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Abstract

Procurement centralization is a process that includes policy decisions on the ap-
propriate level of collaboration, aggregation and standardization. We analyse the
main aspects of collaborative procurement: centralization, scope and different mar-
ket structures. We use a unique dataset that combines Czech tender-level data with
the manually-collected data on centrally procured tenders and financial firm-level
data for the time span 2008 – 2016. We apply vector generalized linear model to the
compulsory centralized procurement sectors and assess the market competition and
concentration. We find several key aspects of centralized procurement: the central-
ization has a significant positive impact on the competition in selected sectors. The
framework agreement is recognized as a positive setup of public procurement. We
identified a strong negative evidence of the heterogeneity of the procured commod-
ity. The design of centralization process and the degree of centralization is always
bound by two elementary questions: the flexibility or unification trade-off and the
set-up costs or unit costs trade-off.
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Abstrakt

Centralizace veřejných zakázek je proces, který zahrnuje politická rozhodnutí na
vhodné úrovni spolupráce, agregaci a standardizaci. V této práci analyzujeme hlavní
aspekty centralizovaného zadávání veřejných zakázek: formu centralizace, hetero-
genitu poptávaného zboží a tržní struktury. Používáme jedinečný datový soubor,
který kombinuje data o českých veřejných zakázkách z let 2008 – 2016 s manuálně
shromážděnými údaji o centrálně zadaných zakázkách a finančních datech vítězů
veřejných zakázek. Aplikujeme vektorový generalizovaný lineární model na povinně
centralizované veřejné zakázky a hodnotíme míru soutěže a koncentraci trhu. Nacházíme
několik klíčových aspektů centralizovaného zadávání zakázek: ve vybraných odvětvích
má centralizace významný pozitivní dopad na zvýšení hospodářské soutěže a konkurenci;
dále se ukazuje, že rámcová dohoda je vhodná forma centrálního zadávání veřejných
zakázek a v neposlední řadě heterogenita poptávané komodity má silný negativní vliv
na míru hospodářské soutěže a konkurence. Diskuse o nastavení míry centralizace
a způsobu centralizovaného zadávání je vždy spojena s dvěma klíčovými otázkami:
kompromisem mezi flexibilitou a unifikací a poměrem mezi systémovými náklady
na centralizaci a náklady jednotlivých zakázek.

Klasifikace JEL D44, H11, H57
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Introduction

European public entities spend 14 % of GDP of EU member states on the purchase
of goods, services and works through public procurement (European Commission,
2016). Despite its economic importance, quantitative analyses on public procure-
ment have not been carried out to a satisfactory extent yet, mostly due to the insuffi-
cient quality or even lack of the procurement data. Nevertheless, in recent years, the
situation has changed to some extent. Part of anti-corruption measures reinforces the
tendency towards greater transparency of processes and procedures that improves the
quality and extent of publicly available data.

The current debate is linked with the application of 3E principles (i.e. economy,
efficiency and effectiveness) into practice as the general strategy of public authori-
ties. The primary objective is, however, to reduce the inefficiency of public spending.
Recently there have been several modernizing tendencies in setting up the public pro-
curement: increasing transparency, setting anti-corruption measures, adopting inno-
vative procedures as e-government and closer cooperation amongst public authori-
ties. One of the tools to fulfil this objective and principles is a central procurement
system. The trend towards centralization has become evident since 2004 (Dimitri et
al., 2006 and EU Directive 2004/17/EC, 2004).

Procurement centralization is a building up process that includes policy decisions
on the appropriate level of collaboration, aggregation and standardization – the pro-
portion of unification to flexibility. In order to reach the optimal setting, the central
purchasing system has to include decentralization features which would balance the
high agency costs. The main benefit of centralized procurement results from syner-
gies: effects of economies of scale, bargaining power, professionalism and reduction
of internal transaction costs. Furthermore, the centralized system helps to increase
accountability and is considered to be a powerful policy tool. However, the main
argument for centralization is that it increases competition. The basic but not trivial
assumption of an auction theory states that more bidders imply lower price due to a
higher level of competition.
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In the first part of the thesis, we discuss qualitative aspects of procurement and
centralization including the auction theory background that is relevant to competitive
bidding. On one side, it is emphasized that the central public procurement system
must be designed with caution and that only a complex system can be successful
(OECD, 2010; Albano and Sparro, 2010; Dimitri et al., 2006). On the other side,
there is not devoted emphasis to the different types of commodities and specific mar-
ket structures as it could be expected. The primary argument against centralization
is market distortion.

The second part focuses on the quantitative part of the discussion is focused on 8
centrally procured commodities in the Czech Republic. The thesis follows up an ex-
isting research and concentrates on main factors influencing the number of bidders,
a fitting proxy to measure the level of competition. Namely, we explore the influence
of joint procurement and the scope of the procured commodity. We create a unique
tender-level dataset which combines data from Czech national information system
on public contracts (time span 2008 – 2016) and manually collected data from the
Ministry of Regional Development (identification of centrally procured tenders, time
span 2012 - 2015). In addition, we focus on market concentration and segmentation
of the suppliers. We combine tender-level data with the MagnusWeb database con-
taining firm-level financial data and explore the distribution of firms according to
their size. By this approach, we challenge the main goal of this thesis: to identify
differences between individual commodities and point out to different or alike market
structures.



Chapter 1
Centralization

In recent years, there has been a tendency to increase efficiency in procurement in
order to reduce public spending, and thus the revision of public procurement policy
has been placed on the agenda. The tendency towards centralized systems in public
sector grew stronger, not just in Europe (EU directive, 18/2004/EU), but in Asia
and America as well (Carpineti, 2008). This trend also reflects globalization and
enlargement of the supranational institutions, in which centralized purchasing, as a
way to reduce spending, was also implemented.

One of the basic and less costly methods to achieve the reduction costs is sharing
the best procurement practice. It is the first step towards centralization and consists
not only of displaying proven practice but also of process harmonization. As the real
life procurement shows, the successful examples of good practice have to be applied
to other entities with caution and all the specifics have to be taken into consideration.
Acknowledge and comprehend various effects of the same procurement techniques
is crucial when trying to understand the phenomena in auctions and public procure-
ment.

1.1. Policy decisions

In figure 1.1, further described below, we show the process of implementing central
procurement system as a building up the process: gradual harmonization and imple-
mentation of centralization elements. At first, policy makers have to set up the level
of centralization resp. decentralization of the government purchases. The decision
on where to stand on that pyramid is not straightforward. In various fields of pur-
chasing for different types of entities it lays a little bit elsewhere, so usually, there are
mixed approaches. It is subject to key debate in what case is efficient to centralize



Centralization 4

procurement at central government level and when to execute procurement at lower
level i.e. local public administration and hold subsidiarity principle. That is the rea-
son why we speak about centralized procurement rather than central procurement
since central procurement consists of many centralization measures. This is also
recognised by OECD, which provides policy recommendations for the implemen-
tation of the central procurement system. OECD (2011) offers simple instruction:
Build centralization on the principles of a decentralised public procurement system.

Keeping in mind this guidance, there are three crucial decision aspects, which need
to be carefully judged:

∙ level of collaboration,

∙ level of aggregation and

∙ level of standardization.

Level of collaboration factor holds mainly for a decision on the involved number and
types of procuring entities. This factor implies the decision on the level of aggrega-
tion and centrally procured expected volume, which puts pressure on the necessity of
a long term procurement plan. This brings us to the third important decision - which
commodities centrally demand. On one side, central purchasing requires a certain
level of standardization and unification process. On the other side, the decentraliza-
tion signifies a self-reliant decision at the lowest level.



Centralization 5

Figure 1.1.: From Individual, through centralized towards central procurement
system

Note: own construction

1.2. Centralized purchasing – benefits and
disadvantages

The main argument for introducing centralized procurement system is an increase
of efficiency, professionalism, lower price and lower transaction costs. Nevertheless,
efficiency covers multiple other advantages, which are significant: standardisation,
an increase of transparency, simplification, enhancement of control over the expenses
or a smaller chance to collusion. On the other hand, centralization may bring a de-
crease in competition and cause monopolization. The main advantageous phenom-
ena associated with centralization are illustrated by Karjalainen (2011) in Figure 1.2:
economy of scale; economy of process (i.e. transaction costs) and economy of infor-
mation (i.e. professionalism).

The degree of centralization is linked to the new institutional economics and theory
of a firm (Williamson, 1985). Following up this theory, there is a presumption of
a certain threshold to demand aggregation with respect to the transaction costs and
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Figure 1.2.: Marginal benefits derived from increasing number of unit commited to
centralization

Source: Karjalainen (2011)

possible savings (McCue and Plitzer, 2000, Albano and Sparro, 2010). Furthermore,
the economies of scale can be exploited. Yet, it has to be kept in mind that aggregation
is possible only with homogeneous or highly standardized commodities. On that
account, only the appropriate extent of centralization would lead to public saving.

Known effects of centralized purchasing system are summed up in Table 1.2. To
conclude the main benefit of centralized procurement system results from synergies:
effects of economies of scale and reduction in transaction costs push the expenses
down significantly. Karjalainen (2011) sums up the positive effect of synergy as
1+1=1.5 in terms of savings. However, it is hardly attainable to quantify and show
that centralization is money saving.

1.3. Procurement set-up

In an illustrative way Figure 1.1 describes centralization as a building up process.
Procurement centralization has three stages: sharing best practice, collaborative pro-
curement (also joint or centralized) and ultimately central procurement. Central and
centralized procurement system consists of many tools and set-ups, in which ultimate
proceeding is done through a central purchasing body. These tools are not necessar-
ily connected to one of the types of the procurement system (individual/centralized
or semi central/central). It is more likely centralization element which makes the
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Table 1.1.: Evaluation of advantages and disadvantages of centralized procurement
system (costs and competitive effects)

Economic topic Pros Cons Requirement
Economy of scale Greater volume of tender

causes reduction in price per
unit

Market concentration
and risk of monopoly
or oligopoly

Homogeneity

Bargaining power Greater expected value
causes reduction in
price/increase of quality

Market concentration
and risk of monopoly
or oligopoly

Volume

Economy of
scope

Greater range of tender
causes reduction in
transaction costs/price

Market concentration Heterogeneity

Professionalism Capacity and expertise which
causes professionally
prepared tender, long term
small transaction costs

High short term
transaction costs

Establishment
of operating
posi-
tions/central
agency

Transaction costs
and internal
economy of scale

Transaction cost reduction
from the perspective of
beneficiaries caused by drop
in the number of tenders

Exclusion of SME
caused by large tenders.
SME very often don’t
have sufficient capacity
and operational
possibilities to fulfil the
obligations. SME is
often involved as
subcontractors with
smaller profit

Effective
central
purchasing
body

3E principles and
standardization

Increased efficiency due to
setting up technical
specifications, i.e.
standardization, which is
done by qualified specialist
and would include market
analysis and other research

Less flexibility – the
fulfilment of needs of
all the beneficiaries
participating in the
tender is more difficult.
Heterogeneous goods
may be under
commercial risk

Price variance

3E principles and
transparency

Increased effectiveness and
accountability through
transparency measures evolve
into higher competitiveness
and smaller risk of collusion

High costs of
e-procurement and
potentially decrease in
bargaining power

E-
procurement

Note: own assessment
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system less or more centralized as a whole.

The most trivial centralization is a wholesale, a tender for a fixed amount of de-
livery goods or services to a certain date. In order to execute it, multiple authorities
have to sum up the needs and directly purchase the desired goods. This is the just
hypothetical case because single tenders are rigid and for centralization ineffective.
For instance, one time deliveries require a delivery management or significant storage
of delivered goods. The preparation of single tender has also significant transaction
costs and thus, often repetition of such tenders would these costs just multiply.

Fully centralized procurement system involves a central purchasing body (CPB).
CPB is a contracting authority, which provides centralised purchasing activities (Eu-
ropean Public Sector Directive, 2014). CPB acquires goods or services, awards pub-
lic contracts and concludes framework agreements for one or more contracting au-
thorities. It is also responsible for coordination between the individual entities and
follow-up contract management. Central authority is considered to be more efficient
and able to minimize risks (legal, technical, economical, contractual).

Still, simple demand aggregation and centralization do not necessarily reach suc-
cess. Italian researchers Dimitri, Piga and Spagnolo affiliated with the centralized
Italian Agency for procurement of Goods and Services (CONSIP) corroborated that
establishing an effective procurement system is a complex process and one-size-fits-
all measure does not exist. In order to choose an appropriate purchasing procedure,
many aspects must be taken into account, and the procedure also has to fit the specific
situation (Dimitri et al., 2006). However, the central purchasing body has one undis-
putable advantage - it is an efficient policy tool. In Figure 1.3 McCue and Pitzer
demonstrate decision-making authority in different (de)centralization settings. As
it is obvious from the diagram, the central purchasing body has significant policy
power. Policy implementation is in decentralized setting lengthy and complicated
process, as individual authorities must be supervised and the policy measure must be
communicated separately.

1.3.1. Centralization in Europe

The European Union regulates and harmonizes the law of all the member states via
transposition of the European Union law into national legislation in accord with the
European Union principles: transparency and adequacy, equal treatment and non-
discrimination that lead to maximization of the competition. In 2004, the European
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Figure 1.3.: Mixed setting between centralized (left) and decentralized (right)

Source: McCue and Pitzer (2000)

Union adopted two directives1 in order to set the minimum standards for harmo-
nization, followed in 2014 by Directive 2014/24/EU for the new financial framework
2014 - 2020. The goal was simplification and modernisation of the public procure-
ment policies, which most recently oriented on the reduction of market distortions
and better access for SMEs (European Commission, 2015). Among the topics on
how to increase the efficiency of procurement stands also centralization.

The directives explicitly operate with the presumption that the central procurement
increases competition: “in view of the large volumes purchased, those techniques
help increase competition and streamline public purchasing.” (p. 7, EU Directive
2004/17/EC). The idea of demand aggregation stands a little bit in contradiction with
the fact that equal treatment and non-discrimination principles are also a great impor-
tance to the European Union and large tenders may create a discrepancy. In Directive
2014/24/EU p. 11 is, however, emphasized that “. . . aggregation should be carefully
monitored in order to avoid excessive concentration of purchasing power and collu-
sion”. Competitive bidding rather than bargaining or negotiation is distinctive for
prevention of corruption and favouritism and also for strengthening the transparency
and objectivity of comparing the bids.

Remarkably, central procurement policies and chosen degree of centralization vary
across countries substantially and there is not a unified approach (European Commis-
sion, 2013). Public procurement policies also progress over time, as the tendency
towards centralized systems prevails. More on the evolution of the centralised pro-
curement set-up see OECD (2007 and 2011). In Figure 1.3.1 is an overview of the
proportion of tenders with contracting authority purchasing on behalf of other con-
tracting authorities – a possible measure of centralization level - across European

1See 2004/17/EC and 2004/18/EC
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Figure 1.4.: Proportion of contracts award notices where the contracting authority is
purchasing on behalf of other contracting authorities, 2009 – 2015

Source: European Commission based on OJ/TED data

Union member states.

Furthermore, the main body (ultimate central procurement feature) exists in most
of the countries of the EU (European Commission, 2011), as example list of CPB
is provided below in Table 1.3.1. In comparison to other European states, the cen-
tral procurement system in the Czech Republic is not as advanced, there is not the
central procuring entity established. Nevertheless, centralized purchasing system is
enabled and is mandatory for central government entities. More on Czech centralized
procurement system is in Chapter 6.

1.3.2. Centralization in Europe

The discussion also revolves around the decentralization paradigm. According to
Thai (2001), many practitioners and researchers have agreed that procuring, espe-
cially in public procurement, must be decentralized. Oates decentralization theorem
(1972) states that the decentralized governance structure is more efficient than cen-
tralized (in the allocation of resources) and favours decentralization due to the oc-
currence of information asymmetry between the central agent and individual (local)
entities. Vagstad (1998) also points out the information dispersion and discusses the
optimal decision structure putting, in contrast, decentralized decision-making and
communication-based centralization. Furthermore, McCue and Pitzer (2000) ob-
served that centralized organization set-up enables beneficiaries to procure efficiently
what they require because of bureaucratic obstacles. This issue of responsiveness is
reflected in Figure 1 as the trade-off of flexibility for unification between centralized
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and decentralized systems.

Since 2000 the discussion about the optimal procurement design has shifted from
the decentralized set-up with centralization features to the contrary centralized set-up
with decentralization features. As mentioned previously, OECD (2011) recommends
focusing on the decentralization elements when setting up the system. A more re-
cent study by European Commission (2011) also discusses the negative effects of
centralization. This study recognizes that the competition decreases by centralizing
(negative impact on the average number of bids) and states that local government
markets could be more efficient.

According to the decentralization paradigm information asymmetry between the
central agency and individual beneficiaries occurs. Decentralization elements as-
sure savings of agency costs and eliminate undue bureaucracy costs. The optimal
decision structure acknowledges the efficiency of individual entities and tends to
communication-based centralization.

