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Chapter 1

Introduction

This thesis, entitled “Empirical analyses of public service productivity and an
experimental investigation of norm violations”, has been written while I was
a doctoral researcher at the Düsseldorf Institute for Competition Economics at
Heinrich-Heine-Universität Düsseldorf. It considers two different areas of eco-
nomics. The first part empirically studies the productivity of public services in
a very particular industry, the garbage sector. Another strand of my research
considers human behavior in the area of Law & Economics and tries to explain
what factors might lead people to revert to crime. Specifically, we conduct a lab
experiment to study if frustration and anger resulting from losses make people
more likely to commit a norm violation.

There is a long academic discussion about whether public services should be
provided by the government or if it is better to outsource them to private firms
(Grossman and Hart, 1986; Hart et al., 1997; Williamson, 1993). The debate has
given rise to a number of studies aiming to test if public firms are more pro-
ductive than private ones. Often, the results are not clear-cut, and the conclu-
sion depends on regulatory characteristics, the industry studied, technological
considerations, and many other aspects (Villalonga, 2000). Furthermore, many
determinants other than ownership have proven influential for productivity.

The market that we study is the one for garbage, an industry that has rarely
been examined empirically, especially for Germany.1 We analyze two unique
sectors, which involve different firms and have each a distinct production tech-
nology. Chapter 2 deals with garbage incineration, which can be regarded as the
last part of the value chain, disposing of the garbage by burning it. In Chapter
3, we focus on garbage collection, which involves transportation from where the
waste is produced to incineration or recycling plants.

1This is despite of the fact that garbage fees are an important component of consumers’ ex-
penditures for utilities and have been shown to diverge widely between municipalities (Bund
der Steuerzahler NRW, 2017; Verivox, 2008).
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However, there are also interconnections between the components of the
garbage sector, such that better cost performance in one part can influence oth-
ers. For example, the amount a household pays for the collection of garbage
highly depends on how much the municipalities themselves must spend for its
incineration. Therefore, the question how and why firms in the garbage sector
differ with respect to their efficiency has gained interest among political decision
makers, even though economic considerations rarely affect the waste manage-
ment concept (Bilitewski and Härdtle, 2013). One reason may be that there is
little through analysis of efficiency-affecting factors in this area and our research
contributes to filling this gap.

The factors that we study are not limited to public vs. private provision, but
encompass other aspects of the organization. Chapter 2 entitled “Task bundling,
ownership and efficiency: An application to garbage incineration” deals with
the efficiency of incineration plants. Here, we study the role of ownership and
task bundling, i.e. managing the plant with one firm instead of having several
entities involved in production. The role of task bundling in the form of public-
private partnerships has been recently studied theoretically (Bennett and Iossa,
2006; Martimort and Pouyet, 2008), but has not received much attention in em-
pirical works. Besides from this, we include local concentration of incineration
capacities to determine whether competition increases technical efficiency. We
use Data Envelopment Analysis (DEA) to derive efficiency scores using a unique
data set of 34 incineration plants between 2006 and 2014. The influence of envi-
ronmental variables is analyzed in a second stage where inference is made using
a recent technique by Simar and Wilson, (2007).

We find that private shareholding affects efficiency positively across all spec-
ifications. With a 10 percentage point higher share of private ownership, techni-
cal efficiency is estimated to increase by around 3%. Bundling is found to have
a negative efficiency effect: both the operation of incineration with a separate
plant manager or with another firm owning the assets go along with lower effi-
ciency. The impact of local competition does not have a statistically strong effect,
but tends to affect efficiency negatively. This could be attributed to non-optimal
development of capacities given current incineration demand.

In Chapter 3 with the title “Property rights and transaction costs - The role
of ownership and organization in German public service provision” on garbage
collection, we additionally consider a firm’s legal structure, which determines
transactional costs and information asymmetries between the firm and the mu-
nicipality as organizer of the service. Using a sample of 84 firms during the
years 2000-2012, we estimate a production function using a recent technique



Chapter 1. Introduction 3

introduced by Ackerberg et al., (2015) to obtain estimates of total factor produc-
tivity. These estimates are then projected onto ownership, legal status and a set
of control variables. We find that private firms are clearly more productive than
public ones, while semipublic firms, in which public and private partners jointly
hold stakes, are less productive than their public counterpart.

The second part of this thesis tries to answer the question whether people will
violate norms when they feel that the status quo is threatened because of ex-
ternally caused losses. The experimental study is motivated by the observation
that the existence of crime may not solely be attributable to the decision of ra-
tional agents. Whereas Becker, (1968) argues that persons will make a simple
cost-benefit analysis when deciding whether to commit a crime, other strands of
literature both inside and outside economics offer alternative interpretations.

In economics, the prospect theory by Kahneman and Tversky, (1979) sug-
gests that people care more about changes in payoffs from an activity relative
to a reference point than about absolute ex-post levels. In the criminological
literature, the general strain theory (Agnew, 1992) hypothesizes that crimes are
committed because individuals respond to the loss of income, status, or other
values with negative feelings, which in turn increase the propensity to behave
criminally.

Chapter 4 titled “Do frustration and anger promote criminal behavior? Ex-
perimental evidence on the role of gender” reports the results of our lab exper-
iment. Motivated by the arguments mentioned above, we analyze the influence
of experiencing losses on the decision to commit a gainful norm violation. Here,
losses are invoked by framing the income of a real-effort task in such a way that
participants get money subtracted from their budget over the course of the ex-
periment. The norm violation is modeled by allowing participants to take away
money from a donation intended for charity. We specifically explore the emo-
tional channels through which the loss treatment affects the norm violation, as
these are considered a main driver of crime in the criminology literature.

We find that only men react to loss framing with an increased propensity to
take away the donation. Women, on the other hand, tend to take more often
in the gain frame, so that there is a significant gender effect. This difference
is not explained by the loss treatment affecting the genders aversely: in fact,
both males and females react with increased frustration and anger to the loss
experience. However, it seems that both genders deal differently with emotions.
Whereas men tend to take the donation the more frustrated and angry they are,
we do not find such an effect for females.
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Chapter 2

Task bundling, ownership and

efficiency: An application to garbage

incineration

Summary of the chapter

I analyze the role of task bundling, ownership and competition in
explaining efficiency of refuse incineration plants. Efficiency scores
are derived from Data Envelopment Analysis for a unique sample of
German incineration plants between 2006 and 2014. Private owner-
ship is associated with higher efficiency, while managing production
with several firms (task unbundling) is found to hamper efficiency.
Local competition from other incineration plants does not have a sta-
tistically significant effect.
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2.1 Introduction

A widely discussed topic among economic scholars is how the government
should organize the provision of public tasks. One example of a service that gov-
ernments must fulfill is offering citizens opportunities for disposing of garbage.
On average, every person in the European Union produces 1.3 kg of waste per
day (Eurostat, 2015). The state, in most cases the local government, must find
adequate means to dispose of waste, while complying with environmental laws
and social norms. Incineration of waste is one possible option that has been used
in Germany since the 1970’s.

These plants have the reduction of the waste in volume and weight through
incineration as primary objective and usually produce energy as a by-product.
Building and operation of plants requires large investments over long planning
horizons, so that strategies for incineration influence municipal budgets and,
ultimately, the citizens (Rand et al., 2000). Therefore, the analysis of technical
performance and costs of incineration plants has gained interests among local
decision makers, although such considerations rarely affect actual political deci-
sions (Bilitewski and Härdtle, 2013). Furthermore, recent investments into new
capacities in Germany led to increased competition and raise the question how
such a change in the operating environment affects an individual plant and the
sector as a whole.1

The goal of this chapter is to analyze the productive efficiency of incineration
plants in Germany, particularly regarding the impact of various efficiency deter-
minants raised in the literature. Analyzing productivity differences between
firms has been of interest to economists for a long time (for a survey, see Syver-
son, 2011). One type of studies concerns analyzing factors influencing efficiency
of public utilities. An often-considered determinant of empirical studies on ef-
ficiency dispersion is ownership, which has its foundation in several strands of
theoretical literature (Boycko et al., 1996; Hart et al., 1997; Laffont and Tirole,
1993). A common consensus is that the influence of ownership is heterogeneous
(Villalonga, 2000), which implies that analyses looking at specific industries and
countries are important. The impact of private ownership is therefore included
in this empirical analysis, as plants differ largely in the degree of private in-
volvement.

1A prohibition of landfills in 2005 led to increased demand for capacity, which made it lu-
crative to invest into building new incineration plants. This development led to the existence of
overcapacities around the year 2010 (Rau, 2010). Political decisions clearly affected the market
environment and it is therefore interesting to analyze if this translates into measurable efficiency
effects.
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Apart from ownership, the degree of competition in an industry is known
to influence firm performance. Replacing regulation with market mechanisms
in formerly state-dominated sectors between the 1970’s and 1990’s has shown
to improve efficiency in various industries (Fabrizio et al., 2007, for electricity
generation; Galdon-Sanchez and Schmitz, 2002, for production of iron ore; Ol-
ley and Pakes, 1996, for the telecommunications sector). Given that competition
has proven influential to improve efficiency in these other sectors, this chapter
investigates whether this is also the case for incineration. Competition is partic-
ularly relevant in our setting because the plants are not pure local monopolies.
Most actors wanting to incinerate their garbage can chose the cheapest plant
around based on per-ton incineration prices and transportation costs.2

A claim from recent theoretical work, which has rarely been studied em-
pirically, is that the structure of organization within a public service can fur-
ther influence its cost (Martimort and Pouyet, 2008). The emerging literature
on public-private-partnerships (PPPs) deals with the question whether provi-
sion of a public task should be carried out by several firms, or by a single one
if service delivery entails different tasks (Hart, 2003). Combining two tasks –
termed bundling – is found to lead to lower costs if better performance in the
first task positively affects the second, for example by decreasing costs or in-
creasing productivity.3 A related intuition can also be found in the literature on
vertical relations, where integration can avoid duplication efforts or exploit ex-
isting technological externalities among vertical structures (Grossman and Hart,
1986; Williams, 1985).

In the German industry for garbage incineration, operation and technical
management are either done within the same firm, or performed by two separate
entities. Operation includes strategic planning (acquisition of garbage, manag-
ing capacity utilization) and investment into assets (renovating and building in-
frastructure). The technical manager is mostly responsible for ensuring smooth
production (interfering at production stoppage, managing energy transmission).
If performing day-to-day production also led to better long-run management
decisions, this would translate into lower costs and there would be benefits of
integrating these tasks within one firm. Similarly, there exist plants where asset
ownership is outsourced, which could further affect performance. Such forms

2This goes for private actors (companies) and municipalities that have not tied themselves
contractually to using only one plant. Both of these actors are important.

3Martimort and Pouyet, (2008) use a multi-task principal agent environment with sequential-
ity to show that bundling is optimal if performance in the first decreases the cost of the second.
Bennett and Iossa, (2006) and Hart, (2003), who base their analysis on the theory of property
rights, find a similar result.
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of organization are denoted bundling in this chapter and their influence will be
examined in the empirical analysis.

Overall, I test the effect of competition, ownership, and bundling on perfor-
mance by relating them to efficiency scores derived from the non-parametric tool
of Data Envelopment Analysis (DEA). I use a unique, self-composed data set of
37 German incineration plants between the years 2006 and 2014. The method
employed has the advantages of allowing multiple outputs and inputs, while
making no assumptions of the underlying technology. Efficiency is computed
from a production frontier with variable returns to scale, known as the BCC
model (Cooper et al., 2007). The efficiency score is then projected onto the fac-
tors described above and control variables using a procedure advanced by Simar
and Wilson, (2007).

The data set created combines data administered and provided by the Statis-
tical Office of Germany for output with publicly available financial and operat-
ing data from incineration plants for the inputs. For unbundled structures, cost
data are available for all stages of the production process. To address efficiency-
influencing factors, further control variables are added from various sources.

I find that a higher degree of private ownership is associated with plants be-
ing more technically efficient. Conversely, efficiency is decreased if more than
one firm is involved in running the plant. Outsourcing day-to-day business to
a firm is found to decrease efficiency. The same effect is found for firms that
rent their machinery: here, efficiency is significantly lower than for plants own-
ing their own assets. Local competition does not have a pronounced effect on
efficiency, but some evidence points to its effect being negative. All results are
similar when considering the energy production of incineration plants in the
definition of output. Furthermore, the effects can be reproduced in a robustness
check using the parametric technique of estimating a stochastic frontier, which
is a complementary way of examining efficiency.

The chapter proceeds as follows. Section 2.2 summarizes the relevant litera-
ture and gives some industry background. The data is described in Section 2.3.
Section 2.4 discusses the empirical approach used. Section 2.5 presents the main
results and Section 2.6 shows several robustness checks. Section 2.7 concludes.
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2.2 Efficiency of incineration plants

2.2.1 Related literature

The effect of bundling in the sense of integrating horizontally related tasks has
rarely been considered in empirical work. One analysis, even though method-
ologically different from this study, is done by Takahashi, (2011). He estimates
a production function exploiting a reduction of job classifications that led to a
broader range of tasks for workers in Australian coal mines. Takahashi, (2011)
finds that using the same workforce for production and maintenance increases
productivity. The benefit is attributed to reducing duplication effort and wait-
ing time for the maintenance and operation of coal mine machinery. An analysis
of combining tasks in the form of horizontal integration is also done by Lu and
Wedig, (2013). Using a sample of nursing homes, the authors argue that moni-
toring possibilities from regional clustering can be one way to solve increasing
agency costs of horizontal integration.

In the empirical literature, it is more common to consider the benefits of verti-
cal integration, which follows a similar intuition as task bundling. Even though
differences exist in the theoretical modeling, the practical insight is that tasks
should be carried out jointly if positive spillovers exist. As an example, Nemoto
and Goto, (2004) or Kwoka, (2002) examine the effect of integrating the genera-
tion and distribution stages in the electricity sector by estimating cost differences
between the two structures using parametric cost functions. Both studies find
that integration leads to considerable cost savings. Conversely, Garcia et al.,
(2007) find that economies of vertical integration do not exist in the water sector.

In contrast to bundling, ownership and competition are considered in many
studies, independent of the precise method to estimate efficiency. In the context
of Data Envelopment Analysis, relevant contributions include Su and He, (2012)
and Sueyoshi and Goto, (2012).4 Su and He, (2012) study a sample of Chinese
manufacturing firms and show that enterprises owned directly by the Central
State are less efficient than other forms of public ownership. A similar result is
found by Lam and Shiu, (2004) who study Chinese thermal power plants. In
the context of Swedish retail stores, Maican and Orth, (2015) demonstrate that
more local competition in the form of flexible policies for new market entrants
increases productivity.

4A meta study on DEA for electricity and environment is provided by Sueyoshi et al., (2017).
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2.2.2 Industry background

Incineration plants burn different types of garbage at high temperatures and
produce electricity, heat or steam, or a combination of them, as a by-product.
In this chapter, I focus on plants burning conventional household garbage and
exclude those that treat other forms, such as hazardous waste or sewage sludge.
Since 2005, all garbage in Germany needs to be incinerated or recycled, after a
regulation prohibited the use of landfills (Umweltbundesamt, 2016). As a result
of the prohibition, there was a short-term spike in demand for capacities, while
the market is exhibiting local overcapacities in recent years (Wilts, 2012).

Two main factors led to this trend. First, capacities had been quickly built
after fearing that current installations would not suffice after the prohibition of
landfills. Second, a new type of plants using refuse-derived fuel (RDF) appeared
in the market and started to compete with conventional incineration plants on
the acquisition of domestic garbage (Thiel, 2013). RDF plants burn waste that
has a higher calorific value on average than conventional household garbage,
e.g. plastic and industrial wastes (Wilts, 2012). However, some proportion of
waste can be burned in both types of plants and this is the fraction that the
different plants compete upon.5 These market developments will be considered
in the empirical analysis later.

The decision to construct an incineration plant is made by local governments
as a means to fulfill their obligation of handling waste. The local government
can decide on management style and ownership structure (Claus, 2000). In prac-
tice, the engagement of private firms differs considerably among the plants. Be-
sides from purely public and purely private ownership, intermediate regimes of
semipublic ownership of the operator exist.

