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This thesis comprises three papers that representdbteeomoushapters. The
linking "fil rouge" between the essays is the investigation of the issue of
efficiency in the execution of public work®articularly the focus is on the
analysis of cost oveuns in infrastructure provision.

The efficient execution of public works cdre definedin terms oftime of
completion and final costs. From existing research, we know that construction
cost overruns are systematic and potentiallipstantialin public infrastructure
provision (Flyvbjerg et al., 2002, 2003, Odeck 2004, Cantarelli et al., 204).

can imply, among other effects, adverse impacts on the growth of local economies
and social benefits (Flyvbjerg et al., 2002; Ganuza, 2007; Lewis and,E24)at;
Guccio et al., 2012 and 2014).

The main objective of this work is toontribute to the existing literature,
providing a further advande the understanding of the nature of cost overruns as
well as of their main determinants, and to the measureafieheir impact on the
Italian infrastructure provision. To this purpose, in the first part ofthlesis,a
systematic review of the published empirical literature on the determinants of cost
overruns is carried out, highlighting differences in concaptdefinitions,
empirical approaches, study designs and characteristidbe revised papers are
then summarized by quantitative and qualitative methodologes critically
analyzed The second part of the thesis encloses two empirical papers that focu
on the ltalian public procurement system as a case study. Inltiothp explore,
empirically, some the reasons for cost overruns in infrastructure provision in Italy
that are not extensively investigated by previous literati@e specifically, by
looking at the expansion of cost overruns throughout the entireyidie of the

project, in the firspaper,l try to fill a gapin the existing literature othe topic.



was, thus, able to identify some phases that are more critical than others in
generating project extra costs and to disentathglie own contribution to the final

extra cost. In the second papefpcus on the design phase athlyse its impact

on the efficiency of the Italian public works. Studying the evolution of the Italian
regulatory framework in this sector,f i nd evi dence supporting

choices as emerging by the new Code of public works.

Chapter 17 The determinants of cost overruns in transport infrastructure
provision: A systematic literature reviewt

In this chapter] conduct a systematic literature review of those papers published
in peerreview journals in the period 20D16 and assessirgmpirically the
determinants of cost overruns in the provision of transport infrastructure

In the last years, sevalresearchefave paid attention to this issue with the aim

to assess the magnitude and the determinants of cost overruns in the transportation
sector. However, empirical findingare scatterecamong different strands of
literature, ranging from the figs of construction engineering and management to
that of applied economics. Compared to previous literature reviews, this work has
no equalin terms ofcomprehensiveness of the papers reviewed, methodology and
focus. In particular, the objective of the view is to identify the differences
existing in: (i) the conceptualization and definition of cost overruns; (ii) the
estimated costs; (iii)) the methods applied in the empirical investigations; (iv) the
determinants used in the estimation and their impacbst overruns.

To this purpose, as suggested by Littell et al. (2008), | folktandardized
transparent and replicable procedures. Therefore, the systematic literature review
is organizedalong three main stages: (i) explanatory literature researgh; (i
literature review; (iii) analysis, reporting and discussion. In the first stage (i), the
formal protocoldriven search strategis applied to the scientific database
SCOPUS that, compared to other social sciences resources, allotmodder
coverage bpeerreviewed journals and a reasonably cleaner definition of subject

areas. Accordingly, the beginning of the research implies the definition of

1In conducting this research, | am largely in debt with Marina Cavalieri (University of
Catania) and Calogero Guccio (University of Catania).



keywords, the construction of search strings, and the choice of the criteria of
inclusion/exclusion. The send stage (ii) consists of a descriptive and content
analysis of all the selected papers. Thus, a descriptive statistical analysis is
conducted to provide a summary view of the selected papers. Finally, in the last
stage (iii), each of the selected papéssreviewed and studied in depth.
Specifically, each article is read in parallel by two researchers, plus a third one in
the case of uncertaint§atarting from a total number of 945 papete final list
comprises 25 papers, plus another one that meetsmdfusion criteria through
snowballing. Consequently, the studies included in the review are 26.

The 26 papersare critically evaluatedn terms of cost overrun definition,
measurement and determinants. The differences mainly reflect the various
theoreical approaches and perspectives used in the literature to investigate the
issue of inefficiency in infrastructure provision. Indeed, according to the applied
economiditerature, thecritical elements of the procurement process represent the
main reasonfor the inefficiency in the execution of the projects, whose context is
charactesed by contract incompleteness, asymmetric information and lack of
powered incentives (Estache et al., 2009). These determinants are consistent with
the relationship betweeonost escalation and (i) biddéehaviour (i) auction
formats; (iii) other factors that influence the likelihood of contract renegotiation
(size, duration, etc). Differently, the construction engineering/managerial
literature mainly looks at the projeotgansation and managemenitt attributes

the existence of cost overruns to the following problems: underestimation of
project costs with respect to the project budget (underestimation problem);
occurrence of unforeseen technical and environmental eyscdpe changes,
technical reasons, characteristics of a given geographical area, etc.); specific

features of the project (typology, size and projects), etc.

Chapter 2 - On the magnitude of cost overruns throughout the project life
cycle: An assessmerfor the Italian public works contracts

The costgrowth phenomenon hdmeen attributedo several sources arisen in the
different stages along the lifycle of the project. However, most of the empirical

literature sharea common aspect: it mainly focuses cost overruns in the



execution phase of the project, thus neglecting what happens throughout the entire
life-cycle of it. Onlyfew papers have paid specifatention tothis issues (Chong

and Hopkins, 2016; Cantarelli et al., 2012; Terril, 2016).

Following the approach of the managerial literature, ghenary object of this
chapter is to understand how cost overruns of Italian public works evolve through
the various phases of the project Hifgcle and to disentangle the role of each
project phase in @termining the overall final cost overrun. For doing this, the
magnitude of cost overruns is estimated in the different phases of the process of
realisation of the public works, to determine the impact of each $tatjee
overall final performancer tems ofcost overruns) of the project. Based on the
previous literature| distinguish four stages of the project {ifgcle: (i) project
conception and administrative planning; (ii) project design and engineering cost
estimates; (iii) contractor selecticemd (iv) execution and project closeout.
Employing a dataset of Italian transport infrastructure projects for roads, started
and completed during the period 282013, | try to reconstruct the expenditure
flows over the entire project Ilfeycle, from thefinancing and the start of the
work, the awarded and the execution of the contract, up to the completion and
testing of the workTo assess the cost evolution by project phaskstinguish
between the costs of physical execution and all the other @bsts,| am able to
compute several indexes connected with the projeetyitée: (i) indexes for the
physical execution; (ii) indexes for the whole provision of the public work.
Someinterestingresults regard the behaviour of the contracting authoOty.
average] find that total cost overruns in the execution phase assume a negative
value and that the final coverage is around 26% higher than the actual cost of the
project. Therefore, the contractiagthoritiesseemto systematically overestimate

the extent of the final costsThis behaviour is more pronounced for financial
coverageFrom a policy point of view, the resulésising from the paper can be
relevant for restraining the growth of cost overruns in the execution stage,
suggesting the adoptioof more stringent rules in the budgeting and financial

coverage of therojects.
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Chapter 37 Assessing he role of design phase on cost overruns and time
delay: evidence from public works in Italy?

The design phads recognizeds one of the possible determinants of inefficiency

in public worksexecution,but empirical evidence on the topic remains scarce.
This chapter aims to contribute to the existing literature, widening the
understanding of the relationship between the @sotaken in the design phase
and the renegotiation of public contracts in Italy. The reasons for the low
performance of Italian public works can reflect the inefficiencies of the Italian
regulatory framework, the characteristics of the procurement system (
contractor selection mechanisms, contractual forms, inefficient types of contracts)
as well as problems related to the project design, its management and delivery.

To address the objective of this chapteinvestigate the role of the internal and
external designer on the performance in public works execution as measured by
cost overruns and time delays. Before the empirical analysis, an overview of the
evolution of the role of the design phase within the Italian regulatory framework
is provided The link between Italian laws on public works and design phase is
very strong It has changed over time, giving rise to different behaviours of the
procurer, who can strategically play on the use (and abuse) of a specific type of
contracti Design & Buildi and the choice to either outsource the design activity
or maintain a design ihouse. This section retraces the evolution of the regulatory
approach until the last Decree n.50/2016, which has transposed the last EU
directives aimed to increase the effiagrof the public procurement system.