1.4. Volume and demand aggregation

The number one reason to opt for the centralized system is the phenomena of economies
of scale and bargaining power. It is considered that increasing volume of the procure-
ment contract evolves into a higher degree of competition (Albano and Sparro, 2010).
Albano and Sparro (2010) further draw attention to the fact that the demand aggre-
gation causes a higher level of competition only to certain extent. When the volume
exceeds this level, smaller companies are eliminated from the competition and the
pressure on the price lowers.

However, aggregation also implies a higher risk of collusion. Furthermore, de-
mand aggregation, centralization and standardization can distort the market by in-
creasing market concentration. By winning single tender the supplier builds up posi-
tion on the market, such a risk is spread in case of strong private demand on the overall
market. This potential outcome increases the significance of bargaining power, and
thus puts the pressure on both price and quality. And even the products, which are
naturally subject of monopolization (and also regulation) such as electricity, gas, wa-
ter, fuel or telecommunication services, can central authority procure more efficiently
and benefit from bargaining power (Dimitri et al., 2006).
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1.5. Characteristics of the goods possible to
centrally procure

As previously mentioned, to be able to utilize the economies of scale, a certain level
of homogeneity must be assured (Albano and Sparro, 2010). However, the goods
and services which are a subject of aggregation and centralization have one cardinal
characteristic – a repetitive nature. As we can see below in Figure 1.5, the range
of centrally procured goods and services is quite wide. We can split that into two
categories common deliveries (goods) and common services. Both categories would
be most likely a subject to framework agreements; furthermore, goods would be a
subject of wholesale – a trivial form of aggregation.

Figure 1.5.: Frequent centrally purchased commodities (categories) purchased by se-
lected European central purchasing bodies

Source: Skuhrovec and Palansky, 2016

Frequently centrally procured services include IT services; travel and accommoda-
tion services; cleaning and office maintenance services; transport services; intellec-
tual services (consultancy); security and surveillance service (Skuhrovec and Palan-
sky, 2016 or OECD, 2014).

The unification could be ensured by standardized products. It does not necessarily
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mean one specification of the product as it is in case of commodities such electricity
or gas. Commodities, which are standardized, have a diverse technical specification
for individual products hence they are to certain extent heterogeneous. Moreover,
highly standardized commodities may vary in additional specification e.g. delivery
conditions, payment condition, further consumption, additional services. Such con-
ditions make the subject of the tender diverse from another tender with the same
commodity. It is important to mention that standardization is possible in case of low
heterogeneity of the needs. Only then the commodities can be successfully centrally
procured. More on standardization process in Chapter 5.
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Table 1.2.: List central purchasing bodies in the European Union with particular
specifics

Name of
CPB

(country)

Legal Status Funding Coverage
Mandatory /
Voluntary

Framework
agreement

model

Call-off
Method*

Hansel
(Finland)

Limited
company

User fees
(paid by
suppliers)

The state and
entities owned
or controlled
by the state

Single-supplier
and
multi-supplier

Ranking and
mini-tender

Consip
(Italy)

Limited
company

State budget Whole public
sector

Single-supplier

Ski
(Denmark)

Limited
company

User fees
(paid by
suppliers)

Whole public
sector

Multi-supplier Ranking and
mini-tender

UGAP**
(France)

Public body
with the legal
personality

Sales
revenues

Whole public
sector

KSzF
(Hungary)

Non-profit
making body
with
economic
independence

User fees
(paid by
contracting
authorities)

Whole public
sector

Multi-supplier e-auction and
mini-tender

OGC
(United
Kingdom)

Non-profit
making body,
run on
commercial
lines

User fees
(paid by
suppliers)

Whole public
sector

11
specialized
agencies
(Sweden)

Government
Agencies

User fees
(paid by
suppliers)

Mainly central
government

Single-supplier
and
multi-supplier

Ranking and
mini-tender

Source: OECD, 2011
Note: *under multi-supplier FA; **UGAP also awards framework agreements, how-
ever, is the only buyer and is reselling the purchases further to procuring entities.



Chapter 2
Auction theory

2.1. Auctions

This chapter outlines a brief introduction to auction theory related to public procure-
ment. To start off, let us describe basic types of auctions and their characteristics.
The fundamental phenomena of auction theory and definitions of basic institutions,
outlined below, are described by Klemperer (1999, 2004), Milgrom (2004) or Kr-
ishna (2009). Other authors show that auction theory mechanisms are applicable
also for public procurement auctions (McAfee and McMillan (1987), Thai (2000,
2001) and Decarolis (2009)). The basics help us to comprehend the complexity of
auction theory in practice and the particularity of government expenditures. More-
over, they give us a clear understanding of mechanisms which determine the final
price and define the competition. Comprehending all kinds of auctions and their fea-
tures are crucial when designing the procurement system and even more important
for the central procurement system. Central public procurement has a broad range of
specifics, which need to be dealt with the heterogeneity of commodities, extensive
contracts, the cooperation of multiple authorities, the process of unification and sig-
nificant transaction costs. Although the role of auction theory in public procurement
is sometimes overemphasized (Albano and Sparro, 2010) many related phenomena
(winner’s curse, poor ex-post performance, collusion etc.) are significant in order to
understand the importance of driving mechanisms. Primarily, the government has
to have in mind that unfit set-up for central procurement system can heavily distort
the market. One of the implicit meanings of this thesis is to possibly expose those
auction theory phenomena that cannot be related to public procurement practice and
furthermore centralization.
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2.1.1. Fundamentals

The description of an auction is usually illustrated by a classic demand type forward
auctions the higher the price, the higher the chance of winning for the buyer. Never-
theless, in the case of procurement auctions, the roles of buyer and seller are reversed
and therefore the opposite relation holds; the lower the price, the higher the chance
of winning for the buyer.

In auction theory, the public procurement is called a reverse auction. Reverse
auctions are a supply type of auction. This type of auction is initiated by the buyer
and supplier has the role of the bidder. Although the buyer in the procurement wants
to minimize the price, the bidding process is not so straightforward since the supplied
good is rather a description of need and therefore the price is not the only factor
determining the winner. In contrast with forward auctions in which a specific product
is being sold and the only bidding factor is the price, the public procurement defines
more term request for quotes (Teich and Wallenius, 2004).

2.1.2. Requesting indefinite and value for money concept

Procurement auctions are by disposition multidimensional auctions (Che, 1993 or
Branco, 1997) or multi-attribute auctions (Bichler, 2000), where the words multi-
dimensional and multi-attribute are referring to multiple aspects of the demanded
good, that are eventually assessed. The dimensional award criteria, scoring rule, is
designed by the buyer and solely depends on nature of the good. It is not as in classic
auctions only the price that determines the winner, the assessment of quality plays a
significant role as well. It can be simplified in two-dimensional set-up based on the
value-for-money concept (quality and price criteria), although quality factor can hold
for several criteria and characteristics such as further maintenance costs, consump-
tion, service department or solution etc. However, if the demanded good is precisely
specified, then the price can be the only factor (like in energy purchases).

As a general objective of purchasing the buyer seeks after the best value for money.
Albano and Sparro (2010) confirm that also public entities acting as buyers are will-
ing to exchange better financial conditions with lower quality standards and that the
value-for-money concept holds also for public procurement. However, once quality
criteria dominate price criterion, competition effect theories twist and do not neces-
sarily hold for the public procurement. Classic auction theory considers competitive
bidding process as a price competition and assumes the well-defined object to be
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auctioned. In this regard, see below the basic description of the various auction tech-
niques with the emphasis on centralized procurement. The value-for-money criterion
demands the bidders to make a complex decision as they bid not only for the price but
also for the performance. Nevertheless, research linked to auction theory assumes a
defined object and independent bidding, so that the price effect could be observed and
quantified. Therefore many authors challenge and prove auction theories on the ho-
mogeneous product in which the price is the only factor. In value-for-money concept,
individual bidders have most likely different expectations and it would emerge rather
information asymmetry, as the object being procured is incompletely defined. It is
clear that measuring competition effect in not just price oriented auctions is tricky.

It is generally thought that central procurement body is more likely to obtain a
better value-for-money for individual stakeholders, i.e. beneficiaries. As Albano and
Sparro (2010) point out, it is a very narrow view. They consider centralized procure-
ment system, ideally represented by the central purchasing body, as a powerful tool
to pilot broader policy goals and characterize it as value-for-money for the whole
society rather than to the final users.

Also, Che (1993) points out the quality factor and discusses the role of buyer’s
preferences. Che concludes with an interesting observation on misrepresentation of
the scoring rule by an agent. This is quite important to central procurement sys-
tem, once the centralized procurement is characterized by the cluster of institutions’,
which delegate their demand. Che states that if the evaluation of the tender is due
to lack of professionalism (knowledge and understanding of technical characteris-
tics) transferred to the agent, the agent (systematically) over or undervalues quality
in comparison to buyer’s utility and cannot reach the optimal outcome and efficiency.
This model refers to an individual auction run by the authority, where the evaluation
activity is delegated, it does not assume a fully delegated process as it is in central
procurement auction usual. Also, this misrepresentation could be avoided by choos-
ing different set-up, for instance, when a central authority runs just the process, but
the precise description of need remains to be set by the beneficiary. Or another ex-
ample: when the beneficiary chooses from already displayed goods having a wide
range of options. When setting up the system it is of critical importance as both of
these examples shows, that the utility must be assessed by the beneficiary – customer.

As it is clear from the description, the procurement agent (central procurement
body) cannot be expected to be able to assess individual utility functions thus the
value for money for each buyer. The optimal solution for each of the beneficiaries
involved in one single multidimensional auction for a specified good is impossible to
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assure. Even though the central body can assure a value for money for single good
being procured from its own perspective as a buyer, thereafter it is not possible to
avoid the under or over valuation phenomena described by Che (1993). In a nor-
mal auction setting, each stakeholder would put own preferences in contrast with the
price, however, in public procurement that would be an ex-post decision after the
auction was executed and the price is known. For that reason understanding of the
preferences of multiple stakeholders on the demand side has to be prior to execution
of the procurement auction.

2.1.3. Classic auctions

We can distinguish between four basic types of auctions:

∙ open ascending-bid auctions (also called English auctions);

∙ open descending-bid auctions (also called Dutch auctions);

∙ first-price sealed-bid auctions or first price auction (FPA);

∙ second-price sealed-bid auctions (also called Vickrey auctions).

Further description of individual types of the auction is adjusted to reverse auctions.

English and Dutch auctions are an open type auction based on competitive bid-
ding – bidding for the good being demanded. For a better understanding of English
auctions, the internet auctions (reverse descending auction) can be considered as an
illustrative example. The bidder who bids the lowest at last wins . On the contrary,
in Dutch auctions, the bidder who first accepts the price, wins (reverse ascending
auction). Both these auctions are concluded when no bidder is willing to bid more.
An important factor which sets apart from the other following type is that the price
is based on observation (McAfee and Mcmillan, 1987). The competition effect is in
these types of auctions very strong and the common-value model plays a significant
role. See more on the common-value model below in chapter 3. These open com-
petitive auctions are primarily used in the e-procurement system as e-auction and are
used when the price is the only factor.

Nevertheless, the prime process of competitive tendering in use is sealed bid ten-
dering. As already mentioned, there are two variations: FPAs and Vickrey auctions.
FPA is a set-up when competing bidders submit a price and the bidder who is bidding
the lowest wins. It is the least complicated tendering process. Each bidder indepen-
dently submits a single bid without seeing the bids of others. The bidder who submits
the best offer (i.e. the lowest bid price or other criteria) gets the contract paying the
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submitted price. Vickrey auction is executed in the same way as the first price auction
with the difference that the winning bidder, or supplier, pays the second highest bid
price. However, the different price determination – the second-price – could also be
used for open English auctions, as it is used for eBay auctions. The second-price set
up induces the bidders to bid their true value. Nevertheless, this setting is not used
for public procurement due to the risk of collusive actions.

In the light of types of auctions described above, the most common auction is the
first-price sealed-bid type. As outlined, FPA is widely used due to simple execu-
tion, but it is also considered as the best option because of significant competition
effect. It enhances the transparency and prevents collusion and corruption (Decaro-
lis, 2014 or Albano et al., 2006). According to classical auction literature such as
McAfee and McMillan (1987), the FPA induces the optimal number of bidders to
enter. It is important to mention that the authors consider this model to be applicable
to government procurement as well. Nevertheless, they assume risk-averse bidders
and independently distributed valuations (private value model is described further in
the chapter).

2.1.4. Two-stage auctions

As an effective solution to situations in which is difficult define the demand, the
two-stage mechanism is introduced. The process is similar to FPA. In the two stage
process, the competitive bidding process is only taken as a second stage and in the
first stage, the buyer assesses quality criteria – bidder submits technical proposal
and qualification of the participants is displayed. In this setting, the competition is
restricted prior to the second stage competitive bidding. Afterwards, the restricted
competition results into a selection of the winning bid – the bidders submit sealed
price bids.

Modification of this method is called framework agreement, where in the compet-
itive bidding are usually chosen three suppliers on the basis of award criterion. In the
second stage, suppliers are addressed to propose their offer for the demanded good or
service and afterwards, the supplier is selected under the price criterion. The second
stage would repeat, whenever the need arises. This set-up also partially solves the
value for money issue mentioned previously. After running the first stage, incomplete
contract (without fixed quantity) would be closed. The beneficiary does not have to
purchase the good if the price does not fit its preferences (utility function). Frame-
work agreements gained over the years a great popularity and are basically the only
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arrangement optional for centralized purchasing. More on framework agreements is
in Chapter 4.

2.1.5. Negotiation process

Competitive auctions are often set against the negotiation process, putting, in con-
trast, the highest possible quality and lowest possible price. Competitive tendering
has the big advantage of transparency and more or less objective awarding on the
other side negotiations imply an exchange of information with potential participants,
which evolves into the improvement of the demanded product. These comparisons
provide for example Bajari et al. (2008) or Chong et al. (2014) and are related to
examination of fulfilling the contract and the quality of supply (latter performance
or need of additional costs). Bajari et al. (2008) compare negotiations and auctions,
examine the building contracts in private sector and discuss implication for procure-
ment in the public sector. They draw possible limitations of negotiation and auction
methods.

As it was mentioned, public authorities and government policies favour competi-
tive bidding in order to ensure transparency, objective evaluation of the bids and pre-
vention of favouritism and corruption. However, one of the important theses, which
Bajari et al. (2008) verify is that auctions if they are too complex, may perform
poorly and evolves into few available bidders. Although negotiation process does
not meet requirements for central procuring set-up, it is important to mention pro,
which negotiation offers at that is flexibility and for some cases greater efficiency.

2.2. Public procurement auctions

Public procurement in contrast to classical auctions characters multiple dimensions.
The characteristics are either incorporated among award criteria or in the setting of
minimum conditions of the demanded good.

The description indicates that auction theory set-up fits also for reverse auctions
and thus is applicable to public procurement, though it has some specifics as we will
see in the practical process description below. Each of the outlined auction settings
has its own advantages and disadvantages: more or less enhancing competitiveness;
tendency to monopoly; risk of collusion; winner’s curse and subsequently lack of
quality; propensity to information asymmetry and other effects described in pub-
lic procurement auction theory. It is important to point out, that there is not one
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favourable set-up implied to public procurement in general, moreover to central pro-
curement.

2.2.1. Auction set-up for central(ized) procurement

Teich et al. (2003) propose a clear understanding in the definitions shown in Table
3 (so called London classification, see also Benyoucef, 2000). Auction attributes
are differentiated into three categories regarding the good itself (number, nature of
the goods), the auction process (rules and format) and the bidding process (nature
and composition of bids). The relevant range for central procurement auctions in
this thesis has been assigned according to classic auction theory classification and
description above.

As we will see further in the text, some of the characteristics range are disputable
and can differ according to the central procurement set-up used. To sum it up, central
procurement auction is defined by the quantity (many items of one good) and by its
repetitive nature (progressive). The following description and choice of the range are
defined by a central procurement auction setting.

The first group of characteristics (1-4), which is linked to procured good, is af-
fected by the set-up of central purchasing. Central purchasing tends to be a purchase
of homogeneous products. However, it is noteworthy to mention that even one type
of products can have many attributes. Therefore, it is fair to say that the nature of the
goods comes out from homogeneous needs but possesses heterogeneous qualities.
Among the attributes, there is not just quality of the good but also warranty terms,
additional costs and, in the central procurement so important decentralization ele-
ment, the delivery conditions. The nature of the object being procured and its sector
market structure play a key role in designing specific system in central procurement.
Either central authority runs large scale tenders (1 - many items, 2 - one good) and
thus it tends to auction with the homogeneous product (3) or there are smaller pur-
chases of more heterogeneous products. The range of attributes characteristic (4 -
tend to one) is questionable as it means a number of attributes of the product which
are negotiated, it goes along with the homogeneity of the product as it is also linked
to price determination factor (tend to one – price, possibly 2-dimensional – price and
quality). Centrally procured auctions are well specified and then auctioned just on
price, or there can also be some quality factor such as further maintenance costs, but
in general, it tends to be just one factor.

