work you have to do; (d1) How frequently are you organizing, making plans, working out operations?; (d2) How frequently are
you consulting, advising?; (e1) Making tough choices on own responsibility; (e2) Dealing with a range of duties and responsibilities; (f1) Having to react to and
solving unforeseeable problems; (f2) You are confronted with new problems that remain to be understood/familiarized with; (g) Skills in specific subject areas.
Independent variables: Layer X: dummy variable for layer X; Age: age of survey participant in years; Tenure: tenure of survey participant in decades; Gender:
gender of survey participant, 1=female. Education, firm size and sector fixed effects included.
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B Facts

B.1 Distance to headquarters decreases location probability

Table B.1: Location probability and establishment size, ME firms, 2000-2010

Dependent variable Location probability Log # est. employees
(1) (2) (3) (4) (5) (6)

Log distance to HQ −0.303∗∗∗ −0.302∗∗∗ −0.363∗∗∗ −0.106∗∗∗ −0.105∗∗∗ −0.141∗∗∗

(0.020) (0.022) (0.018) (0.020) (0.020) (0.018)
Log market potential 0.649∗∗∗ 0.672∗∗∗ 0.508∗∗∗ 0.510∗∗∗

(0.025) (0.028) (0.057) (0.048)
Relative wages −0.794∗∗∗ −0.568∗∗∗ −0.375∗ −0.357∗

(0.062) (0.064) (0.160) (0.148)
Relative land prices −0.019∗∗ 0.010

(0.007) (0.007)

# of observations xxx xxx xxx 181,336 91,885 181,336
# of firms 11,602 11,303 11,602 4,045 3,200 4,045
Year fixed effects Y Y Y N N N
Legal form fixed effects Y Y Y N N N
HQ sector fixed effects Y Y Y N N N
HQ county fixed effects Y Y Y N N N
County fixed effects N N Y N N Y
Firm-year fixed effects N N N Y Y Y

The table presents the coefficient estimates of a probit model (constant included; standard errors
clustered by HQ county in parentheses) in columns 1-3 and a linear model (standard errors clustered
by firm and county in parentheses) in columns 4-6. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001.
Dependent and independent variables: see Table 3.

B.2 Distance to headquarters increaes managerial share

B.3 To update:

Table B.3: Share of firms with consecutive layers, Figure B.1

# management layers 0 1 2 3
Consecutive organization Level 0 Level 0+1 Level 0+1+2 Level 0+1+2+3

SE firms 97% 70% 77% 100%
ME firms 91% 56% 72% 100%

Number of firms 21,288 22,115 25,124 18,872

The table displays the share of firms with consecutive layers in all firms with a given number of
management layers by firm type.
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Figure B.1: Number of management layers by firm type, 2012 cross-section.
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The figure plots the distribution of the number of management layers separately for SE and ME
firms in the 2012 cross-section. The sample includes firms with at least ten employees and non-
missing legal form. 82% of firms have consecutive layers. Appendix Table B.3

displays the share of firms with consecutive layers by firm type and number of
layers.

Table B.2: Regression results, managerial organization, 2012 cross-section

Dependent variable # mgmt. layers, Poisson Managerial share, OLS
Layers Blossfeld

(1) (2) (3) (4) (5) (6)

DME firm 0.085∗∗∗ 0.058∗∗∗ 0.021∗∗∗ 0.023∗∗∗ 2.024∗∗∗ 1.238∗∗∗

(0.006) (0.006) (0.007) (0.007) (0.231) (0.122)
Log # non-mg. 0.148∗∗∗ −0.050∗∗∗ −0.004

employees (0.002) (0.011) (0.003)
Log # non-mg. 0.030∗∗∗

employees2 (0.002)
Log sales 0.182∗∗∗ 0.184∗∗∗

(0.002) (0.003)

HQ sector FE Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y
Legal form FE Y Y Y Y Y Y
# observations 105,949 105,949 53,566 53,566 105,947 105,947

2012 cross-section, only firms with at least 10 employees. Robust standard errors in parentheses.
∗∗∗ p < 0.001. Dependent variable: 1-4 number of management layers, 5 managerial share in wage
sum, layer definition, 6 managerial share in wage sum, Blossfeld. Independent variables: DME firm:
1 if firm is ME firm, 0 otherwise; Log # non-mg. employees: log number of employees at lowest
layer of establishments; Log sales: log sales of the firm. Constant included.

Figure B.2: Number of management layers (firm level) by firm type, 2012 cross-
section.
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The figure plots the distribution of the number of layers separately for SE and ME firms in the
2012 cross-section. The lowest level layer at the firm level is non-managerial. The sample includes
firms with at least ten employees.
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Table B.4: Regression results, managerial organization (firm level), 2012 cross-
section

# mgmt. layers, Poisson Manag. share
Layers

(1) (2) (3) (4) (5)

DME firm 0.144∗∗∗ 0.111∗∗∗ 0.061∗∗∗ 0.063∗∗∗ 4.247∗∗∗

(0.006) (0.006) (0.007) (0.007) (0.240)
Log # non-mg. 0.143∗∗∗ −0.050∗∗∗ −0.005

employees (0.002) (0.011) (0.003)
Log # non-mg. 0.029∗∗∗

employees2 (0.002)
Log sales 0.179∗∗∗ 0.182∗∗∗

(0.002) (0.003)

HQ sector FE Y Y Y Y Y
HQ county FE Y Y Y Y Y
Legal form FE Y Y Y Y Y
# firms 105,948 105,948 53,566 53,566 105,947

2012 cross-section, only firms with at least 10 employees. Robust standard errors in ∗∗∗ p < 0.001.
Dependent variable: 1-4 number of management layers, defined at firm level, 5 managerial share in
wage sum, layer definition at firm level. Independent variables: see Table B.2. Constant included.

Table B.5: Regression results, managerial organization of ME firms (firm level),
2012 cross-section

# mgmt. layers, Poisson Managerial share
Layers

(1) (2) (3) (4) (5) (6)

Maximum log distance to HQ 0.021∗∗∗ 0.011∗∗∗ 0.639∗∗

(0.003) (0.004) (0.215)
Log area spanned by firm 0.012∗∗∗ 0.010∗∗∗ 0.151

(0.002) (0.003) (0.162)
Log # non-mg. employees 0.115∗∗∗ 0.090∗∗∗

(0.003) (0.005)
Log sales 0.115∗∗∗ 0.090∗∗∗

(0.004) (0.005)

HQ sector FE Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y
Legal form FE Y Y Y Y Y Y
# firms 9,287 3,320 5,039 1,984 9,275 3,320

2012 cross-section, only multi-establishment firms with at least 10 employees. Columns 2, 4, 6
include only ME firms with at least two subordinate establishments. Robust standard errors in
parentheses. ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: 1-4 number of management layers,
defined at firm level, 5-6 managerial share in wage sum, firm level layer definition. Independent
variables: see Table 4.
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Table B.6: Regression results, managerial organization, 1998-2010 panel

Dependent variable # mgmt. layers, Poisson Managerial share, OLS
Layers Blossfeld

(1) (2) (3) (4) (5) (6)

DME firm 0.045∗∗∗ 0.051∗∗∗ 0.047∗∗∗ 0.010∗ 1.104∗∗∗ −0.106+

(0.002) (0.002) (0.004) (0.004) (0.121) (0.060)
Log # non-mg. 0.270∗∗∗ 0.341∗∗∗ 0.074∗∗∗

employees (0.001) (0.005) (0.003)
Log # non-mg. −0.008∗∗∗

employees2 (0.001)
Log sales 0.180∗∗∗ 0.144∗∗∗

(0.001) (0.002)

HQ sector FE Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y
Legal form FE N N N N N N
# observations 754,578 754,578 101,858 101,858 318,209 318,209

1998-2010 panel, only firms with at least 10 employees in all years. Robust standard errors in
parentheses. + p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: 1-4 number
of management layers, 5 managerial share in wage sum, layer definition, 6 managerial share in wage
sum, Blossfeld. Independent variables: see Table B.2. Constant included. Legal form dummies
omitted because of missing information before 2005.

Table B.7: Regression results, managerial organization of ME firms, 1998-2010 panel

Dependent variable # mgmt. layers, Poisson Managerial share, OLS
Layers Blossfeld

(1) (2) (3) (4) (5) (6) (7) (8)

Maximum log 0.053∗∗∗ 0.038∗∗∗ 1.916∗ 0.303∗∗∗

distance to HQ (0.001) (0.003) (0.044) (0.021)
Log area 0.022∗∗∗ 0.016∗∗∗ 0.612∗∗∗ 0.076∗∗

spanned by firm (0.001) (0.002) (0.030) (0.015)
Log # non-mg. 0.196∗∗∗ 0.170∗∗∗

employees (0.001) (0.002)
Log sales 0.111∗∗∗ 0.087∗∗∗

(0.002) (0.003)

HQ sector FE Y Y Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y Y Y
Legal form FE Y Y Y Y Y Y Y Y
# firms 85,899 30,710 15,277 6,978 85,899 30,710 85,899 30,710

1998-2010 panel, only ME firms with at least 10 employees in all years. Columns 2, 4, 6, 8 include
only ME firms with at least two subordinate establishments. Robust standard errors in parentheses.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: 1-4 number of management layers,
5-6 managerial share in wage sum, layer definition, 7-8 managerial share in wage sum, Blossfeld.
Independent variables: see Table 4. Constant included. Legal form dummies omitted because of
missing information before 2005.
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Table B.8: Regression results, managerial organization, 2012 cross-section, by legal
form

# mgmt. layers, GmbH & Co. KG GmbH
Poisson (1) (2) (3) (4) (5) (6)

DME firm 0.082∗∗∗ 0.029 0.016 0.088∗∗∗ 0.018∗ 0.024∗∗

(0.015) (0.021) (0.021) (0.006) (0.008) (0.008)
Log # non-mg. 0.224∗∗∗ 0.028∗ 0.141∗∗∗ −0.011∗∗

employees (0.005) (0.009) (0.002) (0.003)
Log sales 0.220∗∗∗ 0.206∗∗∗ 0.188∗∗∗ 0.193∗∗∗

(0.006) (0.008) (0.002) (0.003)

HQ sector dummies Y Y Y Y Y Y
HQ county dummies Y Y Y Y Y Y
# firms 18,653 9,242 9,242 84,203 42,468 42,468

# mgmt. layers, AG
Poisson (7) (8) (9)

DME firm 0.037∗ 0.049∗∗ 0.048∗

(0.017) (0.019) (0.020)
Log # non-mg. 0.057∗∗∗ 0.001

employees (0.005) (0.007)
Log sales 0.065∗∗∗ 0.065∗∗∗

(0.004) (0.006)

HQ sector dummies Y Y Y
HQ county dummies Y Y Y
# firms 2,823 1,635 1,635

2012 cross-section, only firms with at least 10 employees, by legal form. A “GmbH & Co. KG” is
a limited partnership with a limited liability company as general partner. A “GmbH” is a limited
liability company. An “AG” is a public company. Robust standard errors in parentheses. ∗ p <
0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: number of management layers. Independent
variables: see Table B.2.
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Table B.9: Regression results, managerial organization, 2012 cross-section, robustness

Dependent variable # mgmt. layers, Poisson Managerial share, OLS
Layers Blossfeld

(1) (2) (3) (4) (5) (6) (7) (8) (9)

DME firm 0.078∗∗∗ 0.085∗∗∗ 0.089∗∗∗ 1.669∗∗∗ 2.218∗∗∗ 2.060∗∗∗ 1.838∗∗∗ 1.300∗∗∗ 1.273∗∗∗

(0.008) (0.006) (0.006) (0.306) (0.268) (0.235) (0.180) (0.142) (0.124)
Log # non-mg. 0.152∗∗∗ 0.148∗∗∗ 0.153∗∗∗

employees (0.002) (0.002) (0.002)

HQ sector FE Y Y Y Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y Y Y Y
Legal form FE Y Y Y Y Y Y Y Y Y
# firms 101,161 103,695 105,543 101,159 103,693 105,541 101,159 101,159 105,541

2012 cross-section, only multi-establishment firms with at least 10 employees. Columns 1, 4, 7 use only ME firms with all establishments in the same sector.
Columns 2, 5, 8 use only ME firms where all subordinate establishments are located outside the headquarters county. Columns 3, 6, 9 use only ME firms with
size smaller than the 95th percentile of the SE firm size distribution. Robust standard errors in parentheses. ∗∗∗ p < 0.001. Dependent variable: 1-3 number of
management layers, 4-6 managerial share in wage sum, layer definition, 7-9 managerial share in wage sum, Blossfeld. Independent variables: see Table B.2.
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Table B.10: Regression results, # management layers in ME firms, 2012 cross-section

Dependent variable # mgmt. layers Manag. share, Manag. share,
Poisson layers, OLS Blossfeld, OLS

(1) (2) (3) (4) (5) (6)

D2. quartile of max. log distance 0.014 −1.222+ −0.384
(0.015) (0.701) (0.313)

D3. quartile of max. log distance 0.068∗∗∗ 1.186 0.516
(0.015) (0.791) (0.355)

D4. quartile of max. log distance 0.093∗∗∗ 3.113∗∗∗ 1.555∗∗∗

(0.015) (0.866) (0.391)
D2. quartile of log area 0.048∗ −1.199 −0.183

(0.024) (1.264) (0.602)
D3. quartile of log area 0.118∗∗∗ 0.884 1.420∗

(0.025) (1.474) (0.695)
D4. quartile of log area 0.138∗∗∗ 3.658∗ 2.627∗∗∗

(0.025) (1.659) (0.797)
Log # non-managerial 0.138∗∗∗ 0.116∗∗∗

employees (0.004) (0.006)

HQ sector FE Y Y Y Y Y Y
HQ county FE Y Y Y Y Y Y
Legal form FE Y Y Y Y Y Y
# firm-years 9,275 3,320 9,275 3,320 9,275 3,320

2012 cross-section, only multi-establishment firms with at least 10 employees. Columns 2, 4, 6
include only ME firms with at least two subordinate establishments. Robust standard errors in
parentheses. + p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: 1-2 number
of management layers, 3-4 managerial share in wage sum, layer definition, 5-6 managerial share
in wage sum, Blossfeld. Independent variables: DX. quartile of max. log distance: Xth quartile of log
of maximum distance between subordinate establishment and headquarters; DX. quartile of log area:
Xth quartile of log of minimum area covered by establishments in square kilometers; others see
Table B.2.
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C Model

Assumption 1. The maximum value of the communication costs θj0 is .5. The pre-
dictability of the production process λ, the communication costs θ00 and the learning costs c
are such that

λθ00 > c.