Using a large dataset of public works awarded in Italy between 2008 andl 2014,
test the relationship between different choices taken in the design phase and the
performance of public works execution. The findings shiwat the presence of an
external designeris statistically associatedvith a higher cost and time
renegotiation. This issue is especially critical for small municipalities that are less
efficient than public companies. The formaso hasa much higher liglihood to
choosean external designer, probably because ofntloee relevantpresence of
unskilled and inadequate internal technical offices. Moreover, the capability and

the experience of the bureaucratic structures, influenced by the size and the

2 This chapter is the result of a joint work with Livio Ferrante (University of Catania).
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econonic conditions of the local governments, can affect bureaucratic
performance and contribute to the inefficiency in the execution of public works.
Concerning the use of Design & Build contracts, it appearbetmegatively
associateavith extra costs.

In conclusion, due to thiarge decentrakation of the public procurement system

and the presence afcomplex and often contradictory regulatory framework, the

Italian public procurement sector is an ideal estsely toanalyse the relationship

between the lwices taken in the design phase and cost overrun and time delays.

From the public policy perspective, in the light of the New Code of public works
(decree n.50/2016) , the findings from th
decision to improve the qlity and the performance of public works by
introducing a system of qualification of contracting authorities, which takes into

account the type, the experience and the endowment of technical personnel. On

the contrary, the empirical evidence does not supgpo t he r egul ator &s
weaken the strategic role that the contracting authority should play in the design

phase, putting on the same ground the involvement of either an internal or an

external designer.
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Abstract

Cost overruns are an endemic feature of transport infrastructure provision all over the
world. In the lastdecadesa considerable amount studieshasbeen devotedo
assessinghe magnitude and determinants of cost overruns in the transportation
sector. However, empirical findingare scatteredamong different strands of
literature, ranging from the fields of construction engineering and management to
that of applied economic3.0 shed light on the determinants of cost overruns in the
execution of transport infrastructure projeet® conduct a systematic review of the
empirical literature on theopic. Of the 945 articles retrieved, 26 articles published
between the years 20@0d 2016 meet our inclusion criteria. For them, we describe
the different empirical approaeh, provide a classification dhe determinants
employed in the analyses asdmmarse their impact on cost overruns. Finally, we
discuss some directions and camsefor further research in the field.

Keywords: cost overruns; transportation infrastructure; performance; determinants;
systematic literature review.

JEL: H54
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1. Introduction

The performance of infrastructure provision is a worldwide coniceptying not
only economic inefficiencyif., waste of public resources) but also a negative
impact on social welfare (Lewis and Bajari, 2011). In fact, the effipentision of
infrastructure as well as the capability to deliver the planned benefits severely
affected by execution problem$§he most welknown expressions of inefficiency
are cost overruns and time delays that are commonly considesedriglyaffect the
execution ofinfrastructure projects in most countries (Flyvberg, 2005; BEstat al.,
2009).

Over the last decademanyempirical studieshave focused on the evaluation of
cost overruns, looking at the issue frananifold points of view and in different
contexts. Indeedthe phenomenon of the increasplgnned costs of publigrojects
hasbeen widely studiedby different scientific disciplines, particularly construction
engineering and management but also applied economics.

In this paperwe conduct a systematic literature review ofahtécles published in
peerreviewed journals in the period 2062016 to assesshe determinants of cost
overruns in the provision of transport infrastructure empiricidlyarticular, we aim
at identifying the differences existing: (i) the conceptuakation and definition of
cost overuns; (i) the estimated costs(iii) the methods applied in thempirical
investigation; /) the determinants used in the estimation and their impact on cost
overruns

The approachappliedin this study follows a syematic quantitative analysis,
namely a research method used farsystematic quantitative description of the
content of the literature a particular field or one specificsubject(Pickering and
Byrne, 2014). For this purpose, as suggested by Littell et al. (28@&8)larded,
transpaent and replicable procedures must be followed. We definermal
protocotdriven search strategy applied to scientific database. Our initial
bi bl i ogr ap haredrawifiore theaSCAQRUS database. In fact, compared to
otherresources fosocial €iences such as the Social Science Citation InBeanLit
and Google Scholar, SCOPUS allows lbooadercoverage of peereviewed journals
and a reasonably cleaner definition of subject areas. Furthermore, it includes

relatively good coveage of citationdata in scholdy journals thatenableto assess
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the influence of a giverauthor/article/journal in the literature througflitation
analysis.

Our systematic review focuses on those studies that not only report the magnitude
of cost overruns budlsoattenpt to investigatehe underlying causes empiricallks
for the time span of thanalysis, we limit the reviewed literature to that published
since the year 2000. Indeed, prevititexaturemostly refers to singlease studies or
is based ortoo small samples to allow for robust statistical analyses and to provide
reliable results€.g., Morris and Hough, 1987; Pickrell 1992; Reichelt and Lyneis,
1999).

The present work is not the first one to review the existing literature on the
performance and charadstics of projects provisiorSome previous attempts have
been made to anay the same issue (Cantarelli et al.,, 2010a; Hu et al., 2013;
AhiagaDagbui et al., 2017). However, though worth mentioning, none of them
comes close to oursegarding comprehensiveness of the literature reviewed,
methodology and focus

The remainder of the papés organizedas follows. Section 2 presentir
backgroundand the methodpplied in the systematic literature review, also showing
preliminary results on bibi o0 g r a p h iocSectiam® pgrogides a4 raore analytic
assessment of the determinants of cost overruns in the provision of infrastructure,
looking at the problem from multiple points of view and iiffeslent contexts.
Section 4 offera unified pictureof the varidles used in the literature as proxies
the determinantsf cost overrunsFinally, Section 5 critically discugs the main
findings arising from this review and suggestirections for future research

investigations.

2. Backgroundand method

2.1 Setting the stage

Evidence from existing researaonfirms that construction cost overruns are
systematic and potentialgubstantialn traditional public infrastructure procurement
(Flyvbjerg et al. 2002, 2003, Odeck 2004, Cantastlial. 2012b). The cogfrowth

phenomenorhas been attributedo several sources arisen in tt#ferent stages
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alongthe life-cycle of the project. Analyzing thentire project cycle (see Fig. 1),
various cost estimatesan be madeat the various stepdf the processi.e., project
planning,decisionto build, tendering, contracting (and possibledatnegotiations)
and so on. Aeachstep factors can be identified that leave room for variation in
forecasted costthus affecting theverall efficiency of the project (Cantarelli et al.
2012b).

Figure 11 Typicallife-cycleof an infrastructurg@roject

Source funding
Inception forecasted Awarding End of
Project Proposal budget process construction

) ) ) ) ) ) (
Planning- Design phases Execution
Feasibility
studies
( J |\ )
! |
Firstmacrophase Secondnacrophase

Source our elaboration

Ideally, the project lifecycle canbe dividedinto two macrephases: {ithe first
phase, with reduced visibility, whose steps range from the project proposal to the
awarding phase and (ii) the second phase, which includes the contract execution and
the workrealisation until the end of theconstructionprocess. The firspart of the
project lifecycle path requires more time than costs, using few financial resources
although the design and the awarding processes are both important in determining
the final cost of infrastructure projects; the second part of the path needsmmth
and financial resources as agreed in the conthetrrangementwith the provider.
The contractsusually providesome forms of renegotiation of the agreed time and
cost to take into account thiiture contingenciesluring the execution phase.
Furthermore, cost estimates at each successive stage tyjneakit froma smaller
number of optionsmore significantdetails ofthe designhigher accuracy ofthe
guantities, and more precise information about upiices. Therefore, the
accuratenessf the estimated costs is better over time (Flyvbjerg et al. 2002, 2003).