Another aspect of the management strategy is deciding how many firms
carry out the tasks of a particular plant. This bundling (one firm only), or un-
bundling (several firms), of tasks will be analyzed in this chapter. On a practical
basis, tasks can be divided into three broad categories. First, an administrative
one that involves dealing with customers, setting incineration fees and manag-
ing the broad organization of the plant. Second, day-to-day operation is related
to insuring smooth production, interfering at complications (often incidents of
fire), and managing small-scale technical maintenance. Third, developing a
long-run perspective of the plant, which includes planning renovations, plant

5Refused-derived fuel is produced by transforming high-caloric refuse of different types into
other forms, such as flock or pallets (Buekens, 2013). Therefore, RDF plants can burn RDF pro-
duced from household waste that could have been burned in a conventional incineration plant.
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TABLE 2.1: Modes of provision

bundling
status firms involved (tasks) % firms N

B bundled operator (strategy, investment, plant
management, maintenance) 79.4 209

PM tasks
unbundled

operator (strategy, investment)
plant manager (plant management, maintenance)

5.9 7

AO ow’sh
unbundled

operator (strategy, plant management, maintenance)
asset owner (investment)

11.8 35

PM,
AO

tasks and ow’sh
unbundled

operator (strategy)
plant manager (plant management, maintenance)
asset owner (investment)

2.9 8

expansion and technical improvements. These investments into plant equip-
ment are important as regulatory constraints (mostly related to emission levels)
are increasing and technological developments emerge.

For the empirical analysis, I classify all plants into one bundling regime de-
pending on how these tasks are organized. The different structures observed in
the sample are summarized in Table 2.1. Under a bundled structure (B), all cat-
egories are performed within the same firm and there is one operator (O) doing
all three tasks. Under task unbundling, there is a separate plant-managing firm
(PM), which may or may not be vertically related to the operator. Lastly, there
exist also structures in which there is a separate company owning the tangible
assets (AO) such as machines and land, which it leases to the operator. Again,
those two firms may be in some way related through shareholding. The fourth
scenario is the one where task and ownership unbundling occur simultaneously
(last row).

There are several possibilities in which the bundling status could affect effi-
ciency. For the case of a separate plant manager it could be, for example, that
learning from day-to-day management led to better long-run business decisions.
Then, benefits from bundling would stem from increased business expertise.
Regarding asset leasing vs. the plant using its own infrastructure, efficiency
might be fostered because firms owning assets have bigger investment incen-
tives when this also increases operational efficiency.6 Evidence from business

6The trade-off between investing into asset quality vs. regularly incurring maintenance costs
for fixing equipment is also mentioned by Iossa and Martimort, (2009) in the context of the
transportation sector. The fact that the integration status can affect costs has also been shown for
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reports suggests that certain types of investments are likely to decrease costs
in the long-run, which would make a case for integrating asset ownership and
operation.7 Such an intuition follows the main argument of the PPP literature
claiming that positive externalities between stages favor task integration (Mar-
timort and Pouyet, 2008).

2.3 Data

The data used in this chapter stem from two main sources. Input data are
obtained from publicly available documents, mainly firms’ annual statements,
which are published in the German Federal Gazette. This data is complemented
by annual statements obtained from other sources, like reports of municipalities
on shareholding in companies (Beteiligungsbericht) and reports provided by the
operators themselves. Output data (garbage incinerated) is found in the waste
balance report (Abfallbilanz), a data set that is gathered and administered by the
Federal Statistical Office Germany. Control variables are collected from several
sources, see Appendix 2.A.1 for details. All variables are measured on an annual
basis for the years 2006-2014.

The relevant industry that is analyzed with the data is all German incinera-
tion plants burning mainly household waste. The sample is created by excluding
plants for which the required data is not available.8 The final sample contains 37
out of 70 incineration plants, which represents around 50% of capacity installed.

As inputs, I use labor (measured as number of workers) and operational costs
from the income statements. Operational costs are the sum of material costs,
other operating expenses and depreciation. This is done because firms have
some liberties in allocating costs into relevant categories. In order to obtain a
quantity-equivalent of the cost input, it is deflated using a weighted average of
appropriate cost indices taking into account the contribution of each cost cat-
egory and regional price differences. The relevant deflators are described in
Appendix 2.A.2.

the railway sector, where operation can be separated from managing infrastructure (Ivaldi and
McCullough, 2008).

7Examples include the investment into flue gas treatment equipment, which leads to long-run
decreases in energy consumption, or installations of electronic systems monitoring component
deterioration that in turn foster operational availability (see, e.g., MVA Weisweiler GmbH & Co.
KG, 2007; SRS Ecotherm GmbH, 2014).

8There are some plants that I exclude because they perform other activities, such as collecting
domestic garbage. In general, DEA accommodates multi-product firms. However, there are not
enough firms also performing this activity, such that a reference group cannot be created. Con-
cerning data unavailability, not all municipal plants are obliged to publish annual statements,
which leads to further exclusion of plants.
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An additional input that may affect efficiency in the long run is capital. There
are several ways to measure the contribution of capital, with each method hav-
ing advantages and disadvantages. One measure is the historical cost of in-
vested capital. However, this measure is not sensible if investment is lumpy
(Coelli et al., 2003), as it is likely to be the case for incineration plants. Any im-
precise measurement of these costs would be exacerbated by the fact that this
input would quantitatively exceed the other inputs by a large amount. Given
that I only observe a limited time period and that capital in this industry is very
long-lived, I follow Kwoka and Pollitt, (2010) and use a capital expenditure mea-
sure.9 In the second specification, this variable is added to operational costs in
order to capture the effect of conserving infrastructure on efficiency.

The main output data is garbage to be incinerated, expressed in tonnes. An
additional output is manure to be composted (in tonnes) for those firms that
operate a composting plant. As mentioned in Section 2.2.2, plants additionally
produce energy (electricity, heat or process steam), but this information is not
available on the plant level. However, a robustness check uses total revenue
(including income from energy generation) as an output and finds similar results
(see Section 2.6.1).

Because plants use different organizational structures for the waste-burning
process, some data adjustment must be made when firms are not of the bundled
type. For example, a firm with a separate plant-managing firm might look like
it were using fewer inputs compared to an integrated plant if only the operator
were considered. In order to compare plants to each other in a valid way, the
following procedure is used. For unbundled structures (PM), I sum up each
input for the plant manager and the operator. Lastly, those costs are subtracted
from material expenses that are incurred as compensation for the PM. This is
done because internal transfers cancel out if we consider the whole production
process and not adjusting the data would bias the results (Garcia et al., 2007). In
cases where assets are not owned by the operator (AO), investment expenditure
of the asset-owning firm are added. For the last category (unbundled operation
and asset ownership), both adjustments are done simultaneously.

Besides from the DEA input and output variables, there are those that are
considered outside the production process, but affecting efficiency (environmen-
tal variables). Bundling is summarized in Table 2.1 where the frequency of ob-
served provision modes in the sample is displayed. Around 79% are integrated,
whereas around 6% have an independent plant manager. In 12% of plants, asset

9See Fried et al., (2002), who also exclude capital stock from the inputs of DEA.
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ownership is by another firm, while 3% have outsourced both plant manage-
ment and asset ownership. In the empirical analysis, I include them as indicator
variables, pm (plant manager) and ao (asset owner). For the last category (PM
and AO), both variables take on the value of 1.

Firms also differ in the involvement of private actors. In Germany, 17% of
incineration plants are privately owned, 23% have a mixed ownership, whereas
60% are fully public. Previous studies have found a positive effect of private
ownership for incineration plants (Chen et al., 2014). Therefore, the variable
privshare is included, which measures shareholding of private companies in the
operator as a share.

As mentioned before, one would expect technical efficiency to be further
influenced by the competition from neighboring plants. Neighboring capac-
ity within a certain radius around the plant (neighcap) will measure the inten-
sity of competition from close-by plants. Competition arises also from so-called
refused-derived-fuel (RDF) plants. As described in Section 2.2.2, those plants
incinerate using a slightly different technology, but compete with conventional
incineration plants on refuse acquisition. I address this interdependence by
adding the capacity of RDF plants within a certain radius (neighcap_o, with the
subscript o denoting “other type”) as another environmental variable.

In order to control for the demand for incineration which likely varies by
demographic structures, both competition variables are divided by population
density.10 Both neighcap and neighcap_o should capture if plants are able to in-
crease their efficiency when there are more other plants in proximity. In the
empirical analysis, I will define three types of competition areas of 50, 100 and
150 km around the plant.11

It is also important to control for technical factors that determine efficiency.
The first is plant capacity as a proxy for a plant’s scale of operation. It is not clear
which effect this will have on efficiency: it could be that capacity can lead to size
advantages, but also that bigger plants are more difficult to manage (Chen et al.,
2014). Second, the age of a plant is likely to be directly related to efficient op-
eration. Because it is quite common to expand the plant by adding new lines,12

10A similar variable is used by Maican and Orth, (2015) in the context of measuring local
competition in the retail market.

11These areas should be those that a municipality choosing an incineration plant considers
reasonable options given transportation costs. The distance between a municipality and its reg-
ularly used incineration plants would be around 50 km on average, but with possibly longer
distances in rural areas. In addition, prices might still be constrained by plants further away
even though they are not actually chosen, which is why I include two more distance radii.

12Lines are sections of the incineration plant that can operate independently from each other.
It is common to enlarge the plant by adding a new line.
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TABLE 2.2: Summary statistics

mean std. dev. 5th perc. 95th perc.

Outputs
refuse incinerated 290.91 166.63 78.94 686.32
manure composted 3.79 12.72 0.00 4.05

Inputs
no. of workers 94.28 65.75 0.00 198.00
op. costs 30.25 19.39 9.21 74.85
op. costs plus capital exp. 34.92 21.48 10.85 86.88

Environmental Variables
share of private ownership 0.34 0.35 0.00 1.00
plant manager = 1 0.06 0.23 0.00 1.00
asset owner = 1 0.17 0.37 0.00 1.00
neighboring capacity conv. 312.51 300.44 0.00 841.20
neighboring capacity RDF 29.51 28.05 0.00 99.25
age index 18.26 11.68 2.03 42.00
plant capacity 37.02 21.08 10.00 88.00

Other Variables
revenue 44.66 24.10 12.30 94.57

No. of obs. 259

Note: Outputs measured in thousands of annual tonnes. Operational costs, capital ex-
penditure and revenue reported in millions of Euros. Neighboring capacities (con-
ventional and RDF) computed by adding up capacity in a radius of 100 km around
the plant and dividing it by population density. Age index is capacity-weighted
plant age, in years. Plant capacity measured in t/h.

Source: FDZ der Statistischen Ämter des Bundes und der Länder, Statistik der Abfal-
lentsorgung 2006-2014 (refuse incinerated). See Appendix 2.A.2 for sources of the
other variables.

I construct the variable ageindex, which is the plant age (in years), weighted by
the contribution of each line to total capacity.

Table 2.2 summarizes the input and output variables, as well as the environ-
mental variables. The refuse incinerated has its mean at 291.000 metric tonnes
per year.13 Around 12% of plants operate a composting plant, for which the ma-
nure composted with a mean of around 3.800 annual tonnes is negligible com-
pared to the waste incinerated. On average, firms employ 94 workers and report
costs of around 30.25 mio. Euros. If one additionally considers capital expendi-
ture, this changes to costs of 34.92 mio. Euros.

The second part of the table summarizes the environmental variables. An

13This is comparable in magnitude to the yearly waste produced by private consumers in the
state of Bremen, which has around 670.900 inhabitants (Statistisches Bundesamt, 2017).
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average plant is 18 years old and has an hourly capacity limit of 37 tonnes.
The average share of private shareholding is 34%, with the 5% and 95% per-
centile located at 0 and 1, respectively. For completeness, the table also recalls
the bundling regime (for details, see Table 2.1). A plant’s competition from its
own type is denoted neighboring capacity (conventional), whereas competition
from plants burning refused-derived fuel is summarized as neighboring capac-
ity (RDF). One can observe that competition from conventional plants is much
stronger than the one from RDF plants.

2.4 Data Envelopment Analysis

2.4.1 General methodology

Data Envelopment Analysis is one approach to analyze production behavior of
decision-making units (DMUs) and associated efficiencies. It is a non-parametric
technique that aims to estimate a convex frontier composed of efficient firms that
closely fits the data. Away from this frontier are inefficient firms, which do not
maximize their output given inputs compared to the reference group of efficient
firms. Efficiency is measured by a scalar θ ∈ (0, 1], where a value of one signifies
that the firm is fully efficient, while firms with a value less than one are consid-
ered technically inefficient. Importantly, DEA makes no assumption about the
underlying production technology. It deviates from parametric approaches like
estimation of a cost function, as it does not assume all firms to be cost minimizers
and therefore behave efficiently (Fried et al., 2008).

The scalar θ measures technical efficiency. For example, θ < 1 expresses
that all inputs can be proportionately reduced by 1 − θ%, while still producing
the same output level(s). The specific model used is the BCC model, which
allows for variable returns to scale and has been applied to incineration plants in
previous work on this topic (Chen et al., 2014).14 I use an input-oriented model,
which is appropriate when the output is largely exogenous to the DMU. This
assumption is reasonable, as an incineration plant can influence the quantity
delivered to it only to a very limited degree.

14One could additionally consider mix inefficiency, which can exist on top of pure technical
inefficiency. Mix inefficiencies are input excesses that exist because inputs could be even further
reduced after a proportionate input reduction of 1 − θ%. This measure is beyond the scope of
this chapter.
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FIGURE 2.1: Input-oriented DEA, two inputs and one output
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Source: Own illustration based on Cooper et al., (2007, Fig. 1.4, p.7)

Let the linear program for the input-oriented BCC model be defined as:

min
θ,λ

θ s.t. (2.1)

θxi −Xλ ≥ 0 (2.2)

Y λ ≥ yi (2.3)

eλ = 1 (2.4)

λ ≥ 0, (2.5)

where θ is a scalar and denotes the efficiency score, λ is a n × 1 vector to be
optimized upon and e is a vector of 1’s.15 The program is run for each DMU
i = 1, . . . , n, which is equivalent to the plant level for my analysis. The vectors
x (y) contain the k (r) inputs (outputs) used by plant i. The matrices Xk×n and
Yr×n capture the inputs and outputs of all DMUs, respectively.

The logic of DEA is illustrated in Figure 2.1, where observed input usage is
plotted for different DMUs given constant output Q. The region containing all
data points (between E and C) presents the production possibility set,

P = {(x,y)|x ≥ Xλ, eλ = 1,λ ≥ 0}, (2.6)

i.e. where production is feasible. The points E, D and C are on the efficient
frontier and therefore would have a technical efficiency (θ) of one. In contrast

15This model was first proposed by Banker et al., (1984).
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to that, all other points represent inefficient DMUs whose performance could
be improved by reducing inputs. For example, A’s efficiency is measured by
considering the ratio OP/OA<1, with O denoting the origin and P being the
location where the line OA hits the frontier. Again for DMU A, the reference set
is composed of DMUs E and D, as these are the closest observations to it that lie
on the frontier.

2.4.2 Empirical implementation

For the DEA estimation to deliver sensible estimates, it is important that all data
used is consistent and comparable. Because the data I employ is panel data, a
pooling of all observations fails to estimate efficiency scores consistently if there
is technological progress in the industry. Under such a scenario, the frontier
would shift outwards as time passes and pooling all observations would un-
justly treat the early years by comparing them to later data points, which could
not be reached given the technological status. On the other hand, the limited
sample size does not permit to estimate the frontier separately for each year.
Therefore, I conduct a Window Analysis in order to address this issue. In this
framework, plants from different years are pooled, but DEA is performed sepa-
rately for several windows (periods). With this method, it is possible to compare
the performance of DMUs over time, as well as investigate industry-wide time
changes (Cooper et al., 2011).16

I define three windows, each three years long, i.e. 2006-2008, 2009-2011 and
2012-2014. Aside from symmetrically dividing the data period, these windows
also broadly capture industry dynamics. The first window can be classified as
high market expansion (growth in combined conventional and RDF capacity
10%), the second as moderate (6.0%) and the third as a stable market period
(0%).