C.1 Single-establishment firm organization

C.1.1 Lagrangian equation and first order conditions

We use equation (6), which is binding in optimum, to substitute for n`0,L, L > ` > 0.

L = n0
0,Lw0

(
1 + cz0

0,L

)
+ n0

0,L

L−1∑
`=1

θ00e
−λz`−1

0,L w0

(
1 + cz`0,L

)
+ w0 (1 + cz̄0,L)

+ ξ0,L

(
q̃ − n0

0,L

(
1− e−λz̄0,L

))
+ ϕ0,L

(
n0

0,Lθ00e
−λzL−1

0,L − 1
)

+ η̄L0,L(zL−1
0,L − z̄0,L) +

L−1∑
`=1

η̄`0,L(z`−1
0,L − z

`
0,L)− η̄0

0,Lz
0
0,L − η0

0,Ln
0
0,L

∂L
∂z̄0,L

= w0c− ξ0,Ln
0
0,Lλe

−λz̄0,L − η̄L0,L = 0

∂L
∂zL−1

0,L


L=1
= n0

0,1

(
w0c− ϕ0,1θ00λe

−λz0
0,1

)
+ η̄1

0,1 − η̄0
0,1 = 0

L>1
= n0

0,L

(
w0cθ00e

−λzL−2
0,L − ϕ0,Lθ00λe

−λzL−1
0,L

)
+ η̄L0,L − η̄

L−1
0,L = 0

∂L
∂z`0,L

= n0
0,Lw0

(
cθ00e

−λz`−1
0,L − λθ00e

−λz`0,L(1 + cz`+1
0,L )

)
− η̄`0,L + η̄`+1

0,L = 0

for L− 1 > ` > 0, L > 2

∂L
∂z0

0,L

L>1
= n0

0,Lw0

(
c− λθ00e

−λz0
0,L(1 + cz1

0,L)
)

+ η̄1
0,L − η̄0

0,L = 0

∂L
∂n0

0,L

= w0

(
1 + cz0

0,L +

L−1∑
`=1

θ00e
−λz`−1

0,L

(
1 + cz`0,L

))
− ξ0,L

(
1− e−λz̄0,L

)
+ ϕ0,Lθ00e

−λzL−1
0,L − η0

0,L = 0

∂L
∂ξ0,L

= q̃ − n0
0,L

(
1− e−λz̄0,L

)
= 0

∂L
∂ϕ0,L

= n0
0,Lθ00e

−λzL−1
0,L − 1 = 0

C.1.2 Proposition 1: Comparative statics

The second order conditions are, where we substitute dL
dz`0,L

, ` < L, into d2L
dnL0,Ldq̃

:

d2L
dz̄0,Ldq̃

= −
dξ0,L

dq̃
n0

0,Lλe
−λz̄0,L − ξ0,L

dn0
0,L

dq̃
λe−λz̄0,L + ξ0,Ln

0
0,Lλ

2e−λz̄0,L
dz̄0,L

dq̃
= 0

d2L
dzL−1

0,L dq̃


L=1
= −dϕ0,1

dq̃ θ00λe
−λz0

0,1 + ϕ0,1θ00λ
2e−λz

0
0,1

dz0
0,1

dq̃ = 0

L>1
= −w0cλe

−λzL−2
0,L

dzL−2
0,L

dq̃ − dϕ0,L

dq̃ λe−λz
L−1
0,L + ϕ0,Lλ

2e−λz
L−1
0,L

dzL−1
0,L

dq̃ = 0
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∂2L
∂z`0,L∂q̃

= −λce−λz
`−1
0,L

dz`−1
0,L

dq̃
+ λ2e−λz

`
0,L
dz`0,L
dq̃

(1 + cz`+1
0,L )− λe−λz

`
0,Lc

dz`+1
0,L

dq̃
= 0

for L− 1 > ` > 0, L > 2

d2L
dz0

0,Ldq̃

L>1
= λ2θ00e

−λz0
0,L
dz0

0,L

dq̃
(1 + cz1

0,L)− λθ00e
−λz0

0,Lc
dz1

0,L

dq̃
= 0

d2L
dn0

0,Ldq̃
= −

dξ0,L

dq̃
(1− e−λz̄0,L)− ξ0,Lλe

−λz̄0,L dz̄0,L

dq̃
+
dϕ0,L

dq̃
θ00e

−λzL−1
0,L = 0

d2L
dξ0,Ldq̃

= 1−
dn0

0,L

dq̃
(1− e−λz̄0,L)− n0

0,Lλe
−λz̄0,L dz̄0,L

dq̃
= 0

∂2L
∂ϕ0,L∂q̃

=
dn0

0,L

dq̃
θ00e

−λzL−1
0,L − n0

0,Lθ00λe
−λzL−1

0,L
dzL−1

0,L

dq̃
= 0

To show (a): The knowledge of the CEO z̄0,L increases with total output q̃.

1. From d2L
dϕ0,Ldq̃

:

dzL−1
0,L

dq̃
=

1

λn0
0,L

dn0
0,L

dq̃

2. From d2L
dξ0,Ldq̃

:

dn0
0,L

dq̃
=

1− n0
0,Lλe

−λz̄0,L dz̄0,L
dq̃

1− e−λz̄0,L

3. From d2L
dn0

0,Ldq̃
:

dξ0,L

dq̃
=

dϕ0,L

dq̃ θ00e
−λzL−1

0,L − ξ0,Lλe
−λz̄0,L dz̄0,L

dq̃

1− e−λz̄0,L

4. From d2L
dzL−1

0,L dq̃
, with d2L

dz`0,Ldq̃
, ` < L− 1:

dϕ0,1

dq̃
= ϕ0,1λ

dz0
0,1

dq̃
≡ ϕ0,1λf1 (ϕ0,1)

dzL−1
0,L

dq̃

dϕ0,2

dq̃
= ϕ0,2λ

dz1
0,2

dq̃
(1− θ00e

−λz0
0,2) ≡ ϕ0,2λf2 (ϕ0,2)

dzL−1
0,L

dq̃

dϕ0,3

dq̃
= ϕ0,3λ

dz2
0,3

dq̃

1−
dz1

0,3

dq̃

dz2
0,3

dq̃

 ≡ ϕ0,3λf3 (ϕ0,3)
dzL−1

0,L

dq̃

fL(ϕ0,L) > 0: f1 (ϕ0,1) = 1 > 0; f2 (ϕ0,2) = 1 − θ00e
−λz0

0,2 > 0; f3 (ϕ0,3) = 1 −
dz1

0,3

dq̃

/
dz2

0,3

dq̃ > 0 if
dz2

0,3

dq̃ >
dz1

0,3

dq̃ . This is the case if e−λz
1
0,3 < e−λz

0
0,3(1−θ00e

−λz0
0,3) (∗).

(∗) holds at z2
0,3 = z1

0,3, as we can rewrite (∗) as θ00e
−λz0

0,3 < 1− θ00e
−λz0

0,3 for z2
0,3 =

z1
0,3. Both sides of (∗) decrease in z0

0,3. By −λe−λz
0
0,3 < −λe−λz

0
0,3(1 − 2θ00e

−λz0
0,3),

the left-hand side of (∗) decreases at a faster rate than the right hand-side of (∗)
at z2

0,3 = z1
0,3, so (∗) holds for z2

0,3 > z1
0,3.
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5. Substituting into d2L
dz̄0,Ldq̃

yields:

dz̄0,L

dq̃
=

1

n0
0,Lλe

−λz̄0,L

ξ0,Lλe
−λz̄0,L + λe

−λz̄0,L

1−e−λz̄0,L
θ00e

−λzL−1
0,L ϕ0,LfL (ϕ0,L)

ξ0,Lλe−λz̄0,L + λe
−λz̄0,L

1−e−λz̄0,L
θ00e

−λzL−1
0,L ϕ0,LfL (ϕ0,L) + λξ0,L

> 0. �

To show (a): The number n`0,L and the knowledge z`0,L of employees at all below-
CEO layers ` < L increase with total output q̃.
Number of employees:

1. ` = 0:
dn0

0,L

dq̃ > 0 by
dz̄0,L
dq̃ < 1

λn0
0,Le

−λz̄0,L
.

2. ` = L− 1, L > 1:
dnL−1

0,L

dq̃ =
dn0

0,L

dq̃ θ00e
−λzL−2

0,L fL(ϕ0,L) > 0 by fL(ϕ0,L) > 0.

3. ` = 1, L = 3:
dn1

0,3

dq̃ > 0 by 1 > θ00(e−λz
1
0,3 + e−λz

0
0,3). �

Knowledge of employees:

1. ` = L− 1:
dzL−1

0,L

dq̃ = 1
λn0

0,L

dn0
0,L

dq̃ > 0 by
dn0

0,L

dq̃ > 0.

2. ` = 0, L > 1:
dz0

0,L

dq̃ = θ00e
−λz0

0,L
dz1

0,L

dq̃ > 0 by
dz1

0,L

dq̃ > 0.

3. ` = 1, L = 3:
dz1

0,3

dq̃ =
dz2

0,3

dq̃
e
−λz10,3

e
−λz00,3 (1−θ00e

−λz00,3 )
> 0 by

dz2
0,3

dq̃ =
dzL−1

0,L

dq̃ > 0. �

dz`−1
0,L

dq̃ <
dz`0,L
dq̃ by θ00e

−λz0
0,L < 1 for ` = 1, e−λz

1
0,3 < e−λz

0
0,3(1 − θ00e

−λz0
0,3) for ` = 2 if

z2
0,3 ≥ z1

0,3.

To show (a): The marginal benefit of CEO time ϕ0,L increases with total output q̃.

Follows from
dϕ0,L

dq̃ = ϕ0,LλfL (ϕ0,L)
dzL−1

0,L

dq̃ > 0 by fL (ϕ0,L) > 0 and
dzL−1

0,L

dq̃ > 0. �

To show (b): The cost function C0,L(q̃) strictly increases with total output q̃.

Follows from
∂C0,L(q̃)

∂q̃ = ξ0,L > 0. �

To show (b): The average cost function AC0,L(q̃) is reaches a minimum at q̃∗L
where it intersects with the marginal cost function, and converges to infinity for q̃ → 0
and q̃ →∞.

AC0,L(q̃) =
C0,L(q̃)

q̃

⇒
dAC0,L(q̃)

dq̃
=

1

q̃
(ξ0,L −AC0,L) = 0 if ξ0,L = AC0,L

d2AC0,L(q̃)

dq̃2
= − 2

q̃2
(ξ0,L −AC0,L) +

1

q̃

dξ0,L

dq̃
=

1

q̃

dξ0,L

dq̃
at ξ0,L = AC0,L

dξ0,L
dq̃ > 0 if ϕ0,LfL(ϕ0,L)θ00e

−λzL−1
0,L > ξ0,Le

−λz̄0,L .

• For L = 1, this condition holds ∀q̃.

• For L = 2, the condition is equivalent to eλ(zL−1
0,L −z

L−2
0,L ) > (fL(ϕ0,L))−1. This condi-

tion holds for sufficiently high q̃; in particular, it holds at the MES.
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lim
q̃→0

AC0,L(q̃) =∞ because C0,L(q̃) ≥ w0 and C0,L(q̃) <∞ for q̃ → 0

lim
q̃→∞

AC0,L(q̃) =∞ because lim
q̃→∞

ξ0,L =∞ by l’Hôpital’s rule

C.1.3 The optimal number of layers

We follow Caliendo and Rossi-Hansberg (2012, p. 1454 et seqq.) and show that (1) the
average cost function has a unique minimum at the minimum efficient scale q̃∗L for a given
number of layers L, and (2) the minimum efficient scale q̃∗L increases with the number of
layers L.