However, variation in cost estimates is not the only factorfloencethe magnitude
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of cost overrunsindeed, cost overruns can be the result ofmedion errors,

voluntary orderiving from the strategic and opportunistic behaviors of bidders in

tendering contractswith variation in the cost performance of contrac{Blyvbjerg

et al. 2002; 2007)r can be due to scope changes (AhiBggbui and Smith 2014)

and reworks after the otpletion of the infrastructure work (Love et al., 2005).
Therefore to providea more indepthcomprehensionf the determinant®of cost

overruns in the execution phase, in this review we limit the scope of the analysis by

excluding papers related to iafitructure changes or reworks after project

completion

2.2 Method

As previously mentioned, the approach employed in this study is that of a
systematic quantitative literature reviews pointed out by Greenalgh(1997) a
systematic review of the literature is an overview ofrttaen studies thatiseexplicit
and reproducible methods of identification. To this purpose, several methodological
approaches havseen proposeih the literaturge.g. Tranfield et al., B03; Petticrew
and Roberts, 2006; Littell et al., 2008; Pickering and Byrne, 2014). Generally
speaking, three broad methodological techniques exist to conduct a literature review:
metaanalysis, qualitative or narrative review, and systematic review. Aa-met
analysis is an approach whereby empirical studies on a given salgecbllected
andanalysed statistically. In this perspective, a metaalysisis considerecffective
as long as the extracted studies have comparable research designs. The latter ofte
involves data conversion ansbphisticatedstatistical procedures. In contrast, a
gualitative review is a less rigid approach, employing several metmodsly
narrative that make it more malleable and, hence, comprehensive. The third
approach, the onapplied in this study, is a research method used for systematic,
guantitative description of the content of the literature in a particular field or on a
particular subject (Pickering and Byrne, 2014). For this purpose, as suggested by
Littell et al. (2008, standardsed, transparent and replicable procedures must be
followed.

More specifically, our systematic literature reviels organizednto three main
stages. In the fitsstage, we choose the datab&sde investigatede.g., Scopus,
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EconlLit, theSocal Science Citation IndexGoogle Scholar), review theelected
databaseising the search strings, and select the papersdodiged in detail. This
stage implies the identification of keywords, the construction of search strings, and
the choice othe criteria of inclusion/exclusion.

The second stage consists of a descriptive and content analysis of the selected
papers. In thisstage a descriptive statistical analysis is conducted to provide a
summary view of the selected papers. Afterwards, inldsestage,the selected
papers are reviewed and studied in deptie by one,to analye the existing
differences in the definition of cost overruns, in the emerging determinantis and
their related impactFigure 2 showsthe mainstepsinvolved in our s/stematic

literature review process.

Figure 27 Main stepsof the literature search and identification of studies

Stage 1Exploratory Literature Search

Definition of inclusion criteria to identify the relevant

Database choice papers in the sample*

Stage 2 Literature Review

Data collection Data analysis

Stage 3 Analysis, Reporting and Discussion

Reporting conclusions of the analysi&laboration of

descriptive statistics Discussion of the results

*Note: Criteria for filtersinclude period keywords and search stringdioice of subjecarea; criteria
of inclusion/exclusion;

Source:our elaboration
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2.3 Database choice and exploratory literature overview

A number ofdifferent online bibliographic databases include articles in-peer
reviewed journals (and in some cases other types of publications) and, thus, could be
potentialy used to perform our systematic review. At least, these include EconLit,
the Social Science Citation Index (SSCI), Google Scholar and SCOPUS. These
resources vary alongomecritical dimensions, onéundamentabeing whether the
database employs a cldgsation system that allowsalancingtwo opposing goals:

1) obtaining abroadcoverage othosejournals where iplausble that papers on our
topic are published 2) making a reasonabledistinction among the various
publication subjects. For its irrelavee in terms ofoverall journal coverage, we
exclude Google Scholar. The SSCI coverisnarily journal articlesandit is limited

to about 2,500 social science jourdaBconLit covers about 1,000 journdist it is

mainly restrictedto economic subjectsThe SCOPUS database includes over 21,000
peerreviewed journalsthat cover virtually all disciplines, as well as books and
conference papetsTherefore, by choosing the SCOPU&abaseye feel confident

to get a significant share of the publicatioapresenting the different strands of the
literature investigating the topaf cost overruns in transport infrastructure provision.

In fact, the SCOPUS databasmges from the general field of transportation to the
applied economic disciplines. Furthermaprit provides a reasonablyrecise
definition of the subject areas and includesatively good coverage of citation data

in scholar journals that enable to assess the influence of a given author/article/journal
in the literature througtcitation analysis Finally, compared to the SCOPUS
database, both the SSCI and EconLit Hanéed coverage of publications. Thus, we
select the SCOPUS database as the source of our bibliogaphie t adnat a o
publications assessing the determinant factors of cost ogemuthe provision of

transport infrastructure.

3 Further details on the SCCI coverage can be found at:
http://thomsonreuters.com/en/produse&vices/scholarbgcientificresearch/scholarly
searchanddiscovery/soial-science<itationrindex.html

4 EconlLit also includes books, book chapters and doctoral dissertations beginning with the
1987. Further details on the EconLit coverage can be found at:
https://www.aeaweb.org/econlit/content.

°® More details on the SCORJ database can be found at:
https://www.elsevier.com/solutions/scopus/content.
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Finally, in thisstagewe identify the criteria for the filters usedgelectthe paper
sample. In the firstearcheswe test differentcombinatiors of keywords attempting
to define the better criteria to obtain a general overvievesdéarctcontributionsin
the literature This is an important step to understand the distribution of papers on
cost overruns inlifferentacademic areas and its evolution over tiffiee filters used
in our work concern: (ithe time period (ii) the objective of thestudy, (iii) the
choice of thekeywords and search string®;) the subjectarea; (iv) the criteridor

inclusion/exclusia of papes.

2.4 Data collection

The second stage of our systematic literature repi@gesseginswith the data
coll ection. We empl oy the keywords mor e
overruitsy@aramat [ Aslalp safetuard the quatity df the review
and to enald an efficient synthesis, we limiur search to articles published in the
English language in peerreviewed journals over the period @00-2016.
Furthermore, we select as a general sulgecte a A Soci al Scoences &
Although this choicecould un some risks of omissionwe are howeverconfident
that our publication coverage is quite substahtial

In a first search, we find 945 papers that, however, cover a too broad range of
topics and subjedsTherefore, we limit our search on the followisubsubjects:
Business, Management and Accounting; Social Sciences; Engineering;
Environmental Science; Economics, Econometrics and Finance; Decision Sciences.

The efined search results consist of 796 papers with the following distribution:

®The use of keywords s adaptatiocso sit ¢ @s tmadk\ee ri rt u np*oos :
select papers containing the main variants of the topics.

" We also conduct some pilexaminations in other general subject areas in the SCOPUS
database (i.e. Life Sciences; Health Sciences; Physical Sciences), providing further support
to our choices.

8 Publication results by subject area are: Business, Management and Accounting (519);
Scacial Sciences (368); Engineering (292); Environmental Science (175); Economics,
Econometrics and Finance (165); Decision Sciences (97); Energy (27); Computer Science
(23); Arts and Humanities (19); Earth and Planetary Sciences (18); Agricultural and
Biological Sciences (10); Mathematics (10); Medicine (9); Psychology (6); Biochemistry,
Genetics and Molecular Biology (1); Chemical Engineering (1); Multidisciplinary (1). It
should be noted that the SCOPUS database uses ssahj#ct attribute classificatiohus,

the same paper might be classified in more than one subject area.
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Business, Mnagement and Accounting (485); Social Sciences (287); Engineering
(268); EconomicsEconometricsand Finance (149); Environmental Science (141);
Decision Sciences (80)To furtherrefine oursearchwe employ the keywords in the
SCOPUS metadata. Howevsincekeywords areausuallychosen by authorsn the
basis oftheir tastes, unsurprisingly they are highly heterogeneous and, in several
cases, their use results in a substafdssliof bibliographic data.

Thus, to provide a reasonable identification of the relevant literature, we further
refine our initial sample using information available in the abstract, with the
objective of excluding the papers without adherence to the present reaedrch
without avaiable full paper. More specifically, reading each abstract when available,
we are able texclude from our sample those publications that explicitly refer to cost
overruns in projects different from transport onesy( megaevents power plant
projects,software projects, pharmaceutical progecesidential constructiongtc).
Furthermore, we omit papers that adearly out of the goals of our systematic
review!’. Additionally, due to their contract peculiarities, we also exclude articles
that refer tgpublic-private partnerships or private finance initiatives in infrastructure
provision including transports Finally, we disregard documents with no available
abstractand/orthose that do not report in the abstract whether an empirical analysis
is condweted and/or do not provide evidence of empirical findings. However, we
apply the benefit of the doubt rule whenever, by reading the abstract, we are not able
to explicitly exclude the paper from our saniple

This further refinement identifies 62 articlggt potentially refer to cost overruns
in transportation infrastructure provision, whose full texts are retrieved and further

reviewed for eligibility in the final analysis.

® Again, given the fact that the SCOPUS database employs a-subjéct attribute
classification, the same paper might be classified in more than one subject.