Determination of characteristics of other two groups – setting of auction process
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Table 2.1.: Characteristic auction features
No. Characteristics Range Value relevant for

central procurement
setting

1 Number of Items of a
Certain Good

One to Many Many

2 Number of Goods
Auctioned

One to Many Tend to one

3 Nature of Goods Homogeneous to
Heterogeneous

Tend to homogeneous

4 Attributes One to Many Tend to one
5 Type of Auction Reverse Vs. Forward Reverse
6 Nature of Auction One-Round Vs.

Progressive
Tend to two-stage
mechanism

7 English Vs. Dutch
Auction

Ascending, Descending
Price

Ascending (English)

8 Participation By Invitation Vs. Open Open
9 Use of Agents Agent Mediated Vs.

Manual Mode
Tend to manual mode

10 Price Paid by Winner First Price vs. Second
Price vs. n-th Price

First price

11 Price Discrimination Yes, No Tend to
non-discrimination

12 Constraints Exist Implicitly, Explicitly Explicitly
13 Follow-up Negotiation Yes, No No
14 Value Function

Elicitation
Yes, No Yes

15 Nature of Bids Open-Cry Vs.
Semi-Sealed Vs. Sealed

Sealed

16 Bid Vector (Price
determination)

1, 2, or n-dimensional Tend to one

17 Bids divisible Yes, No No
18 Bundle Bids Allowed Yes, No Yes

Note: own construction based on Teich et al. (2003)
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(5-14) and nature of bids (15-18) is quite clear from the previous sum up of auction
theory. Thus, we just close up to some of the characteristics in order to help to illus-
trate the complete picture of theoretical auction set-up for centralized procurement.

Progressivity of an auction (6) could be diverse, most in use is two-stage mecha-
nisms in framework agreement setting or one-round auction. Also, negotiation fol-
lows up (13) is very rare. Central procurement auction is characterized by a well-
specified product to be demanded, so there are not any terms to further negotiate
on.

The use of agents’ factor (9) is linked to the use of electronic (software) tools in
the bidding process, yet in public procurement, such agents are not that much in prac-
tice. Principally manual mode refers to the situation when the authority does all the
decision by itself. On the other hand, agent-mediated set-up allows a certain degree
of automation. In classic central procurement auction, there would be no place for
automation. Anyway, in some advanced central procurement systems, there could be
in use an e-procurement tool resembling the agent-mediated/auto bidding. In Fin-
land, the Finnish State Treasury set up an e-tool Purchasing Management System
(TILHA), which features partially automated purchase process (e-catalogues, order
managements, e-invoice etc.) and fits in the definition of agent mediator.

Price discrimination (11) represents the situation when the buyer pays or is will-
ing to pay, different price for different suppliers for the same good. It is not easy to
set the value because it differs based on the chosen set-up of centralization and de-
pends on the authority behaviour: if the authority monitors the price charged on the
open market, if benchmarks the prices or if uses electronic tools. Nondiscrimination
pushes the price down; on the other hand, discrimination enhances the monopoly.
We assume a non-discriminative auction in relation to the homogeneity of the cen-
trally procured goods and in correspondence to the ideal set-up as displayed by Gur
et al. (2016) or OECD (2011) in framework agreement models.

Another factor characterizing the bidding process is the division of bids (17). It is
linked to classic auction theory and it is not being used for public procurement, how-
ever, the principle is worth to link with centralized procurement (large volumes and
particular impact on market structure). Let us illustrate it with an example: imagine
that a supplier offers to supply just a quarter of the demanded quantity for a price p1,
then, a second supplier offers to supply the entire quantity demanded for a price p2,
where p2> p1. The possibility of divisible bids ensures that the demand will be split
into two parts - one-quarter for (winning) price p1 and three-quarters for price p2.

Last but not least, bundle bids auction (18) is very common in public procurement
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as the large auctions are usually divided into lots, in which the bidder can bid sep-
arately and it would not limit the competition, see below multi-contract tendering
process

2.3. Public procurement practice

Auction theory gives a general insight into the problem; however, public procurement
has its own terminology. Further, is provided with a basic description of the procure-
ment process, which leads us to the most used techniques used in central procurement
system and provides the concept and fundamentals of a centralized system.

2.3.1. Terms and definitions

Let us start with the basic terms; public procurement is a process of purchasing goods,
services and works (in text usually used a term good for easier understanding) by
government organizations. The process is called a tender. Public entity (beneficiary)
is in the procurement process defined as contracting authorities (or just authorities).
Contracting authority can execute the tender in different tendering procedures (also
as awarding procedure), which is based on the process of either competitive tendering
or negotiations, see the basic categorization below. Stakeholders on the supply side
of the tender are called bidders. Bidders submit bid price and among them is chosen
a supplier with the winning award price (also final price).

2.3.2. Procedure

The selected procedure gives authorities a legal framework for putting up the tender.
However legal framework differs across countries, the principles and processes are
alike and respect the findings of auction theory. Furthermore, the European Union
gives in its directives an assurance of similar methods used in the EU member states
national legislation. We differentiate following three basic types of tendering proce-
dures; definitions are given by Dimitri et al., 2006:

∙ the open tender procedure is a bidding competition where all interested sup-
pliers, which satisfy some preliminary requisites, can submit tenders;

∙ the restricted tender procedure is a bidding competition in which the benefi-
ciary selects the group of qualified potential suppliers that can submit a bid;
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∙ the negotiated procedure with or without prior notification is a procedure to
award a contract whereby the procurer, to obtain the best conditions, entertains
individual interactions with potential suppliers.

Among other techniques of procurement in use, described also by auction theory,
belongs an electronic tendering; generally also known as e-procurement system. It is
simplified and faster procedure, which reduces entry barriers for bidders and transac-
tion costs for contracting authorities. The advantage of this technique is demonstrated
in Figure 6. One can see the complexity of a tender and the great advantage of the
direct electronic tool, which short-circuits the process described below. However,
it is possible to e-procure only when the electronic tool can automatically score the
bids and there is no need of subjective assessment (evaluation commission). For the
goods being electronically procured, the lowest price criterion is usually employed.

2.3.3. Tender process

Acquisition of goods has its own natural process, from the demand to the supply. As
the public procurement has to hold accountability, efficiency, transparency and assure
competition (equal treatment and non-discrimination principle), the process is more
complicated and less uncertain and obscure. The process is even more complex in
central procurement because it has to cover the engagement of multiple authorities.
In Figure 2.3.3, all the phases of a tender are shown. Essentially, a tender consists
of three stages taken by the authority. Firstly, demanded good is defined (1 and 2).
Secondly, a tender is conducted (3 and 4). And finally, a contract is managed (5 and
6). Apart from these activities is standing evaluation process as number 7. Unlike
the first sex stages, evaluation of the purchase is usually neglected, and institutionally
not established, yet the only stage which assures the observation of 3E principles.

2.4. Recognition and description of need

Procurement process starts at the identification of beneficiary’s needs: who, what,
when, where, what amount and in accord with how much of funds is disposable.
However, all these questions arise already when discussing long term inter-temporal
budget planning. Executing tender is a lengthy process, so the needs have to be care-
fully assessed and defined in advance so that the product could be purchased in due
time. In case of multiple authorities which band together under central procurement
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Figure 2.1.: All phases of procurement process

Note: own construction
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system, the procurement plan has to be the first topic of collaboration discussion,
because the length of such a procurement process is much longer.

The amount and detailed specification of procured good have to be set prior the
running the tender and should reflect resources of the organisation. In this part of the
process, authority carries out a supply side analysis, i.e. preliminary market research.
In this stage are often involved professionals and specialists of demanded good, which
help to set technical qualities of the procured object.

2.5. Preparation of the tender

In this stage, authority sets the technical specification including delivery needs of
the demanded commodity. The authority then chooses the type of the procedure and
estimates the size of the contract resp. the tender. The valuation of the beneficiary,
amount of money willing to pay is called the reserve price.

The tender process starts off with setting up the reserve price and intrinsic value
of the tender. So according to this value, the authority also identifies the type of pro-
curement procedure. If the expected value reaches a certain threshold determined by
the law, the authority is obliged to run a tender with certain characteristics, basically
the higher the more transparent.

There is also a possibility of a combinatorial tendering process: the subject of
the tender is mixed but stays in the same category - for example, office equipment
or laboratory consumables, telecommunication services, furniture, and food. This
grouping classification is linked to earlier mentioned CPV code.

Further, authority sets specification of qualification criteria and other supplier re-
quirements, followed by award criteria described further on. Pre-tender qualification
determines the capacity of the supplier to fulfil the contract e.g. certain amount of
provided similar services, financial record, size of the firm, providing collateral. At
this stage, the competition can be substantially restricted (Jones, 2002) as well as can
result in a successful outcome and better quality (Doloi, 2009). One of the compo-
nents of the tender, which influence positively the competition in large projects e.g.
in the construction industry, is subcontracting. Subcontracting involves small and
medium enterprises, is usually regulated by law and is permitted just to some extent
by setting percentage ceiling cap.
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2.6. Award procedure

After setting out the requirements, the specification of the product and other condi-
tions in the tender dossier, a request for proposal (notice or call) is made and the time
limit for submission of bids is set. The bidders then have to fulfil application form,
elaborate bid incl. technical documentation, and possibly execute direct payment of
financial guarantee or entry fees.

After setting out the requirements, the specification of the product and other condi-
tions in the tender dossier, a request for proposal (notice or call) is made and the time
limit for submission of bids is set. The bidders then have to fulfil application form,
elaborate bid incl. technical documentation, and possibly execute direct payment of
financial guarantee or entry fees.

There are two types of award criteria for assessment of the bids: lowest price and
most economically advantageous tendering (MEAT). Lowest price is often used in
the tenders of homogenous goods such as electricity, fuel, paper, cleaning service
although some features of the good, for example, the way of delivery, might result
in more heterogeneous feature and subsequently lead to the decrease of competition.
The other option is to use MEAT and to take into account the quality criteria as well.
These are various characteristics of tendered goods such as additional related ser-
vices, operating costs, product quality and functional characteristics. Combination
of non-price aspects is taken into consideration by prior given mathematical expres-
sion between the quality criteria and the price. The type of award criterion is crucial
since it defines competitors’ behaviour and substantially influences the competition
(Carpineti et al., 2006). In awarding process, an abnormally low price of a tender
should be monitored since it is a risk factor in contracting. It represents a warning
signal for the contractor that the supplier may not fulfil its obligation or may under-
perform.

The situation with few available bidders is equivalent when the public authority
chooses a low price criterion and the object is specified two narrowly. Because of
the broad usage of competitive bidding, it is a frequent praxis which limits the com-
petition and has a negative impact on the price. This is also one of the reasons why
European institutions and policy encourage using more MEAT criterion. It is as well
one of the supportive reason to install central procurement system, because of the
positive externality and necessity of standardizing the goods and services, the sub-
ject of the tender is attested that it doesn’t limit the competition.
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2.7. Contract management and purchase

Last but not least step of the process, the contract duration is determined. Most
of the public procurement auctions result into a single purchase/fulfilment, but it
can also result in a long-term contract and multiple purchases. There are not many
limitations; it depends on the characteristics of the goods and services and mostly on
consideration of the beneficiary.

2.8. Multi-contract competitive tendering

So called multi-contract competitive tendering is the situation when an authority di-
vides the tender into lots (further in text also as single parts of a tender). These
auctions commonly enable participants to bid on single part of a tender and thus
increase the overall competition. This practice facilitates small and medium enter-
prises in taking part in the tender and decreases the additional costs resulting from
the higher volume of the tender such as delivery or additional services costs. To give
an example, part of the tender could be a supply to just one region in case the deliv-
ery is distributed. Carpineti et al. (2006) surveyed authorities about this practice and
concluded that there are three main reasons: facilitation of SMEs participation, pro-
motion participation to encourage more bidders and optimization of the transport’s
cost.

It is important to mention that this practice could be twisted and misused when
the authority divides the tender into smaller independent tenders. By dividing the
tender, contracting authority achieves a cut down of reserve price under the procedure
financial limits given by law. In this way, authority takes advantage of the possibility
to use restricted competition. This method is used in order to avoid transparency and
long duration of the tendering process e.g. having a shorter time limit for submission.

2.9. Procedures and publicity

We can classify procedures by the volume – purchases of the smallest value, small-
scale tenders, medium-scale tenders and tenders of substantial size. Different pro-
cedures vary in the level of mandatory transparency that is set by the national leg-
islation. The level of publicity, and thus transparency, is usually determined by the
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expected value of a tender. Nevertheless, the scope of legislative rules for publicity
also differs among procedures.

Based on the value of the purchase and type of procedure, legal framework forces
beneficiaries to publish basic information regarding the tender. Usually, tenders are
publicly listed in a national tender database and the complete documentation is posted
on profiles of individual contracting entities. It is carried either procedurally as the
tender is conducted or ex-post. Information about the purchase could also be not
published at all.

Small scale procurement and restricted procedures are the least transparent; the
contracting authority is usually not obliged to publish details of the tender. More-
over, bidders are usually addressed directly by the beneficiary and there is no public
notice. If the expected value exceeds given threshold (medium-scale), beneficiaries
are obliged to publish certain information regarding the subject of the tender, corre-
sponding CPV specification and deadlines for accepting bids in an online national
tender database. The medium-scale tenders are usually the open type of tender, gain
most of the transparency and thus are expected to be the most efficient. Last but not
least are the major tenders of a substantial size. In the European Union, such tenders
have to be additionally published at the supranational level in The Official Journal
of the European Union or in Tenders Electronic Daily. It is believed that such ten-
ders are more likely to become the subject of concern of more competitors and are
therefore supervised by the European Commission, DG GROW.

Limits are subject to change repetitively and differ for beneficiaries and types of
demand.



Chapter 3
Competitive effect and related the-
ories

Auction theory explains how the prices are determined and deals with the properties
of auction markets and, in terms of game theory, with the behaviour of the stake-
holders (McAfee and McMillan, 1987). That includes studies on the efficiency of a
specific auction setup, optimal strategies and revenue comparison, studying rules of
the auction, type of good being sold, attributes of the bidders, industry characteristics
or collusions (Klemperer, 1999). Further, we comprehend relevant theories, which
describe competitive effects in public procurement, which I will further test in the
empirical part of the thesis. The basics of auction theory are summarized above.

Let us emphasize that the auction theory serves for an understanding of the meth-
ods of price formation and its determination. As a fitting proxy to examine the level
of competition is considered a number of bidders (Hendriks et al., 2003). Exploring
the influence of a number of bidders on the bid price is basic method of examining
the competition. The increase of competition would cause more aggressive bidding
(Hong and Schum, 2002), thus there is expected an inverse relationship between the
number of bids and the price.

3.1. Competition design

The primary aim of contracting entity is to maximize the degree of competition,
which is then reflected in the final price of the supplied good or service. In procure-
ment, the beneficiary has to make several decisions to choose an optimal strategy in
order to increase efficiency or lower the price. McCue et al. (2015) fittingly sums up
the dilemmas, to which the organization has to face:
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∙ Low cost versus Value;

∙ Autonomy versus Independence;

∙ Differentiation or Integration;

∙ Economies of scale or Product variety;

∙ Flexibility or Scale;

∙ Flexibility or Controllability;

∙ Change or Continuity.

3.2. Number of bidders on bid price

Much of an empirical research is made by Bajari and Tadelis (2001, 2006, 2008,
2014) who examine various topics on auction theory and aspects of the competi-
tion on the auction market. Bajari and Hortacsu (2003) shows on dataset on a private
market auctions (eBay coin auctions) the determinants of bidder and seller behaviour.
They present several empirical regularities namely timing of bids (submitting bids
close to the end of the auction e.g. snipping), minimum bids and secret reserve prices,
determinants of entry, private values versus common value and for our thesis impor-
tant determinant of auction prices. On the basis of this found regularities in bidder
and seller behaviour, they structure an econometric model of bidding to quantify the
magnitude of the winner’s curse. One of the main findings is that there is significant
variation in the number of bidders in an auction, finding that the expectation of the
additional bidder decreases bid by 3,2% in a representative auction.

Research that quantifies connection between price and other factors regarding the
market usually chooses only one field of study: construction services (Li and Zhang,
2008), medical products (e.g. Decarolis, 2016, Stocking et al., 2014), a few of them
study single commodity, such as electricity (Soudek and Skuhrovec, 2016). However
some of the research generalizes the findings to public procurement, this approach
lacks a deeper interpretation and creates a misunderstanding of the mechanisms in
public procurement; even though such findings are crucial to understanding phenom-
ena in auction theory.

Study on competitive effects is, in fact, a study of the market behaviour and such
a market differs by commodity. We present a unique insight and classification de-
pending on the commodity market and presume a diverse situation on each of them.
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Central purchasing is settled on commodities with a high degree of homogeneity.
Thus the competitive effects are measurable and the market is stable in this regard.

3.3. Asymmetric information in competitive
bidding

One of the key factors designated in auction theory is information asymmetry. It
plays a significant role in the process of competitive bidding and in setting the bid
price in individual auctions. The uncertainty of the real value of tendered good or
service affects not just the public authority which procures, but all participants of
an auction. It is the incompleteness of information about the procured object which
results into the asymmetry. This lack of information and asymmetry between the
public authority and the supplier also subsequently projects in the contract.