(1) We show that there exists a unique cut-point of the first-order conditions (FOCs)
and the respective condition for the minimum efficient scale (MES). We focus on positive
solutions for the knowledge levels. The FOCs (9) and (10) define the optimal knowledge
levels recursively:

λz̄0,L − λzL−1
0,L = ln

(
λz0

0,L +
λ

c
+ 1 + θ00

L−1∑
`=0

e−λz
`
0,L

)
− ln θ00

λz1
0,L − λz0

0,L = ln

(
λz2

0,L +
λ

c

)
for L > 2

λz0
0,L = ln

(
λz1

0,L +
λ

c

)
+ ln θ00 for L > 1

At the MES, AC0,L = ξ0,L:

λz0
0,1 = ln

(
λz̄0,1 +

λ

c

)
+ ln θ00 for L = 1

λzL−1
0,L − λz

L−2
0,L = ln

(
λz̄0,L +

λ

c

)
for L > 1

Both the FOCs and the conditions for the MES define zL−1
0,L as (implicit) functions

of z̄0,L. The FOCs have a positive root:

zL−1
0,L = 0 : λz̄0,L ≥ ln

(
λ

c
+ 1 + θ00

)
− ln θ00 > 0

The conditions for the MES have a positive intercept:

L = 1, z̄0,1 = 0 : λz0
0,1 = ln

(
λθ00

c

)
> 0 by Assumption 1

L > 2, z̄0,L = 0 : λzL−1
0,L − λz

L−2
0,L = ln

(
λ

c

)
> ln

(
λθ00

c

)
Both the conditions for the MES and the f.o.c.s are strictly increasing:

MES :
dzL−1

0,L

dz̄0,L
=

1

λz̄0,L + λ
c

1

fL(ϕ0,L)
> 0

FOC, L = 1 :
dz0

0,1

dz̄0,1
=
λz0

0,1 + λ
c + 1 + θ00e

−λz0
0,1

λz0
0,1 + λ

c + 1 + f1(ϕ0,L)
> 0

FOC, L = 2 :
dz1

0,2

dz̄0,2
=
λz0

0,2 + λ
c + 1 + θ00e

−λz0
0,2 + θ00e

−λz1
0,2

λz0
0,2 + λ

c + 1 + θ00e
−λz0

0,2 + θ00e
−λz0

0,2f2(ϕ0,L)
> 0
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FOC, L = 3 :
dz2

0,3

dz̄0,3
=
λz0

0,3 + λ
c + 1 + θ00

∑1
`=0 e

−λz`0,3 + θ00e
−λz2

0,3

λz0
0,3 + λ

c + 1 + θ00
∑1

`=0 e
−λz`0,3 + θ00e

−λz1
0,3f3(ϕ0,L)

> 0

where fL(ϕ0,L) is defined in section C.1.2 (a).
The slope of the conditions for the MES decreases continuously with z̄0,L from a value

smaller than 1 with limz̄0,L→∞
dzL−1

0,L

dz̄0,L
= 0. The slope of the FOCs is close to 1 with

limz̄0,L→∞
dzL−1

0,L

dz̄0,L
= 1. Thus, for a given number of layers L, there exists a unique cut-point

of the FOC and the condition for the MES.
(2) The increase of q̃∗L with L follows from Caliendo and Rossi-Hansberg (2012, p. 1456-

8).
Proposition 5 (see below) implies that the minimum average costs (MAC) of a single-

establishment organization with L layers cannot exceed those of an organization with L−1
layers, i.e. MAC0,L−1 ≥MAC0,L−1.

C.2 Multi-establishment firm organization

C.2.1 Lagrangian equation and first order conditions

Firm-level: CEO knowledge, allocation of CEO time and output (global
product market)

L =
1∑
j=0

Cj,ω(qj,ω, sj,ω, z̄0,ω) + (1− s0,ω − s1,ω)w0(1 + cz̄0,ω)

+ κ̄0,ω

 1∑
j=0

sj,ω − 1

− 1∑
j=0

κj,ωsj,ω + φ̄0,ω

q̃ − 1∑
j=0

qj,ω

− 1∑
j=0

φj,ωqj,ω − η0,ω z̄0,ω

∂L
∂qj,ω

=
∂Cj,ω
∂qj,ω

− φ̄0,ω − φj,ω = 0

∂L
∂sj,ω

=
∂Cj,ω
∂sj,ω

− w0(1 + cz̄0,ω) + κ̄0,ω − κj,ω = 0

∂L
∂z̄0,ω

=
∑1

j=0

∂Cj,ω
∂z̄0,ω

+ w0c(1− s0,ω − s1,ω)− η0,ω = 0

∂L
∂κ̄0,ω

=
∑1

j=0sj,ω − 1 = 0

∂L
∂φ̄0,ω

= q̃ −
∑1

j=0qj,ω = 0

Establishment-level: Number and knowledge of employees. We use equa-
tion (18), which is binding in optimum, to substitute for n`j,L, ` > 0.

L = n0
j,ωwj

(
1 + cz0

j,ω

)
+ n0

j,ω

Lj∑
`=1

θjje
−λz`−1

j,ω wj

(
1 + cz`j,ω

)
+ sj,ωw0 (1 + cz̄0,ω)

+ ξj,ω

(
qj,ω − n0

j,ω

(
1− e−λz̄0,ω

))
+ ϕj,ω

(
n0
j,ωθj0e

−λz
Lj
j,ω − sj,ω

)

+ η̄Lj,ω(z
Lj
j,ω − z̄0,ω) +

Lj∑
`=1

η̄`j,ω(z`−1
j,ω − z

`
j,ω)− η̄0

j,ωz
0
j,ω − η0

j,ωn
0
j,ω
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∂L
∂z

Lj
j,ω


Lj=0
= n0

j,ω

(
wjc− ϕj,ωθj0λe−λz

0
j,ω

)
+ η̄Lj,ω − η̄0

j,ω = 0

Lj>0
= n0

j,ω

(
wjcθjje

−λz
Lj−1

j,ω − ϕj,ωθj0λe−λz
Lj
j,ω

)
+ η̄Lj,ω − η̄

Lj
j,ω = 0

∂L
∂z`j,ω

= n0
j,ωwj

(
cθjje

−λz`−1
j,ω − λθjje−λz

`
j,ω(1 + cz`+1

j,ω )
)

+ η̄`+1
j,ω − η̄

`
j,ω = 0

for 0 < ` < Lj − 1, Lj > 1

∂L
∂z0

j,ω

Lj>0
= n0

j,ωwj

(
c− λθjje−λz

0
j,ω(1 + cz1

j,ω)
)

+ η̄1
j,ω − η̄0

j,ω = 0

∂L
∂n0

j,ω

= wj

1 + cz0
j,ω +

Lj∑
`=1

θjje
−λz`−1

j,ω

(
1 + cz`j,ω

)
− ξj,ω

(
1− e−λz̄0,ω

)
+ ϕj,ωθj0e

−λz
Lj
j,ω − η0

j,ω = 0

∂L
∂ξj,ω

= qj,ω − n0
j,ω

(
1− e−λz̄0,ω

)
= 0

∂L
∂ϕj,ω

= n0
j,ωθj0e

−λz
Lj
j,ω − sj,ω = 0

Endogenous variables:

eλz
Lj
j,ω =

qj,ω
1− e−λz̄0,ω

θj0
sj,ω

eλ(z
`−1
j,ω −z

`−2
j,ω ) =

(
1 + cz`j,ω

) λ
c
∀` = 2, ..., Lj

eλz
0
j,ω =

(
1 + cz1

j,ω

) λ
c
θjj for Lj > 0

ξj,ω =
wj

(
1 + cz0

j,ω + c
λ + 1(Lj ≥ 1)θjj

c
λ

∑Lj
`=1 e

−λz`−1
j,ω

)
1− e−λz̄0,ω

ϕj,ω =
wjc

λθj0
θjje

λ
(
z
Lj
j,ω−z

Lj−1

j,ω

)
for Lj > 0, ϕj,ω =

wjc

λθj0
eλz

0
j,ω for Lj = 0

C.2.2 Proposition 2: Allocation of output and CEO time

To show: In optimum, ξ0,ω = ξ1,ω and ϕ0,ω = ϕ1,ω.
The first order conditions imply:

∂L
∂qj,ω

: If φj,ω = 0∀j, i.e. if there is positive production at both establishments,

φ0,ω =
∂C

∂q0,ω
− φ̄0,ω =

∂C

∂q1,ω
− φ̄0,ω = φ1,ω = 0 for q0,ω, q1,ω > 0

⇒ ∂C

∂q0,ω
= ξ0,ω = ξ1,ω =

∂C

∂q1,ω
.

∂L
∂sj,ω

: If κj,ω = 0∀j, i.e. if the CEO spends positive time on both establishments,

κ0,ω =
∂C

∂s0,ω
− w0(1 + cz̄0,ω) + κ̄0,ω =

κ1,ω =
∂C

∂s1,ω
− w0(1 + cz̄0,ω) + κ̄0,ω = 0 for s0,ω, s1,ω > 0

⇒ ϕ0,ω = ϕ1,ω.
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Corollary 1. To show: It is not optimal to produce at two establishments with
the same number of below-CEO management layers L0 = L1 if θ10 > θ00 and w1 ≥ w0.

Both the marginal production costs ξj,ω and the marginal benefit of CEO time ϕj,ω are
equal across establishments if the firm produces at two establishments. ϕj,ω is a function
of θ10, but ξj,ω is not. Production at two establishments with L0 = L1 and symmetric
communication costs θ10 = θ00 but wages w1 ≥ w0 therefore violates Proposition 2.
To see this, consider Lj = 0∀j. The following equations cannot be simultaneously fulfilled:

w0(1 + cz0
0,ω) = w1(1 + cz0

1,ω) (from ξ0,ω = ξ1,ω)

w0θ10e
λz0

0,ω = w1θ00e
λz0

1,ω (from ϕ0,ω = ϕ1,ω)

For w0 = w1, ξ0,ω = ξ1,ω requires that the knowledge levels are the same, but ϕ0,ω = ϕ1,ω

requires that they are different. For w0 < w1, both equations define z0
1,ω as increasing

function of z0
0,ω. They do not intersect, because both the intercept and the slope of

ξ0,ω = ξ1,ω are smaller than the ones of ϕ0,ω = ϕ1,ω. Hence, there is no pair of z0
0,ω, z0

1,ω

that fulfills both equations.

C.2.3 Proposition 3: Comparative statics with respect to q̃

The second order conditions for qj,ω > 0, sj,ω > 0 ∀j are, substituting dL
dz`j,ω

, ` ≤ Lj ,

into d2L
dn0
j,ωdq̃

:

d2L
dq0,ωdq̃

− d2L
dq1,ωdq̃

=
dξ0,ω

dq̃
− dξ1,ω

dq̃
= 0

d2L
ds0,ωdq̃

− d2L
ds1,ωdq̃

=
dϕ0,ω

dq̃
− dϕ1,ω

dq̃
= 0

d2L
dz̄0,ωdq̃

= −
1∑
j=0

dξj,ω
dq̃

n0
j,ωλe

−λz̄0,ω −
1∑
j=0

ξj,ω
dn0

j,ω

dq̃
λe−λz̄0,ω +

1∑
j=0

ξj,ωn
0
j,ωλ

2e−λz̄0,ω
dz̄0,ω

dq̃
= 0

d2L
dκ̄0,ωdq̃

=
ds0,ω

dq̃
+
ds1,ω

dq̃
= 0

d2L
dφ̄0,ωdq̃

= 1− dq0,ω

dq̃
− dq1,ω

dq̃
= 0

d2L
dz

Lj
j,ωdq̃


Lj=0
= −dϕj,ω

dq̃ θj0λe
−λz0

j,ω + ϕj,ωθj0λ
2e−λz

0
j,ω

dz0
j,ω

dq̃ = 0

Lj>0
= −wjcθjjλe−λz

Lj−1

j,ω
dz
Lj−1

j,ω

dq̃ − dϕj,ω
dq̃ θj0λe

−λz
Lj
j,ω + ϕj,ωθj0λ

2e−λz
Lj
j,ω

dz
Lj
j,ω

dq̃ = 0

d2L
dz`j,ωdq̃

= −λce−λz
`−1
j,ω

dz`−1
j,ω

dq̃
+ λ2e−λz

`
j,ω
dz`j,ω
dq̃

(1 + cz`+1
j,ω )− λe−λz

`
j,ωc

dz`+1
j,ω

dq̃
= 0

for 0 < ` < Lj , Lj > 1

d2L
dz0
j,ωdq̃

Lj>0
= λ2θjje

−λz0
j,ω
dz0
j,ω

dq̃
(1 + cz1

j,ω)− λθjje−λz
0
j,ωc

dz1
j,ω

dq̃
= 0 for Lj > 0

d2L
dn0

j,ωdq̃
= −dξj,ω

dq̃
(1− e−λz̄0,ω)− ξj,ωλe−λz̄0,ω

dz̄0,ω

dq̃
+
dϕj,ω
dq̃

θj0e
−λz

Lj
j,ω = 0

d2L
dξj,ωdq̃

=
dqj,ω
dq̃
−
dn0

j,ω

dq̃
(1− e−λz̄0,ω)− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dq̃
= 0

d2L
dϕj,ωdq̃

=
dn0

j,ω

dq̃
θj0e

−λz
Lj
j,ω − n0

j,ωθj0λe
−λz

Lj
j,ω
dz

Lj
j,ω

dq̃
− dsj,ω

dq̃
= 0
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To show (a): CEO knowledge z̄0,ω increases with total output q̃.