10 Among these are those articles that in the abstract: refer to adaptation cost connected to
climate change or environmental waste; propose theoretical models without hew empirical
findings; report or analyze different measures of the perception magnitedstadverruns

and their determinants using survey of experimental data; employ only predictive or
forecasting models in specific project assessments, including risk management and cost
benefit analysis; merely present a review of previous papers; etc..

1 For a review of the economic implications of these contracts in transportation projects see
Button (2016).

12 Abstracts are read in parallel by two researchers, plus a third one in case of uncertainty.
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Figure 37 PRISMA flow diagram of the systematic literature review
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g review (n=26) snowballing (n=1)

Source:our elaboration

These paperare distributedaccording to the following sububjects: Business,
Management and Accounting (31); Social Sciences (24); Engineering (21);
Economics Econometricsand Finance (15); Decision Sciences (7); Environmental
Science (5). Additionally, considering the journals in which taey publishedwe
find a relatively broad dispersion but with the core of wdoking publishedn

leading transportation journafs

13 Considering only the journals with two or more pualion, our database refers to the
following distribution:Journal of Construction Engineering and Management (7); Transport
Policy (7); International Journal of Project Management (5); Engineering Construction and
Architectural Management (5); European @ of Transport and Infrastructure Research
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As a final assessment of our systematic reviewamadyse in detail each paper.
All the articlesare readn parallel by two researchers, plus a third one in the case of
uncertainty.Furthermore, since our formal protoabiven search strategy and our
choice of the SCOPUS database may fail to fimgportantreferences on the topic,

we implement a parallel check through snowballing, using the reference list in each

paper and checking the citations by a generic search engine (i.e. Google Scholar).

With this searchwe are able tadentify an additionapaperthatmeetsour inclusion
criteria. Therefore, the papers selected for the subsequent phase of descriptive

analysis ar@6. Figure3 reports the PRISMA flow diagram of our systematic review.

3. Results

3.1 General overview: evolution of the literature and main contributions

This section is devoted tescribingthe data included in the study sample. In the
next Section,we providea broaderdiscussion of thecontents and thempirical
findings stemming from thpapers in thsample Descriptive statistics based on the
sample data are presented to provide an initial overview odriaBsed literature.
Table 1 lists the journalsicluded inour sample The journals whosmainfocus is
on transport issuesi.€. Transport Policy, Transport Reviews, Transportation
Research A and B, Transport Planning and Technology and Journal of Transport
Geography) are also those whdhe highestpercentage of selected articles are
published (46.2%). Interestingly, Table 1 shows that a relgaation of the articles
referring to cost overruns for transportation projects publishedn journals with a
broader scope related to either planning920) or economic (26.9%) issues.

Table 2 provides the rank of tieadingjournals in our sample, by subject field
(i.e. with a focus on either transport or planning or economics) and according to the

SCimago Journal Rank (SJR)As shownin the table, jarnals with a focus on

(3); Journal of Financial Management of Property and Construction (3); Journal of
Management in Engineering (3); Transportation Research Part A Policy and Practice (2);
Applied Economics (2); Journal of the Arean Planning Association (2); Transport
Reviews (2).

“SIRisasiz¢ ndependent indicator of journal sbd
journals based on citation weighting schemes and eigenvector centrality. Within SJR,
citations are weightedybthe prestige of a journal. Subject field, quality, and reputation of
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transport rank first in the list, indicating that for this category the topic concerning
the determinants of cost overruns is a hot one. Furthermore, looking at the most cited
papers in our sample (Table 3), with the only exceptiothe® work by Bajari et al.
(2014), all other works are published in journals with a focus on either transport or
planning. Details regarding the 26 retrieved pagrer providedn Table A.1 in the
Appendix.

Table 1- Main journalsin terms ofpercentage of papers in the sample

Journals % papers in the sample
Transport Policy (6) 23.1%
Transport Reviews (2) 7.7%
Transportation Research Part A Policy And Practice (1) 3.8%
Transportation Research Part B Methodological (1) 3.8%
TransportPlanning and Technology (1) 3.8%
Journal of Transport Geography (1) 3.8%
% of articles in journals with a focus on transport 46.2%
Journal of Construction Engineering and Management (3) 11.5%
Australasian Journal of Construction Economics and Buildi)g 3.8%
Journal of Management in Engineering (1) 3.8%
Journal of The American Planning Association (1) 3.8%
Environment and Planning B Planning and Design (1 3.8%
% of articles in journals with a focus on planning 26.9%
Applied Economics (2) 7.7%
American Economic Review (1) 3.8%
Review of Industrial Organization (1) 3.8%
Economics Letters (1) 3.8%
European Journal of Political Economy (1) 3.8%
International Tax and Public Finance (1) 3.8%
% of articles in journals with a focus on economics 26.9%

Source:our elaboration on the SCOPUS database.
Note:Numbersin parentheses represehépapers in the sample

the journal have a direct effect on the value of a citation. For more information on Journal
Metrics and the use of SJR, see: www.journalmetrics.com.
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Table 27 Sample journal ranking

Journals

SClmago journal rank

Journals with a focus on transport

Transportation Researétart B Methodological 3.905
Transportation Research Part A Policy And Practice 1.810
Transport Reviews 1.635
Journal of Transport Geography 1.734
Transport Policy 1.347
Transport Planning and Technology 0.459
Journals with a focus orplanning
Journal of the American Planning Association 1.560
Journal of Construction Engineering and Management 1.219
Journal of Management in Engineering 1.060
Environment and Planning B Planning and Design 0.582
Australasian Jamal of Construction Economicsi@ Building n.a
Journals with a focus on economics
American Economic Review 8.048
European Journal of Political Economy 0.956
International Tax and Public Finance 0.799
Review of Industrial Organization 0.526
Economics Letters 0.612
Applied Economics 0.441

Source:our elaboration on the SCOPUS database
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Table 37 Most cited papers) terms oftotal citations (TC) andveragecitations per
year (TC/yeas since publication

Top 10 articles TC in SCOPUS TClyear
Flyvbjerg, B., HolmM.S., Buhl, S. (200 476 34.0
Flyvbjerg, B., Skamris Holm, M.K., Buhl, S.L. (2004) 163 13.6
Odeck, J. (2004) 82 6.8
Flyvbjerg, B. (2007) 45 5.0
Creedy, G.D., Skitmore, M., Wong, J.K.W. (2010 28 4.7
Bajari, P., Houghton, S., Tadelis, S. (2014) 21 10.5
Cantarelli, C.C., Molin, E.J.E., Van Wee, B., Flyvbjerg, B. (2012 19 4.8
Cantarelli, C.C., Van Wee, B., Molin, E.J.E., Flyvbjerg, B. (9012 18 45
Bhargava, A., Anastasopoulos, P.C., Labi, S., Sinha, K.C., Mannering(Z210) 16 2.7
Gkritza, K., Labi, S. (2008) 15 1.9

Top journals by article citations

Journals with a focus on transpor

Transport Reviews (2) 164 6.9

Transport Policy (6) 128 45
Journals with afocus on planning

Journal of The American Planning Associat{@h 476 34.0

Journal of Construction Engineering and Management (3) 59 3.1

Journals with a focus on economic

American Economic Review (1) 21 10.5
Applied Economics (2) 10 1.3

Source:our elaboration on SCOPUS database
Note:Numbersin parenthesesepresenthepapers in the sample

In the nextSection,we discuss théifferent definitions of cost overruns adopted

in the papers of our samplehile in the subsequent Section aealyse the methods

employedo identify themaindeterminarg of cost overruns.