3.3.1. Intrinsic value

The tender process starts off with setting up the intrinsic value of the tender. Public
authority sets expected the value of the tender, when prepares the tender documen-
tation. From the perspective of auction theory, it is so called reserve price defined
as information of authority’s private value of the tender. For the public organisation,
it is more likely understood as funds, which has to be considered in budget plan-
ning and often as the maximum value it should be paid for the demanded goods or
services. Nevertheless, Li and Zheng (2007) observe on highway maintenance job
auctions that, even if the authority states that it won’t conclude a contract, where the
winning bid is higher than the estimate, the value is ignored by the bidder and that
there is actually no binding reserve price. It is a subject of discussion if the expected
value (meaning actually the reserve price) should be released as it may influence the
competition. For instance, OECD recommends to not publishing the reserve price
and keep it confidential in order to avoid bid rigging and collusive tendering, for more
see OECD (2009).

3.4. Private-value versus common-value

One of the important presumptions in auction theory is that price valuation of the
bidders differs (McAfee and McMillan, 1987; Klemperer, 1999; Milgrom and Weber,
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1982). There are two concepts: independent private values versus common values.
In the independent-private-values model, the price valuation of bidders is determined
regardless other bidder’s price - the bidders are risk neutral. On the other hand in the
common-value model the actual value is unknown and because of having asymmetric
information the valuation of the bidder’s would differ. The true objective value would
be the price which would be determined by the market. If the bidder becomes aware
of other bidder’s value, then he would most likely change his evaluation to draw the
price to the equilibrium.

Real auction situations would be a combination of these models. Value of the
bidder would be determined by its private value as well as by information of other
participant’s value resp. the common market value (Klemperer, 1999). The private
value would be based on the production costs. However, bidders would not bid their
true private values, because the more the submitted price converges to their private
values, the more the profit approaches zero (Hendriks et al., 2003). On the contrary
common value, the component is determined purely by the market observations and
other competitor’s behaviour. The common value of individual bidders is just an es-
timation of a market situation. In a highly competitive environment, the winner tends
to overpay i.e. in case of public procurement underbid. This effect observed in auc-
tion theory research is called winner’s curse. Increasing competition and winner’s
curse is often examined in relation to quality of the contract performance (de Boer
and Telgen, 1998, Decarolis, 2014, Gugler et al. 2015). Such a fierce competition
can have a significant negative impact on the performance and fulfil the contract later
including the need for ex-post renegotiation (Decarolis, 2014). Central procurement
set-up is determined by definition of procured good and since it is by nature homoge-
neous, the risk of poor ex-post performance should be insignificant. However, as we
could see in Figure 5 in chapter 2, among frequent centrally procured commodities
are also services, at which the risk of poor ex-post performance is high and winner’s
curse potentially occurs: security services, intellectual service (consultancy), office
maintenance service or travel, IT services and accommodation services.

3.5. Game theoretic approach

Basic auction theory studies taking a game theoretic approach assume symmetrically
distributed information. For example under the assumption of information symmetry
Milgrom and Weber (1982) examine the difference between the informed and unin-
formed bidder and show that the bidder having only public information makes no
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profit at the equilibrium. It is part of the benchmark model and the revenue equiv-
alence theorem (McAfee and McMillan, 1987), which holds if the condition of in-
formation symmetry, risk neutral bidders, i.i.d. private valuation and no budget con-
straint are fulfilled. According to the theorem, the auction the auction would evolve
in the same outcome on average regardless the process setting (described in chapter
3). However, the assumption of symmetrically distributed information is unsuitable
for real case auctions, especially tenders and this area of study was abandoned over
time and the assumption is opposite in today research.

Furthermore, Decarolis (2009) examines an incomplete information model, de-
scribing the optimal and suboptimal strategies in procurement game. Rose-Ackerman
(1975), Laffont and Tirole (1994), Burget and Che (2004) and Hessami (2014) con-
tinue in the area of study and describe the phenomena of collusion, manipulative
power and favouritism and past performance evaluation.

3.6. Entry costs

One of the phenomena observed and playing a significant role in public procurement
is an entry effect, examined first by McAfee and McMillan (1987). The entry effect
is defined as an expected positive procurement costs arising when the bidder com-
piles the offer for submitting. It includes also costs of identifying what is the supply
worth (McAfee and McMillan, 1987). These expenses may discourage some of the
potential bidders, especially small and medium enterprises. Consequently, the entry
effect influences significantly the bid price and prevails over the negative competitive
effect.

Entry costs have endogenous character and increase with market size i.e. demand.
For that reason, entry effect plays a significant role in bidder’s behaviour in central-
ized procurement. Centrally procured tenders are very complex mostly because of
a significant number of stakeholders on the side of contracting authority (e.g. com-
plicated delivery conditions). Contract terms have to be assessed by the potential
supplier prior the setting and submitting the bid price. The more complicated and
extensive a tender dossier and the potential contract are, the higher entry costs are.

Competitive effect signifies price as a function of a number of potential bidders,
in contrast, entry effect reflects the number of bidders as a function of costs. How-
ever, these costs are also projected into the bid price. Li and Zheng (2009) show in
an independent private-value model, that entry effect changes the behaviour of the
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bidders as they bid less aggressively even though a number of potential bidders in-
creases. This is an interesting detail. It implies that if entry costs are too high it will
never induce an optimal number of bidders in equilibrium even if the conditions for
the maximizing the competitive effects would be set. However, this finding could
also imply a smaller probability of winner’s curse.

The risk of high entry costs increases with tender size, the degree of product het-
erogeneity and number of collaborating authorities. In such conditions, the entry
effect can be expected to prevail over the competitive effect unless dominates bar-
gaining power. It follows for centralized procurement that it must be assured that the
entry costs would not affect the optimal number of bidders.

Yet in centralized procurement system, the goods have homogeneous character and
the entry effect is unlike in e.g. construction services expected to be smaller. Further-
more, from long-term perspective standardization and repetitive nature of centralized
procuring reduce the entry effect. As Carpineti et al. (2006) suggest among factors
reducing the entry cost is also online tendering, unless the electronic tools are a bar-
rier to the entry itself.



Chapter 4
Framework agreements

The most common and the simplest way how to procure an aggregated demand is
to conclude a framework agreement. It is a type of two-stage bid tendering process
hence the bidding process and fulfilment are separated. After the first stage, an in-
complete contract is concluded. The second stage has a repetitive nature. Above all,
the most important characteristic of framework agreements is that enables to aggre-
gate demand over a period of time.

4.1. Features of the contract

4.1.1. Duration and stakeholders

The authority concludes a contract with given financial limit and duration. The max-
imum duration is in the European Union limited by 4 years. During this fixed period
of time, the authority demands goods whenever the need arises up to the financial
limit. Furthermore, framework agreements allow the contracting authority to con-
clude the contract with multiple suppliers. Such a setting allows the second stage to
run a price competition.

4.1.2. Contract completeness

In the United States framework agreements are aptly called indefinite-delivery, indefinite-
quantity contract (IDIQ). Framework agreements are by nature incomplete, though
the level of incompleteness might differ substantially. The framework agreement is
an incomplete contract mostly in terms of time of delivery, final volume purchase
and technical specification of the good.
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There are four basic types of framework agreements. In case the contract is con-
cluded with only one supplier the basic technical specification and unit price is set.

Figure 4.1.: Basic classification of framework agreements

Source: own construction partially based on OECD (2014)

4.2. Centrally procured framework agreements

In the context of centralization, the first stage is usually centrally procured and the
contract is concluded centrally with all involved entities. Consequently, if the award
price is set individual beneficiaries purchase the goods by themselves for the award
price, which outcomes from the 2nd stage tender. In the tender with the framework
agreement, a predetermined amount of goods is procured,

4.3. Subject of a contract

This type of contract does not necessarily have to aggregate demand of homoge-
neous goods Albano et al. (2010). To the contrary, framework agreements fit for the
products with some degree of heterogeneity. This practice is usually used in case of
tendering office equipment, consultancy services, and maintenance services, which
all possess a heterogeneity factor (tables, pencils, paper).

4.4. Winner’s curse

Framework agreements are recently on their rise as Gur, Lu and Weintraub (2016)
point out, one of the reasons might be just centralization. The study provides a formal
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understanding of two stage bid tendering process and describes the effect of winner’s
curse mentioned above, in this case, called an FA’s curse.

If the in the first stage the supplier is chosen and the award price is set and sub-
sequent second stage consist of individual demand request, the winner faces cost
uncertainty for the period of duration of the contract. This applies to the model of
one supplier and incomplete contract.

Figure 4.2.: Winner’s curse in framework agreement setting in comparison to the ex-
pected value (X), bid price (bi), private costs (ci), uncertain common
cost (x)

Source: Gur, Lu and Weintraub (2016)



Chapter 5
Transaction costs

Public procurement is also related to transaction cost economics and theory of the
firm introduced by Coase (1937) and Williamson (1981). Transaction costs are costs
associated with the contract, resp. public procurement, arising mainly from the ad-
ministration in all stages of procuring. For centralized procurement system, it is
an important factor: government measures the extent of benefits of centralized pro-
curement. Standardization and unification process would lead to an increase in the
employee costs and therefore the authority has to be aware of the risk that these costs
could dominate the competitive effect savings. Nevertheless higher costs can be only
short- or medium-term effect within the stage of establishing the central purchasing
body or product standardization.

The flowchart presented in Figure 1.3 shows the process of an auction or rather a
tender. In a completely decentralized procurement system, all the stages are carried
out by individual authorities with high transaction costs that include cost on spe-
cialists and qualified employees. In the stage, in which the centralization linger on
sharing best practice, all the stages still lay on the authority, however, there might
be a reduction in transaction costs. For example, there would be a smaller need for
a specialist or the shared knowledge. The darker parts represent involvement of the
individual beneficiaries.

As mentioned above transaction cost theory explains phenomena of a tendering
process. It plays a significant role when assessing the efficiency of public procur-
ing. The literature refers to the contract theory and theory of the firm (Coase, 1937,
Williamson, 1979) and defines the transactions costs as the costs arising from the
exchange of resources. The theory also examines the cost advantage between in-
house and through the market procurement. Williamson (1985) further explains why
transaction costs occur and why contracts are by nature incomplete, putting it into a
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context of bounded rationality and asymmetric information. Transaction costs and
production costs are expressed as a function of asset specificity. Assessing the im-
portance of production costs savings such as economies of scale and economies of
scope has to be accompanied by the assessment of the transaction costs.

Putting it into the context of public procurement competitive effects have to out-
weigh the costs occurring when procuring and then closing the contract. A key to
the observation is the asset specificity.

As a follow up to the asymmetric information public procurement contracts are to
a high extent incomplete. The incompleteness plays a significant role in setting the
contract on both sides of supplier and buyer especially in centralized procurement.

Following up Williamson’s asset specificity and opportunism element Parker and
Hartley (2003) examine the effects of bounded rationality, imperfect and asymmetric
information. The role of transaction costs of very specific projects such as public-
private partnership is shown in a case study on UK specifics. The study affirms that
the asymmetry in information and incompleteness is inevitable and rises to a higher
power with a lengthy period of time. In connection with the opportunism effect that
Williamson (1985) remarked, the incompleteness of the information lowers the op-
portunism tendency; however, the asset specificity raises the opportunism risk.

The literature separates the transaction costs into two stages ex-ante and ex-post
and discusses it in the context of efficiency.

On the aspects of ex-ante and ex-post transaction costs and the efficiency as the
renegotiation process (changes in the specification) and transaction cost Bajari and
Tadelis (2009) or Chong et al. (2014). Tadelis (2012) reflects that the asymmetry
of information occurs on both sides (suppliers x buyer), the adaptation costs, costs
of renegotiation process emerge later. These studies confirm that there are different
elements of procuring of an unspecified good and very much are at a risk of ex-post
transaction costs such an adaptation costs of negotiation. Bajari and Tadelis (2001)
also explore ex-post transaction costs in a form of renegotiation.

Transaction costs linked to procuring are approximated by the costs of award pro-
cedure (Reimarova, 2011). Evaluation of transaction costs consists mostly of admin-
istrative demands.
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5.1. Transaction costs reduction

Another important effect of centralizing is specialization and information sharing.
As extent to reduce the duplication work of public authorities by having one central
body, central authorities can specialize in various fields and fully focus on setting
the procurement design. It also allows investing in e-procurement tools. Nowadays
the authorities have relatively small procurement department which is responsible
for placing the tenders. Because of it, the authority has to be orientated in various
types of goods and all types of the execution, thus losing focus and orientation on
individual types of goods or services.

On the other side, the only aggregation of homogeneous commodities brings a
considerable reduction of transaction costs. If the goods or services would not be
rather heterogeneous, the tenders had to be executed separately and any transaction
costs would not be eliminated. Moreover, it is important to mention that standard-
ization and unification process increase short-term the transaction substantially, e.g.
establishing central agencies.

Quantify the transaction costs is actually impossible, though there have been sev-
eral attempts at it. Estimation of transaction costs was made for example by Reimarova
(2011).

5.2. Standardization

As was mentioned only homogeneous commodities is possible to centrally procure.
However, all goods and services possess heterogeneous features. The commodities
possible to aggregate are characterized by its homogeneous nature, which prevails
over the natural heterogeneity. More on the heterogeneity of homogeneous products
is described in this chapter. To be able to overcome this obstacle, the standardization
process is needed.

Main positive effects of standardization are an increase of efficiency and profes-
sionalism (specialization of the authorities). These two effects imply also a reduction
to transaction costs, as a drop in the number of tenders occurs. However, standard-
ization would imply in long run transaction costs savings (due to unification, less
demands on personnel capacity), in short term the standardization process is demand-
ing. We could consider the process of standardization as fixed costs for setting the
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central procurement system. The extent of transaction costs coming out from the
standardization process is demonstrated further in this chapter.

5.2.1. Heterogeneity of homogenous products

The product standardization is prerequisite to demand centralization, if the product
is not homogenous by nature. Still, highly homogeneous product like electricity or
gas can have a diverse classification. But energy is not a typical commodity, as a
good example serves printing paper. Even though it seems that is easy to determine
the one standard of a printing paper because it is just a paper, it possesses still a lot
of parameters which have to go through the standardization process. Apart from ob-
vious parameters such format, paper stock weight and ream, there have to be defined
ranges of opacity, whiteness, humidity, thickness or smoothness. Once there are de-
fined through these parameters individual standards (e.g. standard/ business/ colour
printing), there has to be defined the amount, delivery, customer services etc. Cate-
gorization of this product is favourable; the constraints in each category don’t restrict
the competition on the paper market, which is always a subject of debate when setting
technical standards. This is just a short example of a variation of a product.

Definition of a standard in public procurement is a prerequisite to centralization
and the process of it is defined as transaction costs.

5.2.2. Standardization of the needs?

In this section, we come out from the Czech Republic experience, i.e. process of
standard formulization by Ministry of Finance (see Ministry of Finance, 2017) in
individual categories set by government resolution.1

As a first step, there is a standardization of the needs that might sound a little bit
unmeaning, but that is the core of standardization process and its political aspect and
makes the impression towards the voters. The process is outlined in Figure 5.2.2 and
consists of 5 basic stages. The first two stages, which would sum up the term iden-
tification of needs (arisen from common goods and repetitive purchases), reach for
categorization of needs. This is followed by integration of the beneficiaries requests
and market analysis conduction. These three sources of information arrive at cate-

1Government resolution no. 289/2015, about list of commodities designated for standardization and
about central procurement system rules.
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Figure 5.1.: Standardization and categorization process

Source: OECD, 2014

gorization and technical specification of the goods and services. From the flowchart
is also evident the extent of transaction costs linked to the standardization process.

To be able to bring it closer and illustratively show, let’s explain it further on the
commodity of passenger vehicles. In every commodity, there would be a 3-stage-
standards: basic, standard, luxurious. Setting other types of standards would be
linked to special features, such a need of boot or use in terrain. In the first step, it is
important to be able to identify the needs at small scale, categorize them and then
compare them with the needs of other organizations and regard their specifics. The
need categorization would be defined by the purpose of using and by the hierarchical
structure. To sum up for the case of cars the purpose is the transport of people and
small or bigger load on the meeting, training etc. The other factors are for example a
need for representative function or use in non-standard terrain. From the hierarchical
point of view, it is helpful to separate the need of a shared car, officer, chief officer,
head of unit, deputy, minister.

5.2.3. Do not question the need

However standardization of the needs is not appropriate denomination, it is more
likely categorization of the need. The output would not be all officers should use
this type of car or representatives at this rank should use a Skoda Superb, but this
type of car, has these technical parameters and is mostly used as a representative car.
Main reason is the sovereignty of each organization, which is a main decentralization
element of this setup. The decision on which car to buy is political decisions in the
top management of the organization and it is delimited by budget constraint of the
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organization. For that reason there has to be a wide range of options, and the minimal
standards cannot be too high.

This brings us back to the first part of this thesis - utility function of individual
beneficiaries. Only beneficiaries themselves can assess their own preferences (the
principle of subsidiarity and decentralization element), and central authority should
not and cannot set the standards by its own conviction.

Unfortunately in public sector holds rule the higher takes, so many times the extra
standard like all-wheel drive might be requested for top-ranking officers although
there is no legitimate reason for it. However, it is not possible to avoid this kind
of behaviour by having obligatory standards or central procurement system. It is a
political responsibility to question rightful need and management of spent resources.