1. As will be shown below,
dϕj,ω
dq̃ = 0 and

dz`j,ω
dq̃ = 0, ` = 0, ..., Lj .

d2L
dn0
j,ωdq̃

yields:

dξj,ω
dq̃

= −ξj,ωλe
−λz̄0,ω

1− e−λz̄0,ω
dz̄0,ω

dq̃

2. From d2L
dξj,ωdq̃

:

dn0
j,ω

dq̃
=

dqj,ω
dq̃ − n

0
j,ωλe

−λz̄0,ω dz̄0,ω
dq̃

1− e−λz̄0,ω

3. Substituting into d2L
dz̄0,ωdq̃

together with
dξ0,ω
dq̃ −

dξ1,ω
dq̃ = 0 and 1 − dq0,ω

dq̃ −
dq1,ω
dq̃ = 0

yields:
dz̄0,ω

dq̃
=

1− e−λz̄0,ω
λq̃(1 + e−λz̄0,ω)

> 0

To show (a): The total number of employees at all below-CEO layers
∑1

j=0 n
`
j,ω,

` = 0, ..., Lj , increases with total output q̃.

• ` = 0: Follows from
∑1

j=0

dn0
j,ω

dq̃ =
1−
∑1
j=0 n

0
j,ωλe

−λz̄0,ω dz̄0,ω
dq̃

1−e−λz̄0,ω
and

dz̄0,ω
dq̃ < 1−e−λz̄0,ω

λq̃e−λz̄0,ω
.

• ` > 0: Follows from
∑1

j=0

dn0
j,ω

dq̃ > 0 and
dz`j,ω
dq̃ = 0 (see below).

To show (a): The marginal benefit of CEO time ϕj,ω does not vary with total
output q̃.
From d2L

dqj,ωdq̃
and d2L

dsj,ωdq̃
, we know:

dϕ0,ω

dq̃
=
dϕ1,ω

dq̃
and

dξ0,ω

dq̃
=
dξ1,ω

dq̃
.

Substituting for
dξj,ω
dq̃ from d2L

dn0
j,ωdq̃

implies, with ξ0,ω = ξ1,ω:

dϕ0,ω

dq̃
θ00e

−λzL0
0,ω =

dϕ1,ω

dq̃
θ10e

−λzL1
1,ω

This equation holds if
dϕj,ω
dq̃ = 0, or θ00e

−λzL0
0,ω = θ10e

−λzL1
1,ω , which is at odds with ϕ0,ω =

ϕ1,ω.

To show (a): The knowledge of the employees at all below-CEO layers z`j,ω, ` =
0, ..., Lj , is constant.
d2L

dz
Lj
j,ωdq̃

implies:

dϕj,ω
dq̃

= ϕj,ωλ
dz0
j,ω

dq̃
if Lj = 0

dϕj,ω
dq̃

= ϕj,ωλ
dz

Lj
j,ω

dq̃
− wjc

θjj
θj0

eλ(z
Lj
j,ω−z

Lj−1

j,ω )
dz

Lj−1
j,ω

dq̃
if Lj > 0

⇒
dz`j,ω
dq̃

= 0∀j, ` by
dϕj,ω
dq̃

= 0∀j
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To show (b): The share of CEO time sj,ω and the number of employees at all below-
CEO layers n`j,ω, ∀` < L, increase with total output q̃ at the subordinate establishment
and decrease at the headquarters, unless L0 > L1 and wages w1 are too high. Local
output qj,ω increases at the subordinate establishment.

1. Combining d2L
dξj,ωdq̃

, d2L
dϕj,ωdq̃

, d2L
dφ̄0,ωdq̃

, and d2L
dκ̄0,ωdq̃

yields:

ds0,ω

dq̃
=

1

(1− e−λz̄0,ω)(1 + e−λz̄0,ω)

θ00θ10

θ10e
λz
L0
0,ω − θ00e

λz
L1
1,ω

;
ds1,ω

dq̃
= −ds0,ω

dq̃

The sign of ds0,ω/dq̃ is determined by the second factor.

• For L0 = L1 ∈ {0, 1, 2}, ϕ0,ω = ϕ1,ω implies that θ10e
λz
L0
0,ω − θ00e

λz
L1
1,ω < 0 if

w0 > w1. w0 > w1 because we assume w0 ≥ w1 in section 4.1; qj > 0 ∀j is
not optimal for a symmetric number of layers with w0 = w1 and θ10 > θ00 by
Corollary 1.

• For L0 < L1 ∈ {1, 2}, ϕ0,ω = ϕ1,ω implies that θ10e
λz
L0
0,ω − θ00e

λz
L1
1,ω < 0 if

w0 ≥ w1.

• For L1 < L0 ∈ {1, 2}, ϕ0,ω = ϕ1,ω implies that θ10e
λz
L0
0,ω − θ00e

λz
L1
1,ω < 0 only if

w1 is sufficiently smaller than w0. For L0 = 1, w1 < w0θ00e
−λz0

0,ω . For L0 = 2,

w1 < w0e
λ(z0

1,ω−z1
0,ω) and w1 < w0θ00e

−λz1
0,ω , respectively.

2. By equation (18), sgn

(
dn`j,ω
dq̃

)
= sgn

(
dn0
j,ω

dq̃

)
. By d2L

dϕj,ωdq̃
, sgn

(
dn0
j,ω

dq̃

)
= sgn

(
dsj,ω
dq̃

)
,

i.e. the number of employees varies as the share of CEO time.

3. By d2L
dξj,ωdq̃

, sgn
(
dqj,ω
dq̃

)
= sgn

(
dsj,ω
dq̃

)
for

dsj,ω
dq̃ > 0. As

dq0,ω
dq̃ +

dq1,ω
dq̃ = 1 and

ds0,ω
dq̃ +

ds1,ω
dq̃ = 0, the sign is indeterminate if

dsj,ω
dq̃ < 0.

To show (c): The cost function C0,ω(q̃) strictly increases with total output q̃.

Follows from
∂C0,ω(q̃)

∂q̃ = φ̄0,ω ≥ 0 with φ̄0,ω = w0c(e
λz̄0,ω−1)
λq̃ .

To show (c): The marginal production cost ξj,ω decreases with total output q̃.

Follows from
dξj,ω
dq̃ = − ξj,ωλe

−λz̄0,ω

1−e−λz̄0,ω
dz̄0,ω
dq̃ and

dz̄0,ω
dq̃ > 0.

Full symmetry. Under full symmetry, the cost function coincides with the cost
function of a single establishment firm, so Proposition 1 applies.

C.2.4 Proposition 4: Comparative statics with respect to θ10

The second order conditions for qj,ω > 0, sj,ω > 0 ∀j are, substituting dL
dz`j,ω

, ` ≤ Lj ,

into d2L
dn0
j,ωdθ10

:

d2L
dq0,ωdθ10

− d2L
dq1,ωdθ10

=
dξ0,ω

dθ10
− dξ1,ω

dθ10
= 0

d2L
ds0,ωdθ10

− d2L
ds1,ωdθ10

=
dϕ0,ω

dθ10
− dϕ1,ω

dθ10
= 0

d2L
dz̄0,ωdθ10

= −
1∑
j=0

dξj,ω
dθ10

n0
j,ωλe

−λz̄0,ω −
1∑
j=0

ξj,ω
dn0

j,ω

dθ10
λe−λz̄0,ω +

1∑
j=0

ξj,ωn
0
j,ωλ

2e−λz̄0,ω
dz̄0,ω

dθ10
= 0
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d2L
dκ̄0,ωdθ10

=
ds0,ω

dθ10
+
ds1,ω

dθ10
= 0

d2L
dφ̄0,ωdθ10

= −dq0,ω

dθ10
− dq1,ω

dθ10
= 0

d2L
dzL0

0,ωdθ10


L0=0

= −dϕ0,ω

dθ10
θ00λe

−λz0
0,ω + ϕ0,ωθ00λ

2e−λz
0
0,ω

dz0
0,ω

dθ10
= 0

L0>0
= −w0cλθ00e

−λzL0−1
0,ω

dz
L0−1
0,ω

dθ10
− dϕ0,ω

dθ10
λθ00e

−λzL0
0,ω + ϕ0,ωθ00λ

2e−λz
L0
0,ω

dz
L0
0,ω

dθ10
= 0

d2L
dzL1

1,ωdθ10


L1=0

= −dϕ1,ω

dθ10
θ10λe

−λz0
1,ω + ϕ1,ωθ10λ

2e−λz
0
1,ω

dz0
1,ω

dθ10
− ϕ1,ωλe

−λz0
1,ω = 0

L0>0
= −w1cλθ11e

−λzL1−1
1,ω

dz
L1−1
1,ω

dθ10
− dϕ1,ω

dθ10
λθ10e

−λzL1
1,ω + ϕ1,ωθ10λ

2e−λz
L1
1,ω

dz
L1
1,ω

dθ10

−ϕ1,ωλe
−λzL1

1,ω = 0

d2L
dz`j,ωdθ10

= −λce−λz
`−1
j,ω

dz`−1
j,ω

dθ10
+ λ2e−λz

`
j,ω
dz`j,ω
dθ10

(1 + cz`+1
j,ω )− λe−λz

`
j,ωc

dz`+1
j,ω

dθ10
= 0

for 0 < ` < Lj , Lj > 1

d2L
dz0
j,ωdθ10

Lj>0
= λ2θjje

−λz0
j,ω
dz0
j,ω

dθ10
(1 + cz1

j,ω)− λθjje−λz
0
j,ωc

dz1
j,ω

dθ10
= 0

d2L
dn0

0,ωdθ10
= −dξ0,ω

dθ10
(1− e−λz̄0,ω)− ξ0,ωλe

−λz̄0,ω dz̄0,ω

dθ10
+
dϕ0,ω

dθ10
θ00e

−λzL0
0,ω = 0

d2L
dn0

1,ωdθ10
= −dξ1,ω

dθ10
(1− e−λz̄0,ω)− ξ1,ωλe

−λz̄0,ω dz̄0,ω

dθ10
+
dϕ1,ω

dθ10
θ10e

−λzL1
1,ω + ϕ1,ωe

−λzL1
1,ω = 0

d2L
dξj,ωdθ10

=
dqj,ω
dθ10

−
dn0

j,ω

dθ10
(1− e−λz̄0,ω)− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dθ10
= 0

d2L
dϕ0,ωdθ10

=
dn0

0,ω

dθ10
θ00e

−λzL0
0,ω − n0

0,ωθ00λe
−λzL0

0,ω
dzL0

0,ω

dθ10
− ds0,ω

dθ10
= 0

d2L
dϕ1,ωdθ10

=
dn0

1,ω

dθ10
θ10e

−λzL1
1,ω − n0

1,ωθ10λe
−λzL1

1,ω
dzL1

1,ω

dθ10
− ds1,ω

dθ10
+ n0

1,ωe
−λzL1

1,ω = 0

To show (a): CEO knowledge z̄0,ω increases with the communication costs θ10.

1. The two equations d2L
dn0
j,ωdθ10

j = 0, 1 yield, together with
dξ0,ω
dθ10
− dξ1,ω

dθ10
= 0, ξ0,ω = ξ1,ω,

dϕ0,ω

dθ10
− dϕ1,ω

dθ10
= 0 and ϕ0,ω = ϕ1,ω:

dϕ0,ω

dθ10
=

ϕ0,ωe
λz
L0
0,ω

θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω

2. Substituting into d2L
dn0

0,ωdθ10
results in:

dξ0,ω

dθ10
=
θ00ϕ0,ω − ξ0,ωλe

−λz̄0,ω dz̄0,ω
dθ10

(θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

(1− e−λz̄0,ω)(θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

3. From d2L
dξj,ωdθ10

:

dn0
j,ω

dθ10
=

dqj,ω
dθ10
− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dθ10

1− e−λz̄0,ω
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4. Substituting into d2L
dz̄0,ωdθ10

, together with
dξ0,ω
dθ10
− dξ1,ω

dθ10
= 0 and −dq0,ω

dθ10
− dq1,ω

dθ10
= 0,

yields:
dξ0,ω

dθ10
=
dz̄0,ω

dθ10

ξ0,ωλ

1− e−λz̄0,ω

5. Combining the two expressions for
dξ0,ω
dθ10

yields:

dz̄0,ω

dθ10
=

ϕ0,ωθ00

λξ0,ω(1 + e−λz̄0,ω)(θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

> 0

dz̄0,ω
dθ10

> 0 if θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω > 0.

• For L0 = L1 ∈ {0, 1, 2}, ϕ0,ω = ϕ1,ω implies that θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω > 0 if

w0 > w1. w0 > w1 because we assume w0 ≥ w1 in section 4.1; qj > 0 ∀j is
not optimal for a symmetric number of layers with w0 = w1 and θ10 > θ00 by
Corollary 1.

• For L0 < L1 ∈ {1, 2}, ϕ0,ω = ϕ1,ω implies that θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω > 0 if

w0 ≥ w1.

• For L1 < L0 ∈ {1, 2}, ϕ0,ω = ϕ1,ω implies that θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω > 0 if w1

is sufficiently smaller than w0. For L0 = 1, w1 < w0θ00e
−λz0

0,ω . For L0 = 2,

w1 < w0e
λ(z0

1,ω−z1
0,ω) and w1 < w0θ00e

−λz1
0,ω , respectively.