3.2 On the definition of cost overruns

By reviewing the identified sample of empirical works on cost overruns in
infrastructure provision, two issues are noteworthy: the definition of cost overruns
and the identification of their determinant factors. In ®eéxtion,we try to look at
each of heseissuesthrough the lens of either the applied economic or the
construction engineering/managerial literature. The goal here is to bring out the main
differences between the two strands of research. Starting from the consideration that

there is neitherunambiguous way nor international convention to refer to the
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phenomenon, marked differences exist in the way cost overruns are defined and,
hence,operationalizedn the relevant literature. From a merely terminological point
of view, the economic literatr e r ef ers to cost OMeerruns a:
the focus is on the e@ 0 s t modi fication of the projec
when the initial contract design is endogenously incompldte.term has been used
by Bajari et al. (2014), whodefne adaptati on costs as fAany
above and beyond the direct production c
production costs the other source of the cost increases following a modification of
the initial plan-ar e ft hestdsi refctt ke ©Ondalsinilar dne,a | WO r k
Guccio et al. (2012a: 1894) refer to adaptation costs as the cost of adapting post
award changes.
Furthermore, Baj ar i et al . (2014: 1294)
Ai ndirect o aliracp adaptation nostscavesdues to disruption of the
initially planned work, which affects the contractual obligations, giving rise to
disputes and, hence, increased lexgets On the contrary, indirect adaptation costs
are due to resources devoted tatcact renegotiation and dispute resolution. Behind
boththese two typologies of adaptatioasts thereis the contractual incompleteness
that leads to adjustments, extnaorks and claims for deductions if woris not
completedbn time or if it fails to neet the agreed specifications.
Operationally, the abovdefined adaptation costse generally computeals the
difference between actual, or final costs, and the contract costs as a ratio of the
contract costs, whereas the latter are those representingltieeof the winning bid
(Guccio et al., 2012a; limi, 2013ung, 2016)Similarly, Dearolis and Palumbo
(2015: 77) refer tgorice renegotiation (i.ethe extra cost of renegotiatipand
compute it asithe percentage change of the final price paidhéocontractor relative
to the awarding priae Slightly differently, Bucciol et al. (2013: 3®efine cost
overruns as the difference betwedihe final price at the end of the works and the
price winning the auction, as a ratio of the reserve pifadich could be different
from the awarding price).
A different empirical strategy haseen proposetly Guccio et al. (2012b)he
authors argue that considerimiistinctly cost overruns and time dekgoes not
allow evaluating th@verall performance bthe procurer in carrying out the contract

Hence, theypropose the use d benchmarkingapproachby defining a frontier
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envelopment surface for all contracts in the samgi@ployinglinear programming
techniques (namely, Data Envelopment Analysi€hanes et al. 1978).More
specifically, Guccio et al. (2012b) assume that for the given targets of time and costs
agreedin the contragtthe best performers should be considered those tettris
paribus minimise the actual time and costs

Concerninghe construction and engineering/ man
overrunso is the term usually encountered
reference from where this should be measured. The use of different reference points
contributes to explaithe existingsignificant variation in estimates of cost overruns
in the transportation sector. In their studies, Flyvbjerg and his colleagues (Flyvbjerg
et al. 2002 and 2004; Cantarelli et al., 2010b and 2012a,b,c) opt for a@atiric
approach, usinghe cost estimates thate approvedt the time of thelecisionto
realize the projectMor e specifically, they define ¢
mi nus estimated costs in percent of esti me
accountedconstructi on costs deter mi ned at t h
(Flyvbjerg et al., 2002: 281) while the estimated costs are those either budgeted or
forecasted at the time of t hGontrdnitdthe mal 6 o
previous literaturehere the focus is on decision making, that is to say on the
inaccuracy of early cost information at the tighecisionmakers decide the budget

allocation and give the gahead to build the project.

3.3 The determinants of cost overruns

Some relevant fferencesalso existin the way the two strands of literature
analyse the determinants of cost overruns in the execution of transportation projects
empirically. These divergences cadpe primarily tracedback to the different
theoretical approaches and pmstives used to investigate the issue of inefficiency

in infrastructure provision, which is reflected in a-abways concordant definition

15 Finocchiaro Castro et al., (2014pply the approach proposed by Guccio et al. (2012b) to
investigate the role of the quality of local environment on public contracts performance.
They find that the characteristics of the local area where the public works are executed, as
captured by di#rent dimensions (such as, social capital and corruption), are significantly
associated with the outcome in the execution of public works, even after controlling for all
other relevant factors.
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of cost overruns (see above) and often result in different conclusions. The approach
followed by the economic litature leads back the cause of the inefficiency in the
execution of projects to theitical elements of the procurement process in a context
characterizedby incomplete contracts, asymmetric information and lack of powered
incentives (Estache et al., 2009)

Differently, the construction engineering/managerial literature seeks the
determinants of cost overruns above all in the project organization and management,
which is likely to determine the following problems: underestimation of project costs
with respect to the project budget (underestimation problem); occurrence of
unforeseen technical and environmental events (scope changes, technical reasons,
characteristics of a given geographical area, etc.); specific features of the project
(typology, size and pijects), etc.

In the following we analyzeeach of the two strands of literatuséth regard to
the determinants of cost overruns, trying to highlight the main differences and

similarities.

3.3.1 Applied economic literature

The applied economic literature on infrastructure provision is mainly focused on
public procurement and includes several studies whose objective is to evaluate
empirically the performance of public contracts executiaith respect tocost
overrunsand/ortime delaysRooted in the theoretical assumptions of the incomplete
contract theoryHart and Holmstrom, 1987; Hart, 1995 and 2003; among others)
this research strand pays attention to the characteristics of the procurement process,
finding results constent with the relationship between cost escalation and (i) bidder
behaviour, (ii) auction formats and (iii) likelihood of contract renegotiation.

A part of this literature focuses on the strategic role of auctioneers in the
procurement proces3he room fo ex-post opportunistic behaviors is assumed to
depend on relevant factors such as the characteristics of bidding actors (e.g. the
buyerds technical expertise on both the f
tendering organization and managemerit® tlegree of tendering competition, the
characteristics of the procured work (mainly, its complexiBaj#ri et al., 2014;
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Immi 2013). Indeed, if thecontractualdesign is incomplete and thgroject is
complex anauctionmay lead to an adverse selectimoblem (Bajari et al., 2014).

In such a situation, the bidder who is the most aware of the contractual blanks could
benefit from a higher likelihood of being selected. By anticipating the advantages
that could take from situations that are unforeseehdrcontract, the bidder will not
hesitate to propose an unrealistically low price. This type of bidOelgaviour
(known as alow-balling strategy) is expected tmopardse the most important
objective of tendering, that is ®ay, allocative efficiency.Analysing this problem

and the related endogeneity issue with regard to the transport infrastructure
procurementlimi (2013) assesseempiricallythat bidders are likely to anticipate-
postcontract adjustments and take advantage ofaweballing straegy, causing
vicious circle oflow-balling and renegotiation that resultsantual cost overruns and
project delays.

The empirical work of Bajari et al. (2014finds a relationship between
opportunistic biddembehaviourand incomplete contract. Theyav that bidders
respond strategically to contractual incompleteness and that adaptation costs are an
importantdeterminant of the observed bids. Moreover, they provide further evidence
that adaptation costs are one of the drawbacks of the traditionaktitiwepbidding
system. These pieces of empirical evidence are consistent with the theoretical work
of Bajari and Tadelis (2001), where ig arguedthat adaptation costare a key
determinant of contract forms and award mechanisms in private sectouctostr
The authors note that in the private sector, open competitive bidding forpiibeed
contracts is not so frequent because it is perceived to create high adaptation costs.

As for the way auction design may affect cost overruns, Bucciol et al3)201
consider a sample of small road and building maintenance public projects procured
in the Italian Veneto region in the years between 2004 and 2006, when the regional
law enabled procurers to choose the rules for the auction from a variety of different
mechanisms in terms of format (i.e. first price or average bid fotfnat)d entry

16 Under an average bid auction mechanism (lannou and LeB8),18@ winning bid is the

one closest to the average of all the bids, and the contractor receives its asked price. An
average bid format is considered by the theoretical literature better suited to avoid the
adverse selection problem arising in a firse@ruction when the contractor fails to meet its
obligations and, hence, downloads on the procurer large cost overruns. However, when
bidders collude, even an average bid auction may not prove to be effective in preventing
adverse selection (Albano et,&1006).
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requirements (i.e. open to all qualified firms or restricted only to invited ohlesy.
find that cost overruns are smaller under the Itafimaragebid format, but only
whenthis formatis combinedwith restricted entry.