The impact of non-discretionary variables can be analyzed in several ways.
One such approach is a two-step procedure in which the obtained scores from
DEA are regressed on a set of covariates to analyze the influence of uncontrol-
lable variables using methods such as OLS or Tobit (see Byrnes et al., 1988; Ray,
1991). Simar and Wilson, (2007) criticize the methodology of using these mod-
els when regressing the efficiency scores on covariates for ignoring unknown
correlation patterns of the estimated technical efficiency.

16This implies that DEA is run using
∑T

t=1 nt independent observations, where T denotes the
last year of the window and nt the number of plants in year t.
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TABLE 2.3: DEA scores using operational costs; and labor

year
θ̂

by year by window

2006 0.6231
0.63362007 0.6248

2008 0.6536

2009 0.7230
0.73552010 0.7314

2011 0.7523

2012 0.6344
0.63072013 0.5944

2014 0.6672

mean 0.6669

Source: FDZ der Statistischen Ämter des
Bundes und der Länder, Statistik der
Abfallentsorgung 2006-2014, own cal-
culations.

Therefore, Simar and Wilson developed bootstrapping methods based on a
truncated regression model that makes valid inference of parameters in a second
stage possible. In this chapter, I use the first algorithm proposed, but adopted
to an input-oriented DEA model.17 Details of the bootstrap procedure can be
found in Appendix 2.B. The second stage considers the relation between esti-
mated efficiency scores and environmental variables and reads as:

θ̂ = β0 + Zβ + ε, (2.7)

where θ̂ is the efficiency score computed from Data Envelopment Analysis,
β0 is the constant, Z includes all non-discretionary (environmental) variables, β
is a vector of parameters to be estimated, and ε is a normally distributed error
term, ε ∼ N(0, σ2

ε ), with right-truncation at 1 − Zβ̂. The matrix Z includes the
environmental variables as summarized in Table 2.2. These can be grouped into
the effects of ownership (privshare), bundling (binary variables pm and ao), and
competition (neighcap and neighcap_o). Additionally, all specifications include
the control variables capacity and ageindex. All regressions are run using year-
fixed effects, which control for time-varying factors that affect all plants equally.

17The DEA scores were estimated based on Ji and Lee, (2010) and the bootstrapping algorithm
was implemented following Tauchmann, (2016) using 200 replications.
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TABLE 2.4: DEA scores using operational costs and
capital expenditures; and labor

year
θ̂

by year by window

2006 0.7254
0.71852007 0.6940

2008 0.7409

2009 0.7536
0.77492010 0.7614

2011 0.7880

2012 0.7150
0.71092013 0.6999

2014 0.7297

mean 0.7342

Source: FDZ der Statistischen Ämter des
Bundes und der Länder, Statistik der
Abfallentsorgung 2006-2014, own cal-
culations.

2.5 Results

2.5.1 Efficiency scores

Tables 2.3 and 2.4 report the mean efficiency for the model without and with
considering capital expenditure for the inputs, respectively. I report θ̂ for each
year separately (left column) and for every window of the time period 2006-2014
(right column).

For the first model, the estimated score is 0.67 on average over all years and
DMUs. Within each window, later scores are on average slightly higher than ear-
lier ones, indicating improving technical efficiency within each window. How-
ever, these are raw rates that do not control for other factors, such that making
cross comparisons is not very meaningful. Table 2.4 shows the result from the
specification where capital expenditures is added to inputs. Here, the average is
a score of 0.73, which is higher than the one reported in Table 2.3.

2.5.2 Regression of efficiency scores

Table 2.5 reports the results of the second stage regressions for the first input
specification. Columns (1) to (5) display different specifications of environmen-
tal variables. In the table, Columns (3) to (5) only differ in that competition
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TABLE 2.5: Regression of DEA scores using
operational costs; and labor

(1) (2) (3) (4) (5)

age index 0.0006 0.0010 0.0007 0.0009 0.0003
(0.0012) (0.0011) (0.0011) (0.0011) (0.0011)

capacity 0.0012* 0.0014** 0.0014** 0.0014** 0.0013**
(0.0007) (0.0005) (0.0006) (0.0006) (0.0006)

privshare 0.2171*** 0.1750*** 0.1821*** 0.1667*** 0.1784***
(0.0419) (0.0352) (0.0397) (0.0391) (0.0402)

pm –0.1661*** –0.1589*** –0.1615*** –0.1508***
(0.0485) (0.0487) (0.0515) (0.0538)

ao –0.1143*** –0.1111*** –0.1038*** –0.0994***
(0.0329) (0.0315) (0.0325) (0.0357)

neighcapk –0.0704 –0.0213 –0.0433**
(0.0460) (0.0254) (0.0220)

neighcap_ok –0.2246 0.0545 0.0749
(0.2413) (0.1388) (0.0759)

N 259 259 259 259 259

Note: The variables pm and ao are indicator variables for the existence of a separate plant man-
ager and asset owner, respectively. Columns (3) to (5) use neighboring capacity in a radius
of k =50, 100, 150 km, respectively. All columns include year-fixed effects. Standard errors
bootstrapped using Simar and Wilson, (2007) procedure with 200 replications.

Source: FDZ der Statistischen Ämter des Bundes und der Länder, Statistik der Abfall-
entsorgung 2006-2014, own calculations.

* p < 0.1, ** p < 0.05, *** p < 0.01.

areas of 50, 100 and 150 km are used, respectively. It can be concluded that pri-
vate shareholding increases efficiency, with the estimated coefficients ranging
between 0.22 and 0.17 and all of them being significant at the 1% level. In order
to give a quantitative interpretation, one can consider the effect of increasing
the ownership share of private firms by 0.1: the semi-elasticity calculated at the
mean of θ̂ implies that this represents an efficiency increase of around 2.7%. This
effect is quite substantial given that there are both fully public and fully private
firms.

The variables indicating task unbundling are introduced in Column (2), with
the reference category being one firm operating the plant. Both types of task un-
bundling – separate plant management and separate asset holding – are found
to affect efficiency negatively. For separating plant management from general
operation, the efficiency score will be 0.16 lower on average, with the effect be-
ing significant at the 1% level. For asset unbundling, the estimated coefficient
of −0.11 and of the same significance shows that this structure is less efficient
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than the bundled one. Importantly, this effect exists after controlling for possi-
ble superiority of private firms in provision. These results suggest that there are
substantial economies of organizing incineration within one firm only.

Regarding neighboring competition, the estimated effect is not robust across
the different competition areas defined. One can observe that capacity of con-
ventional plants in the close-by area tends to affect efficiency negatively, but only
in one specification. The coefficient on neighcap is only significant at the 5% level
for a competition area of 150 km. Neighboring capacity of RDF plants does not
affect efficiency; all coefficients are not significant here.

The coefficient on total plant capacity is positive throughout all specifica-
tions, indicating that plants that can process more garbage per hour seem to
benefit by being able to increase efficiency. The age index does not have any
direct effect on efficiency.

The results when capital expenditures are considered as another input com-
ponent are reported in Table 2.6. The Specifications (1) to (5) follow the same
logic as before. Again, the presence of private shareholders positively affects the
estimated efficiency score and this effect is quantitatively stronger now (around
0.39). If one computes again the effect of raising private shareholding by 0.1, this
implies a 5.4% higher efficiency under this model.

The negative efficiency effect of operating the plant with several firms re-
mains significant and comparable in magnitude to the first specification where
only operational cost and workers were included as inputs. Compared to the
first specification, including capital expenditures in the inputs additionally con-
trols for possible efficiency effects of preserving capital equipment. Therefore,
the benefit of integration outweighs the possible one from “specialization”. This
would be different if, e.g., under asset unbundling, the asset holding company
had superior knowledge about maintaining the infrastructure.

The neighboring capacity of conventional plants has a significantly negative
effect only in Column (5), i.e. again for a radius of 150 km. The neighcap_o
variable capturing competition from RDF plants is not significant in any speci-
fication. This might be because this type of competition is not strong compared
to the one from other conventional plants.

As opposed to Model (1), plant capacity does not have a significant influ-
ence on the estimated efficiency. Differences in plant sizes seem to be already
taken up by different usages of inputs for the first stage (DEA estimation) of this
model.
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TABLE 2.6: Regression of DEA scores using
operational costs and capital expenditure; and labor

(1) (2) (3) (4) (5)

age index 0.0013 0.0017 0.0015 0.0010 0.0003
(0.0013) (0.0013) (0.0012) (0.0013) (0.0013)

capacity –0.0012 –0.0009 –0.0009 –0.0010 –0.0012*
(0.0008) (0.0007) (0.0007) (0.0006) (0.0006)

privshare 0.4352*** 0.3831*** 0.3861*** 0.3895*** 0.3950***
(0.0598) (0.0466) (0.0511) (0.0511) (0.0457)

pm –0.1649*** –0.1564*** –0.1512*** –0.1338**
(0.0634) (0.0592) (0.0557) (0.0538)

ao –0.1221*** –0.1215*** –0.1195*** –0.1139***
(0.0342) (0.0338) (0.0378) (0.0337)

neighcapk –0.0392 –0.0244 –0.0504**
(0.0487) (0.0253) (0.0238)

neighcap_ok –0.1114 –0.2515 –0.0456
(0.2967) (0.1705) (0.1111)

N 229 229 229 229 229

Note: The variables pm and ao are indicator variables for the existence of a separate plant man-
ager and asset owner, respectively. Columns (3) to (5) use neighboring capacity in a radius
of k =50, 100, 150 km, respectively. All columns include year-fixed effects. Standard errors
bootstrapped using Simar and Wilson, (2007) procedure with 200 replications.

Source: FDZ der Statistischen Ämter des Bundes und der Länder, Statistik der Abfall-
entsorgung 2006-2014, own calculations.

* p < 0.1, ** p < 0.05, *** p < 0.01.

All in all, the regressions reveal that task unbundling in the form of separat-
ing plant management or asset ownership makes plants significantly less tech-
nically efficient. There seem to be economies of horizontal integration in case of
the PM regime. Unfortunately, the precise reason for this cannot be known, but
the mechanism may work through benefits of joint decision-making or avoid-
ance of duplication effort. In the AO case, the unbundling of asset ownership
may lead to different investment incentives or input usage.

The positive effect of private shareholding is robust and could stem from a
combination of different sources. For example, it may be that private firms have
more expertise in building and designing the plant, which reduces input us-
age.18 Further, private firms also tend to be active in other parts of the garbage
value chain, e.g. in collection, which may make them superior in acquiring

18It is often the case that private firms build their own infrastructure and operate it later on
(EEW Energy from Waste, 2017). This explanation is quite close to what the theoretical PPP
literature has given as a primary example, i.e. the two stages of building and operating infras-
tructure.
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garbage and therefore optimizing capacity use.
As mentioned before, the competition effect is not robust. Most likely, this

is because the sample does not encompass all plants and covers a limited time
period, so that any geographical interconnections between efficiency and local
market concentration cannot be estimated precisely. In this way, the analysis is
unfortunately limited by data constraints.

2.6 Robustness checks

2.6.1 Accounting for secondary outputs

In the process of burning the garbage, it is common that plants produce energy
(electricity, heat, steam) as a by-product. It might therefore be relevant to the effi-
ciency analysis to include them as another output of the DEA model, as has been
done in Chen et al., (2014). One disadvantage of the data set is that quantity-
based output of energy production is not available for all plants. A correlation
analysis including those secondary outputs that are observed reveals, however,
that the correlation with burned garbage is very strong (Spearman’s correlation
coefficient ρ = 0.78, p < 0.001).19 Therefore, it is likely that failing to incorporate
energy output in the analysis does not strongly affect the results (Dyson et al.,
2001).

Still, I test the robustness of the results with regard to this issue by using total
revenue as output.20 This measure clearly incorporates both the garbage burned
and any energy produced, as this is sold to outside electricity companies. The
approach might have the disadvantage of failing to separate quantity from price
effects if (output) prices vary locally. I mitigate this issue as much as possible
by using the state-specific consumer price index to deflate revenue. The input
specification is maintained as in the first approach. The first-stage results (DEA
scores) of this formulation are reported in Appendix 2.C.

Table 2.7 shows the corresponding second stage using the previously com-
puted efficiency scores. One can observe that the results of private shareholding
remain, with all coefficients being significant at the 1% level and of the same
magnitude as in the quantity-output specifications. Regarding bundling, the
separation of asset ownership from operation also preserves its negative and
significant effect. The variable pm denoting the separate plant manager regime

19These outputs are electricity, heat, and process steam, all measured in megawatt hours.
20As before, the second output is manure composted for plants operating a composting plant.

In this case, the revenue earned with this activity is subtracted from total revenue.
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TABLE 2.7: Regression of DEA scores using revenue as output

(1) (2) (3) (4) (5)

age index –0.0004 0.0005 –0.0000 0.0003 –0.0000
(0.0012) (0.0012) (0.0011) (0.0009) (0.0012)

capacity 0.0015** 0.0014** 0.0012** 0.0013** 0.0012**
(0.0006) (0.0006) (0.0005) (0.0005) (0.0006)

privshare 0.1490*** 0.1336*** 0.1728*** 0.1445*** 0.1420***
(0.0408) (0.0360) (0.0432) (0.0415) (0.0388)

pm –0.0253 –0.0123 –0.0267 –0.0107
(0.0436) (0.0469) (0.0494) (0.0497)

ao –0.1806*** –0.1901*** –0.1901*** –0.1703***
(0.0310) (0.0334) (0.0334) (0.0323)

neighcapk –0.0323 0.0112 –0.0329
(0.0446) (0.0279) (0.0215)

neighcap_ok –0.6028*** –0.1139 0.0329
(0.2209) (0.1321) (0.0746)

N 248 248 248 248 248

Note: The variables pm and ao are indicator variables for the existence of a separate plant man-
ager and asset owner, respectively. Columns (3) to (5) use neighboring capacity in a radius
of k=50, 100, 150 km, respectively. All columns include year-fixed effects. Standard errors
bootstrapped using Simar and Wilson, (2007) procedure with 200 replications. Operational
costs and labor used as inputs.

Source: own calculations.
* p < 0.1, ** p < 0.05, *** p < 0.01.

shows a negative sign, but is not significant at the 10% level. Again, there seem
to be positive efficiency effects from an increased scale of operation and a slight
tendency for neighboring competition to decrease efficiency.

2.6.2 Stochastic frontier analysis

This section shows that the main results obtained in this chapter do not stem
from specificities about the technique to compute efficiency, but can be repro-
duced using other econometric methods. While Data Envelopment Analysis is
especially interesting for the study of multiple outputs and an unknown pro-
duction technology, the method can be sensitive to measurement error in the
frontier-defining observations. Therefore, a parametric analysis that can be in-
terpreted straightforwardly is performed additionally. I choose here to carry
out a Stochastic Frontier Analysis (SFA), which is another standard approach to
analyze production behavior of firms that do not necessarily behave efficiently
(Fried et al., 2008).
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The log-linear production frontier is defined as

ln qi = β0 + β1 ln oci + β2 ln labi + vi − ui, (2.8)

where inputs and outputs are maintained as in specification 1, i.e. q is output
(garbage incinerated plus manure composted), oc is operational costs and lab

is number of workers. Additionally, year-fixed effects are included in order to
control for frontier-shifting factors (e.g. technological change). The error term
consists of two parts. First, there is random noise vi, which is standard normally
distributed. The second component is systematic plant inefficiency ui, which is
left-truncated at zero to ensure that efficiency is smaller than one.

Within this framework, there are several ways to link exogenous variable to
efficiency. Here, I follow the approach by Deprins and Simar, (1989), in which
the environmental variables directly influence the mode of the inefficiency dis-
tribution.21 Formally, ui ∼ N(ziα, σ2), with α capturing the coefficients of envi-
ronmental variables and σ2 denoting the (constant) variance of the inefficiency
distribution. The vector zi contains the same set of variables as before and a
competition area of 150 km is used. Year-fixed effects are included to control for
time-varying factors influencing the inefficiency of all plants.