To show (a): The marginal benefit of CEO time ϕj,ω increases with the commu-
nication costs θ10.

Follows from
dϕ1,ω

dθ10
=

dϕ0,ω

dθ10
=

ϕ0,ωe
λz
L0
0,ω

θ00e
λz
L1
1,ω−θ10e

λz
L0
0,ω

> 0 if
dz̄0,ω
dθ10

> 0.

To show (a): The knowledge of the employees at all below-CEO layers z`j,ω, ∀` ≤ Lj
increases with the communication costs θ10.

d2L
dz
Lj
j,ωdθ10

yields:

dzL0
0,ω

dθ10

L0=0
=

1

ϕ0,ωλ

dϕ0,ω

dθ10

dzL1
1,ω

dθ10

L1=0
=

1

ϕ1,ωλ

dϕ1,ω

dθ10
+

1

λθ10

dzL0
0,ω

dθ10
−
dzL0−1

0,ω

dθ10

L0>0
=

1

ϕ0,ωλ

dϕ0,ω

dθ10

dzL1
1,ω

dθ10
−
dzL1−1

1,ω

dθ10

L1>0
=

1

ϕ1,ωλ

dϕ1,ω

dθ10
+

1

λθ10

Together with d2L
dz`j,ωdθ10

, 0 ≤ ` < Lj , these equations imply that
dz`j,ω
dθ10

> 0 if
dz̄0,ω
dθ10

> 0.

To show (a): The increase of the knowledge levels with the communication costs θ10

is stronger at higher than at lower layers of an establishment. If both establishments have
the same number of layers, the increase is stronger at the subordinate establishment than
at the headquarters.
Higher vs. lower layers: From d2L

dz0
j,ωdθ10

, d2L
dz`j,ωdθ10

:

dz0
j,ω

dθ10
= θjje

−λz0
j,ω
dz1
j,ω

dθ10
<
dz1
j,ω

dθ10
;

dz1
j,ω

dθ10
=

e−λz
1
j,ω

e−λz
0
j,ω(1− θjje−λz

0
j,ω)

dz2
j,ω

dθ10
<
dz2
j,ω

dθ10
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Subordinate establishment vs. headquarters: From d2L
dz
Lj
j,ωdθ10

:

dzL1
1,ω

dθ10

Lj=0∀j
=

dzL0
0,ω

dθ10
+

1

λθ10
;

dzL1
1,ω

dθ10
−
dzL1−1

1,ω

dθ10

L0=L1>0
=

dzL0
0,ω

dθ10
−
dzL0−1

0,ω

dθ10
+

1

λθ10

To show (a): The total number of employees at all below-CEO layers
∑1

j=0 n
`
j,ω, ∀ ≤

Lj decreases with the communication costs θ10.

` = 0: Follows from d2L
dξj,ωdθ10

, with −dq0,ω
dθ10
− dq1,ω

dθ10
= 0:

1∑
j=0

dn0
j,ω

dθ10
= −

1∑
j=0

n0
j,ωλe

−λz̄0,ω

1− e−λz̄0,ω
dz̄0,ω

dθ10
< 0 as

dz̄0,ω

dθ10
> 0

` > 0: Follows from
∑1

j=0

dn0
j,ω

dθ10
< 0 and

dz`j,ω
dθ10

> 0.

To show (b): The share of CEO time sj,ω, local output qj,ω and the number of
employees at all below-CEO layers n`j,ω increase at the headquarters and decrease at the
subordinate establishment.

1. d2L
dξj,ωdθ10

and d2L
dϕj,ωdθ10

for j = 0, 1 imply, together with
∑1

j=0
dqj,ω
dθ10

= 0 and
∑1

j=0
dsj,ω
dθ10

=
0:

dq0,ω

dθ10
=

eλz
L0
0,ωeλz

L1
1,ω

θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω

(
λe−λz̄0,ω

dz̄0,ω

dθ10

+ (1− e−λ ¯z0,ω)

λ 1∑
j=0

n0
j,ωθj0e

−λz
Lj
j,ω
dz

Lj
j,ω

dθ10
− n0

1,ωe
−λzL1

1,ω

 > 0 if
dz̄0,ω

dθ10
> 0

⇒ dq1,ω

dθ10
< 0

2. From d2L
dξj,ωdθ10

:

dn0
j,ω

dθ10
=

dqj,ω
dθ10
− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dθ10

1− e−λz̄0,ω

> 0 for j = 0 by
dq0,ω

dθ10
> n0

0,ωλe
−λz̄0,ω dz̄0,ω

dθ10

< 0 for j = 1

3. d2L
dϕ0,ωdθ10

yields (with a little algebra):

ds0,ω

dθ10
> 0 by

dn0
0,ω

dθ10
> n0

0,ωλ
dzL0

0,ω

dθ10
⇒ ds1,ω

dθ10
< 0

To show (c): The cost function C0,ω(q̃) and the marginal production cost ξj,ω
increase with the communication costs θ10.

Follows from the envelope theorem and
dξ1,ω
dθ10

=
dξ0,ω
dθ10

=
dz̄0,ω
dθ10

ξ0,ωλ

1−e−λz̄0,ω
if

dz̄0,ω
dθ10

> 0.
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C.2.5 Comparative statics with respect to w1

The second order conditions for qj,ω > 0, sj,ω > 0 ∀j are, substituting dL
dz`j,ω

, ` ≤ Lj ,

into d2L
dn0
j,ωdq̃

:

d2L
dq0,ωdw1

− d2L
dq1,ωdw1

=
dξ0,ω

dw1
− dξ1,ω

dw1
= 0

d2L
ds0,ωdw1

− d2L
ds1,ωdw1

=
dϕ0,ω

dw1
− dϕ1,ω

dw1
= 0

d2L
dz̄0,ωdw1

= −
1∑
j=0

dξj,ω
dw1

n0
j,ωλe

−λz̄0,ω −
1∑
j=0

ξj,ω
dn0

j,ω

dw1
λe−λz̄0,ω +

1∑
j=0

ξj,ωn
0
j,ωλ

2e−λz̄0,ω
dz̄0,ω

dw1
= 0

d2L
dκ̄0,ωw1

=
ds0,ω

dw1
+
ds1,ω

dw1
= 0

d2L
dφ̄0,ωdw1

= −dq0,ω

dw1
− dq1,ω

dw1
= 0

d2L
dzL0

0,ωdw1


L0=0

= −dϕ0,ω

dw1
θ00λe

−λz0
0,ω + ϕ0,ωθ00λ

2e−λz
0
0,ω

dz0
0,ω

dw1
= 0

L0>0
= −w0cθ00λe

−λzL0−1
0,ω

dz
L0−1
0,ω

dw1
− dϕ0,ω

dw1
θ00λe

−λzL0
0,ω + ϕ0,ωθ00λ

2e−λz
L0
0,ω

dz
L0
0,ω

dw1
= 0

d2L
dzL1

1,ωdw1


L1=0

= c− dϕ1,ω

dw1
θ10λe

−λz0
1,ω + ϕ1,ωθ10λ

2e−λz
0
1,ω

dz0
1,ω

dw1
= 0

L1>0
= cθ11e

−λzL1−1
1,ω − w1cθ11λe

−λzL1−1
1,ω

dz
L1−1
1,ω

dw1
− dϕ1,ω

dw1
θ10λe

−λzL1
1,ω

+ϕ1,ωθ10λ
2e−λz

L1
1,ω

dz
L1
1,ω

dw1
= 0

d2L
dz`j,ωdw1

= −λce−λz
`−1
j,ω

dz`−1
j,ω

dw1
+ λ2e−λz

`
j,ω
dz`j,ω
dw1

(1 + cz`+1
j,ω )− λe−λz

`
j,ωc

dz`+1
j,ω

dw1
= 0

for 0 < ` < Lj , Lj > 1

d2L
dz0
j,ωdw1

Lj>0
= λ2θjje

−λz0
j,ω
dz0
j,ω

dw1
(1 + cz1

j,ω)− λθjje−λz
0
j,ωc

dz1
j,ω

dw1
= 0 for Lj > 0

d2L
dn0

0,ωdw1
= −dξ0,ω

dw1
(1− e−λz̄0,ω)− ξ0,ωλe

−λz̄0,ω dz̄0,ω

dw1
+
dϕ0,ω

dw1
θ00e

−λzL0
j0ω = 0

d2L
dn0

1,ωdw1
= 1 + cz0

1,ω + 1(L1 ≥ 1)

L1∑
`=0

θ11e
−λz`−1

1,ω (1 + cz`1,ω)

− dξ1,ω

dw1
(1− e−λz̄0,ω)− ξ1,ωλe

−λz̄0,ω dz̄0,ω

dw1
+
dϕ1,ω

dw1
θ10e

−λzL1
1,ω = 0

d2L
dξj,ωdw1

=
dqj,ω
dw1

−
dn0

j,ω

dw1
(1− e−λz̄0,ω)− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dw1
= 0

d2L
dϕj,ωdw1

=
dn0

j,ω

dw1
θj0e

−λz
Lj
j,ω − n0

j,ωθj0λe
−λz

Lj
j,ω
dz

Lj
j,ω

dw1
− dsj,ω

dw1
= 0

Suppose that L0 ≤ L1, or L0 > L1 and w1 is sufficiently low.

I CEO knowledge z̄0,ω increases with local wages w1.
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1. d2L
dn0
j,ωdw1

j = 0, 1 yield, with
dξ0,ω
dθ10
− dξ1,ω

dθ10
= 0, ξ0,ω = ξ1,ω, and

dϕ0,ω

dθ10
− dϕ1,ω

dθ10
= 0:

dϕj,ω
dw1

=
ŵ1e

λz
L0
0,ωeλz

L1
1,ω

θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω

where we define ŵ1 ≡ 1 + cz0
1,ω + 1(L1 ≥ 1)

∑L1
`=0 θ11e

−λz`−1
1,ω (1 + cz`1,ω).

2. Substituting into d2L
dn0

0,ωdw1
yields:

dξj,ω
dw1

=

dϕj,ω
dw1

θ00e
−λzL0

0,ω − ξ0,ωλe
−λz̄0,ω dz̄0,ω

dw1

1− e−λz̄0,ω

3. From d2L
dξj,ωdw1

:

dn0
j,ω

dw1
=

dqj,ω
dw1
− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dw1

1− e−λz̄0,ω

4. Substituting into d2L
dz̄0,ωdw1

, with
dξ0,ω
dw1
− dξ1,ω

dw1
= 0 and −dq0,ω

dw1
− dq1,ω

dw1
= 0, yields:

dz̄0,ω

dw1
=

ŵ1θ00e
λz
L1
1,ω

λξ0,ω(1 + eλz̄0,ω)(θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

⇒ dz̄0,ω
dw1

> 0 under the same conditions as
dz̄0,ω
dθ10

> 0 (i.e., the conditions stated above)

I The marginal benefit of CEO time ϕj,ω increases with local wages w1.

I The knowledge of the employees at all below-CEO layers at the headquarters z`0,ω, ∀` ≤
L0 (subordinate establishment z`1,ω, ∀` ≤ L1) increases with wages w1 (if w1 is sufficiently
high).
d2L

dz
Lj
j,ωdw1

yields:

dzL0
0,ω

dw1

L0=0
=

1

ϕ0,ωλ

dϕ0,ω

dw1

dzL1
1,ω

dw1

L1=0
=

1

ϕ1,ωλ

dϕ1,ω

dw1
− 1

λw1

dzL0
0,ω

dw1
−
dzL0−1

0,ω

dw1

L0>0
=

1

ϕ0,ωλ

dϕ0,ω

dw1

dzL1
1,ω

dw1
−
dzL1−1

1,ω

dw1

L1>0
=

1

ϕ1,ωλ

dϕ1,ω

dw1
− 1

λw1

Together with d2L
dz`j,ωdw1

, 0 ≤ ` < Lj , these expressions imply that
dz`0,ω
dw1

> 0.
dz`1,ω
dw1

> 0 if w1

is sufficiently high.

I The total number of production workers
∑1

j=0 n
0
j,ω decreases with wages w1.

Follows from d2L
dξj,ωdw1

, with −dq0,ω
dw1
− dq1,ω

dw1
= 0:

1∑
j=0

dn0
j,ω

dw1
= −

1∑
j=0

n0
j,ωλe

−λz̄0,ω

1− e−λz̄0,ω
dz̄0,ω

dw1
< 0

I The share of CEO time sj,ω, local output qj,ω and the number of employees production
workers n0

j,ω increase at the headquarters and decrease at the subordinate establishment
if w1 is sufficiently high.
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1. d2L
dξj,ωdw1

and d2L
dϕj,ωdw1

for j = 0, 1 imply, together with
∑1

j=0
dqj,ω
dw1

= 0 and
∑1

j=0
dsj,ω
dw1

=
0:

dq0,ω

dw1
=

eλz
L0
0,ωeλz

L1
1,ω

θ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω

(
λe−λz̄0,ω

dz̄0,ω

dw1
+ (1− e−λ ¯z0,ω)λ 1∑

j=0

n0
j,ωθj0e

−λz
Lj
j,ω
dz

Lj
j,ω

dw1
−

n0
1,ωθ10e

−λzL1
1,ω

w1

(
1− 1

fL1
(ϕ1,ω)

)
 > 0 if

dzL1
1,ω

dw1
> 0

⇒ dq1,ω

dw1
< 0

The condition is sufficient, but not necessary.