Some authors investigate the relationship between cost overruns and the
renegotiation of theontract Among these, Bajari et al. (2014) try to estimate the ex
post adaptation costs resulting from incomptatetracts. After developing a stylized
model to incorporate expected changes in payments and adaptation costs into the
bids exante, they apply the theoretical framework to a panel dataset of highway
procurement in the state of California. They find trddaation and changes dhe
major determinants of bidosts in the construction industry and relevant potential
sources of inefficiencyDifferently, from the previous literature, they also reach the
conclusion that adaptation costs (both direct andrecti seem to impose more
distortions and frictions than rents from private information and market power, and
unbalanced (strategically skewed) bidding: adaptation costs account fb4%.5f
the winning bid. Moreover, they find that the contractual ingleteness that leads to
adjustments, extra work, and deductiare positively correlateavith the direct
costs from disrupting the normal flow of wofke., direct adaptation costs) and the
indirect costs of renegotiationd. indirect adaptation costs)

Based on these findings, a quitecomplementary work Jung (2016) examines
the direct effects of incomplete contracte.( contracts requiring upon completion
extraoriginally unspecified work) on procurement costs. He considatatasetof
road construction projects procured by the Vermont Agency of Transportation in the
period 20042009.The results show that there is a significemst difference between
projects thatare renegotiatefbr extra work and those that are not. Followingilet
al. (2014), renegotiation imposes various transaction costs, among which are
adaptation costs due to legal disputes oveipast extrawork and workflow
disruptions.n line with the abovementioned studies, DeCarolis and Palumbo (2015)
empirically test the effect of design and build (D&B) contracts on time and cost
renegotiations.Using a dataset of contracts for public works (including roads)
awarded in Italy between 2000 and 2007, the authors find that the use of D&B
contractscauses greater costnegotiations but cost overruns decrease when the

designis externalizedto a third party. Renegotiations are economically relevant,
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averaging to about 6% for prices and 7@86 delay, though the two measures are

nearly uncorrelated.

3.3.2 Construction egineering/managerial literature

Though sharing the same overall technical approach in the investigation of the
determinants of cost overruns, the construction engineering/managerial literature
presents a quiteheterogeneouspanoramaregarding empirical reults. These
differences are due to factors such as the study context, the type of analysis and the
applied methodology. However, as previously mentioned, the main reason behind the
not always overlapping results lays a different wayto actually measurecost
overruns, more specifically in a naoherent identification of the reference time
point at which to calculatéhe estimated costs

In the studies by Cantarelli et gd2012a) and Cantarelli et a[2012c) some
considerations are presented about difeerences of results within this strand of
literature. The provided explanations include differences in:

- the use of the time of the formal decision to buldd the actual
opening year as the basis for the estimated and actual costs,
respectively;

- theuse of either nominal or real prices;

- the way to handle data;

- the sample size;

- the geographical area, linked to different economies;

- the project type, namelomplexity,and management.

By focusing on the divergence between estimated (forecasted) and actual costs,
the construction engineering/managerial literaigeeerallyidentifies in the former
one of themain sources of project cost escalation. They agree that cost estimates
represena significant parameter of a project, being the basis for cost control during
project delivery and, above all, the driving force of project achievement.
Notwithstanding, planners tend to underestimate the costs in the first phases of the
project lifecyde, thus resulting in inaccurate cost forecasts and potential biases.

Indeed, cost underestimation and deception in decision making for transportation
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infrastructure is the objective of a body researchersiming at understanding the
practices used to dele whether such projects shoble builtor not (Flyvbjerg et al.,
2002). Regarding project size as a potential determinant of cost overruns, Odeck
(2004) and Cantarelli et al. (2012a) reach different conclusions. In particular, by
investigating Norwegia road projects, the former author shows that cost overruns
are more predominant among smaller projects than larger ones.

Other studies indicate that oftgmroject sponsorsroutinely ignore, hide, or
otherwise leave oudignificantproject costs and riskto make total costs appdaw
and, hence, to obtain the support by taxp
(Flyvbjerg, 2005). Similarly, project promoters may also introduce potential risks in
a different moment of projectealisation so as tamake costs appear low as long as
possible(Flyvbjerg et al., 2002). Possible explanations for dlaberatentention to
underestimateostsare groupedn: (1) technical, (2) economic, (3) psychological,
and (4) political (Cantarelli et al. 2010a).

As far as technical reasons are concerned, a degree of uncertainty exists when
designing a project because of unforeseen events that could occur during the
execution of the work. Therefore, adaptation costs may be due to technical reasons
(factualerrors, notleliberately made) such as price rises, scope changes, poor project
design and implementation, armughestimations.

However, cost underestimation is not always the resuiboéstbehaviour From
a selfinterest point of view, as long as a project gimsvard, it creates work for
engineers and construction firms, and many stakehoédertikely to increase their
earnings. From a public interest point of view, project promoters and forecasters may
deliberately underestimate costsorder toincentivise public officialsto cut costs
and, hence, to save on public resources (Flyvbjerg et al., 2002). In the case of public
works, underestimating the costs of a given project is likely to result in an artificially
high benefitcost ratio for that projeciThis not only gives wayto a project despite
the fact that is not economically viable but also divert resources from alternative
projects that would have yielded higher returns had the actual costs of both projects
been known

Psychological explanations caiso beprovided to explain biases in forecasts.
One of these isthespal | ed #Aopti mi sm biaso, whi ch |

forecasters to underestimate project costs, due to the tendency to exaggerate their
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own talents concerning the degree of cohtreer events during the project design.

As a result, they make decisions based on delusional optimism rather than on a
rational weighing of gains, losses, and probabilities (Lovallo and Kahneman, 2003).
In short, they overestimate benefits and underegticasts.

With regard to the political explanations, an optimistic design of a work may
represent an instrument for changing priorities across different projects, for
producing shorterm political benefits as arising from the possibility of increasing
the number opublic works to be started even if, in the mediunong term they
will be delayed or even not completed, because of financial problems.

Few studies tryto test this political behaviour interpreting the effect of
overestimating the net befits of projectan terms oflying (Flyvbjerg et al., 2002).
Indeed, real difficulties exist in investigatinghe role of political/psychological
factors on cost overruns empiricallyhis factis well summarizedn Table A.1,
where technical explanatiomse among the mostvestigateddeterminants of cost
overruns for transportation projects while empirical analyses accounting for
psychological and politiceéconomic reasons are less frequent.

More recent surveys find other aspects that may influense aeerruns. By
investigating the occurrence of unforeseen technical and environmental events,
Verweij et al. (2015) focus on the relationship between cost overruns and contract
changes. They find that scope changes tewhnical necessities are the most
significant reasondor contract changes in transportation infrastructure projects.
Moreover, smaller projects afeundto have higher relative contract change costs,
especially those due to omissions in the contract. Even the geographical area could
play a role in cost overruns. The study by Canterelli et al. (2012a) tests this
relationship. They outline that geographical location matters for project performance,
to a varying degree according to project type.

In the construction engineering/manageriakéitare on cost overruns, few studies
have considered the relationship between cost overruns and the different project
phases. In this respect, they are apparently quite close to the applied economic
studies though the former neglect to investigate theureatof the procurement
process. Among these, Odeck (2004), first, and Cantarelli et al. (2012a), later, study
at which stagesprojects are more vulnerable to cost increases. Between the initial

forecasted budget of construction costs and the start oftrachon, several
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estimates are made and refined before the final approval. Odeck (2004) thus suggests
that the reference point for determining a cost overrun should be at the detailed
planning stage where desigpecification,and finalcostare deternmed. Cantarelli

et al. (2012b) make a distinction betwgerconstructiorphase (the period between

the formal decision to build and the start of construction) and construction phase (the
period between thestart of construction and the start of operatino peni ngo) .
Summing up, the authors show that the frequerasywell as the magnitudef cost

overruns in preonstruction phase are significantly higher than in the construction
phase, as project plans become more detailed and costs can be betétec stirar

time.

4. A unified picture of the determinants of cost overruns

To provide a more hdepth picture of the determinants of cost overruns in our
literature samplethe data of the 26 papexgre collectedn a spreadsheet indicating
information onthe categoryof determinants and variables used as a proxy to find
them. Further, we divided the reviewpdpersinto two categorieon the basis of
two strands of literature: economic literature and construcemgineering
managerial literature.

In the following step, we categorized the determinants in ten items regards the
relative specific areas (i.e. bidding process, elements of contract, work, regulations,
characteristics of the project, environmental festgpoliticakeconomic factors,
technical reasons, psychological factolbghavioural factors). Given the huge
number of variables involved the empirical studies, to obtain an easily managed of
the determinants, we operationalize them using the comdspmp code of study.
Thus, the results consist to collocate the different variables used as a proxy for the
determinants using the code of the relative paper. The code of identification
corresponds to the ID number in the table A.1 in the Appendix A.

Our systematic literature review revealed a great variety of determinants and the
variables used for thewmperationakation Many studies used several variables to
identify one determinant. In such case, the identification eaderepeatetbr some

timesequal to the number of variables involved.
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To assess the impact of the evidence of each reviewed study, we considered the
nonmarkedoperationakation to record a positive effect of the variables on cost
overruns and used a negative sigrid represenho impacts on cost overruns.