However, there might be a tendency from the central body to set some minimal
standards in order to set some trend. Whether it’s parking sensors in every car in order
to reduce accidents; the level of emissions or minimum percentage of alternative fuel
vehicles, there has to be a clear understanding of what is a political decision and at
what level it should be made. In this case, the phenomena of overvaluation by the
agent would occur and central authority fulfils the definition of policy tool rather than
an efficient agent.



Chapter 6
Collaborative public procurement
in the Czech Republic: an empiri-
cal case study

In last three years, there has been written several studies describing the situation
of centralized public procurement in the Czech Republic. Most comprehensive one
was executed by Skuhrovec and Palansky (2016) sums up a current situation and
formulates recommendations for the policymakers on how to reach a more efficient
procurement system. Krizova and Brojac (2015) sum up national and European legis-
lation and describe a central procurement set-up in other European states. Moreover
was discussed the topic from the practical point of view by Hubackova (2015), which
provides a broad knowledge of the local situation and discusses whether establish a
central purchasing body in the Czech Republic or not. Furthermore, Placek et al
(2016) provides the argumentation on the efficiency of decentralization system and
suggest that the regions are more effective than government entities.

The research of Kristoufek and Skuhrovec (2009) analyzing the public procure-
ment database in the Czech Republic is further continued. They uncovered expo-
nential law for the number of bidders, power laws for the total revenues and total
spending of the participating companies. Their research encourages analyzing the
relationship between the number of bidders and the final price of a contract, and the
concentration of firms.
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6.1. Institutional background

In the Czech Republic, it was decided not to establish a central purchasing body that
would coordinate the process (Ministry of regional development, 2011). Instead, a
central procurement system was introduced gradually. From the theoretical point of
view, this collaborative procurement setting is defined as a semi-centralized system
of public procurement.

With the growing popularity of central procurement systems in Europe followed
by the adoption of the EU Directives 2004/17/EC and 2004/18/EC, the central pro-
curement was in 2006 set out in national legislation. Any contracting authority is
since then able on the behalf of other contracting entities to run a tender process and
award a contract.

In 2011 the Czech government adopted a resolution1, which sets up an institute of
the centralized procurement system. The resolution defines 16 departments, which
are obliged to procure centralized for 241 inferior organizations in total. It sets as well
8 commodities for which they are obliged to do so. List of central government enti-
ties and subordinate entities are in the Appendix. In Table 6.1 the list of compulsory
commodities (families) is presented. More detailed list of compulsory commodities
is provided in Appendix A.2 (Ministry of Regional Development, 2017d).2 As is
clear in comparison to the foreign practice of centrally procured commodities (pre-
sented in Chapter 1) the Czech system limits itself to procuring only goods. The only
obligatory (centrally) procured service – security services - was dropped in 2016. It
has been defined 9 areas of commodities.

6.2. Data description

6.2.1. VsechnyZakazky.cz database: a tender level data

The main source of information for our further analysis comes from the VsechnyZa-
kazky.cz. All tenders above a certain level must be published online in the Informa-
tion System on Public Contracts (ISPC) administrated by the Ministry of Regional
Development (Ministry of Regional Development, 2017). The published information
generally corresponds to the obligations stated in the procurement legislation (Public

1Government resolution no. 930/2011, about minimum requirements for centralised government
purchases

2For more information on the central procurement vocabulary see https://simap.ted.europa.eu/cpv
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Table 6.1.: CPV families for compulsory collaborative procurement in the Czech
Republic

Note: own construction based on Government resolutions no. 930/2011 and no.
24/2016

Procurement Act (Act No. 137/2006 Coll., Act No. 134/2016 Coll., effective since
October 2016)). Published data are burdened with a certain degree of inconsisten-
cies, errors and missing information.3 We use (non-public) hand-cleaned data4 from
VsechnyZakazky.cz for 8 compulsory CPV families in the period 2008 – September
2016. The data were collected by the zIndex project that gathered publicly available
data from ISPC using a web robot, see zIndex (2017) for details. In the reviewed
period there were 8 182 tenders divided into 11 566 tender parts for compulsory
CPV families.5 As 1 tender might be divided into several parts that are consequently
tendered separately as separate auctions we will use the tender-part data level rather
than tender level. VsechnnyZakazky.cz data includes the name of the contracting au-
thority, release date, expected and tendered price,6 supplier, number of bids and the
subject of a tender specified by CPV codes; these features are provided for each part
of a tender separately. The data does not indicate whether the tender was awarded
centrally as there is no legislative obligation for contracting authorities to do so pub-
licly. The uncorrected data in a clear, comprehensive and user-friendly form could

3Typically: misspelled name or ID of contracting authority or supplier, missing number of places
bids, missing information on estimated and tendered price.

4Data were adjusted for obvious defects, inconsistencies and errors.
5Only tenders having non-zero number of bids are counted.
6Important detail: the expected price and the tendered price is stated in the ISPC, however the final

price paid by the authority is not easy to find. The final price incl. any additional works is not in
the ISPC (not even ex post) and differ from the tendered price to a great extent. According to the
Public Procurement Act (No. 134/2016 Coll.) the maximum value of the additional work is set
at 50 % of the tendered price. The extra works must be tendered separately using the negotiated
without publication tender procedure. This procedure is de facto not a competition and the winner
of the original tender (almost) automatically wins the subsequent extra works tender as well.
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Figure 6.1.: Tender count for compulsory CPV families, monthly data, 2008 –
09/2016

Source: own computation based on VsechnyZakazky.cz

Figure 6.2.: Annual tender count for compulsory CPV families, 2008 – 09/2016

Source: own computation based on VsechnyZakazky.cz

be found at VsechnyZakazky.cz (2017).

Data exhibits high seasonality; many tenders are released in the last quarter of
given year; December is the month having the highest count of tenders. This phe-
nomenon is related to the budget making that is done on an annual basis as well.

The total volume of procurement market in the Czech Republic in 2014 was CZK
376 bn (Ministry of Regional Development, 2017b),7 about one-third of the mar-
ket stands for the construction tenders. The volume of compulsory CPVs tenders is
around CZK 15 bn annually and corresponds to circa 4 – 6 % of the procurement
market.

The number of placed bids in a tender follows a distribution of an exponential fam-
ily having low right tales in all years of our dataset; this variable is from the definition
left truncated (cannot be negative). The distribution grouped by years of release date

7Ministry of Regional Development as the ministry in charge of public procurement does not publish
any newer statistical data about the size of the market. Moreover there are no data on small-scale
tenders that are not published in the ISPC available.
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Figure 6.3.: Annual volume of tenders, compulsory CPV families, 2008 – 09/2016,
CZK bn

Source: own computation based on VsechnyZakazky.cz

is provided in Figure 6.2.1; tenders in black were awarded by the compulsory au-
thority, the rest (coloured in grey) was awarded by other authorities such as regions,
towns etc.

Even though all the compulsory contracting authorities have the duty to contract
selected CPVs centrally, this obligation remains in many cases ignored. The ISPC
does not include any indicator whether the tender was awarded centrally or not.8

To be able to distinguish central and non-central tender we firstly employ text min-
ing on tender names from the VsechnyZakazky.cz dataset. We flagged all tenders
having desired keywords in its name, checking for logical inconsistencies and com-
pulsory contracting authority;9 altogether 646 tenders divided into 913 tender parts
were flagged. An advantage of this straightforward approach is a low probability of
false positive error; however, a substantial number of central tenders might remain
undiscovered. To overcome this drawback the dataset of centrally procured tenders
by Ministry of Regional Development data is joined.

6.2.2. Ministry of Regional Development data: centrally
procured tenders

The Ministry of Regional Development (MoRD) is within the Czech legal system the
institution in charge of public procurement, creation and interpretation of the Public

8This applies for tenders under the Public Procurement Act No. 137/2006 Coll. This has been
changed since the new Public Procurement Act No. 134/2016 Coll., became effective in October
2016, which does not impose any restrictions to the VsechnyZakazky.cz dataset as we use data
until September 2016 only.

9Central, centralized, joint and all derived keywords; excluded obvious inconsistencies as “central
data warehouse ...” etc.
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Figure 6.4.: Histogram of placed bids in a tender, grouped by compulsory contracting
authority (black), compulsory CPV families, 2008 – 09/2016

Source: own computation based on VsechnyZakazky.cz

Procurement Act and reporting on the central public procurement. In spite of this
duty, the MoRD does neither have a complete central procurement tender-level data
nor a systematic process of central procurement data collection; we had to overcome
this negative feature by (extremely time-consuming) manual work. By this approach,
we put together a unique dataset on central procurement that has never been analysed
in the Czech environment ever before.

The MoRD is obliged to offer the Annual Report on Central Public Procurement;
the report contains a top-level evaluation of the centrally procured tenders in given
year, number and volume of tender and segmentation for compulsory CPV fami-
lies and compulsory authorities (Ministry of Regional Development, 2017c). As the
report is done on a top-level only, no tender level data on central procurement are
publicly available. The non-public data we obtained was used to carry out the re-
ports in 2012 – 2015.10 Data includes information about the authority, tender name,
CPV code, expected and tendered price; all observations in the dataset are centrally
procured. Unfortunately, neither unique identification number nor the ISPC form ID
is included, which aggravates the easiness of link to VsechnyZakazky.cz to a great
extent. Moreover, no common approach was applied when the MoRD gathered raw
data; some ministries reported to the MoRD individual orders, other individual ten-

10The 2016 annual report has not been published yet and the data was not possible to obtain.
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ders or tender-parts etc.

The character of the data did not allow applying any kind of automated matching
process; to match the MoRD dataset with the VsechnyZakazky.cz dataset we man-
ually case-by-case compared all 6527 MoRD observations (i.e. individual orders,
tender-parts or tenders). By left-joining the MoRD dataset using key tender char-
acteristics as joining key11 we flagged tenders that were in both datasets; these ten-
ders (flagged in VsechnyZakazky.cz) are very likely to be centrally procured. Even
though our case-by-case approach was extremely time consuming, the information
value is limited by the quality of the primary data. The successfulness rate of joining
is around 55.5 % of all observations (878 distinct tender parts), see Table 6.2.2. 12

Table 6.2.: Centrally procured tenders data: count and joining successfulness, 2012
– 2015

Total Joined data Non-joined data
observations observations tender - parts observations

# 6527 3623 878 2904
% 100.0% 55.5% 44.5%

Source: own computation based on Ministry of Regional Development

We have obtained a raw number of tenders in the above manner, and it is still
necessary to clean the dataset from observations with a missing number of bids that
we use as a dependent variable (discussed in next section). By this the number of
flagged tenders decreased by circa 30 % (the MoRD dataset) and by 75 % (text-
mined VsechnyZakazky.cz); altogether there are 781 observations having at least 1
flag.

11We applied year of release, announcing authority, tender name, estimated and tendered price as
joining keys; however only a few tenders had all characteristics identical. In the remaining subset
at least some of the characteristics must be same or similar (tender name burdened by typos,
changed a bit, tendered price divided into number of purchase orders etc.).

12As noted above: some ministries did not report tenders, but individual purchase orders; in such a
case 1 tender might have been reported in dozens observations.
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Table 6.3.: Centrally procured tenders data: cleaning successfulness, 2012 – 2015
Year MoRD - joining VZ.cz text-mining Union

raw c bid <> 0 raw c bid <> 0 raw c bid <> 0
2012 56 44 72 34 120 76
2013 151 79 226 50 333 125
2014 274 202 228 49 452 234
2015 397 291 254 55 618 346
total 878 616 780 188 1523 781

Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz

6.2.3. Bisnode MagnusWeb: a firm level data

MagnusWeb by Bisnode Ceská republika, a.s. represents one of the most detailed
databases of Czech economic entities. In includes firm-level data that are collected
from publicly available financial statements and annual reports. Subsequently, data
are verified by the Bisnode and regularly updated (Bisnode, 2017).

Using data from Bisnode we will split tender winners into size segments: micro,
small, medium and major enterprise sector according to their turnover and no. of
employees and calculate the share of respected segments. Moreover, we will calcu-
late market concentration measures: the Herfindahl-Hirschman index and the Hall-
Tiedemann-Rosenbluth index for all compulsory CPV families. For this purpose data
about 1988 companies that won at least 1 tender in 2008 – 2016 are gathered. Even
though there is a legislative duty for economic entities above a certain size to publish
annual financial statements, missing financial reports amounted to 24.6 % of all years
when selected entities were active in 2008-2015, see Table 6.2.3.

If a company reported its data on a regular basis and there is only 1 observation
missing in the middle of complete time series we added the missing observation by
linear extrapolation. By this approach, we heightened the data availability to 82.2 %.

6.3. Aspects influencing compulsory public
procurement

One of the main arguments for centralization is the existence of economy of scale
and savings resulting from large volumes. It is also considered that aggregation of
demand results into an increase of competition and better prices. On the other hand,
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Table 6.4.: Availability of financial data of tender winning entities, 2008 – 2015
economically
active entities

total
observations

obtained
observations

missing
observations

count of active
years

# 1988 15 236 11 485 3 751
% 100.0% 75.4% 24.6%

Source: own computation based on Ministry of Regional Development and Mag-
nusWeb

one of the main arguments against the centralization (OECD, 2011) is a risk of market
concentration and tendency to monopoly.

In accordance with literature we state three main hypotheses:

1. Synergy effect hypothesis: Collaboration of procuring authorities increases
competition

2. Procurement scope hypothesis: Heterogeneity of product decreases competi-
tion

3. Framework agreement hypothesis: Two-stage auctions increases competition

The centrally procured tender-level data from the MoRD contain information, whether
the tender was centrally executed in a collaboration of multiple authorities. We ex-
pect that synergy effect assures more attention with better purchasing skills of the
procuring authority and thus centrally procured tenders attract more bidders.

In this section, we will assess factors that affect the number of placed bids in a
single tender. As the contracting authority seeks to obtain the highest value for money
and tenders are heterogeneous in the volume, quality and type of demanded goods
we use the number of bids as a proxy for competition.

One of the common approaches to measuring efficiency and price reduction is to
assess the share of estimated and tendered price (bid-estimate ratio) (e.g. Ochrana
and Pavel, 2013 or Placek, 2017). We find this approach in the Czech environment
controversial since a substantial share of tenders has an incorrect or missing esti-
mated price, although some of the authors measure it. In our dataset 21.3 % of 11
566 tenders were such cases; the estimated price is either not filled at all or the bid-
estimate ratio equals to 1. These cases indicate that the price was filled in the ISPC
ex-post.13

13There of course could be cases when the authority estimates the price precisely; however for tenders
having price in CZK millions the probability is very low.
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A distinct way is to focus simply on the number of bids, as this is a classical as-
sumption of the auction theory; the number of bids and the tendered price is in an
inverse relationship. We discussed this approach above in Chapter 3. To point out
several empirical studies: one of the pioneering works in this field is Kuhlman &
Johnson (1983) assessing highway construction industry in the US and finding the
above-mentioned relation. The same conclusion provides Gomez-Lobo & Szyman-
ski (2001) for compulsory tendering of refuse collection in UK or Amaral, et al.
(2013) for the UK transport tendering. At the European level we suggest European
Commission (2014), using Czech data then Kamenik (2011), Nikolova et al. (2012)
or Soudek & Skuhrovec (2016), all providing a similar conclusion. Studies from the
Czech environment points to an important aspect: the type of award procedure.

We will follow the approach having a number of bids as a dependent variable and
assess the equation 6.1:

cbid =α+β1d f a+β2cpart +β3dtype2u+β4dtype2 jsu+β5dtype3+β6dtype4+β7dtype5+

β8dtype6 +β9dccpber +β10dccptext +β11dcamainorsub +β12ccpv f am +β13ccpv + ε (6.1)

where variables description is provided in Table 6.3. Since the MoRD dataset is
available for time span 2012 – 2015 only and the variable joined from this dataset
is considered as one of the key explanatory variables, we will restrict the Vsech-
nyZakazky.cz dataset to the same time span, therefore the final dataset contains 7571
observations (tender-parts). There is only one pair of variables having correlation
higher than 0.4: the dummy indicating compulsory authority (or its subsidiary) with
the dummy indicating central procurement from the MoRD dataset. Complete sum-
mary statistics, correlation matrix and correlogram are provided in the Appendix B.

As mentioned previously, the dependent variable is not continuous; therefore, clas-
sical linear regression model estimated with OLS is not appropriate. The number of
bids can be characterized as a positive integer of exponential family distribution (as
shown in Figure 6.2.1). To investigate the factors influencing the extent of compe-
tition in tenders, the methodological approach is based on the count data regression
assuming Generalized Linear Model.14

The natural assumption would be to assume the Poisson distribution of the de-
pendent variable. Nevertheless, in practice, this approach suffers from an important

14Comprehensive introduction provided in Cameron & Trivedi (2013) or Zeileis, et al. (2008).
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Table 6.5.: Variables description
Variable Type Description
c bid integer Number Of Bids In A Tender/ In Single Part Of A

Tender
d fa dummy Framework Agreement
c part integer Number Of Parts In A Tender
d nopart dummy 1 If A Tender Is Not Divided Into Parts
d type2u dummy Restricted Tender Procedure
d type2jsu dummy Negotiated With Publication Tender Procedure
d type3 dummy Simplified Under Limit Tender Procedure
d type4 dummy Negotiated Without Publication Tender Procedure
d type5 dummy Competition On Design; Competition Dialogue
d type6 dummy Directive Exception
d ccp ber dummy 1 If Included In The List Of Compulsory Tenders By

The Ministry Of Regional Development
d ccp text dummy 1 If We Flagged The Tender As Centrally Procured

By Text Mining
d ca mainorsub dummy 1 If The Authority Is A Compulsory Authority (I.E.