2. From d2L
dξj,ωdw1

:

dn0
j,ω

dw1
=

dqj,ω
dw1
− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dw1

1− e−λz̄0,ω

> 0 for j = 0 by
dq0,ω

dw1
> n0

0,ωλe
−λz̄0,ω dz̄0,ω

dw1
if
dzL1

1,ω

dw1
> 0

< 0 for j = 1 by
1∑
j=0

dn0
j,ω

dw1
< 0

3. d2L
dϕ0,ωdw1

yields (with a little algebra):

ds0,ω

dw1
> 0 by

dn0
0,ω

dw1
> n0

0,ωλ
dzL0

0,ω

dw1
if
dzL1

1,ω

dw1
> 0 ⇒ ds1,ω

dw1
< 0

I The cost function C0,ω(q̃) and the marginal production cost ξj,ω increase with wages w1.

Follows from the envelope theorem and
dξ1,ω
dw1

=
dξ0,ω
dw1

=
dz̄0,ω
dw1

ξ0,ωλ

1−e−λz̄0,ω
if

dz̄0,ω
dw1

> 0.

C.2.6 Proposition 5: The optimal number of layers

Both wages and communication costs are equal: w1 = w0, θ10 = θ00.

a) To show: The average cost function of the {L0/L0}-organization is U-shaped in
total output and reaches a minimum at q̃∗L0/L0

.

The firm with the {L0/L0}-organization chooses the same knowledge levels in both
establishments by ξ0,L0/L0

= ξ1,L0/L0
, ϕ0,L0/L0

= ϕ1,L0/L0
and w1 = w0, θ10 = θ00.

The cost function thus coincides with the cost function of a single establishment
firm with n0

0,L0+1 =
∑1

j=0 n
0
j,L0/L0

. Correspondingly, Proposition 1b) applies.

b) To show: The average cost of the {L0/L0 + 1}-organization and the {L0/L0}-
organization are equal at q̃∗L0/L0

.

Follows by q0,0/1 = q̃∗0/0, q0,0/1 = 0 at q̃∗0/0.

To show: The average cost function of the {L0/L0 +1}-organization decreases with
total output q̃ for q̃∗L0+1/L0+1 > q̃ > q̃∗L0/L0

.

The proof proceeds in two steps. First, we construct a ME firm organization
with {0/1} below-CEO layers and fixed knowledge levels at the minimum effi-
cient scale of the {0/0} organization q̃∗0/0 and show that the organization produces
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Figure C.1: Illustration: Proof of Proposition 5.

101 102

Quantity

 

 

Average costs, L0=L1=0
Average costs, L0=0, L1=1, fixed knowledge
Average costs, L0=0, L1=1, endogenous knowledge

The figure illustrates part b) of the proof of the optimal number of layers of multi-establishment
firms. Parameter values: c

λ = .225, θ10 = θ00 = .26 (from Caliendo and Rossi-Hansberg, 2012),
w0 = w1 = 1. The solid line refers to an organization with one below-CEO layer at both estab-
lishments. The dashed lines show the average cost functions of organizations with one below-CEO
layer at one and two below-CEO layers at the other establishment. The light line refers to the orga-
nization with fixed knowledge levels, the bold line to the organization with endogenous knowledge
levels.

q̃ ∈ [q̃∗0/0, q̃
MAX ] with constant average costs. Second, we show that the average cost

function of the ME firm organization with {0/1} below-CEO layers and endogenous
knowledge levels decreases with total output for q̃ ∈ [q̃∗0/0, q̃

∗
1/1), so it is lower than

the average cost function of the organization with fixed knowledge levels. Figure C.1
illustrates the argument.

For simplicity and without loss of generality, we choose Lj = 0.

1. We construct an ME organization with L0 = 0 below-CEO layers at establish-
ment 0 and L1 = 1 below-CEO layers at establishment 1 that has the same
average cost as an ME organization with L1 = L0 = 0 below-CEO layers at
both establishments at the minimum efficient scale q̃∗0/0.

The knowledge levels of the {0/0}-organization coincide with the knowledge
levels of a single establishment firm with one below-CEO layer (i.e., L = 1).
Thus, at the minimum efficient scale q̃∗0/0,

ξ0,0/0 = ξ0,1 = AC0,1 ≡ ACMES
0,1 (C.1)

λz0
0,0/0 = λz0

0,1 = ln

(
λz̄0,1 +

λ

c

)
+ ln θ00 ≡ λz0MES

0,1 (C.2)

λz̄0,0/0 = λz̄0,1 = λz0
0,1 + ln

(
λz0

0,1 +
λ

c
+ 1 + θ00e

−λz0
0,1

)
− ln θ00 ≡ λz̄MES

0,1

(C.3)

q̃∗0,0/0 = q̃∗0,1 =
1

θ00
eλz

0
0,1(1− e−λz̄0,1) (C.4)

Consider an ME firm with organization L0 = 0, L1 = 1, i.e., ω = 0/1. Fix the
knowledge levels of the firm such that

z0
0,0/1 = z0MES

0,1 (C.5)

z̄0,0/1 = z̄MES
0,1 (C.6)
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1 + cz0MES
0,1 +

c

λ
= 1 + cz0

1,0/1 +
c

λ
+
c

λ
θ11e

−λz0
1,0/1 , i.e. ξ1,0/1 = ξ0,1, (C.7)

and eλz
0MES
0,1 = θ11e

λ(z1
1,0/1

−z0
1,0/1

)
, i.e. ϕ1,0/1 = ϕ0,1, (C.8)

with z1
1,0/1 =

1

λθ11
e
λz0

1,0/1 − 1

c
.

By construction, the average cost of the ME firm at q̃∗0/0 are AC0,0/1 = ACMES
0,1 .

The maximum producible quantity q̃MAX of the ME firm with organization ω =
0/1 and fixed knowledge levels is given by

q̃MAX =
1

θ00
e
λz1

1,0/1(1− e−λz̄
MES
0,1 ) (C.9)

At q̃MAX ,

ξ1,0/1 =ξ0,0/1 = ξ0,1 by construction (C.10)

AC0,0/1 =w0

1 + cz0
1,0/1 + c

λ + θ00e
−λz1

1,0/1(1 + cz̄MES
0,1 )

1− e−λz̄
MES
0,1

=ξ0,0/1 − w0

c
λθ11e

−λz0
1,0/1 − θ00e

−λz1
1,0/1(1 + cz̄MES

0,1 )

1− e−λz̄
MES
0,1

ϕ0,0/1=ϕ1,0/1
= ξ0,0/1 − w0

θ00
c
λe
−λz0

1,0/1e−λz
0MES
0,1

(
eλz

0
0,ω − θ00

(
λ
c + λz̄MES

0,1

))
1− e−λz̄

MES
0,1

=ξ0,0/1 = ACMES
0,1 by (C.2) (C.11)

i.e. the ME firm produces both q̃∗0/0 and q̃MAX at the same average costs.

The ME firm produces quantities q̃ with q̃MAX ≥ q̃ ≥ q̃∗0/0 by allocating the
share s to the establishment with one below-CEO layer and the share 1 − s
of the production quantity to the establishment with two below-CEO layers,
where

s =
q̃ − 1

θ00
e
λz1

1,0/1(1− e−λz̄
MES
0,1 )

1
θ00
eλz

0MES
0,1 (1− e−λz̄

MES
0,1 )− 1

θ00
e
λz1

1,0/1(1− e−λz̄
MES
0,1 )

(C.12)

The numerator and denominator are negative. The denominator is constant.

0 ≤ s ≤ 1, because the numerator achieves its minimum at q̃ = 1
θ00
eλz

0MES
0,1 (1−

e−λz̄
MES
0,1 ) (so s = 1), and its maximum at q̃ = 1

θ00
e
λz1

1,0/1(1 − e−λz̄
MES
0,1 ) (so

s = 0).

That is, the average cost function of the ME firm with fixed knowledge levels

is flat for q̃ ∈
[
q̃∗0/0, q̃

MAX
]

(see the light dashed line in Figure C.1). �

2. We show that the average cost function of an ME firm with organization ω =
0/1 and optimal knowledge levels decreases and is thus lower than the mini-
mum average costs of the ME organization with L0 layers at both establish-
ments for q̃ > q̃∗0/0, because it is lower than the average cost an ME firm with

organization ω = 0/1 and fixed knowledge levels.

The average cost of an ME firm with organization ω = 0/1 and optimal knowl-
edge levels is lower than the average cost of the ME firm with organization ω
but fixed knowledge levels (compare the light and bold dashed line in Fig-
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ure C.1) because

C(q̃) ≤ C(q̃, z̄MES
0,1 , z0MES

0,1 , z0
1,0/1(z0MES

0,1 ), z1
1,0/1(z0MES

0,1 )). (C.13)

The average cost function AC0,0/1(q̃) decreases with total output q̃ for q̃∗1/1 >
q̃ > q̃∗0/0 by:

dAC0,ω(q̃)

dq̃
=

1

q̃
(ξ0,ω −AC0,ω) < 0 if ξ0,ω < AC0,ω

ξ0,0/1 = ξ1,0/1 < AC0,0/1 if ϕ0,0/1 = ϕ1,0/1 < w0(1 + cz̄0,0/1) (C.14)

ϕj,0/1 is constant; z̄0,0/1 increases with q̃ by Proposition 3. The maximum

value of AC0,0/1(q̃) is AC(q̃, z̄MES
0,1 , z0MES

0,1 , z0
1,0/1(z0MES

0,1 ), z1
1,0/1(z0MES

0,1 )) =

ACMES
0,1 . At q̃∗0/0, ξ0,0/1 = AC0,1; ξ0,0/1 decreases with q̃ for q̃

1/1
0/1 > q̃ > q̃∗0/0.

The average cost function AC0,1/1(q̃) decreases for q̃∗1/1 > q̃ ≥ q̃
1/1
0/1 by Propo-

sition 5a). �

Not yet 100% exact. Are expressions equal/unequal at outset?

c) To show: The average cost function of the {L0 + 1/L0 + 1}-organization intersects

the average cost function of the {L0/L0}-organization at the output q̃
L0+1/L0+1
L0/L0

between the minimum efficient scales, i.e., q∗L0+1/L0+1 > q̃
L0+1/L0+1
L0/L0

> q∗L0/L0
. The

average cost function of the {L0/L0 + 1}-organization intersects the average cost

function of the {L0 +1/L0 +1}-organization at the output q̃
L0+1/L0+1
L0/L0+1 > q̃

L0+1/L0+1
L0/L0

.

We exploit the characteristics of the average cost function.

• AC0,0/1 ≤ ACMES
0,1 ∀ q̃∗0/0 ≤ q̃ ≤ q̃

MAX ;

• AC0,0/0 is increasing for q̃ > q̃∗0/0;

• AC0,1/1 is decreasing for q̃ ≤ q̃∗1/1, where q̃MAX ≤ q̃∗1/1;

• at q̃∗0/0, AC0,1/1 > AC0,0/0.

In consequence, the increasing average costs function of the ME firm with L0 = 0
below-CEO layers at both establishments AC0,0/0 intersects the decreasing average
costs function of the ME firm with L0 = 1 below CEO layers at both establishments
AC0,1/1 at a lower quantity than the quantity at which the decreasing average cost
function of the ME firm with organization ω = 0/1 AC0,0/1 intersects the average
cost function AC0,1/1. �

Corollary 2. To show: As total output q̃ increases, the firm alternates between
single-establishment production at location 0 and multi-establishment production with an
unequal number of below-CEO layers if w1 = w0, θ10 > θ00.

By Corollary 1, multi-establishment production with the same number of below-CEO
layers at both establishments is not optimal. Multi-establishment production with a differ-
ent number of below-CEO layers can be optimal for output levels between the minimum
efficient scales of single-establishment firms q̃∗L+1 > q̃ > q̃∗L. Analogous to the proof of
Proposition 5b), it is possible to construct an ME organization with L0 below-CEO layers
at establishment 0 and L0 + 1 below-CEO layers at establishment 1 with fixed knowledge
levels such that the organization has the minimum average cost of the single-establishment
organization with L = L0 + 1 layers for output q̃MAX ≥ q̃ > q̃∗L. The corresponding ME
organization with endogenously changing knowledge levels has decreasing average costs.
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Multi-establishment production with a different number of below-CEO layers at the estab-
lishments thus has lower average costs than single-establishment production for a range
of output levels q̃ > q̃∗L. �

To show: The higher the communication costs across space θ10 are, the lower is the
range of output levels for which multi-establishment production is optimal.