As reported in Table B.1 iAppendixB, from the systematic analysis of the 26
paper, we recorded 125 occurrences of variables to proxy 24 type of determinants
groupedinto 10 categories. The number of determinants investigated from each
studywas containedetween a minimum of one and a maximum of nine with on
averagea number othree.

The two strands of literature focus on the determinants of cost overruns in
different ways. The distribution of occurrences reflects the different approach used
from the twoliterature The applied economic studies reviewed pay more attention to
public pracurement aspects individuatir® determinants using 56 variables. The
managerial studiend 16 determinants that regard theecifics of the project and
other factor linked tanareger behaviour and management of the project using 69
variables.This can siggest that economic studiase focusedn a little number of
determinants investigated more deeply The managerial studies, instead, use a
large number of determinants, focusing their attention on the projectmaime
determinants a f/@pportunisc  bifidSrtbehaviae g i a a d t he
ACompl exity of @ etudiesd The mare invastigatdd nianagerial
determinants are the Type of project indicated by 11 studies, followed by the issue of
Underestimation of cost withO studies. Thecatecor y A Char acteri sti c ¢
is most investigated and mainly from construction engineeriagagerial literature.

The point of contact of the two strands of literatarerepresented by the partial
over|l apped of the i nprgecte,sti G@hlar aicTtyerei satnidc
ARChangei B8cdpes change and CComrerdely athet y of v

determinants seem more specific of each approach.

5. Concluding remarks

This study synthessed a large and diverse body of literatuamalysing the
determinants of cost overruns in infrastructure provision. Our systematic review
focused on those studies that not only report the magnitude of cost overruns but

attemptto investigatehe underlying causes empiricalls for the time span of our
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andysis, we limit the reviewed literature to that published since the year 2000. Of the
945 articles retrieved, 2@rticles met our inclusion criteria. In our review we
described the different empirical approaches, provide a classification for the
determinats employed in the analyses asuwimmarse their impact on cost overruns.

Not surprisingly, a large body of identified studae publishedon transportation
and managerial/planning journals. However, we find a significant and increasing
attention alsori appliedeconomics journal.

We find relevant differences in the tvepproacksboth in thedefinition of cost
overruns and in the identification of their determinant factors. Furthermore, our
review provides a succinct guide to the various determinaint®st overruns and

their operationakationusing different variables as a proxy.
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Table A.17 Details of the selected studies on the determinants of cost overruns in transport infrastructure provision

ID Author (year) Country/ies Sample Objective Methodology Definition of cost overrun Results/conclusions
1 Bajariet. al.(2014) California- 819 highway paving| To measure thg Reduced form| Adaptation costs arall costs that| Renegotiation imposes significant adaptati
U.S.A projects with a total economic costs of ex| regressions and are incurredabove and beyond th| costs and shows thatlaptation costs accout
awarded value of $2.2] post adaptations tha| structural empiricall direct production costs of th( for 7.5 14% of the winning bid.
billion; a total of 3,661| result from | model with  a | project. Distinguishing between Reduced form regressions suggest that bidc
bids submitted by 344 incomplete contracty semiparametric two kinds of adaptationasts: respond  strategically to  contractu
general contractors| which force the buyer estimation method. 9 direct adaptation| incompleteness and that adaptation costs
procured by Caltrany and  supplier  to costs due to| an important determinant of their bids aad
from 1999 through 2005.| negotiate adaptations| changes thal significantpotential source of inefficiency.
both to the scope o disrupttheinitially
work and to plannedwork;
compensation an( 1 indirect
which may result in adaptation costs
considerable due to resource
discrepancies devoted to
between the winning contract
bid and the final renegotiation and
payment. dispute resolution.

2 Bhargava et al. (2010) | Indiana (US) | 1,862 highway projecty{ To investigate the Threestage least| Difference between the dmiilt Evidence of a simultaneous relationst
implemented from 1995 factors affecting timg squares regressio| project cost and the winning bid | between cost overruns and time delays. 1
to 2001 by the Indiang delay and cost analysis amount contract size, project duration, expect
Department off overrun against thq weather conditions, and results of the contr
Transportation. background of thei bidding process are some of the factors t

simultaneous are found to be statistically significant in tf
relationship overruns models. However, the strength of the
relationships varies by projetstpe.

3 Bucciol et al. (2013) Italy Fixed reserve pricd To study the| Non-parametric testy Difference between the final peac| Cost overruns are smaller under the ltali
contracts up to ong correlation betweer| and Heckman| at the end of the works and tlj averagebid format, but only when this forme
million euros, held in thg the cost overrun ang regression. pricewinning the auction, as a rati| is combinedwith restricted entry.

Italian Veneto region some features of th to the reserve price.
between the years 200 auction format and
and entry mechanism.
2006 and completed b]

the end of March 2009

procured by ltalian

Observatory for Publid

Contracts. Mainly

regarding road workg

(40%) and building

maintenance (29%).

4 Cantarelli et al. (2012a) 17 countries| 78 larges c a |l e (| To establish thg Descriptive statistics| Divergence between estimated g Geographical location matters for proje

plus 2 | million) transport| extent to  which| nonparametric tests| the time of decision and the costs| performance, to a varying degree according
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categories infrastructure project{ project cost| simple linear| the actual opening yearrd. year in | project type. As geography often relates
(South completed after the yeg performance differs| regression analysis | which operations begin) other characteristics like the decisipraking
Europe and| 1980. 728 internationa] with geographical style, the system of governance, and -
other projects location. culture in countries, it may indiaatwhether
developing and which of these factors may play a role
countries) project performance between countries.
Cantarelli et al. (2012c) The 78 larges c al e (| To investigate| Descriptive statistics] Divergencebetween estimated (i.§ Project type matters in explaining co
Netherlands | million) transport| whether project type| nonparametric tests| budgeted, or forecasteq overruns: road projects are particular
infrastructure projecty project size and th¢ simple linear| construction costs at the time ( vulnerable. Smallprojects have the larges
completed after the yeg implementation phasq regression analysis | formal decision to build) and actui average percentage cost overruns but, in te
1980 are relevant for the (i.e. real, accounted constructiq of total overrun, large projects haeelarger
variance in  cosf costs detenined at the time of share. The length of the implementation phi
overruns and whethe| project completion) costs and especially the length of the pr
these variables ca construction phase are important determina
explain the of cost overruns. Politicakeconomic
differences in cosi explanations seem the most likel
performance betwee Determinants for cost overruns in tt
Dutch projects and Netherkinds differ from worldwide findings.
other worldwide
findings
Cantarelli et al. (2010b) The Two railway projects: the To empirically | Case study analyses | Divergence between estimated (i Lock in can appear at both the decisi
Netherlands | Betuweroute andhe the| investigate whethe budgeted, or forecaste¢ making and the project levels, and it can le
HSL-South lock in has actually, construction costs at the time ( to cost overruns through methodology a
taken place in ¢ either o6for mal 6| practice
project and, if it has build) and actual (i.e. real
whether it has| accounted  construction  cos
influenced the determined at the time of projeq
performance of thg completion) costs
project
Chong and Hopking 13 48 completedCC'sroad | To quantify cost| Descriptive statistic§ Divergence between either fundirl Mean increase between FA and FC = 13t
(2016) developing construction projecty evolution in MCC| and simple lineaj aut hori zati on (| Most uncertainty during the design phas
countries: whose funds were | road construction| regression analyses | (EE) estimates anfihal cost (FC) | mean increase between FA and EE ~ 10(
Burkina Faso,| authorizedbetween 2005 analyse causes of co Compact signing date, competitive biddir
Cape Verde,| and 2010. evolution, and strategies, road length (project size), a
El Salvador, identify targeted designworks variation matter inexplaining
etc interventions to cost changes. Evidence of underestimation
minimize variability FA estimates and contractor underbidding
in international
development  dono|
road projects
Creedy et al. (2010) Queensland | 231 highway projecty to identify the factors| Descriptive analysis| Di f f er enc e bet Of particular concerrfor costoverrunsare
USs) published in theRoads| that influence| factor analysis, exper| actual prgect cost and programme| changesn project designs and scope chang
Implementation Progran| significant project| elicitation, nominal| cost during project development. Among tt
documents of thg cost overruns for thg group technique various explanatory factors consider
Queensland Departmer| owner and to propos{ stepwise multivariatg (project type, indexed cost, geograpt