The results of the SFA are displayed in Table 2.8. For simplicity, I do not
report the coefficients of the frontier, but only the estimated effects of the envi-
ronmental variables. The signs of the coefficients are interpreted as the direction
of the marginal effect on inefficiency ui, implying that one would expect the op-
posite signs compared to the estimations reported in Tables 2.5 and 2.6.

Overall, the results are in line with those using the DEA approach. A larger
private share reduces inefficiency, with the effect being significant at the 5%
level. Concerning the impact of bundling, the main results are also reproduced.
The PM regime again is more inefficient than task bundling, with the effect be-
ing significant at the 1% level. This holds also for the ownership unbundling
(AO) regime, at the 10% significance level. The competition variables are not
influential. Interestingly, plant age has the expected negative effect on efficiency
under this approach. As observed also in the equivalent specification for DEA,
larger capacity increases efficiency (or, equivalently, reduces inefficiency). The
conclusion from this exercise is that the results are not sensitive to the modeling
approach chosen.

21There are more advanced models that can explicitly take into account the panel data struc-
ture of the model (e.g. Greene, 2005), but the size of the data set unfortunately does not permit
their usage.
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TABLE 2.8: Stochastic frontier estimation

Effect on ui

age index 0.0107**
(0.0053)

capacity –0.0234***
(0.0035)

privshare –0.3349**
(0.1546)

pm 0.7119***
(0.2039)

ao 0.2642*
(0.1447)

neighcapk 0.1514
(0.0923)

neighcap_ok 0.0364
(0.2943)

N 259

Note: The variables pm and ao are indicator vari-
ables for the existence of a separate plant man-
ager and asset owner, respectively. Neighboring
capacity computed for k=150 km. Year-fixed ef-
fects included.

Source: FDZ der Statistischen Ämter des Bundes
und der Länder, Statistik der Abfallentsorgung
2006-2014, own calculations.

* p < 0.1, ** p < 0.05, *** p < 0.01.

2.7 Conclusion

This chapter has analyzed the efficiency of refuse incineration plants in Germany
in the period of 2006-2014 using the non-parametric tool of Data Envelopment
Analysis. The focus was on efficiency-affecting factors that have been raised
in the economic literature as important organizational determinants. After a
first stage was performed to compute technical efficiency, these estimates were
projected on environmental variables in a second stage procedure. In order to
achieve inference, a bootstrap procedure first proposed by Simar and Wilson,
(2007) was used.

The regressions show that private ownership unambiguously affects effi-
ciency positively. The estimated effect of increasing private shareholding by
0.1 is found to increase θ in a range of 2.7-5.4%, depending on the precise spec-
ification used. Operating plants with private shareholders might therefore be
beneficial for consumers by reducing the cost for incineration and, ultimately,
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the fees charged for garbage collection. This result implies also that one should
treat with caution the recent trend of municipalities buying back private shares
in order to make utilities fully public again (Bataille and Steinmetz, 2015).

This chapter also delivers preliminary evidence on the role of task bundling,
specifically on hiring separate plant-managing or asset-owning firms. Both vari-
ants are found to decrease efficiency, with the effect being significant in a major-
ity of the empirical specifications. The results are in line with the existence of
positive externalities between the tasks, i.e., bundling goes along with lower
costs because of spillovers.

It was also hypothesized that local competition – the concentration of incin-
eration capacities in the neighboring regions – will affect efficiency. Here, the
results are not clear-cut. There is a slight tendency for competition to decrease
efficiency, perhaps counter-intuitively. This relation might point to the fact that
overcapacities do exist in this market, so that expensive investments into assets
cannot be recovered given current demand status. This issue should be investi-
gated further and taken into account for national garbage policy.

Lastly, this paper points to several directions in which the research could
be expanded. One drawback of this data set is that the cases in which plant
management is outsourced are relatively few. Given that there are not so many
plants, a data set for other countries or industries that is larger in the number of
observations might make it possible to estimate in a more direct way the con-
nection between task integration and total costs of the service. Furthermore,
one difference between this paper and the theoretical contributions on PPPs is
that timing cannot be explicitly incorporated, because the data does not go back
that long. If one could obtain historical information of the firms constructing
the plant and corresponding costs, it might be possible to assess the role of task
bundling in more detail and find an estimation strategy closer to the theoretical
foundations. This research should provide a first stepping-stone to expand the
empirical literature on this topic.
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2.A Data appendix

2.A.1 Sources

1. Financial Data (balance sheet, income statement) and workers. Federal Gazette
(Bundesanzeiger Verlag GmbH, online publisher of yearly accounts); re-
ports on shareholding (“Beteiligungsberichte”) of the municipalities.

2. Quantity data: Garbage to be incinerated: Research Data Centre of the
Federal Statistical Office and the Statistical Offices of the Länder (FDZ
der Statistischen Ämter des Bundes und der Länder), Statistik der Abfall-
entsorgung, 2006-2014. Mixed manure to be composted: own research.

3. Ownership information: firm database Hoppenstedt, own research.

4. Technical information (conventional incineration plant capacities, year of con-
struction): Umweltbundesamt; Interessengemeinschaft der thermischen Ab-
fallbehandlungsanlagen in Deutschland e.V.; International Solid Waste As-
sociation (ISWA), Waste-to-Energy State-of-the-Art Report, 5th edition (2006),
6th edition (2012) [revision 11/2013].

5. Capacities of RDF plants: Thiel, (2013, Table 2, pp. 841-842).

6. Geographical location (latitude, longitude): OpenStreetMap contributors.

7. Deflators: Buildings and equipment price index, producer price indices,
consumer price index: Federal Statistical Office Germany (Statistisches
Bundesamt), DESTATIS. Intermediate inputs index: Eurostat (STAN database,
ISIC Rev. 4).

8. Population density: Federal Statistical Office Germany (Statistisches Bunde-
samt), DESTATIS.
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2.A.2 Definition

Variable Definition

quantity incinerated garbage to be incinerated, in tonnes
quantity mixed manure mixed manure to be composted, in tonnes
labor number of workers
operational costs sum of raw materials; purchased goods and services; deprecia-

tion; other operating expenses
capital expenditure net investment into tangible assets
raw material deflatora weighted average of producer price index for limeb; intermediate

inputs deflator
purchased goods and services
deflator

average of indices for engineering services; technical, physical
and chemical analysis; machine examination; chemical analysis;
machine cleaning; consumer price indexc

depreciation deflator consumer price indexc

other operating expenses defla-
tor

average of indices for auditing, tax services and accounting;
telecommunications services; consumer price indexc

capital expenditure deflator deflator for machinery and equipment and other tangible assets
revenue deflator consumer price indexc

capacity plant capacity in t/h

privshare share of private shareholding in the operator
ageindex weighted age of the plantd

neighcapk sum of neighboring capacity of other conventional incineration
plants in a radius of k km, divided by population density of the
plant’s district (Kreis)e

neighcap_ok sum of neighboring capacity of RDF incineration plants in a ra-
dius of k km, divided by population density of the plant’s district
(Kreis)e

a The share for the weighted average is computed according to the proportions of value reported by the firm.
b Lime is used in flue gas treatment, its share in raw materials expenses is computed according to available information
from input-output analysis.
c The state-specific CPI is used to control for regional price differences.
d The index is computed by weighting the age of each line by its share of capacity in total plant capacity.
e Computed using the STATA module nearstat (Jeanty, 2010).
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2.B Bootstrap procedure

The bootstrap procedure follows Simar and Wilson, (2007) and is formulated for
an input-oriented model as described in the steps below.

1. Compute θ̂i from the data {xi,yi} ∀ i = 1, . . . , n.

2. Use maximum likelihood for obtaining an estimate β̂ of β and an estimate
σ̂ε of σε for the truncated regression of θ̂i on zi (Equation 2.7), using all
m < n observations where θ̂ < 1.

3. Loop over the next three steps L times to obtain a set of bootstrap estimates
B = {β̂∗, θ̂∗ε}.

(a) For each i = 1, . . . ,m, draw εi from the N(0, σ̂2
ε ) with right-truncation

at 1− ziβ̂.

(b) For each i = 1, . . . ,m, compute θ∗i = ziβ̂ + εi.

(c) Use the maximum likelihood method to estimate the truncated re-
gression of θ∗i on zi, yielding estimates (β̂∗, σ̂∗

ε ).

4. Use the bootstrap values B and the original estimates (β̂, σ̂ε) to derive a
confidence interval for each element of β and for σε.

2.C Efficiency scores

TABLE 2.9: DEA scores using revenue as output

year
θ̂

by year by window

2006 0.7239
0.74692007 0.7546

2008 0.7626

2009 0.6774
0.68492010 0.6791

2011 0.6980

2012 0.7486
0.74742013 0.7346

2014 0.7600

mean 0.7268

Source: own calculations.
Note: Labor and operational costs

used as inputs.
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Chapter 3

Property rights and transaction costs

- The role of ownership and

organization in German public

service provision

Co-authored with Ulrich Heimeshoff and Gordon Klein

Summary of the chapter

This chapter provides evidence that ownership and organization mat-
ters for the efficiency of provision of public services. In particular,
we find that pure private ownership is more efficient than pure pub-
lic ownership, and public ownership is more efficient than mixed
ownership. The delegation of management in different legal forms
also has an impact, highlighting the importance of the design of the
government-operator relationship. We apply a structural approach
of production function estimation ensuring precise determination of
total factor productivity for a panel of German refuse collection firms
between 2000-2012. We project total factor productivity estimates on
ownership and organization. Our results are in line with the trade-
offs implied by the property rights literature and provide important
policy implications regarding the organization of public service pro-
vision.
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3.1 Introduction

For many decades, there has been an extensive public debate on the optimal pro-
vision of utility services and infrastructure, which are mostly acknowledged as
basic tasks to be provided by the government. While in the 1990’s many privati-
zations were observed, for instance in the European telecommunications sector,
there are plenty of current examples where the opposite, a renationalization of
utilities and infrastructure has taken place. An example is New Zealand’s rail-
way, which was first privatized in the 1980’s and 1990’s and was then renation-
alized in 2004.1 In Germany, the City of Hamburg’s formerly privately owned
electricity network was renationalized following a public referendum.2 Aside
from policy debates of pure public or private ownership, there are persistent
discussions on mixed ownership, such as public-private partnerships, which are
aimed at balancing the advantages of private and public ownership.3

An extensive debate about these issues exists not only within the policy-
making context, but also in the academic literature. While the traditional view of
economists generally favors private provision of services and utilities (Bennett
and Johnson, 1979), there are influential papers showing that public provision
of goods and services may lead to positive or negative outcomes depending on
the characteristics of the service considered (Hart et al., 1997). Likewise, the em-
pirical literature shows that, depending on the circumstances, private or public
provision may be the most efficient (for a survey, see Villalonga, 2000).

Our chapter adds to this literature by analyzing the efficiency of basic public
services in Germany, considering the role of ownership as one important de-
terminant. Several theories have been advanced to delineate in which situations
private or public provision of services is optimal. These works are closely related
to literature on factors that determine the size of the firm (the classic make-or-
buy decision). The property rights literature advanced by Grossman and Hart,
(1986), argues that when specific rights cannot be fully specified due to transac-
tion costs, residual rights – i.e. ownership of vertically dependent layers – can
serve to influence decisions in cases where all actions cannot be laid out ex-ante.
The importance of relationship-specific investments in production then deter-
mines the optimal organization of firms along the value chain.

1http://www.kiwirail.co.nz/about-us/history-of-kiwirail.html
2http://www.hamburg.de/energiewende/4110666/ergebnis-volksentscheid/
3For instance, there is a long tradition of Private-Public-Partnerships in the British health

service, see https://www.gov.uk/government/uploads/system/uploads/attachment_data/
file/266818/07_PPP_28.11.13.pdf.
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The logic of the property rights literature has been used to analyze whether
public services should be provided by the government or a private firm (Hart
et al., 1997). Taking into account that real-world contracts are incomplete due
to transaction costs, the authors derive scenarios under which either publicly or
privately provided service is optimal. This is mainly determined by the under-
lying trade-off between the potential for cost reduction on the one hand and a
possible deterioration in quality that may go along with this on the other hand.
If quality may be harmed by an excessive incentive of cost reduction, public
provision is optimal. On the other hand, if quality is contractible or its deterio-
ration is not a big concern,4 the case for private provision is higher since agency
problems in public firms may be tackled.

Our study goes beyond purely looking at ownership by also taking into ac-
count additional aspects of productivity. An important determinant for produc-
tivity besides from ownership lies in the relationship between the government
as the organizer and the firm. This may include, for example, how detailed ser-
vice requirements are given to the firm, the precise role of the government and
the firm in terms of control, organization and management, or the freedom with
which a firm can make business decisions. We include these factors in the anal-
ysis by considering the legal status as an efficiency driver in addition to owner-
ship, since legal form impacts government-firm relations in our setting. These
are effects beyond those from pure ownership, such as corporate governance
(Hart, 1995).5 If we find productivity differences within publicly-owned firms,
we may attribute this to the degree of contractual completeness or the informa-
tional “closeness” between firm and government, which are both influenced by
legal status. We explain this in more detail in section 3.2.1.

We estimate a production function in value added using the technique in-
troduced by Ackerberg et al., (2015) and project total factor productivity (TFP)
derived from this function on ownership and legal status. This approach over-
comes the classical endogeneity problem that exists when unobserved produc-
tivity is correlated with input choice by using moment conditions that are exoge-
nous to the stochastic element of productivity. This is an advantage of our esti-
mation procedure in comparison to former studies analyzing the public-private
dichotomy. In our productivity equation, we control for factors that might be

4If quality is contractible, private firms have a strictly stronger incentive for cost reduction,
as they have a profit motive and do not require the approval of the government. The same will
hold if quality is not too important. Quality in this context refers to what is demanded by the
government (for example that all students receive a good level of education), not necessarily
what consumers prefer.

5We will use the term institutional setting to refer to those factors that are determined by the
legal status.
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potentially correlated with ownership in order to obtain an unbiased estimate.
Lastly, we perform a robustness check to make sure that our results are not
driven by heterogeneity in output prices.

We utilize a unique self-created dataset for the German market for public
services, which includes refuse collection and related services.6 This sector is
likely to have the outstanding feature mentioned by Hart et al., (1997, p. 1154),
namely that the quality dimension seems to be less important than the reduc-
tion of costs. Therefore, the working hypothesis that pure cost efficiency (or its
mirror, technical productivity) should be one of the main goals in the provision
of these services is naturally justified. The dataset consists of firm-level informa-
tion from 2000 to 2012 including 865 city-year observations from municipal firms
operating in large German cities. The data allow us to analyze differences be-
tween public and private companies and hybrid forms where public and private
partners jointly hold shares in the refuse collector. Moreover, we can distinguish
between three different types of institutions (having different legal statuses) of-
fering garbage collection. The first type is refuse collection under a government
contract (contracting out), the second type is refuse collection by an independent
municipal firm (delegation), and the third is refuse collection by the municipal-
ity itself (government provision). This particular setting allows us to separate
the impact of the two different layers of agency costs on efficiency.

Many empirical studies have considered the role of ownership for differ-
ent sectors. Considering the waste sector, recent meta studies include Bel et
al., (2010) and Simões and Marques, (2012). However, there is little empirical
work directly focusing on several layers of agency costs, i.e. the combination of
ownership and organization jointly. Cullmann et al., (2016) include legal status
in an efficiency analysis of energy supply companies and do not find any sig-
nificant differences between them. In the context of waste disposal, Dijkgraaf
and Gradus, (2015) include measures that go beyond pure ownership by distin-
guishing between one-municipality firms and a number of municipalities jointly
forming an entity and do not find an effect on efficiency.