Follows from Proposition 4c). �

C.2.7 Lagrangian equation and first-order conditions, firm level, local
product markets

L =

1∑
j=0

Cj,ω(qj,ω, sj,ω, z̄0,ω) +

1−
1∑
j=0

sj,ω

w0(1 + cz̄0,ω)

+ κ̄0,ω

 1∑
j=0

sj,ω − 1

− 1∑
j=0

κj,ωsj,ω − η0,ω z̄0,ω −
1∑
j=0

φj,ωqj,ω

− 1(q0,ω ≥ q̃0 ∧ q1,ω ≤ q̃1)φ̄0,ω(q0,ω − q̃0 + τ(q1,ω − q̃1))

− 1(q1,ω ≥ q̃1 ∧ q0,ω ≤ q̃0)φ
0,ω

(q1,ω − q̃1 + τ(q0,ω − q̃0))

First-order conditions:

∂L
∂q0,ω

=
∂C0,ω

∂q0,ω
− 1(q0,ω ≥ q̃0 ∧ q1,ω ≤ q̃1)φ̄0,ω − 1(q1,ω ≥ q̃1 ∧ q0,ω ≤ q̃0)φ

0,ω
τ − φ0,ω = 0

∂L
∂q1,ω

=
∂C1,ω

∂q1,ω
− 1(q0,ω ≥ q̃0 ∧ q1,ω ≤ q̃1)φ̄0,ωτ − 1(q1,ω ≥ q̃1 ∧ q0,ω ≤ q̃0)φ

0,ω
− φ1,ω = 0

∂L
∂sj,ω

=
∂Cj,ω
∂sj,ω

− w0(1 + cz̄0,ω) + κ̄0,ω − κj,ω = 0

∂L
∂z̄0,ω

=
∑1

j=0

∂Cj,ω
∂z̄0,ω

+ w0c(1− s0,ω − s1,ω)− η0,ω = 0

∂L
∂κ̄0,ω

= s0,ω + s1,ω − 1 = 0

∂L
∂φ̄0,ω

= −1(q0,ω ≥ q̃0 ∧ q1,ω ≤ q̃1)(q0,ω − q̃0 + τ(q1,ω − q̃1)) = 0

∂L
∂φ

0,ω

= −1(q1,ω ≥ q̃1 ∧ q0,ω ≤ q̃0)(q1,ω − q̃1 + τ(q0,ω − q̃0)) = 0

C.2.8 Proposition 6: Allocation of output/ CEO time, local product
markets

To show: In optimum, ϕ0,ω = ϕ1,ω, and τξ0,ω = ξ1,ω if q0,ω = q̃0 + τ(q̃1 − q1,ω),
ξ0,ω = τξ1,ω if q1,ω = q̃1 +τ(q̃0−q0,ω) and ξ0,ω < τξ1,ω ∧ ξ1,ω < τξ0,ωif q1,ω = q̃1∧q0,ω = q̃0.

The first order conditions imply:
∂L
∂sj,ω

: If κj,ω = 0∀j, ϕ0,ω = ϕ1,ω, see section C.2.2.
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∂L
∂qj,ω

: If φj,ω = 0∀j,

ξ1,ω = τξ0,ω if q0,ω > q̃0 ∧ q1,ω < q̃1 by φ
0,ω

= 0, φ̄0,ω = ξ0,ω = τ−1ξ1,ω

ξ0,ω = τξ1,ω if q1,ω > q̃1 ∧ q0,ω < q̃0 by φ̄0,ω = 0, φ
0,ω

= τ−1ξ0,ω = ξ1,ω

τ−1ξ1,ω < ξ0,ω ∧ ξ0,ω < τξ1,ω if q0,ω = q̃0 ∧ q1,ω = q̃1 by φ
0,ω
6= 0 ∧ φ̄0,ω 6= 0

If ∃j s.t. φj,ω > 0, ξj,ω > τξ−j,ω at qj,ω = 0.

C.2.9 Proposition 7: Comparative statics with respect to q̃j, local prod-
uct markets

Case 1: ξ1,ω = τξ0,ω. The second order conditions correspond to the ones in Appendix
section C.2.3 with the following exceptions:

d2L
dq0,ωdq̃j,ω

− d2L
dq1,ωdq̃j,ω

= τ
dξ0,ω

dq̃j,ω
− dξ1,ω

dq̃j,ω
= 0

d2L
dφ̄0,ωdq̃0,ω

= 1− dq0,ω

dq̃0,ω
− τ dq1,ω

dq̃0,ω
= 0

d2L
dφ̄0,ωdq̃1,ω

= τ − dq0,ω

dq̃1,ω
− τ dq1,ω

dq̃1,ω
= 0

To show: CEO knowledge z̄0,ω increases with local demand q̃0,ω, q̃1,ω.

1. As will be shown below,
dϕj,ω
dq̃ = 0 and

dz`j,ω
dq̃ = 0, ` = 0, ..., Lj .

d2L
dn0

0,ωdq̃j
yields:

dξ0,ω

dq̃j
= −ξ0,ωλe

−λz̄0,ω

1− e−λz̄0,ω
dz̄0,ω

dq̃j

2. From d2L
dξj,ωdq̃k

j, k = 0, 1:

dn0
j,ω

dq̃k
=

1

1− e−λz̄0,ω

(
dqj,ω
dq̃k

− n0
j,ωλe

−λz̄0,ω dz̄0,ω

dq̃k

)

3. Substituting into d2L
dz̄0,ωdq̃j

together with τ
dξ0,ω
dq̃j
− dξ1,ω

dq̃j
= 0 and 1(j = 0)1 + 1(j =

1)τ − dq0,ω
dq̃j
− dq1,ω

dq̃j
= 0 yields:

dz̄0,ω

dq̃j
=

1(j = 0)1 + 1(j = 1)τ

(n0
0,ω + τn0

1,ω)λ(1 + e−λz̄0,ω)
> 0

To show: The marginal benefit of CEO time ϕj,ω and the knowledge of the em-
ployees at all below-CEO layers z`j,ω do not vary with local demand q̃0,ω, q̃1,ω.

tba.
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Case 2: ξ0,ω = τξ1,ω. The second order conditions correspond to the ones in Appendix
section C.2.3 with the following exceptions:

d2L
dq0,ωdq̃j,ω

− d2L
dq1,ωdq̃j,ω

=
dξ0,ω

dq̃j,ω
− τ dξ1,ω

dq̃j,ω
= 0

d2L
dφ

0,ω
dq̃0,ω

= τ − τ dq0,ω

dq̃0,ω
− dq1,ω

dq̃0,ω
= 0

d2L
dφ

0,ω
dq̃1,ω

= 1− τ dq0,ω

dq̃1,ω
− dq1,ω

dq̃1,ω
= 0

To show: CEO knowledge z̄0,ω increases with local demand q̃0,ω, q̃1,ω.
By an analogous argument to Case 1:

dz̄0,ω

dq̃j
=

1(j = 0)τ + 1(j = 1)1

(τn0
0,ω + n0

1,ω)λ(1 + e−λz̄0,ω)
> 0

To show: The marginal benefit of CEO time ϕj,ω and the knowledge of the em-
ployees at all below-CEO layers z`j,ω do not vary with local demand q̃0,ω, q̃1,ω.

tba.

Case 3: ξj,ω 6= τξk,ω, j 6= k. The second order conditions correspond to the ones in
Appendix section C.2.3 with the following exceptions:

d2L
dq0,ωdq̃j,ω

=
dξ0,ω

dq̃j,ω
− dφ̄0,ω

dq̃j,ω
− τ

dφ
0,ω

dq̃j,ω
= 0

d2L
dq1,ωdq̃j,ω

=
dξ1,ω

dq̃j,ω
− τ dφ̄0,ω

dq̃j,ω
−
dφ

0,ω

dq̃j,ω
= 0

d2L
dφ̄0,ωdq̃j,ω

= 1(q0,ω ≥ q̃0 ∧ q1,ω ≤ q̃1)

(
1(j = 0)1 + 1(j = 1)τ − dq0,ω

dq̃j,ω
− τ dq1,ω

dq̃j,ω

)
= 0

d2L
dφ

0,ω
dq̃j,ω

= 1(q1,ω ≥ q̃1 ∧ q0,ω ≤ q̃0)

(
1(j = 1)1 + 1(j = 0)τ − τ dq0,ω

dq̃j,ω
− dq1,ω

dq̃j,ω

)
= 0

To show: Local output qj,ω varies with local demand q̃j,ω, but does not vary with
demand at the other location q̃k,ω, k 6= j.

Follows from d2L
dφ̄0,ωdq̃j,ω

and d2L
dφ

0,ω
dq̃j,ω

. For q̃1,ω,
dq1,ω
dq̃1,ω

= 1 − τ dq0,ωdq̃1,ω
, so

dq0,ω
dq̃1,ω

= τ2 dq0,ω
dq̃1,ω

= 0

by τ2 > 1. For q̃0,ω,
dq0,ω
dq̃0,ω

= 1− τ dq1,ωdq̃0,ω
, so

dq1,ω
dq̃0,ω

= τ2 dq1,ω
dq̃0,ω

= 0 by τ2 > 1.

To show: CEO knowledge z̄0,ω increases with local demand q̃0,ω, q̃1,ω.

1. d2L
dκ̄0,ωdq̃k

, d2L
dsj,ωdq̃k

, d2L
dz
Lj
j,ωdq̃k

, d2L
dξj,ωdq̃k

and d2L
dϕj,ωdq̃k

, j = 0, 1 imply:

dϕ0,ω

dq̃k
= ϕ0,ω

θ00e
−λzL0

0,ω − λe−λz̄0,ω dz̄0,ωdθ10

(1− e−λz̄0,ω)
∑1

j=0
sj,ω

fj,ω(ϕ0,ω)

where fj,ω(ϕ0,ω) = 1 if Lj = 0, fj,ω(ϕ0,ω) = 1− θjje−λz
0
j,ω if Lj = 1 and fj,ω(ϕ0,ω) =

1− e
−λz1j,ω

e
−λz0

j,ω

(
1−θjje

−λz0
j,ω

) if Lj = 2.
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2. From d2L
dn0
j,ωdq̃k

:

dξj,ω
dq̃k

=
1

1− e−λz̄0,ω

(
dϕ0,ω

dq̃k
θj0e

−λz
Lj
j,ω − ξj,ωλe−λz̄0,ω

dz̄0,ω

dq̃k

)

3. Inserting
dξj,ω
dq̃k

and
dn0
j,ω

dq̃k
from d2L

dξj,ωdq̃k
into d2L

dz̄0,ωdq̃k
yields:

dz̄0,ω

dq̃k
=

ϕ0,ωθ00e
−λzL0

0,ω

1−e−λz̄0,ω
+ ξ0,ω

∑1
j=0

sj,ω
fj,ω(ϕ0,ω)

λ(1 + e−λz̄0,ω)
∑1

j=0
sj,ω

fj,ω(ϕ0,ω)

∑1
j=0 ξj,ωn

0
j,ω + ϕ0,ω

λe−λz̄0,ω

1−e−λz̄0,ω

> 0

To show: The marginal benefit of CEO time ϕj,ω and the knowledge of the em-
ployees at all below-CEO layers z`j,ω do not vary with local demand q̃0,ω, q̃1,ω if the CEO
spends a sufficient share of time at the establishment with higher demand.

tba.

To show: Higher local demand q̃j,ω increases (decreases) the number of production
workers at the same (other) location n0

j,ω (n0
k,ω, k 6= j).

Follows from d2L
dξj,ωdq̃j,ω

and d2L
dξk,ωdq̃j,ω

with
dqk,ω
dq̃j,ω

= 0,
dqj,ω
dq̃j,ω

= 1, and 0 <
dz̄0,ω
dq̃j,ω

< (n0
j,ωλe

−λz̄0,ω)−1.

C.2.10 Proposition 8: Comparative statics with respect to θ10, local
product markets

Case 1: ξ1,ω = τξ0,ω. The second order conditions correspond to the ones in Appendix
section C.2.4 with the following exceptions:

d2L
dq0,ωdθ10

− d2L
dq1,ωdθ10

= τ
dξ0,ω

dθ10
− dξ1,ω

dθ10
= 0

d2L
dφ̄0,ωdθ10

= −dq0,ω

dθ10
− τ dq1,ω

dθ10
= 0

We assume that L0 ≤ L1, or L0 > L1 and wages w1 are sufficiently small.

To show: CEO knowledge z̄0,ω increases with the communication costs θ10.

1. The two equations d2L
dn0
j,ωdθ10

j = 0, 1 yield, together with τ
dξ0,ω
dθ10
− dξ1,ω

dθ10
= 0, τξ0,ω =

ξ1,ω,
dϕ0,ω

dθ10
− dϕ1,ω

dθ10
= 0 and ϕ0,ω = ϕ1,ω:

dξ0,ω

dθ10
=
θ00ϕ0,ω − ξ0,ωλe

−λz̄0,ω dz̄0,ω
dθ10

(τθ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

(1− e−λz̄0,ω)(τθ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

2. Substituting into d2L
dn0

0,ωdθ10
results in:

dϕ0,ω

dθ10
=

ϕ0,ωe
λz
L0
0,ω

τθ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω
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3. From d2L
dξj,ωdθ10

:

dn0
j,ω

dθ10
=

dqj,ω
dθ10
− n0

j,ωλe
−λz̄0,ω dz̄0,ω

dθ10

1− e−λz̄0,ω

4. Substituting into d2L
dz̄0,ωdθ10

together with τ
dξ0,ω
dθ10
− dξ1,ω

dθ10
= 0 and −dq0,ω

dθ10
− τ dq1,ωdθ10

= 0

yields:
dξ0,ω

dθ10
=
dz̄0,ω

dθ10

ξ0,ωλ

1− e−λz̄0,ω

5. Combining the two expressions for
dξ0,ω
dθ10

yields:

dz̄0,ω

dθ10
=

ϕ0,ωθ00

λξ0,ω(1 + e−λz̄0,ω)(τθ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω)

dz̄0,ω
dθ10

> 0 if τθ00e
λz
L1
1,ω − θ10e

λz
L0
0,ω > 0. This expression holds for L0 ≤ L1, see

Appendix section C.2.4, and for a larger range of wages than in that section for
L0 > L1.