Ministry or its subordinated organization)
c cpvfam integer Number Of Distinct CPV Families Assigned To A

Tender
c cpv integer Number Of Distinct CPVs Assigned To A Tender

drawback. One of the features of the Poisson distribution is the equality of first two
momentums. Frequently, this is not the case. Over-dispersion describes the case
when the variance is higher than mean. Under-dispersion characterizes the opposite
case; nevertheless, it is much more frequently observed in real-life data. The first and
second momentum of number of bids aligns with over-dispersion; for this reason, the
following text will focus on the case of over-dispersion.

The inequality of the first two momentums has severe implications for the regres-
sion estimation as it provides unrealistic estimates of standard errors. As a conse-
quence, the significance of some of the factors can be overestimated. To address this
issue, several methodological approaches can be used.

First, Extra-Poisson Variation model approach builds on assumption of proportion-
ality of variance to mean:var(Y ) = ΦE(Y ) = Φµ , where Φ denotes the dispersion
parameter. This model can be estimated with Iteratively-reweighted least squares.
Having specified relationship between the mean and the variance, application of this
algorithm leads to Maximum Quasi-likelihood estimates which thanks to proportion-
ality assumption reduce to the same estimates as in case of standard Poisson Maxi-
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mum Likelihood Estimates. Moreover, this approach directly corrects the standard
errors (Rodrígez, 2013).

Second, Negative Binomial model extends standard Poisson model with the ad-
dition of multiplicative random effect θ which represents unobserved heterogene-
ity. The assumed conditional distribution of outcome variable remains Poisson with
mean µ and proportionate variance θ µ , where θ stands for the over-dispersion pa-
rameter. The drawback of this approach is that we cannot observe this unobserved
factor. A possible solution to this issue is to assume that θ has gamma distribution
with parameters αand β and mean α

β
and variance α

β 2 . Making α = β = 1
σ2 , the mean

of unobserved effect is one and variance σ2. Thanks to these assumptions, the un-
conditional distribution of the outcome variable is negative binomial with parameters
α,β and µ . It can be shown that this distribution is characterized by unconditional
mean E(Y ) = µ and unconditional variance var(Y ) = µ(1+µσ2) (Rodrígez, 2013).

Third, Zero-Truncated model is an extension to the previously stated model. It
accounts for a property of the outcome variable number of bids which is a positive
integer. As the zero never occurs within the dependent variable, this approach can
bring additional explanatory and improve the goodness of fit.

To sum up, the applied models can be summarized following:

∙ Generalized Linear Model: Poisson & Negative Binomial regression;

∙ Vector Generalized Linear Model: Zero-Truncated Poisson & Zero-Truncated
Negative Binomial regression.

All computations are made in R software, see R Core Team (2016).15

6.4. Compulsory public procurement factors:
Generalized Linear Model

First, we apply the Poisson Generalized Linear Model (glm from the Stats package,
family Poisson, see R Core Team, 2016) and the Negative Binomial Generalized
Linear Model (glm.nb from the MASS package, see Venables & Ripley, 2002) to
equation 6.1. By fine-tuning we started from the full model (see Poisson and NB
in Table 6.4); using backwards stepwise approach we dropped variables with high
p-value (see NB2 in Table 6.4or AppendixC.1 for full R output).

15We use the R version 3.3.2 "Sincere Pumpkin Patch".
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The Poisson Generalized Linear Model model assumes equidispersion of data: the
(conditional) mean E(Y ) equals to the (conditional) variance var(Y ). We applied two
tests for overdispersion: dispersion test from the AER package (Kleiber & Zeileis,
2008) and odTest from the pscl package (Jackman, 2015) both tests concluded exist-
ing overdispersion in data. As the Negative Binomial Model loses the equidispersion
assumption it is more appropriate than the Poisson Model in this case.

According to Pearson’s chi-squared goodness of fit test, we conclude that for mod-
els NB and NB2 the null hypothesis of the correct specification cannot be rejected.16

Hosmer and Lemeshow test (hoslem.test from the ResourceSelection package, see
Lele et al., 2017) suggests that there is no significant difference between the observed
and fitted NB2 model data as well. We use the Likelihood-ratio test to compare the
reduction in deviance between NB and NB2 model where the test statistic is given
by:

D =−2log
(

log− likelihood NB2
log− likelihood NB

)
which concluded that the NB2 model is more appropriate; the same indicates com-
parison of AIC criteria.

In the classical linear model, several assumptions regarding the model are as-
sumed. Within the framework of Generalized Linear Model, residuals are analyzed
from the perspective of Pearson’s residuals or model deviance, which brings addi-
tional challenges compared to OLS residuals analysis.

Hartig (2017a) shows in an example of two sets of simulated data (one with a very
small intercept, the second one with a large one) why there is no need for the condition
of normality to be fulfilled. Although the normality of residuals is not assumed, we
use the DHARMa package by Hartig (2017b) that provides scaled (quantile) residu-
als; by a simulation-based approach, residuals could be interpreted as in a classical
OLS. Simulated residuals from the NB2 model in the (simulated) quantile-quantile
plot do not show any considerable distortion from the expected distribution, see Ap-
pendix, Figure C.2for the visualisation.

The interpretation of coefficients is different from the OLS model as the maxi-
mum likelihood estimation is applied; the explanatory variables are additive on the
logarithmic scale:

16This does not apply for the Poisson model where the null hypothesis was rejected.
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Table 6.6.: Generalized Linear Models: coefficients and significancy, dependent
variable: number of bids, 7571 observations

Poisson z-val NB z-val NB2 z-val
(Intercept) 1.231 *** 1.228 *** 1.207 ***
d fa 0.396 *** 0.399 *** 0.403 ***
c part 0.005 *** 0.005 *** 0.005 ***
d nopart -0.022 -0.019
d type2u -0.077 -0.074
d type2jsu -0.069 * -0.068 . -0.068 .
d type3 0.077 *** 0.079 *** 0.078 ***
d type4 -0.665 *** -0.665 *** -0.666 ***
d type5 -0.009 -0.010
d type6 -0.270 *** -0.270 *** -0.274 ***
d ccp ber -0.062 * -0.070 * -0.069 **
d ccp text 0.281 *** 0.281 *** 0.285 ***
d ca
mainorsub

0.002 0.002

c cpvfam 0.040 . 0.042 . 0.046 .
c cpv -0.043 *** -0.043 *** -0.042 ***

Note: ***, **, *, . stand for significancy at 0.001, 0.01, 0.05, 0.1; the same is applied
below
Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz
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ŷ = exp
(

β̂ 0 + β̂1x1 + . . . + β̂nxn

)
for example, the log count of bids increases by 0.4 for framework agreement ten-

ders. Before further interpreting our results, we will rearrange the model setting in a
subsequent part.

6.5. Compulsory public procurement factors:
Vector Generalized Linear Model

In the above-mentioned models, we did not pay attention to the relatively important
characteristics of our data: our explained variable number of bids is a non-zero (left-
truncated) number. For this reason, we follow Yee (2008) and UCLA (2017) that
introduce zero-truncated models. We apply vector generalized linear models that
belong to the family of iteratively reweighted least squares models.

Firstly we use the Zero-Truncated Poisson Model and we continue with the Zero-
Truncated Negative Binomial Model (vglm, VGAM package, Yee, 2010); in both
cases, we begin with the equation 1. By fine-tuning we start from the full model (see
Z-T Poisson and Z-T NB in Table 6.5), using backwards stepwise approach we drop
variables with high p-value (see Z-T NB2 in Table 6.5 or Appendix C.2 ). Data again
exhibits overdispersion, thus the Zero-truncated Negative Binomial Model is more
appropriate than Zero-truncated Poisson Model in this case. We compare the Z-T NB
model with the reduced Z-T NB2 model via the change in deviance; we cannot reject
that the reduced model fits better to our data. Moreover, the Hosmer and Lemeshow
test suggests that there is no significant difference between the observed data and the
Z-T NB2 model. The full R summary is provided in Appendix C.

Both NB2 and Z-T NB2 models provide very similar conclusions regarding the
influence of assessed coefficients on the dependent variable. As the Z-T NB2 model
is a more suitable model for the data type we have, we conclude that based on results
of Z-T NB2 model the framework agreement attracts more bidders than the classical
set up of a tender. Furthermore, the conclusion regarding the procurement scope
hypothesis is ambivalent to some extent; the number of CPV families assigned to
a single tender (c cpvfam) has an opposite impact than then the number of CPV
codes (c cpv). However, as the number of CPV codes is by definition is the same
or greater than a number of CPV families, its influence prevails: broader scope of
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Table 6.7.: Vector Generalized Linear Models: coefficients and significancy, depen-
dent variable: number of bids, 7571 observations

Z-T Poisson z-val Z-T NB z-val Z-T NB2 z-val
(Intercept 1) 1.150 *** 1.123 ***
(Intercept 2) 1.195 *** 1.975 *** 1.973 ***
d fa 0.440 *** 0.472 *** 0.477 ***
c part 0.005 *** 0.005 *** 0.006 ***
d nopart -0.029 . -0.026
d type2u -0.092 -0.087
d type2jsu -0.080 * -0.082 . -0.082 .
d type3 0.089 *** 0.099 *** 0.098 ***
d type4 0.975 *** -1.023 *** -1.025 ***
d type5 -0.011 -0.011
d type6 -0.338 *** -0.356 *** -0.360 ***
d ccp ber -0.071 * -0.095 ** -0.094 **
d ccp text 0.324 *** 0.346 *** 0.351 ***
d ca mainorsub 0.003 0.002
c cpvfam 0.047 . 0.057 * 0.062 *
c cpv -0.051 *** -0.054 *** -0.052 ***

Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz

a tender negatively influences the (potential) competition. A similar conclusion is
made in the case of synergy effect; if a tender is awarded centrally (variable d ccp
ber, MoRD dataset), competition among suppliers is at a lower level. Lastly, we
see that the type of procedure other than the default open procedure has a negative
impact on competition; this applies in most cases, most importantly in the negotiated
without publication tender procedure (d type4) and in the directive exception (d type
6). Interestingly, the simplified under limit tender procedure (d type 3) could have
a positive impact; however this may not be applied when the cross-section dataset
is separated according to the CPV families as some sector are of a low degree of
competition by their definition (see e.g. the distribution of dependent variable in
Figure 4).

We will subsequently assess the influence of these factors on individual CPV
codes.
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Figure 6.5.: Histogram of placed bids in a tender, grouped by CPV, 2012 – 09/2016

Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz

6.6. Compulsory public procurement: Vector
Generalized Linear Model split by CPV

By now, we have treated the data as cross-sectional data; however, there are sub-
stantial differences in the tenders as such and a considerable heterogeneity of the
demanded goods and services. For this reason, we split the data according to their
CPV family and for each CPV separately we repeat the model. A similar approach
using homogeneous data (resp. demanded goods) was used by Soudek & Skuhrovec
(2016) that examined Czech electricity and natural gas commodity procurement mar-
ket; separate CPV families subsets are of a high degree of homogeneity and highly
comparable. See below the distribution (Figure 6.6)of the dependent variable ac-
cording to the CPV family.

The methodology follows the same logic as above, to sum it briefly up we sepa-
rately for all 8 CPV families check for overdispersion, run full Zero-Truncated Neg-
ative Binomial Model (the best possible model for the data type we have), fine-tune
the model, compare the full and final model by the change in deviance, and run the
Hosmer and Lemeshow goodness of fit test. The results of final Zero-Truncated Neg-
ative Binomial Models are shown in Table 6.5), full reports are provided in Appendix
C.
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Table 6.8.: CPV split Vector Generalized Linear Models: Zero-Truncated Negative
Binomial coefficients and significancy, dependent variable: number of
bids

CPV1 CPV2 CPV3 CPV4 CPV5 CPV6 CPV7 CPV8
# obs. 507 378 722 201 3555 688 1399 722
Intercept 1 1.860 1.429 2.116 0.915 0.824 1.043 1.462 0.991

*** *** * *** *** *** *** ***
Intercept 2 1.684 7.077 5.930 2.097 2.887 6.681 1.539 7.103

*** *** *** ***
d fa -0.325 0.750 0.145 0.426 0.298

* *** . ***
c part 0.270 0.013 0.007

*** . ***
d nopart 0.336 0.121

** **
d type2u 0.310

*
d type2
jsu -0.390 -0.458 -1.881 0.143 0.233

. * *** * **
d type3 -0.154 0.178 0.163 0.093 0.115

. *** ** * *
d type4 -0.706 -0.862 -1.703 -1.221 -1.056 -1.214 -0.892

*** *** *** *** *** *** **
d type5 0.317

*
d type6 -0.925 -0.746

*** ***
d ccp ber 1.418 1.385 -0.133 0.894 -0.237 0.311

*** *** * *** *** .
d ccp text 0.498

***
d ca
mainorsub -0.657 -0.397 0.309 0.287 0.107 0.144 0.276

*** * *** . * ** ***
c cpvfam -1.819 0.094 -0.163 0.088

. ** ** *
c cpv -0.270 -0.026 -0.043 -0.039

*** *** . **
Note: CPV1 - Electricity, CPV2 - Gas, CPV3 - TelCo, CPV4 - Office Machinery,
CPV5 - Computer Equipment, CPV6 - Passenger Car, CPV7 - Furniture, CPV8 -
Office Equipment; more than 1 CPV family might be assigned to 1 tender
Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz
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We discuss differences between coefficients for different CPV families. Compared
to the Z-T NB2 model we see some differences when CPV families are treated sep-
arately. First, the positive factor of framework agreement holds up for selected CPV
families only (computer equipment, passenger cars, furniture, office equipment); on
the contrary, we see that for the gas sector is the situation altered. Regarding the
procurement scope analysis; separated CPVs provide a similar conclusion as the Z-T
NB2 model, again a broader scope (c cpvfam, c cpv) negatively influences the degree
of competition. It should be noted that the most common combination of CPV fam-
ilies is Computer Equipment sector, Furniture sector and Office Equipment sector;
this might help to interpret a positive value of scope in the Office Equipment sector
as the only exception. The situation for synergy effect is quite different; the c ccp ber
variable remains negative only for Telco and Computer Equipment, that are in com-
parison with another sector very specific (see discussion in the next section). In other
sectors, the synergy effect hypothesis holds and has a positive impact. Furthermore,
the second centrality variable derived by textmining (d ccp text) is not significant in
7 out of 8 sectors and in the remaining Office equipment sector is positive. For most
of the analysed sectors, therefore, the synergy effect hypothesis cannot be rejected.
The difference between the Z-T NB 2 and separated models are probably due to the
uneven distribution of observation between CPV families.

To understand differences between analysed sectors we continue with the market
concentration analysis and the distribution of suppliers in the procurement market
according to their size.

6.7. Market concentration

In this section, we find out to what extent the public procurement market is concen-
trated, what is the share of small and medium-sized enterprises (SME) in this market
and what are the differences between individual compulsory CPV families. More-
over, we provide an evolution of concentration indices between 2008 – September
2016.

Using the combination of firm-level data from MagnusWeb and tender level data
from VsechnyZakazky.cz (time span 2008 – September 2016) we first calculate mar-
ket concentration measures: the Herfindahl-Hirschman index (HHI, see Hirschman,
1964) defined as
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Table 6.9.: Market concentration 2008 – 09/2016, all compulsory CPV families
Year 2008 2009 2010 2011 2012 2013 2014 2015 2016

Herfindahl-
Hirschman

0.082 0.142 0.180 0.031 0.071 0.058 0.051 0.026 0.117

Rosenbluth
(Hall-
Tiede-
mann)

0.042 0.033 0.027 0.016 0.018 0.015 0.013 0.010 0.025

Source: own computation based on VsechnyZakazky.cz and MagnusWeb

HHI =
N

∑
i=1

s2
i

where s is the market share of a firm; and the Rosenbluth index (R, known also as
Hall-Tiedemann, see Rosenbluth, 1955):

R =
1

2(∑ i si)−1

where i gives the ordered rank position of a firm in the market, the index is thus
weighted by the position of the supplier. Both indices are defined on the same scale;
highly concentrated markets are close to unity and fragmented, highly competitive
markets approach zero. We use the SciencesPo package by Marcelino (2016); on an
annual basis we calculate indices for all compulsory CPVs together, see results in
Table 6.7, and we proceed with indices for each CPV separately, see results in Figure
6.7, for the full output see Appendix D.1.