Our research provides us with two main results. First, private firms are un-
ambiguously more efficient in operation. Maintaining that there is large poten-
tial for cost reduction in this sector,7 this result confirms the claim made by Hart
et al., (1997) who predict private provision to be superior because ownership

6The data consists of information gathered directly from German cities combined with data
from the AMADEUS database.

7For example, cost savings can be obtained by optimizing the route of collection vehicles,
which leads to a decrease in fuel costs. Such an implementation would not affect the quality of
collection for the consumer and might even lead to less disturbance by trucks in city traffic.
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leads the private manager to perform more cost reduction than a government
employee. Further, we show that the same does not hold in situations where
private ownership is only partial. Mixed firms in our sample perform worse in
terms of efficiency compared to fully public firms, and even more so compared
to private ones. The often-advocated advantage of semipublic firms, i.e. that
they combine efficiency-enhancing motives of the private sector with the role of
the government to prevent quality losses, may therefore not materialize.

Our second result concerns the importance of the organizational setting in
which a firm operates. Here, we find that contracting out per se – discounting
the ownership effect – and government provision perform equally well in terms
of efficiency, while delegation to an independent municipal firm brings with
lower efficiency. Further, we find that the degree of specialization negatively
affects productivity, while population size has a positive effect. Our findings
speak directly to how public services should be organized, which in turn may
have important implications for consumer welfare.

The chapter is structured as follows: The next section discusses the back-
ground of the German refuse collection market with emphasis on regulatory
issues and structures ideas around TFP in public utilities. Section 3.3 presents
our empirical strategy. In Section 3.4 we present and discuss the results and ad-
dress their robustness. Section 3.5 concludes and presents some directions for
future research.

3.2 Productivity of public services

3.2.1 Institutional background

Our study focuses on evaluating the performance of firms offering public ser-
vices, with waste collection being a major business activity that all firms fulfill.
Waste collection means picking up waste from households or firms and dispos-
ing of it, either by incineration or recycling. Most of the firms also fulfill other
tasks relevant for the public infrastructure, for example city cleaning, drainage,
(green) surface maintenance and management of cemeteries. The firms are ef-
fectively regional monopolies, as state-level laws prevent the presence of several
operators. They do face competition on some segments of their activities, how-
ever.8

8Regulation applies to the provision of tasks used implicitly or explicitly by private con-
sumers. This includes, for example, refuse collection from private households, who are obliged
to dispose of their garbage by using the service provided, but not from private firms, which can
choose among several suppliers, so that the collector can freely charge prices.
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Public services in Germany are administered by municipalities or cities, which
enjoy considerable autonomy in the way of organizing them. A city may choose,
amongst others, the mode of execution (own provision/delegation), the involve-
ment of private firms and the legal form of the operator. They may also influence
the financing mix, e.g. by forming a semipublic company in which both parties
invest a share of capital. In practice, we can observe much heterogeneity in
the way public services are organized. The principal is thus the local authority
(town hall) initiating the service, whereas the agent is the hired firm in charge of
the actual provision. The actual remuneration of the firm depends on the orga-
nizational form it has. When final consumers can be identified (e.g., with refuse
collection), individual consumer prices are indirectly set by the authority using
a type of cost-of-service regulation and laws prescribe “cost-based prices” on
the basis of past accounting costs (Klusemann, 1998). For tasks related to pub-
lic infrastructure common to all citizens, the community sets an (internal) price,
which is passed on to the firm. For all services provided to private firms, prices
can be set freely.

There are three basic organizational models, which we call contracting out,
delegation and government provision.9 Under contracting out, the municipality
assigns all execution to a private law (limited liability) firm, which can have
public, private or semipublic ownership. The reason we classify it as contracting
out is that the relationship between the city and the firm is formalized in a long-
term contract (usually around 20 years). This contract includes the remuneration
of the firm, defines the business relation and the service characteristics.10 The
reimbursement for all services provided to the public must legally be closely
related to its costs. Contracts may be renegotiated, but are usually fixed for
some time, in which payments are adjusted to a general price index.

The second mode, delegation, occurs when a city founds a public-law munic-
ipal firm. In this case, the firm is not only operator, but also organizer: it sets fees,
employs its own workers and may make independent business decisions. These
organizational tasks are normally fulfilled by the city under contracting out and
government provision. The precise division of responsibilities between firm and
city is not as formalized as in the case of contracting out. Rather, the municipal-
ity intends to retain supervision by appointing local government members to
the advisory board.

9The legal implications of delegation are based on an overview provided by Institut für Fort-
bildung und Verwaltungs-Modernisierung, (2016).

10The description of the institutional framework is based on the works by Hövelborn, (2014)
and Schulze Wehninck, (2008), as well as a selection of publicly available contracts.
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Third, government provision occurs when the firm is directly associated with
the municipality and has the legal status of an owner-operated municipal enter-
prise. This implies that the firm’s action is judicially not separable from it.11

Importantly though, the firm has defined boundaries in terms of bookkeeping
and may hire its own workers. The same accounting rules apply to all types of
firms so that data is comparable. Therefore, it is distinct from a public agency.12

There are thus some differences here with respect to the classical “make or
buy” decision of the government that is analyzed in Hart et al., (1997). First,
contracting out can also occur to a firm under public (or semipublic) ownership.
Second, we distinguish between two different types of public provision, delega-
tion and government provision, which differ in their managerial “closeness” to
the city. In the former case, management and operation are outsourced to an-
other public entity (even though the city has some final control rights), while in
the latter, we can speak of classical in-house-provision as it has been used in the
theoretical literature.

3.2.2 Empirical studies on public vs. private provision

The role of ownership for public services is studied extensively in the literature
(for a survey, see Megginson and Netter, 2001). Also, municipal waste collection
has been considered in the literature as one example of a public service. Typi-
cally, the empirical studies estimate a cost function and analyze cost difference
between private and public provision. Ownership as one determinant of pro-
duction costs is generally treated as a binary variable, i.e. private includes all
types of contracting-out agreement, whereas public provision occurs when the
service provider is a municipality.

This type of analysis has been performed for several countries. Dijkgraaf
and Gradus, (2003) study the Netherlands using data from 1996 to 2007 and
report cost savings of 15-20% from contracting out, and later reproduce the gen-
eral finding using different data (Dijkgraaf and Gradus, 2007). Reeves and Bar-
row, (2000) consider Ireland and likewise find significant cost savings from pri-
vate provision (around 45%). Using Swedish data on 115 municipalities, Ohls-
son, (2003) finds no direct effect of public vs. private provision on production
costs. An empirical study on Norwegian refuse collectors by Sørensen, (2007)
analyzes ownership effects between regular public companies and those jointly

11For example, any contract the firm enters into is made in the name of the municipality.
12A “classic” public agency in Germany uses staff of the municipality and its financial plan-

ning is done within the city’s overall budget. Further, accounting rules differ from the ones
prescribed for other firms.
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held by several municipalities and finds that the latter are less cost efficient than
their one-municipality counterpart. He attributes this to the existence of higher
agency costs for firms with several (municipal) shareholders.

Overall, a meta study on the difference between public and private provision
conducted by Bel et al., (2010) for solid waste collection shows mixed results,
with a slight tendency towards the superiority of private provision. However,
many of the studies are characterized by small sample sizes and use estimation
procedures that do not reflect the recent progress made in the estimation of total
factor productivity (TFP).

We contribute to and improve this literature in several ways. First, we take
into account the classic bias that occurs when efficiency is related to factor use
by estimating TFP as the residual from the production using the procedure de-
veloped by Ackerberg, Caves & Frazer (2006), which the previous studies esti-
mating cost functions do not do. Second, we dig deeper into the role of own-
ership by analyzing the case of semipublic firms. Furthermore, we also address
some productivity effects that may occur independent of ownership, but that
are rather due to the precise organization of the firm. Lastly, we are analyzing
unique panel data from Germany that has not been used in previous research.
The results are also likely to apply in the context of other developed countries.

3.2.3 Organizational structure and productivity

We proceed by summarizing theoretical arguments on the provision of public
services. To do this, we draw on aspects that have been (explicitly or implic-
itly) discussed in the property rights literature by Grossman and Hart, (1986)
and applied to the public-private context by Hart et al., (1997). We complement
the literature review by discussing the potential role of mixed firms for technical
efficiency. When organizational structure that the utilities display – of which own-
ership is one component – has an influence on production costs, such an effect
will be mirrored in total factor productivity because of the duality between cost
and production functions.

At the heart of the discussion about the provision of public services is the
recognition that the delegation of a task invokes a relationship during which the
goals of the principal (in this case the government) may not align with those
of the hired agent. Classical agency literature is concerned with motivating the
provider of a task in order to overcome problems of moral hazard and/or asym-
metric information. From a pure incentives viewpoint, ownership plays no role,
as both government officials and private firms need to be motivated to perform
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(Hart et al., 1997). This result rests on the assumption that contracts are complete
and enforceable.

Considering the organizational forms discussed in section 3.2.1, the (local)
government a) contracts out the service to a limited-liability company of pub-
lic, mixed, or private ownership, b) transfers production and organization to
another public institution, c) produces the service in-house by transferring the
task to a municipal enterprise. It is reasonable to assume that all organizational
modes will exhibit some agency cost, whether the hired manager is a public offi-
cial or represents a private firm.13 Yet, private firms may perform better because
they extenuate the agency problem, e.g. through threat of takeover, bankruptcy
or the market for ownership rights (Villalonga, 2000). Ownership best serves to
control managers if it is concentrated and direct, which is a main result of cor-
porate governance theory (Fama and Jensen, 1983). Private firms in our sample
generally have more concentrated ownership, whereas publicly-owned firms ul-
timately have citizens as their final owner.

An additional occurrence of the superiority of private provision is when pub-
lic services have high cost-saving potential and quality is not too important. In
a seminal paper, Hart et al., (1997) analyze government make or buy decisions
using a theoretical model to study privatization. The basic trade-off between
public and private provision of a service hinges on a comparison of investments
in quality and cost savings of the potential operator. Private companies tend to
underinvest in quality, but are generally more cost efficient than public agencies.
Government agencies invest more into higher quality than private companies,
but fail to provide enough cost innovations.

Arriving at this conclusion rests on the assumption that contracts are in-
complete, i.e., that neither quality- nor cost innovations can be contracted upon
ex-ante. In the case of government provision, the public manager is not being
rewarded with the full benefits of cost and quality improvements. Under pri-
vate provision, the firm is the residual claimant of cost-reducing effort because
it owns the assets. Beyond that, Hart, (2003) argues that cost advantages of
private firms are further enhanced through lower costs of contracting. Interest-
ingly, the case of garbage collection is mentioned explicitly by Hart et al., (1997,
p. 1154), who argue that “the damage to quality resulting from the private con-
tractor [...] is probably trivial”, reaching the conclusion that private provision
would be superior.

13For the case of a public firm, the key point here is that the hired (government) manager can-
not be fully controlled by the (local) government. Even though politicians hold board positions
at the municipal enterprise, they are not involved in day-to-day business operations, so that
managers have discrepancy in their decision-making.
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In this literature, joint ownership is not discussed very frequently. In reality,
the mixed enterprise, where public and private partners jointly own and op-
erate a company through a consortium, is observed often.14 Such a form has
been advocated by practitioners for relieving fiscal distress and improving op-
erational expertise, while at the same time mitigating the risk of quality dete-
rioration created by private ownership (Bennett et al., 2000). However, some
theoretical contributions have alluded to potential problems between partners
of a consortium arising from imperfect monitoring capabilities, essentially an
agency conflict within a firm (Martimort and Pouyet, 2008, p.400).15 With respect
to the role of ownership in our empirical analysis, we might expect a positive ef-
fect of private ownership, supported by the theoretical and empirical literature
presented here. There is no such predisposition towards mixed firms, because
they are rarely considered as their own category in empirical studies. Any po-
tential effect on their role is highly policy relevant because the costs and benefits
of private involvement in public firms is a frequent point of debates. Further,
our analysis will later reveal whether there are productivity differences within
publicly-owned firms due to their precise legal form and corresponding inter-
nal organization.

Our brief survey of the theoretical and empirical literature on public versus
private ownership and managerial practices shows that both matter. The litera-
ture is still ambiguous as to whether public or private provision is more efficient,
but there is a tendency towards superior efficiency of the private offering. Gains
in efficiency are generally not solely related to privatization, but also to changes
in organizational structure and management practices, which often differ sig-
nificantly between public and privately organized organizations. Frequently,
empirical studies only consider one of these determinants with respect to its ef-
fect on efficiency. However, we can test both aspects by including institutional
setting separately from ownership.

3.3 Empirical strategy and data

We consider that in the long run, firms’ objective is profit maximization, given
the required service provision by the municipality. Therefore, we estimate a pro-
duction function where the obtained residuals measure deviations from optimal

14Such mixed enterprises (also called institutional PPP), have a dominant share of public own-
ership in our sample and are characterized by the sharing of risk and profit.

15See also Schmitz, (2001), who analyzes partial privatization and finds that it may the optimal
mode of provision in some cases.
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behavior, i.e. the firm’s technical efficiency. The impact of firm characteristics,
legal status and ownership, on efficiency is examined by regressing predicted
efficiency scores on the organizational structure and a set of firm covariates.

3.3.1 Production function

We follow the general strand of the literature that uses structural estimation
to obtain unbiased coefficients of the production function as pioneered by Ol-
ley and Pakes, (1996) (referred to from now on as OP) and extended by Levin-
sohn and Petrin, (2003) (referred to from now on as LP). The key component of
both approaches is the approximation of unobservable productivity through ob-
served choices: OP use investment levels, whereas LP propose a flexible input
(e.g. material costs). Both approaches, however, have some associated weak-
nesses. The OP approach leads to much data loss if there are many statistical
units with negative or zero investment. On the other hand, the LP approach
suffers from the more fundamental critique that it does not identify the labor
coefficient in the first stage if labor and materials are flexible inputs and chosen
simultaneously. This criticism stems from Ackerberg et al., (2015) (ACF from
now on) who have subsequently developed a closely related estimation method
that mitigates this problem. Therefore, we employ one variant of the estimation
strategy suggested by ACF in response to the LP procedure. The ACF methodol-
ogy has been used extensively in applied work (see, e.g., Lee et al., 2013; Parrotta
and Pozzoli, 2012).16

When considering productive efficiency, a regulated firm must have suffi-
cient organizational freedom over the usage of inputs (hire workers, buy in-
termediate products) and the determinants for production (capital structure,
schedule of operation) in order to benefit from improvements in technological
efficiency. We therefore consider briefly the production process of communal
services. After receiving the planning for the next period (generally a year) from
the municipality, an operator’s manager may adjust its labor force and/or cap-
ital according to the production requirements. Note that the firm also owns
the capital and that it consists mainly of trucks and other vehicles. Most mate-
rial costs are incurred at the time production occurs. For waste collection, for
instance, material costs are mostly composed of incineration fees for collected
garbage that are incurred at the time of disposal).

16See http://webuser.bus.umich.edu/jagadees/other/acf_code.html for details on the tech-
nical implementation.
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We assume that different municipal tasks can be represented by the same
technological relationship requiring the same inputs.17 Output for operator i in
period t is measured by real value added Y (revenue minus cost of material)
produced by combining labor L and capital input K according to the Cobb-
Douglas production function

yit = βllit + βkkit + uit, (3.1)

where lower-case letters denote the logarithm.18 From our estimation, we have
excluded firms that were active also in the electricity, gas and water distribution
industry and only reported global financial figures. For those, it is unlikely that
a common production technology exists among tasks.

The unobserved part of the production function can be split into two com-
ponents according to uit = ωit + εit, where ω includes a constant. The first term
ωit is productivity observable to the firm, whereas εit is an idiosyncratic, unan-
ticipated shock. Importantly, management may decide to adjust the firm’s input
levels after the firm has been affected by a productivity shock. An estimation
that does not take this into account suffers from the well-documented simultane-
ity bias, as first suggested by Mundlak, (1961).19 Using OLS on Equation (3.1)
would thus produce biased results, because unobserved productivity would be
correlated with input choice.20 A fixed-effects estimation would solve the prob-
lem only if the productivity were time-invariant, which is unlikely to be the case.