To show: The marginal benefit of CEO time ϕj,ω increases with the communication
costs θ10.

Follows from
dϕ1,ω

dθ10
=

dϕ0,ω

dθ10
=

ϕ0,ωe
λz
L0
0,ω

τθ00e
λz
L1
1,ω−θ10e

λz
L0
0,ω

> 0 if
dz̄0,ω
dθ10

> 0.

To show: Local knowledge z`j,ω increases with the communication costs θ10.

Follows from
dϕj,ω
dθ10

> 0 and d2L
dz
Lj
j,ωdθ10

, which implies:

dzL0
0,ω

dθ10

L0=0
=

1

ϕ0,ωλ

dϕ0,ω

dθ10

dzL1
1,ω

dθ10

L1=0
=

1

ϕ1,ωλ

dϕ1,ω

dθ10
+

1

λθ10

dzL0
0,ω

dθ10
−
dzL0−1

0,ω

dθ10

L0>0
=

1

ϕ0,ωλ

dϕ0,ω

dθ10

dzL1
1,ω

dθ10
−
dzL1−1

1,ω

dθ10

L1>0
=

1

ϕ1,ωλ

dϕ1,ω

dθ10
+

1

λθ10

To show: The total number of employees at all below-CEO layers
∑1

j=0 n
`
j,ω, ∀ ≤ Lj

decreases with the communication costs θ10.
` = 0: Follows from d2L

dξj,ωdθ10
, with −dq0,ω

dθ10
− τ dq1,ωdθ10

= 0:

1∑
j=0

dn0
j,ω

dθ10
= −

1∑
j=0

n0
j,ωλe

−λz̄0,ω

1− e−λz̄0,ω
dz̄0,ω

dθ10
< 0 as

dz̄0,ω

dθ10
> 0

` > 0: Follows from
∑1

j=0

dn0
j,ω

dθ10
< 0 and

dz`j,ω
dθ10

> 0.

To show: The marginal production cost ξj,ω increase with the communication costs θ10.

Follows from
dξ1,ω
dθ10

= τ
dξ0,ω
dθ10

=
dz̄0,ω
dθ10

ξ0,ωλ

1−e−λz̄0,ω
if

dz̄0,ω
dθ10

> 0.
dξ1,ω
dθ10

= τ
dξ0,ω
dθ10

implies that
dξ1,ω
dθ10

>
dξ0,ω
dθ10

.
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Case 2: ξ0,ω = τξ1,ω. The second order conditions correspond to the ones in Appendix
section C.2.4 with the following exceptions:

d2L
dq0,ωdθ10

− d2L
dq1,ωdθ10

=
dξ0,ω

dθ10
− τ dξ1,ω

dθ10
= 0

d2L
dφ

0,ω
dθ10

= −τ dq0,ω

dθ10
− dq1,ω

dθ10
= 0

tba.

Case 3: ξj,ω 6= τξk,ω, j 6= k. The second order conditions correspond to the ones in
Appendix section C.2.4 with the following exceptions:

d2L
dq0,ωdθ10

=
dξ0,ω

dθ10
− dφ̄0,ω

dθ10
− τ

dφ
0,ω

dθ10
= 0

d2L
dq1,ωdθ10

=
dξ1,ω

dθ10
− τ dφ̄0,ω

dθ10
−
dφ

0,ω

dθ10
= 0

d2L
dφ̄0,ωdθ10

= 1(q0,ω ≥ q̃0 ∧ q1,ω ≤ q̃1)

(
dq0,ω

dθ10
+ τ

dq1,ω

dθ10

)
= 0

d2L
dφ

0,ω
dθ10

= 1(q1,ω ≥ q̃1 ∧ q0,ω ≤ q̃0)

(
τ
dq0,ω

dθ10
+
dq1,ω

dθ10

)
= 0

To show: Local output qj,ω does not vary with the communication costs θ10.

Follows from d2L
dφ̄0,ωdθ10

and d2L
dφ

0,ω
dθ10

by
dq1,ω
dθ10

= τ2 dq1,ω
dθ10

and τ2 > 1.

To show: CEO knowledge z̄0,ω increases with the communication costs θ10 if L1 ≤ 1
or the subordinate share of CEO time is sufficiently high s1,ω ≥ 1− f1(ϕ0,ω).

1. d2L
dκ̄0,ωdθ10

, d2L
dsj,ωdθ10

, d2L
dz
Lj
j,ωdθ10

, d2L
dξj,ωdθ10

and d2L
dϕj,ωdθ10

, j = 0, 1 imply:

dϕ0,ω

dθ10
= ϕ0,ω

s1,ω
θ10

(
f1,ω(ϕ0,ω)−1
f1,ω(ϕ0,ω)

)
− λe−λz̄0,ω

1−e−λz̄0,ω
dz̄0,ω
dθ10∑1

j=0
sj,ω

fj,ω(ϕ0,ω)

where fj,ω(ϕ0,ω) = 1 if Lj = 0, fj,ω(ϕ0,ω) = 1− θjje−λz
0
j,ω if Lj = 1 and fj,ω(ϕ0,ω) =

1− e
−λz1j,ω

e
−λz0

j,ω

(
1−θjje

−λz0
j,ω

) if Lj = 2.

2. From d2L
dn0
j,ωdθ10

:

dξj,ω
dθ10

=
1

1− e−λz̄0,ω

(
dϕ0,ω

dθ10
θj0e

−λz
Lj
j,ω − ξj,ωλe−λz̄0,ω

dz̄0,ω

dθ10
+ 1(j = 1)ϕ1,ωe

−λzL1
1,ω

)

3. Inserting
dξj,ω
dθ10

and
dn0
j,ω

dθ10
from d2L

dξj,ωdθ10
into d2L

dz̄0,ωdθ10
yields:

dz̄0,ω

dθ10
= ϕ0,ωn

0
1,ωe

−λzL1
1,ω

∑1
j=0

sj,ω
fj,ω(ϕ0,ω) +

f1,ω(ϕ0,ω)−1
f1,ω(ϕ0,ω)

λ(1 + e−λz̄0,ω)
∑1

j=0
sj,ω

fj,ω(ϕ0,ω)

∑1
j=0 ξj,ωn

0
j,ω + ϕ0,ω

λe−λz̄0,ω

1−e−λz̄0,ω
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The denominator is positive, so the sign depends on the numerator.
dz̄0,ω
dθ10

> 0

for L1 = 0 because f1,ω(ϕ0,ω) = 1, for L1 = 1 because
∑1

j=0
sj,ω

fj,ω(ϕ0,ω) > 1 >
1−f1,ω(ϕ0,ω)
f1,ω(ϕ0,ω) by θ11e

−λz0
1,ω ≤ 0.5 ≤ 1− θ11e

−λz0
1,ω , and for L1 = 2 if

∑1
j=0

sj,ω
fj,ω(ϕ0,ω) >

1−f1,ω(ϕ0,ω)
f1,ω(ϕ0,ω) , which holds if s1,ω > 1− f1,ω(ϕ0,ω) (sufficient, not necessary).

To show: The marginal benefit of CEO time ϕj,ω decreases with the communication
costs θ10 if L1 ≤ 1 or the subordinate share of CEO time is sufficiently high s1,ω ≥
1− f1(ϕ0,ω).

Follows from f1,ω(ϕ0,ω)− 1 ≤ 0,
dz̄0,ω
dθ10

> 0 and
dϕ0,ω

dθ10
=

dϕ1,ω

dθ10
.

To show: Local knowledge z`j,ω decreases with the communication costs θ10 at the
headquarters if L1 ≤ 1 or the subordinate share of CEO time is sufficiently high s1,ω ≥ 1−
f1(ϕ0,ω), and increases with the communication costs θ10 at the subordinate establishment.

d2L
dz
Lj
j,ωdθ10

yields:

dzL0
0,ω

dθ10

L0=0
=

1

ϕ0,ωλ

dϕ0,ω

dθ10

dzL1
1,ω

dθ10

L1=0
=

1

ϕ1,ωλ

dϕ1,ω

dθ10
+

1

λθ10

dzL0
0,ω

dθ10
−
dzL0−1

0,ω

dθ10

L0>0
=

1

ϕ0,ωλ

dϕ0,ω

dθ10

dzL1
1,ω

dθ10
−
dzL1−1

1,ω

dθ10

L1>0
=

1

ϕ1,ωλ

dϕ1,ω

dθ10
+

1

λθ10

dz`0,ω
dθ10

< 0 follows from
dϕ0,ω

dθ10
< 0 with d2L

dz`j,ωdθ10
for ` < L0.

dz`1,ω
dθ10

> 0 results because
ϕ1,ω

θ10
> −dϕ1,ω

dθ10
.

To show: The number of production workers n0
j,ω decreases with the communication

costs θ10 if L1 ≤ 1 or the subordinate share of CEO time is sufficiently high s1,ω ≥
1− f1(ϕ0,ω).

Follows from d2L
dξj,ωdθ10

with
dqj,ω
dθ10

= 0 and
dz̄0,ω
dθ10

> 0.

To show: The marginal production costs ξj,ω decreases with the communication
costs θ10 at the headquarters and increases with the communication costs θ10 at the sub-
ordinate establishment.
j = 0: Follows from

dϕ0,ω

dθ10
< 0 and

dz̄0,ω
dθ10

> 0 for L1 ≤ 1. For L1 = 2, a little algebra

shows that the result holds if
∑1

j=0
sj,ω

fj,ω(ϕ0,ω) > s1,ω
1−f1,ω(ϕ0,ω)

f1,ω(ϕ0,ω) , which holds by s1,ω >

s1,ω(1− f1,ω(ϕ0,ω)).

j = 1: Follows because ϕ1,ωe
−λzL1

1,ω > ξj,ωλe
−λz̄0,ω dz̄0,ω

dθ10
− dϕ0,ω

dθ10
θj0e

−λz
Lj
j,ω , which results after

substituting for
dz̄0,ω
dθ10

and
dϕ0,ω

dθ10
because s1,ω

1−f1,ω(ϕ0,ω)
f1,ω(ϕ0,ω) <

∑1
j=0

sj,ω
fj,ω(ϕ0,ω) .

C.3 Proposition 9: Optimal output

Using the implicit function theorem, we show:

dq̃(αi)

dαi
=

(R0 +R1)
(

σ
σ−1ξ0,ω (q̃(αi))

)−σ
1 + αi (R0 +R1)

(
σ
σ−1ξ0,ω (q̃(αi))

)−σ−1
σ2

σ−1
dξ0,ω
dq̃

> 0
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dq̃(αi)

dθ10
= −

αi (R0 +R1)
(

σ
σ−1ξ0,ω (q̃(αi))

)−σ−1
σ2

σ−1
dξ0,ω
dθ10

1 + αi (R0 +R1)
(

σ
σ−1ξ0,ω (q̃(αi))

)−σ−1
σ2

σ−1
dξ0,ω
dq̃

< 0 by
dξ0,ω

dθ10
> 0

The denominator is positive by

1 + αi (R0 +R1)

(
σ

σ − 1
ξ0,ω (q̃(αi))

)−σ−1 σ2

σ − 1

dξ0,ω

dq̃

=1− q̃
σ
σ−1ξ0,ω

σ2

σ − 1

ξ0,ωλe
−λz̄0,ω

1− e−λz̄0,ω
1− e−λz̄0,ω

λq̃(1 + e−λz̄0,ω)

=1− σe−λz̄0,ω

1 + e−λz̄0,ω
> 0 for σ < eλz̄0,ω + 1.

C.4 Optimal output with local product markets

D Organizational response to new high speed train

routes

Table D.1: Reduction of travel times in minutes through high speed routes

High speed Mean p25 p50 p75

2000-2004 0 -1.6 -5.8 0.2 5.1
1 -22.7 -51.5 -8.7 3.6

2004-2008 0 -1.4 -5.8 -0.2 3.1
1 -16.8 -28.8 -9.9 -1.2

The table displays summary statistics on the reduction of travel time between 2000 and 2004 and
2004 and 2008 separately for the new high speed routes and other routes.

Table D.2: Robustness check, managerial share, treated establishments

Establishment managerial share (1) (2) (3) (4)

Dθ↓,ijt −2.856∗ −0.643∗ −0.614 −0.669∗

(1.086) (0.364) (0.387) (0.288)

R-squared 0.872 0.855 0.867 0.855
Establishment FE Y Y Y Y
County-year FE Y Y Y Y
Observations 2,399 37,798 201,895 37,798

2000-2010 panel, only firms with at least 10 employees. Standard errors clustered at county level
in parentheses. + p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Dependent variable: share
of employees of establishment in managerial occupations. Independent variable: see Table ??.
Column 1: Only years 2000, 2004, and 2008. Column 2: control group includes establishments
with travel time reduction of less than 30 minutes. Column 3: control group of column 2 plus
establishments in counties without ICE train station. Column 4: Dθ↓,ijt defined as equal to 1 if
travel time to headquarters is reduced by at least 10 minutes and zero otherwise.

88