Both Herfindahl-Hirschman index and the Rosenbluth (Hall-Tiedemann) index are
relatively stable for all CPVs together as well as separated CPVs over the period
2010-2015. It should be noted that the calculation of the indices is burdened by the
relatively small number of observations: as already denoted in Figure 6.2.1, there
were only about 1/3 tenders in the initial years 2008-2009 compared to 2015. More-
over, the year 2016 is calculated only on the basis of data ending September 2016,
therefore it is not a complete annual observation. However, if we compare the pe-
riod before and after the introduction of the compulsory central purchasing (the year
2012), there is not any obvious difference in concentration indices.

There are 3 sectors that have noticeably higher values than other: electricity, nat-
ural gas and telecommunication services; passenger cars market reports also higher
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Figure 6.6.: Herfindahl-Hirschman index (up) and Rosenbluth (Hall-Tiedemann) in-
dex (down), split by compulsory CPV families, 2008 – September 2016

Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz

values than other markets. The utilities sector17 is specific in terms of having sub-
stantial entry barriers, is traditionally subject to governmental regulation and tends
to be a natural monopoly. Therefore there usually exist fewer suppliers on the mar-
ket which is reflected by higher index’s values. Complete figures are provided in
Appendix D.1.

Overall the indices are relatively low values; 4 markets have values below 0.05 in
the most of the period under review and are highly fragmented. 4 remaining sec-
tors having higher values than others are markets different from their character and
definition; these sectors are less competitive and less fragmented.

The next step after calculating concentration indices is to uncover the structure of
the supply market. Using the definition by European Commission (2017) we split
tender winners into market segments according to the size: micro, small, medium
and major enterprises and we calculate the share of these segments. Using financial
reports from MagnusWeb, i.e. turnover, balance sheet volume and staff count we as-
sign each company to a single segment; subsequently, we sum procurement turnover
17In our case electricity and gas only; water supply is not subject of compulsory procurement.
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Table 6.10.: SME definition based on staff count, annual turnover and balance sheet
Company category Staff headcount Turnover Balance sheet total

(CZK mil.) (CZK mil.)
micro < 10 54 54
small < 50 270 270

medium-sized < 250 1350 1161
Source: own computation based on Euroapean Commission (2017)

Figure 6.7.: Shares of SME’s and large enterprises on public procurement, compul-
sory CPVs, 2008 – 09/2016

Source: own computation based on VsechnyZakazky.cz and MagnusWeb

of all firms in given segment.

As indicated in Figure 6.7 for all CPVs together the share of large enterprises is
around 60%. Again it applies that the 2016 observation is subject to the incomplete-
ness of the data; tenders cover the period until September 2016 and at the time of
data download, the financial results for 2016 were in many cases not published by
the companies. For this reason a relatively high proportion of data that was not avail-
able (in the charts marked as "na"). On the contrary, the different market structure in
2008 is likely to be related to the low number of contracts awarded (discussed above).

A fairly different view is provided when the tenders are separated according to
the CPV family as in Figure 6.7, where the entire SME sector (i. e. micro, low and
medium) is matched together for the sake of simplicity. We can recognize different 4
patterns in the development over time. Again, utilities sector and telecommunication
services are very dissimilar from other sectors as there is a substantially higher share
of large companies dominating the market. The opposite is highly competitive of-
fice machinery and furniture markets, where a considerable number of SME operate
and their share is around 80%. Surprisingly, the proportion of SMEs in the Com-
puter Equipment and Office Equipment sectors increases over time up to the share
of 70 %; again, these markets are rather fragmented and competitive. The remaining
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passenger cars market stays somewhere in the middle; in 2011-2012, the SME share
increased, followed by a decline in this segment in 2013-2015. Complete figures are
provided in Appendix D.2

Figure 6.8.: Shares of SME’s and large enterprises on public procurement, compul-
sory CPVs, 2008 – 09/2016

Source: own computation based on VsechnyZakazky.cz and MagnusWeb



Conclusion

We analyzed the main aspects of collaborative procurement and centralization; cen-
tralized purchasing and demand aggregation, fundamentals of auction theory, com-
petitive effects, asymmetric information and transaction costs must be taken into
consideration when setting up the central procurement process. We quantitatively
estimated the effects of centralization, diversification of tenders and second stage
auctions on the level of competition using a unique dataset of Czech tender-level and
firm-level data in 2008 – 2016.

We investigated in the first part of the thesis theoretical aspects of procurement and
centralization. There exist several benefits that arise from the centralization process:
economies of scale, increased bargaining power of beneficiaries and lower transac-
tion costs to name the most important of them. Despite the common EU legislative
framework, there are substantial differences between the EU countries in the settings
of (de)centralization process.

Based on the theoretical framework of the auction theory, we point to the costs of
centralization. Due to information asymmetry and increased entry costs, the positive
competitive effects do not need to prevail their benefits. The negative effects in the
form of higher (ex-post) transaction costs increase with tender size, the degree of
product heterogeneity and number of collaborating authorities.

To sum up the theoretical part of this thesis: the design of centralization process
and the degree of centralization is always bound by two elementary questions: the
flexibility or unification trade-off and the set-up costs or unit costs trade-off.

In the quantitative part of the thesis, we gathered a unique dataset that combined
tender-level data with the manually-collected data on centrally procured tenders and
financial firm-level data for the time span 2008 – 2016. We applied Vector Gener-
alized Linear Model on the 8 selected CPV sectors that are a subject of compulsory
centralized procurement: the number of bidders was used as a proxy of the degree
of competition. We identified several key aspects of centralized procurement: the



Collaborative public procurement in the Czech Republic: an empirical case
study 70

centralization has a significant positive impact in the utility sector (gas and elec-
tricity supply), office machinery and equipment sector and furniture supply sector.
Telecommunication services and the computer equipment sector are rather specific
and the centralization plays a negative role. Joint public procurement (framework
agreement) is recognized as a positive setup in 4 analysed sectors; it attracts more
bidders than the classical set up of a tender. We identified strong negative evidence
of the scope of the procured commodity; demanding heterogenous goods in a single
tender negatively influences the competition. These results are broadly in line with
the existing literature.

The centralization process of public procurement should include elements of de-
centralization and must take into account the diversity of targeted sectors, the het-
erogeneity of homogenous products, the theoretical qualitative aspects as well as
proposed quantitative conclusions. The possible further extension of this work could
consist in a deeper understanding of the analyzed sectors, verification of conclusions
on data from other countries and split of tenders according to the volume.
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Appendix A
Procurement summary

A.1. Procurement statistics

Table A.1.: General government procurement as a percentage of GDP
Country\ Year 2007 2008 2009 2010 2011 2012 2013 2014 2015

Australia 12,11 12,64 13,63 13,05 13,05 12,64 12,63 12,87 13,15
Austria 12,46 13,08 13,92 13,71 13,27 13,17 13,42 13,34 13,51
Belgium 12,36 13,11 14,29 14,05 14,38 14,67 14,65 14,56 14,43
Canada 12,77 12,9 14,75 14,83 14,11 13,84 13,34 12,8 13,44

Czech Republic 14,98 15,44 17 16,09 14,53 13,75 13,55 13,71 14,52
Denmark 12,6 13,14 14,48 14,38 14,15 14,77 14,42 14,5 14,16
Estonia 13,11 14,26 15,02 13,52 13,17 14,64 13,93 13,6 14,06
Finland 14,4 15,25 17,3 17,2 17,24 17,93 18,38 18,41 17,54
France 13,94 14,02 15,14 15,07 14,78 15,02 15,06 14,83 14,58

Germany 12,92 13,41 14,96 14,8 14,63 14,63 14,89 14,9 15,05
Greece 14,2 14,68 15,51 13,01 10,81 10,5 10,6 10,7 11,1

Hungary 13,37 12,86 13,84 13,83 13,2 13,26 13,91 14,91 16,02
Iceland 15,25 16,09 16,06 15,49 14,84 14,71 14,65 14,56 13,81
Ireland 11,62 12,94 12,28 11,78 10,36 9,7 9,31 9,46 7,3
Israel 14,48 14,47 14,13 14,1 14,02 14,37 14,33 14,46 14,23
Italy 10,41 10,7 11,79 11,25 10,81 10,65 10,7 10,48 10,36
Japan 13,68 13,93 15,36 15,47 15,81 16,04 16,47 16,51 16,22
Korea 12,31 12,97 14,57 13,18 12,94 12,83 12,8 12,48 12,54
Latvia 12,06 12,17 12 12,38 12,7 12,07 11,78 11,66 12,02

Luxembourg 11,15 11,64 13,45 13,43 12,4 12,71 12,21 11,98 11,96
Mexico 4,52 5,27 6,1 5,79 5,62 5,32 5,31 5,45 5,15

Netherlands 18,98 19,56 21,63 21,38 20,96 20,9 20,51 20,34 20,18
New Zealand 14,34 15,48 15,55 15,18 14,68 14,63 14,47 14,75 14,69

Norway 11,2 11,06 13,09 12,61 12,18 11,74 12,33 12,97 13,85
Poland 12,42 13,01 13 13,94 13,48 12,44 11,89 12,3 12,17

Portugal 10,67 11,41 12,65 13,33 11,45 10,21 9,74 9,57 9,83
Slovak Republic 12,69 12,82 15,11 14,49 14,26 13,68 13,8 14,64 17,28

Slovenia 11,97 12,61 13,71 13,88 13,35 13,08 13,35 13,73 13,38
Spain 12,08 12,5 13,7 13,26 12,28 10,87 10,33 10,13 10,46

Sweden 14,47 15,07 16,34 16,11 16,1 16,37 16,48 16,35 16
Switzerland 7,67 7,92 8,35 8,31 8,33 8,48 8,56 8,57 8,76

Turkey .. .. 12,44 11,63 10,49 10,72 11,25 10,62 10,85
United Kingdom 12,95 14,2 15,62 15,09 14,39 14,05 13,93 14,01 13,7

United States 10,58 11,27 11,8 11,63 11,14 10,54 9,87 9,5 9,35
OECD - Average 12,57 13,09 14,13 13,81 13,32 13,16 13,08 13,12 13,18

OECD - Total 11,76 12,31 13,3 13,06 12,68 12,35 12,15 11,98 11,89
Source: OECD.Stat - Government at a Glance - 2017 edition Data extracted on 31
Aug 2017 13:55 UTC
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A.2. List of compulsory CPV families

Note: List of CPV codes and names of compulsory commodities up to -2 level real-
tive to the CPV compolsory commodity family (Czech language only, more details
for english list see https://simap.ted.europa.eu/cpv).



CPV skupina CPV kategorie

CPV1 09310000-5 - Elektrická energie

CPV2 09120000-6 - Plynná paliva

09121000-3 - Svítiplyn, plyn pro rozvodnou síť nebo podobné plyny

09121100-4 - Svítiplyn nebo podobné plyny

09121200-5 - Plyn pro rozvodnou síť

09122000-0 - Propan a butan

09122100-1 - Propan

09122200-2 - Butan

CPV3 64200000-8 - Telekomunikační služby

64210000-1 - Telefonní služby a přenos dat

64211000-8 - Veřejné telefonní služby

64212000-5 - Mobilní telefonní služby

64213000-2 - Služby sdílené podnikové telefonní sítě

64214000-9 - Služby neveřejné podnikové telefonní sítě

64215000-6 - Telefonní služby prostřednictvím IP

64216000-3 - Služby elektronického zpracování zpráv a dat

64220000-4 - Telekomunikační služby kromě telefonů a přenosu dat

64221000-1 - Propojovací služby

64222000-8 - Teleworking

64223000-5 - Pagingové služby

64224000-2 - Telekonferenční služby

64225000-9 - Telekomunikační služby pro spojení letadel se zemí

64226000-6 - Telematické služby

64227000-3 - Integrované telekomunikační služby

64228000-0 - Televizní a rozhlasové vysílání

CPV4 03 - Kancelářská technika a zařízení

30110000-3 - Stroje na zpracování textu

30111000-0 - Textové procesory

30120000-6 - Zařízení pro fotokopírování a ofsetové tiskařské zařízení

30121000-3 - Zařízení fotokopírování a termokopírování

30122000-0 - Kancelářské ofsetové tiskařské stroje

30123000-7 - Kancelářské stroje

30130000-9 - Zařízení pro pošty

30131000-6 - Zařízení pro podatelny

30132000-3 - Třídící zařízení

30133000-0 - Poštovní zařízení

30140000-2 - Počítací a účtovací stroje

30141000-9 - Počítací stroje

30142000-6 - Účtovací stroje a pokladny

30144000-0 - Stroje počítacího typu

30145000-7 - Součásti a příslušenství kalkulátorů

30150000-5 - Psací stroje

30151000-2 - Elektrické psací stroje

30170000-1 - Štítkovací stroje

30171000-8 - Datovací nebo číslovací stroje

30172000-5 - Stroje na tisk osobních průkazů

30173000-2 - Stroje na aplikaci štítků

30174000-9 - Stroje na výrobu štítků

30175000-6 - Popisovací zařízení

30176000-3 - Reliéfní štítkovač

30177000-0 - Automatické štítkovací systémy

30178000-7 - Poloautomatické štítkovací systémy

30179000-4 - Zásobník na štítky

30180000-4 - Stroje na razítkování a vypisování šeků

30181000-1 - Stroje na razítkování šeků

30182000-8 - Stroje na vypisování šeků



CPV5 06 - Počítače a stroje na zpracování dat a datová média

30200000-1 - Počítače

30210000-4 - Stroje na zpracování dat (technické vybavení)

30220000-7 - Digitální kartografická zařízení

30230000-0 - Zařízení související s počítači

30234000-8 - Média pro ukládání dat

30234100-9 - Magnetické disky

30234200-0 - Optické disky

30234300-1 - Kompaktní disky (CD)

30234400-2 - DVD

30234500-3 - Paměťová archivační média

30234600-4 - Flash paměť

30234700-5 - Magnetické pásky

48820000-2 - Servery

48821000-9 - Síťové servery

48822000-6 - Počítačové servery

48823000-3 - Souborové servery

48824000-0 - Obsluhy tisku

48825000-7 - Webové servery

CPV6 34110000-1 - Osobní vozidla

34111000-8 - Kombi a limuzíny

34111100-9 - Kombi

34111200-0 - Limuzíny

34113000-2 - Vozidla s pohonem čtyř kol

34113100-3 - Lehké terénní automobily

34113200-4 - Vozidla pro všechny druhy terénů

34113300-5 - Terénní vozidla

34114000-9 - Specializovaná vozidla

34114100-0 - Pohotovostní vozidla

34114200-1 - Policejní automobily

34114300-2 - Vozidla sociální péče

34114400-3 - Minibusy

34115000-6 - Jiná osobní vozidla

34115200-8 - Motorová vozidla pro přepravu méně než 10 lidí

34115300-9 - Použitá přepravní vozidla



CPV7 15 - Nábytek

39110000-6 - Sedadla, židle a související výrobky a jejich díly

39111000-3 - Sedadla

39112000-0 - Židle

39113000-7 - Různá sedadla a židle

39114000-4 - Části sedadel

39120000-9 - Stoly, skříně, psací stoly a knihovny

39121000-6 - Psací stoly a stoly

39122000-3 - Skříně a knihovny

39130000-2 - Kancelářský nábytek

39131000-9 - Kancelářské police

39132000-6 - Archivační systémy

39133000-3 - Výstavní skříně

39134000-0 - Počítačový nábytek

39135000-7 - Třídicí stoly

39136000-4 - Věšáky a ramínka

39137000-1 - Změkčovače vody

39140000-5 - Domácí nábytek

39141000-2 - Kuchyňský nábytek a zařízení

39142000-9 - Zahradní nábytek

39143000-6 - Nábytek pro ložnice, jídelny a obývací pokoje

39144000-3 - Nábytek pro koupelny

39145000-0 - Vybavení vinných sklepů

39150000-8 - Různý nábytek a vybavení

39151000-5 - Různý nábytek

39152000-2 - Mobilní knihovny

39153000-9 - Nábytek do konferenčních místností

39154000-6 - Výstavní zařízení

39155000-3 - Nábytek pro knihovny

39156000-0 - Nábytek pro haly a recepce

39157000-7 - Části nábytku

39160000-1 - Školní nábytek

39161000-8 - Nábytek pro mateřské školy

39162000-5 - Vzdělávací vybavení

39170000-4 - Nábytek používaný v obchodech

39171000-1 - Výkladní skříně

39172000-8 - Pulty

39173000-5 - Skladovací jednotky

39174000-2 - Vývěsní štíty

39180000-7 - Laboratorní nábytek

39181000-4 - Laboratorní stoly

CPV8 11 - Kancelářské potřeby

22800000-8 - Rejstříky, účetní knihy, rychlovazače, formuláře a ostatní tištěné papírnické výrobky z papíru nebo lepenky

22810000-1 - Rejstříky z papíru nebo lepenky

22830000-7 - Sešity

22840000-0 - Alba na vzorky

22850000-3 - Rychlovazače a jejich příslušenství

22900000-9 - Různý papírový materiál

22990000-6 - Novinový papír, ruční papír a ostatní nenatíraný papír nebo lepenka pro grafické účely