In order to take these well-known problems into account, we implement the
semiparametric approach by ACF whose main idea is that a firm’s material input
demand is invertible and can be used as a proxy for productivity. Productivity
is assumed to evolve as a first-order Markov process: p(ωit|Iit) = p(ωit|ωit−1),
where Iit is the firm’s current information set. As described previously, labor is
chosen before t so a firm’s material demand contains current labor and can be
expressed as mit = f(lit, kit, ωit). If it is strictly increasing in ω, it can be inverted
and substituted into (3.1) which results in

yit = βllit + βkkit + f−1(lit, kit, ωit) + εit. (3.2)

17Recall from section 3.2.1 that firms can perform several public service tasks.
18We prefer the estimation of a value added production function in order to aggregate prod-

ucts within a firm as well as to compare firms with different products (Lee et al., 2013).
19Notice that we do not face selection bias, as the firms in our sample do not face the risk of

bankruptcy (at least on a practical level).
20In our estimation, we use OLS estimation as a benchmark and find no outstanding differ-

ences compared to the preferred estimation procedure.
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The function f−1(·) is proxied with a third order polynomial in labor, capital and
materials and estimation of (3.2) constitutes the first stage necessary to net out
unexpected production shocks.

The expected productivity can be expressed as E[ωit|Iit] + ξit = E[ωit|ωit−1] +

ξit. In our application, we approximate this process with a third order polyno-
mial. To identify the coefficients of the production function, it is necessary to
find a choice variable orthogonal to the innovation in productivity ξit. Specifi-
cally, we use the moment condition that

E

[
ξit

∣∣∣∣ lit

kit

]
= 0, (3.3)

which implies that labor and capital were chosen in t−1. Ackerberg et al., (2015)
stress that this moment condition is valid if there are, for example, slacks in hir-
ing and firing. For the case of the municipal services, staffing decisions must be
made well in advance and approved by the responsible board. In addition, there
are significant notice periods. Overall, we are confident that this assumption is
not too restrictive.

3.3.2 Effect of organizational structure

Our primary interest lies in investigating how heterogeneity in estimated TFP
scores can be explained by the firm’s organizational structure. They can be re-
covered from the estimates of the production function as φ̂it− β̂kkit− β̂llit, where
φ̂ is the predicted value of the first stage that serves to eliminate idiosyncratic
production shocks. The equation to be estimated reads as

log(TFP ) = α0 + αORGSTR +Xβ + ε, (3.4)

The equation aims at estimating the effect of the organizational structure on
(the log of) TFP recovered in the previous step. It contains a constant α0. The
variable ORGSTR comprises the legal status and ownership structure. In partic-
ular, we consider five levels for a firm’s organizational structure: MUNI , where
the ownership is public and the management is integrated in the city govern-
ment. INST , where the ownership is public and the management is separated
from ownership in a public legal form, LIM_PUB, where the ownership is
public and the management separated in a private legal form, LIM_SEMPUB

where the ownership is shared public and private and the management is in a
private legal form and finally LIM_PRIV , where the ownership is private and
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the management is separated in a private legal form. The general problem of
omitted variable bias is tackled using a set of covariates captured in X. In par-
ticular, we control for the population of the city as a major productivity shifter
because there may be returns to scale. Moreover, we take into account whether
the firm observed is a specialized firm.21 Given that there may be regional dif-
ferences, for example due to economic conditions, we will control for state fixed
effects. The inclusion of this is important because it is likely to be correlated to
the variable of interest. The equation contains an i.i.d. error component cap-
tured in ε.

Still, other issues may exist. There will be a problem of reverse causality if
more efficient firms are more likely to display one organizational structure than
another. If, for example, bureaucrats in cities with more efficient operators are
more likely to select the legal form of limited liability, the causality would be
reversed and estimation of (3.4) would lead to biased results. This argument is
related to a finding in the theoretical literature on contract choice, where a firm
is offered a menu of different regulatory contracts and self-selects itself into one
according to its efficiency type (see, e.g., Laffont and Tirole, 1993). In the context
of our investigation, this would mean that in cities with more efficient operators
bureaucrats would rather choose one specific legal status.

In practice, such considerations may not be a major issue, as regional charac-
teristics seem to play an important role in explaining the chosen organizational
structure. For example, 22% of operators are limited liability in Bavaria, whereas
this fraction is 58% in the state of North Rhine-Westphalia. Over all the years
studied, we observe that 54% of operators are a municipal enterprise, 11% are
public-law institutions and 34% are limited liability companies. Changes are
quite rare: three firms adopted private ownership, eight firms changed owner-
ship from public to semipublic and two reversed ownership to fully public. Re-
garding changes in legal status, we observe that from the municipal enterprise,
four switched to the public-law institution and two to limited liability. We are
thus confident that state fixed effects capture unobserved variables correlated
with organizational structure.

A second issue may be a bias due to unobserved heterogeneity. Since the data
does not provide sufficient temporal variation to introduce firm-specific effects,
we control for covariates driving the efficiency as the population and the degree
of specialization. Still, we take into account the already mentioned state-level
fixed effects that account for structural differences across the country, such as a
slightly different legislative setting or general economic conditions.

21We define this variable in the empirical strategy.
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Third, we perform a robustness check to ensure that the prices are not driving
the results we observe. Since we do not have output data and cannot impose this
kind of productivity measure, we correlate the ownership and organizational
form on prices we have for a cross section in one year. This regression shows
whether there are structural correlations between organizational structure and
prices, which would affect our results.

3.3.3 Data and summary statistics

The data used in this chapter are extracted from cities’ mandatory reports on
their financial stakes in firms.22 They contain financial information, along with
additional details such as employment data, ownership structure and legal sta-
tus of the municipal firm. Supplementary information was taken from other
publicly available sources, as well as the proprietary AMADEUS database (see
Appendix 3.A). This newly created data set comprises 84 different operators of
large German cities through the years 2000-2012.23 The data are restricted to
the population of cities because rural areas often commission to several sub-
contractors. Thus, sensible data is not available and the classification into an
organizational form is much less obvious (Bataille and Steinmetz, 2015).

As described in section 3.3.2, we group the legal forms into three categories:
limited liability companies (LIM ), public-law institutions (INST ) and the owner-
operated municipal enterprise (MUNI). A firm is defined as publicly owned if
at least 95% of the owners are public actors (cities, institutions etc.), as semipub-
lic if the state holds at least 50.1% and as private if the public share is less than
50.1%. Semipublic firms always have an absolute majority held by the munici-
pality and their share of public ownership in the sample ranges from 51 to 60%.
Our empirical analysis is concerned about the effects of both ownership and le-
gal status. Given that firms with an amount of private shareholding must adopt
the legal form LIM , we can combine this information and obtain five levels for
a firm’s organizational structure: MUNI , INST , LIM_PUB, LIM_SEMPUB

and LIM_PRIV (see Appendix 3.C for details).
Table 3.1 summarizes input (relative to value added, aside from labor) and

output variables of the production process used in this study. We report the
summary statistics by organizational structure: Columns (1) and (2) contain
the municipal firm and the institution, while Columns (3) to (5) summarize the

22These are called Beteiligungsbericht: the obligation to publish such a report is prescribed by
state laws.

23“Large city” in this context means that a city does not belong to another district, i.e. that it
is independent (German: kreisfreie Stadt).
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limited-liability companies (with public, semipublic and private ownership, re-
spectively).

As described in the previous section, we rely on value added data to charac-
terize output. Table 3.1 includes the dependent variable value added and also
reports revenue. Furthermore, we report for information purposes the yearly
quantity of collected waste (measured in tonnes).24 We have information on
two inputs of the production function. The input labor measures the number
of employees working in the firm, while capital is represented as the value of
tangible assets (including land, motor vehicles, equipment and machinery). The
proxy variable materials, used for inverting out productivity, represents expen-
ditures for raw materials (including energy, intermediate inputs and purchased
services). All monetary inputs and outputs are expressed in prices using respec-
tive deflators, with 2000 as the base year.25

24Note that we are not able to use this physical quantity measure in our estimation. First, some
firms collect all types of waste (e.g., also paper, glass and plastic), whereas others do not. There
is no reliable information for this allocation for most of the sample period. Second, some firms
deliver other types of public services, which are relevant in terms of revenue shares, for which
quantity data does not exist.

25Revenue: consumer price index for garbage collection fees (averaged with fees for drainage
if the firm is active in this segment also). Material expenses: intermediate inputs price index. La-
bor expenses: consumer price index. Capital: gross fixed capital formation index. See Appendix
3.A for sources.
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TABLE 3.2: Production function estimates

Variable OLS ACF

Labor 0.8321*** 0.8245***
(0.0130) (0.0577)

Capital 0.1578*** 0.1507***
(0.0080) (0.0345)

No. of obs. 865 865

Note: Standard errors in parentheses. Standard errors de-
rived using block bootstrapping with 200 replications
for the columns with ACF estimates.

* p < 0.1, ** p < 0.05, *** p < 0.01.

3.4 Estimating equations and results

3.4.1 Production function

Table 3.2 provides the estimates for the production function. We report OLS
first and then the results using the ACF algorithm. Given endogeneity problems
when applying OLS, which are circumvented by the ACF methodology, the OLS
estimates are used as a benchmark. Column (1) provides the OLS benchmark for
value added. Both capital and labor are positively and significantly correlated
to the outcome in value added.

The results based on the ACF algorithm are highly significant and very sim-
ilar to those obtained by OLS. To examine returns to scale, we test whether the
sum of labor and capital coefficient test is equal to one against the two-sided
alternative. The t-test cannot reject the hypothesis of constant returns to scale
(p = 0.58). This result is consistent with those previously obtained in the litera-
ture when one considers larger municipalities and cities, as we do in our anal-
ysis. For the estimation of a cost function, Dijkgraaf and Gradus, (2015) find an
output coefficient very close to one. Similarly, Stevens, (1978) obtains constant
economies of scale for cities with a population size of over 50.000 inhabitants.26

3.4.2 Total factor productivity

To analyze efficiency difference, we use Equation (3.4), which describes the im-
pact of a firm’s organizational structure on TFP. We run this regression with OLS

26The 5% percentile of the population in our sample is 49.851.
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using standard errors clustered at the establishment level.27

The four levels of this main variable of interest are INST , PUB_LIM ,
SEMPUB_LIM and PRIV _LIM : the institution and three types of limited-
liability companies with varying ownership. We thus compare each organiza-
tional structure with the fifth (baseline) category MUNI , which we had previ-
ously defined as traditional public provision. Because each firm offers a slightly
different portfolio of city services, we control for possible effects of specializing
in some of them. The variable SPE takes on the value of 1 if the firm only carries
out garbage collection and street cleaning services.

Our main specification uses the TFP measures from the value added produc-
tion function. The results from estimating the baseline Equation (3.4) are pre-
sented in Table 3.3. Column (1) controls for our four indicators of organizational
structure. Interestingly, only the effect of PRIV _LIM is highly significant at
the 1% level with a coefficient of 0.2574, indicating that private firms organized
in a limited-liability company are approximately 29% more efficient than the
baseline group MUNI .28 Given that the other categories are not significantly
different from the baseline group the absolute productivity advantage is similar
to the other groups.

Still, an important driver for productivity may be the population. This effect
is controlled for in column (2), indicating that city population is highly signifi-
cant and positively shifts productivity. While the coefficient for the PRIV _LIM
remains nearly unchanged, the coefficients for INST and SEMPUB_LIM be-
come negatively significant. These coefficients indicate that these organizational
structures perform less efficiently than the baseline category. One might expect
that the category SEMPUB_LIM is more efficient, e.g. due to private know-
how in the operation. Given the strong effect of private ownership on produc-
tivity, this seems surprising.

We can only speculate about the reason for these results. One possible ex-
planation is that the production process is harmed if there is a strong interest
divergence. While private owners will probably aim for profit maximization,
the public actors may have quality objectives. This could have several effects.
First, internal disputes between the partners may lead to a delays in investment

27There is not enough time variation in the organizational structure to identify the coefficients
using a fixed-effects methods, which is why we will use OLS with controls in estimating Equa-
tion (3.4). The path dependency of the organizational structure strengthens the point that there
is no strategic selection, which would lead to reverse causality.

28All effects are computed according to exp(c)− 1, where c is the estimated coefficient.
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or innovations.29 Second, such a dichotomy may keep managers from mak-
ing business decisions that satisfy both constraints.30 If the provision is totally
private, however, the incentive to appropriate rents leads to superior technical
productivity, which is in line with cost efficiency in well-defined contractual ar-
rangements (see Hart, 2003).

The effect that INST performs worse than the two other public categories
could be explained with the arguments given in Hart, (1995)31 concerning the
problem with the separation of ownership and management. In our setting, the
owner is equivalent to the municipality, and it should have sufficient control
mechanisms for management, similarly to the supervisory board in publicly-
traded firms. Because the firm is relatively independent in its decision-making,
there may not be sufficient supervision. This is different for the other two types
of public firms: PUB_LIM have discretion over how the task is performed, but
control is executed by monitoring contract compliance and by organization of
firms with private legal status.32 For municipal provision, such formal contracts
do not exist, but since they are integrated into the government, informal control
can be easily achieved since there are few informational barriers. This point re-
lates to an analysis done by Amaral, (2008), who considers the relation between
the government’s capacity for expertise and control and the autonomy margin
of the firm in addition to ownership. He postulates that they should go hand
in hand: higher autonomy, which will increase innovation incentives should be
accompanied by corresponding control mechanisms preventing opportunistic
behavior.

Controlling for firms that only offer the garbage services (column 3), one can
see that specialized firms are less productive, indicating some form of economies
of scope between tasks. Also, the productivity effect of semipublic firms de-
creases and loses significance slightly below the 10% threshold.

To check whether the results remain, we control for state-fixed effects in col-
umn (4). Given that state-level differences exist in the pattern of organizational
structure, introducing these dummies leads to an increase in the validity of the

29Of course, contracting imperfections are likely to exist in the real world. The role of bargain-
ing frictions in PPP is analyzed in a recent paper by Schmitz, (2015), thereby extending standard
property rights models, which assume that ex-post bargaining is efficient.

30Eckel and Vining, (1985) report some evidence that managers in mixed companies receive
unobtainable targets, e.g. high cost efficiency and extensive social goals, which leads to some
sort of “cognitive dissonance”.

31See also Hart et al., (1997) and Hart, (2003) for the literature on contractual efficiency.
32This legal form may voluntarily found a supervisory board. Further, these types of firms are

often held by publicly-traded firms, which always have an advisory board.



Chapter 3. Ownership and organization in German public service provision 53

TABLE 3.3: TFP regressions

Variable (1) (2) (3) (4)

INST –0.0059 –0.0613*** –0.0531** –0.0523**
(0.0424) (0.0232) (0.0224) (0.0241)

PUB_LIM 0.0178 0.0127 0.0328 0.0245
(0.0278) (0.0288) (0.0268) (0.0334)

SEMPUB_LIM –0.0404 –0.0472* –0.0395 –0.0539**
(0.0288) (0.0278) (0.0282) (0.0254)

PRIV_LIM 0.2574*** 0.2656*** 0.2475*** 0.2834***
(0.0363) (0.0362) (0.0385) (0.0373)

pop 10 –7 0.8006*** 0.9394*** 0.9998***
(0.1177) (0.1318) (0.2019)

specialized –0.0489** –0.0589***
(0.0228) (0.0222)

Constant 3.5745*** 3.5571*** 3.5736*** 3.6006***
(0.0179) (0.0185) (0.0224) (0.0570)

State-fixed effects No No No Yes
R2 0.08 0.15 0.18 0.27
No. of obs. 865 865 865 865

Note: Dependent variable is log(TFP ). Standard errors clustered at the firm level in
parentheses. All states that consist only of one city have been assigned to the geo-
graphical neighbor region (Berlin=Brandenburg, Bremerhaven and Bremen=Lower Saxony,
Hamburg=Schleswig-Holstein).

* p < 0.1, ** p < 0.05, *** p < 0.01.

effects explained previously. We again find a significant negative impact on pro-
ductivity for SEMPUB_LIM (around 5%). The category INST has a nega-
tive productivity effect of equal magnitude (5%), while there is no difference
between SEMPUB_LIM and the baseline group. Most importantly, we still
observe a highly significant effect of private firms of around 32%. Population
and degree of specialization also impact productivity. Interestingly, we see that
it is not only ownership that matters, but also the particular institutional setting.
Taking into account the whole table, we conclude that the importance of owner-
ship is complemented by the relation between the principal and the operator of
the service, which in our analysis has been mirrored by the legal status.

The main results of column (4) are robust to the inclusion of other variables
that could shift productivity. Further, when we introduce year dummies, we
cannot reject the hypothesis that they are jointly equal to zero, indicating that
there is no clear time pattern in the evolution of productivity.
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3.4.3 Robustness check: addressing potential price bias

A potential caveat in the usage of industry deflators is when output or input
prices are heterogeneous, because measured TFP would contain price and “true”
efficiency effects. This occurs, for example, when large firms have market power
in the product market (Klette, Griliches, et al., 1996). In our analysis, the exis-
tence of a price bias would prove most problematic when differences are struc-
tural in the sense that they were correlated with the organizational structure
whose impact on productivity we are analyzing. If, for example, firms of one or-
ganizational form were charging consistently higher prices for their output, one
would overestimate true productivity because part of it would be solely due to
prices.

We address this question by studying the association between organizational
structure and output prices using garbage collection fees gathered and provided
by SPIEGEL ONLINE, (2008) and Verivox, (2008). This data is available for a
cross section of the year 2008 and covers 62 of 84 firms in our sample. For the
subsequent analysis, we use these fees to compute an average price per liter of
waste.33 These fees only serve as a rough proxy for output prices because they
comprise only one business line (garbage collection) that the firm is in involved
in. However, this is not too problematic since this line is most important in
terms of revenue shares. They are the best available measures of prices at the
individual firm level and their usage can serve to alleviate concerns one could
have with using general price deflators in our empirical analysis.

To this end, we run a simple OLS regression of average price on the categories
of organizational structure. The results are presented in Table 3.4. There seems
to be a positive association between PUB_LIM and output prices, significant at
the 1% level, while all other structures do not show any association. The results
do not change when we include potential cost shifters.34 We should therefore
address what this finding implies for the robustness of the analysis of technical
efficiency provided in the previous section.

Given the insignificant coefficients on semipublic and private ownership,
this robustness check refutes the suspicion that the superiority of private firms
and the inferiority of semipublic firms in terms of technical efficiency could be
due to higher or lower prices, respectively. Concerning the PUB_LIM category,

33Reported are the fees charged for weekly collection of residual waste, calculated based on a
four-person household. The four pricing categories are: 60l, 120l, 240l and 1.100l. We compute
per liter prices and then take the unweighted average over the four categories.

34If we include average wage in the equation, for example, results and associated significance
levels do not change.
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TABLE 3.4: Relation between prices and organizational structure

Variable

INST –0.5736
(0.3661)

PUB_LIM 1.1615***
(0.3040)

SEMPUB_LIM –0.0601
(0.2925)

PRIV_LIM –0.7710
(0.8497)

Constant 2.7465***
(0.1594)

R2 0.30
No. of obs. 62

Note: Dependent variable is average fee per
liter, baseline category =MUNI (public pro-
vision). Population size (POP ) included as
control.

* p < 0.1, ** p < 0.05, *** p < 0.01.

this analysis would tend to suggest that we may be overestimating their produc-
tivity effect, i.e. this type could be less efficient than the baseline category MUNI

(classical public provision). On the other hand, it is possible that the same pat-
tern, i.e. higher prices, exists with respect to input prices, which would cancel
out a potential bias and speak against overestimation of the effect. Unfortu-
nately, neither data on material prices nor better output price data is available,
so that we cannot further investigate this question. Most importantly, though,
this analysis does not provide evidence that heterogeneity in output prices drive
the results obtained for semipublic and private ownership.

3.5 Conclusion

Our chapter analyzed the productive efficiency of public services using a newly-
created data set from Germany. Productivity estimates have been obtained by
employing the well-established ACF procedure and projecting the obtained resid-
uals on the firm’s organizational structure. This method circumvents the endo-
geneity problem of the production function that arose in previous studies exam-
ining the productivity effects of private provision of refuse collection services.

Our analysis shows that not only ownership, but also legal status and the
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accompanying contractual practices influence the way in which inputs are con-
verted to output. We find that the private provision of refuse collection is most
efficient. Comparing this with other forms of ownership, we find a non-linear re-
lationship in the degree of private ownership. That is, mixed-ownership models
such as public-private partnerships are less efficient than pure public entities.

Moreover, we see that the contractual arrangement is important in the way
of how to organize a public company. Legal forms that separate ownership and
management seem to have a lower efficiency, which may be explained by typical
principal-agent problems. These results are generally in line with the intuitive
examples provided by the property rights literature and provide evidence that
transaction cost arguments are highly relevant for organizing public utilities.

The results found are important for policy debates worldwide regarding the
most appropriate organization of public utilities. If utilities are organized in a
contracting-out arrangement, the results propose a superiority over pure public
or private service provisions. A combination of semipublic entities like public-
private partnerships seems to bring together more the disadvantages from both
private and public worlds than their advantages. In public entities the organi-
zational form matters. If there is a separation of management and ownership,
private legal forms are more able to reap efficiency benefits than public legal
forms including the separation.
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3.A Data sources – overview

This is an overview of the different sources used. For a complete overview of
individual sources, see the online appendix.

1. Firm characteristics. Reports on shareholding (“Beteiligungsberichte”) of
the city, provided by the cities themselves or public libraries and archives.
Employee data supplemented by usage of the Amadeus database of Bu-
reau van Dijk and direct information from the firms. Ownership informa-
tion supplemented by firm database Hoppenstedt.

2. Financial Data (balance sheet, income statement). Reports on shareholding
(“Beteiligungsberichte”) of the city, provided by the cities themselves or
electronic information systems of city councils. Supplemented by annual
statements from electronic information systems of city councils or official
homepage of the firm. Supplemented by usage of Bundesanzeiger (online
publisher of yearly accounts), Bundesanzeiger Verlag GmbH.

3. Quantity data. Federal Statistical Office Germany (Statistisches Bundesamt),
DESTATIS.

4. Deflators. Consumer price index, producer price index: Federal Statistical
Office Germany (Statistisches Bundesamt), DESTATIS. Intermediate inputs
price, Gross Fixed Capital Formation price series: EU Klems.

5. Lines of business. Derived from the reports-on stakeholding
(“Beteiligungsberichte”) and own research (using the firms’ homepages).

6. Regional characteristics. Surface area, population of the city: Federal Statis-
tical Office Germany (Statistisches Bundesamt), DESTATIS.

7. Output prices. Study of garbage collection fees, SPIEGEL ONLINE and
Verivox (2008).
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69

Chapter 4

Do frustration and anger promote

criminal behavior? Experimental

evidence on the role of gender

Co-authored with Florian Baumann and Volker Benndorf

Summary of the chapter

We analyze the influence of frustration and anger resulting from loss
experiences on the decision to commit a norm violation. In a lab
experiment, subjects first complete a real-effort task where compen-
sation is framed as a gain or a loss. Subsequently, they can increase
their own income by taking away money designated for donation to
charity. Whereas both males and females experience higher levels of
negative emotions in the loss frame than in the gain frame, only men
are more likely to take away money in the loss scenario.
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4.1 Introduction

According to standard economic theory, decisions involving norm violations
like property crimes do not differ much from other decisions and can be ana-
lyzed using the same methods (Becker, 1968). This implies that decision makers
will weigh the possible final outcomes of a criminal activity with the correspond-
ing probabilities. Apart from comparing expected gains and punishment, such
decisions may also include non-monetary aspects such as moral costs from vio-
lating social norms (see, e.g., Polinsky and Shavell, 2007).

Behavioral economics suggests further mechanisms involved in individual
decision-making. The seminal prospect theory (PT) by Kahneman and Tver-
sky, (1979) proposes that risk-taking behavior is more sensitive to the changes in
payoffs relative to a reference point than to the ex-post absolute levels. Hence,
the perception of outcomes as gains or losses may affect a potential violator’s
decision-making (Lattimore and Witte, 1986). Also, experiencing gains or losses
upfront may alter the reference point or the relevance of moral costs from norm
violations (for lying, see Grolleau et al., 2016).

In the criminological literature the general strain theory (GST) has been de-
veloped, which shares some insights with behavioral economics. GST states
that “strains” can lead people to committing norm violations, including crime
(Agnew, 1992). A strain could be a failure to achieve positively valued goals or
losing achievements (e.g. job, status) that one appreciates. It is hypothesized
that such experiences trigger negative emotions, which may in turn favor crime.
Thus, the motivation for norm violations is explained by relative instead of ab-
solute perceptions of one’s own situation (Agnew, 1992), relating the theory to
the basic motivation of PT.

The propensity to breach social norms or to engage in criminal activities is
likely to differ across genders. Data from the field suggests that men are far
more likely to engage in criminal activities than women.1 Behavioral economics
has documented gender effects in many related domains. For instance, Dohmen
et al., (2011) report that women are less likely to take risks, which may reduce
their propensity to behave criminally. There is also evidence that men are more
prone to overconfidence than women (e.g., Barber and Odean, 2001). As a con-
sequence, men might overestimate the probability of success of a crime. Gott-
fredson and Hirschi, (1990) argue that a lack of self-control is a crucial driver of

1 In the US in 2014, nearly 80% of the violent crimes and about 62% of the property crimes
were committed by men (source: Federal Bureau of Investigation, 2014).
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criminal behavior. This is tested by Burton Jr et al., (1998), who report that differ-
ences in self-control explain a large share of the gender gap in committing crime.
Finally, men and women might deal differently with emotions. Later contribu-
tions to GST suggest that males might rather react to strain with outrage and
crime, while women might respond with self-deprecating emotions (see the the-
oretical work of Broidy and Agnew, 1997 and some empirical evidence provided
in Broidy, 2001).

In this chapter, we analyze the results of a controlled lab experiment in which
we study the effects of subjects’ emotions on committing a gainful norm viola-
tion that may be likened to property crime. In light of the literature, we also
test whether this relation is gender-specific. We use loss framing of the pay-
ment scheme in a real-effort task to induce emotional responses compared to a
benchmark case where payoffs are perceived as gains. After the task, we elicit
subjects’ positive and negative emotional states to measure how framing affects
reported feelings. Finally, we present subjects with the possibility to take money
that is intended for a well-known charity in order to connect emotions to norm
violations.

For both genders, loss framing instills negative emotions like anger and frus-
tration, whereas it reduces the reported levels of the positive emotions of satis-
faction and happiness. However, loss-induced frustration and anger only leads
to more norm violations for men, while women tend to take less often in the loss
frame. For both men and women, experienced levels of the positive emotions
happiness and satisfaction have no explanatory power in our experiment.

4.2 The experiment

4.2.1 Design and treatments

The experiment consists of three parts. The first is a repeated real-effort task
where subjects earn money by solving puzzles for ten periods. In the second
part, subjects self-assess their level of frustration, anger, satisfaction and happi-
ness on a scale from one to seven. The last part addresses the norm violation
decision. Here, subjects decide whether and to what degree they would like
to take money from a budget intended for a well-known charity. This way of
modeling crime in the lab follows Feess et al., (2015).

We consider two treatments, which only differ in the framing of the real-
effort task. In both treatments, subjects begin with an initial endowment and are
paid according to their performance in the task. In the gain treatment subjects
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start with e2 and receive an additional e0.06 for up to 15 puzzles in each pe-
riod. In contrast, subjects in the loss treatment start with e11 and lose e0.06 for
each puzzle they fall short of 15 puzzles solved.2 These payment schemes are
mathematically equivalent,3 but subjects in the gain frame see their total prof-
its increase over time, while subjects in the loss frame face a decline in payoffs.
The development of the total profits was displayed prominently on the subjects’
computer screens after each period of the real-effort task.

The real-effort task is an encryption task where subjects translate a combina-
tion of letters (“puzzles” or “words”) into numbers using a randomly generated
legend (Benndorf et al., 2014). We use a repeated version in which subjects have
ten two-minute periods to solve as many puzzles as possible. Subjects were fa-
miliarized with this task using an unincentivized trial period where 10 puzzles
had to be solved correctly.

The possible norm violation in part three was introduced as follows. At the
beginning of the experiment, the participants were informed that an additional
e5 were available per subject, which were intended as a donation to the “Ger-
man Red Cross” charity.4 Participants were presented with the option to take
some (or all) of this money for themselves. First, they had to indicate whether
they wanted to take any money at all; if yes, they could afterwards state the
amount (using 2-ct. increments) x ∈ [0.02, 5.00] they wanted to take away. Tak-
ing was successful with probability 85%, in which case the money was added
to the participants’ earnings (and subtracted from the potential donation). With
the remaining probability of 15%, the participant’s taking was unsuccessful. In
this case, the attempted taking amount was returned to the charity donation and
the participant additionally had to pay a fine, also equal to x, from his/her cu-
mulated earnings. This fine was not donated but returned to the experimenters’
budget. By introducing the probabilistic fine, we align the subjects’ decision
problem to how crime is depicted in standard economic models.

4.2.2 Procedures

The experiment took place between October 2016 and February 2017 at the DICE
Laboratory at Düsseldorf University. Participants were invited using ORSEE

2 This threshold was identical in both treatments. It was chosen as an unrealistic goal such
that subjects in the loss frame would actually face losses. The average number of solved puzzles
per period in our experiment was 9.61 with a median and mode of 10. There was a single subject
who managed to reach the threshold of 15 puzzles and did so in every period.

3 2 + 0.06
∑10

t=1 min{et, 15} = 11− 0.06
∑10

t=1(15− min{et, 15})
4 The German Red Cross (DRK e.V.) is a secular non-profit organization that seeks to help

vulnerable people in case of disasters and health emergencies.
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TABLE 4.1: OLS estimations for emotions

Dependent variable

frustration anger satisfaction happiness

loss 0.745** 0.638* –0.554** –0.849***
(0.370) (0.371) (0.275) (0.301)

female 0.044 –0.232 0.563* 0.230
(0.386) (0.361) (0.326) (0.314)

loss × female 0.558 0.888 –0.861** –0.403
(0.549) (0.553) (0.426) (0.420)

age –0.028 –0.041** 0.007 –0.008
(0.023) (0.019) (0.015) (0.014)

taskcorrect –0.262*** –0.195** 0.283*** 0.254***
(0.087) (0.081) (0.077) (0.086)

constant 6.814*** 5.709*** 0.398 1.078
(1.242) (1.080) (1.004) (1.063)

R2 0.13 0.14 0.22 0.22
No of obs. 161 161 161 161

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. Robust standard errors in paren-
theses. The variable taskcorrect denotes the average number of solved
puzzles per round.

(Greiner, 2015). We conducted 8 sessions with a total of 161 subjects (80 females,
81 males). Each session lasted around 60 minutes and the participants earned
9.57 Euros on average. The experiment was programmed using the software
z-Tree (Fischbacher, 2007).

4.2.3 Hypotheses

While subjects in the loss treatment repeatedly face losses during the real-effort
task, subjects in the gain treatment see their profits increase over time. We thus
argue that:

Hypothesis 1. The degree of self-assessed negative (positive) emotions in the loss frame
will be higher (lower) compared to the gain frame.

Following standard GST, we anticipate that negative emotions lead to a higher
inclination to commit norm violations. In the context of our experiment, this im-
plies:

Hypothesis 2. Subjects in the loss frame will be more prone to take money from the
charity.

Finally, following the debate in criminology and experimental evidence on
gender differences in related fields, we hypothesize:
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FIGURE 4.1: Share of subjects who try to take money from the char-
ity by frame and gender

Hypothesis 3. The number of norm violations and the correlation with reported emo-
tions will differ across gender.