30190000-7 - Různé kancelářské zařízení a potřeby

30191000-4 - Kancelářské zařízení mimo nábytku

30192000-1 - Kancelářské potřeby

30193000-8 - Organizéry a příslušenství

30194000-5 - Rýsovací potřeby

30195000-2 - Tabule

30196000-9 - Plánovací systémy

30197000-6 - Drobné kancelářské vybavení

30199000-0 - Kancelářské potřeby z papíru a ostatní zboží

39260000-2 - Přihrádky na ukládání papírů a vybavení pracovních stolů

39261000-9 - Přihrádky na ukládání papírů

39263000-3 - Vybavení pracovních stolů

39264000-0 - Součásti rychlovazačů nebo pořadačů

39265000-7 - Háčky a očka



Appendix B
Summary statistics

B.1. Variable statistics

Table B.1.: Summary statistics timespan, 2012-2015
min median max mean sum st.dev

c_bid 1 3 36 3.319 25126 2.21
d_fa 0 0 1 0.109 822 0.31

c_part 1 1 81 4.029 30502 9.77
d_nopart 0 1 1 0.585 4426 0.49
d_type2u 0 0 1 0.006 48 0.08

d_type2jsu 0 0 1 0.036 269 0.19
d_type3 0 0 1 0.254 1920 0.44
d_type4 0 0 1 0.068 515 0.25
d_type5 0 0 1 0.003 26 0.06
d_type6 0 0 1 0.020 150 0.14

d_ccp_ber 0 0 1 0.081 616 0.27
d_ccp_text 0 0 1 0.025 188 0.16

d_ca_mainorsub 0 0 1 0.269 2039 0.44
c_cpvfam 1 1 3 1.079 8172 0.28

c_cpv 1 2 10 2.782 21061 1.76
Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz

B.2. Correlation analysis statistics
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Figure B.1.: Correlation plot timespan 2012-2015

Source: own computation based on Ministry of Regional Development and Vsech-
nyZakazky.cz
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Appendix C
R summary

C.1. NB2 model

glm.nb(formula = c_bid ~ d_fa + c_part + d_type2jsu + d_type3 + d_type4 +

d_type6 + d_ccp_ber + d_ccp_text + c_cpvfam + c_cpv,

data = a, init.theta = 18.08128834, link = log)

Deviance Residuals:

Min 1Q Median 3Q Max

-2.1504 -0.6970 -0.2520 0.3598 9.4720

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept) 1.2074050 0.0287300 42.026 < 0.0000000000000002 ***

d_fa 0.4030468 0.0201236 20.029 < 0.0000000000000002 ***

c_part 0.0052236 0.0006169 8.467 < 0.0000000000000002 ***

d_type2jsu -0.0683774 0.0383811 -1.782 0.07482 .

d_type3 0.0782000 0.0165440 4.727 0.00000228106203 ***

d_type4 -0.6657410 0.0364642 -18.257 < 0.0000000000000002 ***

d_type6 -0.2735263 0.0559869 -4.886 0.00000103147032 ***

d_ccp_ber -0.0688214 0.0259016 -2.657 0.00788 **

d_ccp_text 0.2853262 0.0417881 6.828 0.00000000000862 ***

c_cpvfam 0.0460832 0.0249160 1.850 0.06438 .

c_cpv -0.0420381 0.0041490 -10.132 < 0.0000000000000002 ***

---
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Signif. codes: 0 ’***’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

(Dispersion parameter for Negative Binomial(18.0813) family taken to be 1)

Null deviance: 7668.9 on 7570 degrees of freedom

Residual deviance: 6598.6 on 7560 degrees of freedom

AIC: 30000

Number of Fisher Scoring iterations: 1

Theta: 18.08

Std. Err.: 1.61

2 x log-likelihood: -29976.27

odTest

Likelihood ratio test of H0: Poisson, as restricted NB model:

n.b., the distribution of the test-statistic under H0 is non-standard

e.g., see help(odTest) for details/references

Critical value of test statistic at the alpha= 0.05 level: 2.7055

Chi-Square Test Statistic = 175.9788 p-value = < 0.00000000000000022

anova(NB, NB2)

Likelihood ratio tests of Negative Binomial Models

Response: c_bid

Model

1 d_fa + c_part + d_type2jsu + d_type3 + d_type4 + d_type6 +

d_ccp_ber + d_ccp_text + c_cpvfam + c_cpv 2 d_fa + c_part +

d_nopart + d_type2u + d_type2jsu + d_type3 + d_type4 + d_type5 +

d_type6 + d_ccp_ber + d_ccp_text + d_ca_mainorsub + c_cpvfam + c_cpv

theta Resid. df 2 x log-lik. Test df LR stat. Pr(Chi)

1 18.08129 7560 -29976.27

2 18.13008 7556 -29974.00 1 vs 2 4 2.270172 0.6862049

hoslem.test(c bid, fitted(NB2))

Hosmer and Lemeshow goodness of fit (GOF) test



R summary 91

data: a$c_bid, fitted(lolb_2)

X-squared = -23.683, df = 8, p-value = 1

Overdispersion test data:

Poisson model

z = 3.6729, p-value = 0.0001199

alternative hypothesis: true dispersion is greater than 1

sample estimates: dispersion 1.343769

Figure C.1.: DHARMa scaled residual plots



R summary 92

C.2. Z-T NB2 model

vglm(formula = c_bid ~ d_fa + c_part + d_type2jsu + d_type3 +

d_type4 + d_type6 + d_ccp_ber + d_ccp_text + c_cpvfam + c_cpv,

family = posnegbinomial(), data = a)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -1.541 -0.6887 -0.2164 0.4175 13.340

loge(size) -216.605 -0.1912 0.2334 0.7174 1.047

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 1.1226913 0.0350835 32.001 < 0.0000000000000002 ***

(Intercept):2 1.9728747 0.0698641 28.239 < 0.0000000000000002 ***

d_fa 0.4766475 0.0241563 19.732 < 0.0000000000000002 ***

c_part 0.0057052 0.0007407 7.702 0.0000000000000134 ***

d_type2jsu -0.0822737 0.0469777 -1.751 0.07989 .

d_type3 0.0983499 0.0200408 4.907 0.0000009225742905 ***

d_type4 -1.0245539 0.0539586 -18.988 < 0.0000000000000002 ***

d_type6 -0.3601257 0.0714702 -5.039 0.0000004684109979 ***

d_ccp_ber -0.0942271 0.0316871 -2.974 0.00294 **

d_ccp_text 0.3509741 0.0505899 6.938 0.0000000000039871 ***

c_cpvfam 0.0621921 0.0303684 2.048 0.04057 *

c_cpv -0.0524628 0.0050991 -10.289 < 0.0000000000000002 ***

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -14391.82 on 15130 degrees of freedom

Number of iterations: 7

hoslem.test(c_bid, fitted(Z-T NB2))

Hosmer and Lemeshow goodness of fit (GOF) test

data: a$c_bid, fitted(lold_2) X-squared = -28.48, df = 8, p-value = 1
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Z-T NB2 fitted vs. residuals

Figure C.2.: Z-T NB2 fitted vs. residuals

Figure C.3.: Z-T NB2 histogram of (broken) fitted values in boxplots vs. residuals
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C.3. VGLM: Z-T NB2 model, CPV 1 Electricity

Call: vglm(formula = c_bid ~ d_type2jsu + d_type4 + d_ccp_ber +

d_ca_mainorsub + c_cpv,

family = posnegbinomial(), data = a_cpv1)

Pearson residuals:

sMin 1Q Median 3Q Max

loge(munb) -1.437 -0.6888 0.001155 0.3978 12.3387

loge(size) -64.466 -0.4340 0.474580 0.7911 0.9341

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 1.86040 0.09258 20.095 < 2e-16 ***

(Intercept):2 1.68356 0.17921 9.394 < 2e-16 ***

d_type2jsu -0.38991 0.22534 -1.730 0.083568 .

d_type4 -0.70621 0.09631 -7.332 2.26e-13 ***

d_ccp_ber 1.41764 0.25939 5.465 4.62e-08 ***

d_ca_mainorsub -0.65719 0.17586 -3.737 0.000186 ***

c_cpv -0.27020 0.07354 -3.674 0.000238 ***

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -1106.283 on 1007 degrees of freedom

Number of iterations: 6

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv1$c_bid, fitted(lold2_cpv1) X-squared = -56.971, df = 8, p-value = 1
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C.4. VGLM: Z-T NB2 model, CPV 2 Gas

Call: vglm(formula = c_bid ~ d_fa + d_type2jsu + d_type3 + d_type4 +

d_ccp_ber + d_ca_mainorsub,

family = posnegbinomial(), data = a_cpv2)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -2.440 -0.7826 -0.1202 0.4742 3.3262

loge(size) -4.491 -0.6243 0.1807 0.6602 0.8891

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 1.42893 0.03451 41.401 < 2e-16 ***

(Intercept):2 7.07715 25.43299 0.278 0.7808

d_fa -0.32487 0.15216 -2.135 0.0328 *

d_type2jsu -0.45845 0.19203 -2.387 0.0170 *

d_type3 -0.15384 0.08338 -1.845 0.0650 .

d_type4 -0.86213 0.10364 -8.318 < 2e-16 ***

d_ccp_ber 1.38493 0.21804 6.352 2.13e-10 ***

d_ca_mainorsub -0.39737 0.16437 -2.418 0.0156 *

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -691.2572 on 748 degrees of freedom

Number of iterations: 11

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv2$c_bid, fitted(lold2_cpv2) X-squared = -1.7833, df = 8, p-value = 1
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C.5. VGLM: Z-T NB2 model, CPV 3
Telecommunication services

Call: vglm(formula = c_bid ~ c_part + d_nopart + d_type2jsu + d_type4 +

d_type6 + d_ccp_ber + d_ca_mainorsub + c_cpvfam,

family = posnegbinomial(), data = a_cpv3)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -2.087 -0.5566 -0.4081 0.2960 6.543

loge(size) -26.543 -0.2451 0.2457 0.8088 1.385

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 2.11617 0.98421 2.150 0.031545 *

(Intercept):2 5.92970 8.25898 0.718 0.472776

c_part 0.27026 0.03162 8.546 < 2e-16 ***

d_nopart 0.33562 0.12587 2.666 0.007666 **

d_type2jsu -1.88064 0.56086 -3.353 0.000799 ***

d_type4 -1.70254 0.13340 -12.763 < 2e-16 ***

d_type6 -0.92463 0.16974 -5.447 5.11e-08 ***

d_ccp_ber -0.13313 0.06759 -1.970 0.048874 *

d_ca_mainorsub 0.30877 0.06462 4.778 1.77e-06 ***

c_cpvfam -1.81945 0.96339 -1.889 0.058946 .

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -1057.193 on 1434 degrees of freedom

Number of iterations: 14

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv3$c_bid, fitted(lold2_cpv3) X-squared = -23.389, df = 8, p-value = 1
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C.6. VGLM: Z-T NB2 model, CPV 4 Office
Machinery

Call:

vglm(formula = c_bid ~ c_part + d_ccp_ber + d_ca_mainorsub,

family = posnegbinomial(), data = a_cpv4)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -1.81 -0.6257 -0.1336 0.6893 8.0654

loge(size) -31.42 -0.1271 0.2980 0.7520 0.8469

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 0.914976 0.083337 10.979 < 2e-16 ***

(Intercept):2 2.097245 0.425676 4.927 8.36e-07 ***

c_part 0.012607 0.006647 1.897 0.0579 .

d_ccp_ber 0.893915 0.185054 4.831 1.36e-06 ***

d_ca_mainorsub 0.287373 0.159540 1.801 0.0717 .

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -390.6513 on 397 degrees of freedom

Number of iterations: 7

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv4$c_bid, fitted(lold2_cpv4) X-squared = -24.873, df = 8, p-value = 1
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C.7. VGLM: Z-T NB2 model, CPV 5 Computer
Equipment

Call:

vglm(formula = c_bid ~ d_fa + d_type2u + d_type2jsu + d_type3 +

d_type4 + d_type5 + d_ccp_ber + c_cpvfam + c_cpv,

family = posnegbinomial(), data = a_cpv5)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -1.832 -0.5896 -0.3273 0.3581 9.681

loge(size) -51.751 -0.1809 0.3395 0.7329 1.199

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 0.823689 0.044200 18.635 < 2e-16 ***

(Intercept):2 2.887359 0.216840 13.316 < 2e-16 ***

d_fa 0.749507 0.030248 24.779 < 2e-16 ***

d_type2u 0.310191 0.145127 2.137 0.032567 *

d_type2jsu 0.143479 0.068407 2.097 0.035957 *

d_type3 0.178180 0.027668 6.440 1.20e-10 ***

d_type4 -1.220771 0.128065 -9.532 < 2e-16 ***

d_type5 0.317199 0.152053 2.086 0.036968 *

d_ccp_ber -0.236828 0.046051 -5.143 2.71e-07 ***

c_cpvfam 0.093701 0.032933 2.845 0.004438 **

c_cpv -0.025578 0.007459 -3.429 0.000605 ***

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -6063.537 on 7099 degrees of freedom

Number of iterations: 9

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv5$c_bid, fitted(lold2_cpv5) X-squared = -33.351, df = 8, p-value = 1
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C.8. VGLM: Z-T NB2 model, CPV 6 Passenger
Cars

Call: vglm(formula = c_bid ~ d_fa + d_type2jsu + d_type3 + d_type4 +

d_ca_mainorsub + c_cpv,

family = posnegbinomial(), data = a_cpv6)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -1.611 -0.7189 -0.1316 0.4987 4.329

loge(size) -10.302 -0.1372 0.2295 0.6858 1.135

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 1.04332 0.06231 16.744 < 2e-16 ***

(Intercept):2 6.68113 16.63303 0.402 0.68792

d_fa 0.14546 0.08631 1.685 0.09190 .

d_type2jsu 0.23330 0.08996 2.593 0.00951 **

d_type3 0.16337 0.05528 2.955 0.00313 **

d_type4 -1.05569 0.27970 -3.774 0.00016 ***

d_ca_mainorsub 0.10673 0.04928 2.166 0.03033 *

c_cpv -0.04284 0.02217 -1.932 0.05332 .

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -1213.951 on 1368 degrees of freedom

Number of iterations: 12

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv7$c_bid, fitted(lold2_cpv7) X-squared = -6.221, df = 8, p-value = 1
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C.9. VGLM: Z-T NB2 model, CPV 7 Furniture

Call:

vglm(formula = c_bid ~ d_fa + d_nopart + d_type3 + d_type4 +

d_type6 + d_ccp_ber + d_ca_mainorsub + c_cpvfam + c_cpv,

family = posnegbinomial(), data = a_cpv7)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -1.423 -0.7375 -0.3105 0.4483 5.324

loge(size) -12.379 -0.2573 0.2630 0.7058 1.088

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 1.46210 0.07994 18.289 < 2e-16 ***

(Intercept):2 1.53855 0.11523 13.352 < 2e-16 ***

d_fa 0.42578 0.11171 3.811 0.000138 ***

d_nopart 0.12136 0.04268 2.844 0.004458 **

d_type3 0.09336 0.04471 2.088 0.036792 *

d_type4 -1.21418 0.19142 -6.343 2.25e-10 ***

d_type6 -0.74618 0.19759 -3.776 0.000159 ***

d_ccp_ber 0.31125 0.15924 1.955 0.050632 .

d_ca_mainorsub 0.14382 0.05265 2.732 0.006301 **

c_cpvfam -0.16326 0.05498 -2.969 0.002985 **

c_cpv -0.03913 0.01265 -3.092 0.001985 **

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -2919.101 on 2787 degrees of freedom

Number of iterations: 6
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C.10. VGLM: Z-T NB2 model, CPV 8 Office
Equipment

Call:

vglm(formula = c_bid ~ d_fa + c_part + d_type3 + d_type4 + d_ccp_text +

d_ca_mainorsub + c_cpvfam,

family = posnegbinomial(), data = a_cpv8)

Pearson residuals:

Min 1Q Median 3Q Max

loge(munb) -2.116 -0.6945 -0.08907 0.2805 6.1347

loge(size) -23.443 -0.1555 0.47230 0.7064 0.8148

Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept):1 0.9909514 0.0707811 14.000 < 2e-16 ***

(Intercept):2 7.1025295 16.1596018 0.440 0.66028

d_fa 0.2975128 0.0466982 6.371 1.88e-10 ***

c_part 0.0074705 0.0007972 9.370 < 2e-16 ***

d_type3 0.1149705 0.0483971 2.376 0.01752 *

d_type4 -0.8916301 0.2851292 -3.127 0.00177 **

d_ccp_text 0.4979261 0.1165892 4.271 1.95e-05 ***

d_ca_mainorsub 0.2764898 0.0489089 5.653 1.58e-08 ***

c_cpvfam 0.0880080 0.0391724 2.247 0.02466 *

---

Signif. codes: 0 ’**’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Number of linear predictors: 2

Names of linear predictors: loge(munb), loge(size)

Log-likelihood: -1420.559 on 1435 degrees of freedom

Number of iterations: 11

Hosmer and Lemeshow goodness of fit (GOF) test

data: a_cpv8$c_bid, fitted(lold2_cpv8) X-squared = -4.1127, df = 8, p-value = 1



Appendix D
Market analysis summary

D.1. Market concentration indices
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D.2. SME’s and large enterprises share on
public procurement
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