4.3 Results

We first consider how framing affects subjects’ emotional state as suggested by
Hypothesis 1. Table 4.1 reports OLS regressions where the dependent variable
is the self-assessed emotional state from the second part of the experiment.5

The loss frame significantly increases negative emotions (anger and frustration),
while it decreases positive ones (happiness and satisfaction). The effect gener-
ally does not differ by gender, besides from weakly significant differences in
satisfaction levels. The regressions also document that higher performance in
the real-effort tasks leads to lower negative and higher positive feelings.6

Result 1. The degree of frustration and anger (satisfaction and happiness) are signifi-
cantly higher (lower) in the loss frame compared to the gain frame, confirming Hypoth-
esis 1.

Next, we consider the relation between norm violations and framing. The
data for the binary taking decision is summarized in Figure 4.1. There are virtu-
ally no differences between the gain and loss frame when we do not condition on
gender (two-sided Fisher’s exact test, p = 0.867). This changes when we distin-
guish between male and female subjects. First, men try to take money from the

5 Running ordered probit models yields very similar results.
6Note that we do not find any statistically significant relation between the two treatments

and the number of tasks solved.
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TABLE 4.2: Probit estimations of the taking decision

gain loss gain loss gain loss gain loss

female 1.191* 0.493 0.477 –0.022 0.235 –1.467**–0.465 –0.672
(0.689) (0.837) (0.582) (0.671) (0.749) (0.713) (0.737) (0.611)

frustration 0.054 0.334**
(0.133) (0.162)

female × frustration –0.263 –0.417**
(0.171) (0.197)

anger 0.044 0.402**
(0.143) (0.176)

female × anger –0.103 –0.422**
(0.188) (0.205)

satisfaction 0.033 0.057
(0.164) (0.199)

female × satisfaction –0.012 0.125
(0.199) (0.244)

happiness –0.036 0.041
(0.147) (0.174)

female × happiness 0.194 –0.218
(0.202) (0.227)

age 0.011 0.007 0.011 0.007 0.011 –0.005 0.011 –0.001
(0.026) (0.022) (0.026) (0.021) (0.027) (0.020) (0.026) (0.020)

taskcorrect –0.135 0.033 –0.106 0.023 –0.104 –0.050 –0.120 0.010
(0.112) (0.102) (0.112) (0.098) (0.115) (0.105) (0.116) (0.101)

Pseudo R2 0.05 0.21 0.02 0.21 0.02 0.16 0.03 0.16
No of obs. 79 82 79 82 79 82 79 82

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. Robust standard errors in parentheses. Dependent variable
= 1 if (part of) the donation was taken. The variable taskcorrect denotes the average number of
solved puzzles per round.

charity more frequently than women (two-sided Fisher’s exact test, p = 0.030).
Second, while men take significantly more often in the loss frame compared to
the gain frame (two-sided Fisher’s exact test, p = 0.019), the opposite is true
for women (two-sided Fisher’s exact test, p = 0.069). The overall gender effect
reported above is driven by the behavior in the loss frame. Men take signifi-
cantly more often than women in the loss frame (two-sided Fisher’s exact test,
p < 0.001), but there is no such effect in the gain frame (two-sided Fisher’s exact
test, p = 0.636).7

Result 2. Men are more prone to take money from the charity in the loss frame compared
to the gain frame, but the opposite is true for women. We thus find mixed evidence for
Hypothesis 2.

Lastly, we analyze the relation between reported emotions and the norm vi-
olation. The results from different probit models explaining the taking decision

7Qualitatively similar results can be found when we consider the amounts people try to take.
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FIGURE 4.2: Predicted taking probabilities and 95% confidence in-
terval of the taking decision (Table 4.2, Cols. 1-2), displayed at dif-

ferent levels of frustration and anger, by gender and frame.

are presented in Table 4.2. The emotions frustration, anger, satisfaction, and hap-
piness are considered separately.8 Moreover, each regression is run separately
for the gain and the loss frame and a female indicator and its interaction with
the feelings category are included. This allows emotions to have heterogeneous
effects across the two treatments, as well as by gender, as the GST and the non-
parametric analysis described above suggest. We include age and taskcorrect as
additional control variables, but both are not significant in any specification.

We find that feelings never impact taking behavior in the gain frame. Fur-
thermore, positive feelings do not affect the behavior in any frame, which is
consistent with GST. The corresponding coefficients are all insignificant. The
finding that feelings do not affect behavior in the gain frame is consistent with
the notion that the gain frame serves as a reference where the emotional state of
the subjects is normal.

In the loss frame, the effect of the negative emotions frustration and anger for
the taking decision depends on gender: higher reported frustration and anger

8 We do not run a model including all emotions at the same time, as there are problems of
multicollinearity in such a model (several Variance Inflation Factors of this model are well above
10).
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increase taking for men, but not for women.9 We further investigate these ef-
fects in Figure 4.2 where we plot the predicted probabilities for taking at all
possible emotion levels by gender as they result from the regressions reported
in Columns (1) and (2). The left panels depict the results for the gain frame.
They show that there are no significant differences across genders (confidence
intervals) and that the taking probabilities are rather insensitive to the feelings
(slopes). The right panels of the figure display these relations in the loss frame.
The taking probability is increasing in frustration and anger for men and this
marginal effect is significant. For women, a negative, but insignificant relation
results.10

Result 3. Higher degrees of frustration and anger induced by the loss frame translate
into more norm violations committed by men, but not by women. Thus, we confirm
Hypothesis 3.

4.4 Conclusion

We investigated how experiencing an outcome as a loss affects the inclination for
committing a gainful norm violation using a lab experiment. We framed income
of a real-effort task as gains or losses and gave subjects the option to take away
money designated for a charity. Collecting self-assessed emotions, we are able to
link losses, induced feelings, and norm violations. We find that only men react
to anger and frustration by being more likely to take the donation. Women do
not seem to respond to the loss experience by committing the norm violation.

Our results are related to the findings in Grolleau et al., (2016), who allow
participants to cheat by self-reporting their success in an effort task and find
that subjects in the loss frame claim significantly higher performance than those
in the gain frame. As in our study, men react very strongly to loss framing by
committing norm violations. Our experiment suggests that the findings for lying
in Grolleau et al., (2016) can be extended to other forms of norm violation that
may include harm to third parties.

The idea of experiences causing emotional reactions, which affect future de-
cisions, is also present in Beisswingert et al., (2015). They show that the expe-
rience of losing control causes anger and leads to less risk-aversion in a sub-
sequent task, which generally is in line with what we find for men in our loss

9 In (1) and (2) the sum of the coefficient of the feeling and its interaction with female is not
statistically different from zero.

10For frustration, the predicted difference between the genders is significant at the 1% level
for values 4-7 and at the 10% level for a value of 3. For anger, the difference is significant at the
1% level for values 3-7 and at the 5% level for a value of 2.
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scenario. Buser, (2016) also finds a gender effect in the context of a competition.
In the experiment, men react to the experience of losing by selecting higher goals
for themselves, while women rather choose lower goals as a reaction. Related
to that, it is a long-established idea in psychology that frustration may lead to
either aggression or to resignation, see Shorkey and Crocker, (1981).

Our findings contribute to the understanding of the economic theory of norm
violations and crime. The experimental evidence documents important gender
effects that cannot be derived from standard economic theory. Furthermore, the
results are broadly in line with the criminological general strain theory.
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4.A Experimental instructions

In the following experiment, you can earn money depending on your behavior.

Please turn off your mobile telephone and do not talk to the other participants.
It is very important that you comply with these rules. Should you have any
questions during the experiment, please raise your hand. We will come to you
immediately and answer your questions individually.

During the experiment, you can earn Taler according to your decisions. At the
end of the experiment, the Taler earned will be exchanged to Euro at a rate of

50 Taler = 1 EURO

and will be paid out to you in cash.

Today’s experiment consists of two phases. First, there is a task, which you
will have to work on. This will be described in more detail below. The more
successful you are in this part, the higher your income is. After that, you will
make a one-time decision that can further influence your income.

Working phase

A practice phase will take place as a first part of the experiment, so that you can
get acquainted with the task at hand. In a next step, the actual working phase
will take place.

In the practice phase, all participants have to solve 10 puzzles correctly. Please
note that solving the puzzles correctly in the practice phase does not lead to
earnings.

The working phase lasts 10 periods, and every period takes two minutes. Your
task is solving puzzles correctly, which is explained in more detail in the next
paragraph. Solving a puzzle consists of correctly encrypting one word.

As mentioned before, your performance in the working phase influences your income.
You start with an initial budget of 100 Taler that you have for participating in the
experiment. You can influence your total income by solving puzzles.

The compensation scheme for this is as follows: if you correctly code 15 words or less in
this period, you gain 3 Taler for every word up to this threshold. If you solve 15 words
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or more, these additional words do not influence your payment and you will receive the
same payment as if you had only coded 15 words correctly.11

In addition, and independent of your performance in this task, an amount of 250

Taler per participant is planned as a donation for the German Red Cross (GRC).
In its charter, the GRC describes its goals as follows:

The German Red Cross assumes the interests of those who are in need of
help and support, in order to abolish social discrimination, hardship and
degrading situations and to work toward improving the individual and so-
cial living conditions and those in the family.

The GRC is awarded the DZI seal of approval, which confirms the compliance
with economic, legal and ethical criteria. All donations that are generated by
this experiment are passed on 100 % to the GRC, the donation will take place
live right after the experiment.

Description of the task

The task consists of encrypting combinations of letters (words) into numbers. In
the task, three capital letters always yield a word. You have to allocate a number
to each capital letter. The encryption code can be found in a table below the
corresponding letter. For that purpose, please consider the following screenshot:
In this example, the participant has already encrypted three words correctly (see
centered field: above). Here, the three capital letters: “Z”, “N” and “T” have to
be encoded. The solution follows immediately from the table:

• For “Z” applies: 684 (see the current entry of the participant)

• For “N” applies: 357

• For “T” applies: 848

To make an input please click on the blue box below the first capital letter. Fur-
thermore, the screen (see screenshot) provides the following information:

11The italic part reads as follows for the loss scenario.
As mentioned before, your performance in the working phase influences your income. You start with an
initial budget of 550 Taler that you have for participating in the experiment. You can influence your total
income by solving puzzles.
The compensation scheme for this is as follows: if you correctly code 15 words or less in this period, you
lose 3 Taler for every word falling short of this threshold. If you solve 15 words or more, these additional
words do not influence your payment and you will receive the same payment as if you had only coded 15
words correctly.
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• “Number of correct solutions” = number of correctly encrypted words.

• “Remaining time [sec]” = remaining time in the current period.

• “You currently encrypt word number” = current word to encrypt.

If all 3 numbers have been entered, please click the “OK” button.

• The computer then checks whether all capital letters haven been encoded
correctly. Only then, the word is counted as correctly solved. Thereafter
a new word (again consisting of three capital letters) is randomly drawn.
Furthermore, a new encryption table is randomly generated in two steps:

1. The computer program randomly selects in the table a new set of
three-digit numbers to be used for the encoding of the capital letters.

2. Additionally, the computer program shuffles the position of the capi-
tal letters in the table. Please note that the program always uses all 26
capital letters of the German alphabet.

Please note that if a new word appears, you have to click with your mouse on

the first of the three blue boxes. Otherwise, no input is possible!

• The computer will mark (in red font) wrong inputs after pressing the “OK”
button.

Bear in mind:

• After wrong inputs the current word to encode will not change until a
correct input was made.

• However, your previous inputs (in the 3 boxes below the capital letters)
will all be deleted.
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• Furthermore, the table stays unaltered, meaning that the allocated num-
bers remain identical. Also the position of the capital letters in the table
does not change.

Hints:

• Please note that after having entered the three-digit number you can
easily switch to the next blue box by using the tabulator key on your
keyboard.

In the following picture, you can see the position of the tabulator key
on your keyboard:

• The input of the numbers can be performed faster by using the numpad
(on the right) of your keyboard.

In the following picture, you can see the position of the numpad on
your keyboard:
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Decision phase

In this part, you can try to take away some of the 250 Taler that are designated
for the German Red Cross in order to receive it for yourself.

If you would not like to do this, click “No” and your income does not change. If
you do want to do this, first click “Yes”. On the next screen, you can then try to
take an integer amount between 1 and 250 Taler.

With a probability of 85 % taking the Taler is successful, you will receive the
amount chosen and you can keep it for yourself. With probability 15 % you do
not receive the amount. Instead, the amount you have chosen will be subtracted
from your cumulated earnings (including your initial budget) in this case.

If you have taken an amount, but this has not been successful, the German Red
Cross will receive the full 250 Taler. However, the German Red Cross will not
receive the amount that gets subtracted from your income in this case.

Your decision remains secret and will not be made public at any point.
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Chapter 5

Conclusion

This thesis has presented articles in two fields of economics. The first part ex-
amined production behavior in the garbage sector, whereas the second focused
on the connection between norm violations and loss-invoked emotions.

In Chapter 2 with the title “Task bundling, ownership and efficiency: An
application to garbage incineration”, we focused on incineration plants, which
is an important component of the refuse market. The focus was on important
factors that do not only determine efficiency in this sector, but are also inter-
esting from an economic perspective. The analysis is conducted using a sam-
ple of German incineration plants between the years 2006-2014. In this chapter,
efficiency estimates are derived from Data Envelopment Analysis, a powerful
non-parametric technique.

The main results concern the impact of task bundling, ownership and com-
petition. We find that operating with several firms inhibits efficiency, as task
bundling (one firm managing the whole plant) is clearly the most efficient struc-
ture. Further, a larger share of private stakeholding unambiguously goes along
with higher efficiency: private firms seem to find a better way to convert inputs
into outputs. The role of regional competition is not clear-cut, if anything, more
capacity of other plants in a local area tends to affect efficiency negatively.

Chapter 3, entitled “Property rights and transaction costs - The role of own-
ership and organization in German public service provision” has studied the
productivity of refuse collection firms in Germany in the period 2000-2012. Us-
ing a recently developed technique by Ackerberg et al., (2015), we are able to
consistently estimate the production function and derive estimates of total fac-
tor productivity. The projection of productivity onto the organizational struc-
ture has revealed several interesting results. We showed that private ownership
is associated with larger productivity for firms active in garbage collection.

The finding that this industry has a positive productivity effect for private
firms confirms an intuition that has been raised in the theoretical literature on
public vs. private ownership (Hart et al., 1997). Moreover, we do not find a
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similar productivity effect for instances where the private firm shares ownership
with the public sector, but find rather contrary evidence. This fact should let
us question the often-made claim that public-private-partnerships manage to
combine “the best of two worlds” by conciliating the demand for quality with
efficiency incentives of the private sector.

Both of these chapters let us conclude that there are efficiency differences
within public services that can be attributed to various aspects of how the ser-
vice is organized. The fact that ownership, bundling, and legal status have been
proven influential should call the attention of policy makers for various reasons.
Foremost, one should promote the scientific study of productivity in order to
learn about other industries, periods, or organizational factors. The works pre-
sented here should be a first stepping-stone in starting to consider efficiency
factors in deciding on the organization of public services.

Chapter 4 called “Do frustration and anger promote criminal behavior? Ex-
perimental evidence on the role of gender” presented a different topic and in-
vestigated the connection between loss situations, invoked emotions, and the
propensity to commit a norm violation. The chapter was motivated by the pre-
sumption that experiencing losses with respect to a perceived status quo will
make people more likely to revert to illegal means. The General Strain Theory
from criminology hypothesizes that this relation exists due to increased frustra-
tion and anger arising from those situations.

Our experiment used the payment scheme of a real-effort task to model losses
and mirrored a norm violation situation by giving participants the option to take
away from money intended for charity. The results show that loss framing in-
creases frustration and anger significantly, but this translates into a higher like-
lihood of the norm violation only for males. Overall, we isolated one channel
of criminal activity, i.e. the experience of losses. The results are broadly in line
with the General Strain Theory and demonstrate a significant gender effect that
cannot be derived from economic theory.
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