of Main Roads over thg

an analytical mode

regression analysis,

location, project delivery method, etc.), tt
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financial years from|
1995 1996 to 20022003

that correlates projec
attributes to the leal
of their cost overrung

regression analysis shows a weak correlat
between th size of highway projects, s
measured in the indexed programmed cost

and owner project the size of cost overruns.
risks  relating to
decisionto-build
budgets
9 Decarolis and Palumbq Italy All  contracts awarded To study price and A graphical and g Extra cost of renegotiation: thq The results show that price renegotiations
(2015) between 2000 and 200 time renegotiationy regressiorbased percentage change of the final pri{ largerthan 5% involve 46% of the contract
and completed by Augug and a causalanalysis| approach. paid to the contractor relative to tif while time renegotiations larger than 5'
2011 provided by ltalian of the effect of D&B awarding price. involve 83% of the contracts. Renegotiatio
Authority  for  Public| contract on  the are economically relevant averaging arou
Contracts. renegotiation. 6% for prices and 70% for time.
Moreover, correlations of opposite sign resu
1 the reserve price might b
negatively associated witl
extra time because penalti¢
for delays are proportional
to the contract value.
1 Its positive association witt
price renegotiations can b
explain because of mor
appealing for contractors t
renegotiate larger contracts.
About the relationship between Design
build contracts (D&B) and renetiation:
T D&B contract causes greate
cost renegotiations;
Cost overruns decrease when the desigr
externalized to a third party relative to D&
contract.
10 Eliasson and Fosgera] Sweden 461 road and rail To investigate| Simulations Divergencebetween estimated an| Bias in cost underestimatianay arise simply
(2013) investments thal whether cost overrun actual costs as a Oselection bia
competed for inclusioin | and demand shortfall bias at all in predictions ex ante. Such
the Swedish transpol are due to selection bias is bound to arise whenever
investment plan 2010| misrepresentation ante predictions are related to the decisic
2021 (i.e. deception) o whether to implement projects.
selection
11 Finocchiaro et al. | Italy 3,113 interventions fol To benchmark the Nonparametric Based on benchmarking approal] The empirical analyses show that low
(2014) roads and highways efficiency of public estimation method defined by Guccio et al. (2012a ar efficiency in public contracts executiors
whose engineering wor k c ont r| (DEA) and parametrig b) associatedwith greatercorruption in the aree
estimated costs rang executionn orderto | method(SFA). where the infrastructure provisiéslocalised

from 150,000 euros to
million euros, awarded ir|
the period 2002004 and

completed by 2005 ir

evaluate the effects o
environmental factors
on the performance ir|
infrastructure
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Italy.

provision.

The authors|
investigate the|
association betwee
the efficiency of
infrastructure
provision and the

level of corruption.

12 Flyvbjerg (2007) 20 nations| 258 highspeed rail and To assess economi| Descriptive statistics| Divergence between forecastq No signficant difference for cost escalatio
and 5 | conventional rail, bridge| risks in terms of cos{ analysis of variancg construction costs at the time ( between higtspeed rail and ordinary rail
continents tunnel and road projects | and revenue in urbal and nomparametric| decision to build and actual costs.| which is very large. This combined with hig
(Europe, rail projects. tests. standard deviation led to a high level
North uncertainty and risk regarding forecasts
America and costs.
other) Type of project and error of underiesating

costs affect cost escalation.

13 Flyvbjerg et al. (2004) | 20  nations| 258 rail, bridge, tunne| To test whether cos| Simple linear| Divergence between forecastq Cost escalation was strongly depemiden the
and 5 | and road projects escalation is affecte¢ regression analysis | construction costs at the time ( length of the implementation phase. F
continents by: 1) length of the decision to build and actual costs | bridges and tunnels, larger projects he
(Europe, project larger percentage of cost escalation. The ¢
North implementation do not support the ofteen claim that public
America and phase; 2) size of th ownership is problematic per se and priv:
other) project; 3) type of the ownership is a main sourag efficiency in

project ownership curbing cost escalation. The type
accountability matters more to cost escalat
than type of ownership.

14 Flyvbjerg et al. (2002) | 20  nations| 258 rail, bridge, tunne| To examine four| Descriptive statisticy Divergence between estimate¢ Cost underestimation cannot be explained
and 5 | and roadprojects kinds of explanation and nonparametric| (defined as budgeted, or forecastq error and is best explained by strateg
continents of cost | tests construction coststathe time of| misrepresentation, i.e., lying
(Europe, underestimation: decision to build) and actual costs
North technical, economic
America and psychological, and
other) political

15 Gamez and Toural Over 60| A sample 89 and a subs| To develop a bette| Descriptive statistics| Difference between actual an No evidence of either systemat

(2010) developing of 65 transportation| understanding of thq analysis of variance| budgeted (defined as the origin| underestimation of costs or learning effe
countries projects sponsored by th performance of thes{ simple linear| estimate or forecast at the time | Project duration does not affect tt
World Bank large infrastructureg regression analysis | decisionto build a project) costs performancevith respect t@ost and delay.
projects in developing
countries.

16 Gkritza and Labi (2008) Indiana (US) | 1,957 project contracts | To investigate thg Multistep Difference between the dmuiilt Contract award amount and specified contr

distributed at various frequency and| econometric approach project cost final amourand the period are influential factors of cost overrur

locations across the six
highway administration
districts in Indiana over

the period 199001

magnitude of the
problem of cost
discrepancieson the

basis of key

contract award amount.

A nonlinear relationships foundbetween the
cost overrun amount and the contract aw:
amount. For relatively small projectsp(to $6
million in contract award Amount), increasin
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characteristics of thgq

contract award amounts lead to decreas

bidding process cost overruns while for relatively larg

project, and the projects (over $6 million increasing contra

environment award amounts) lead to increasing ct
overruns.

17 Guccioet al. (2012a) Italy 3,113 interventions fol To develop a notion Data Envelopmen{ Cost overruns are the addition| The results show that the efficiency
roads and highways of efficiency in the| Analysis (DEA) | costs incurred by contractin| execution of public works for roads ar
whose engineerind execution of public| nonparametric authorities above those agreed | highways was @latively high in Italy, in the
estimated costs rang works, based on th¢ estimation method. in the contract. period 20002005. Moreover, these resul
from 150,000 euros to § adherence to thg show that the performance is relativel
million euros, awarded ir| financial and time independent of the value of the reserve pr
the period 2002004 and| obligations set out in and of the type of work (maintenance or ne
completed by 2005 ir] the public work works).

Italy. contract. It is
exploratoryattempt to
model and estimats
the technical
efficiency of public
work execution using
DEA.

18 Guccio et al. (2012b) Italy 9,888 public works| To test empirically | Tobit model and itsl The cost of adapting poesatvard | The main drivers of adaptation costs, ¢
awarded in the period the determinants o] estimate through changes, namely the differenq recognizedin the literature, also seem to t
2000 to 2004 anqg adaptation costs i maximum likelihood| between actual or final costs an relevant to explain this phenomenon in t
completed by 2005| the Italan public| methods. the contract csts as a ratio of thq Italian pwlic works market:
whose costs range fror| works markgt focused contract costs, where the c_ontre 1 complexityof the project;
150 000 euros to 9§ on the main results costs are those representing { 1 opportunistic behavior of
million euros, procured| reached in  the value of the winning bid. bidders
by Italian Observatory for literature. §  optimism bias.

Public Contracts.

19 limi (2013) Nepal 155 rural road contract| To analyse the | The threestage leasi Cost overruns are the amount | The empirical results confirm the
whose works started aft endogeneity issuq squares (3SLS] actual payment divided by th| endogeneity exists. Bidders are likely
2005 and complete( between the low| estimation model anq original contracemount. anticipate ex postcontract adjustments an
before June 2010 balling bid strategy| the Hausman take advantage of thow-balling strategy,
collected from 19 districty and ex post| exogeneitytest. causing actual cost overruns and proj
of Nepal. adjustments. delays.

20 Jung (2016) Vermont Road onstruction| To investigate thg Descriptive statistic§ Adaptation cost as the differenq There is a significant cost difference betwe

USA projects procured by th( impact of incomplete and nonparametric/ between finatostspaid by VTrans| projects thatare renegotiatedor extra work

Vermont Agency of| contracts on| estimation methods. | and the bid for an auction as aral and projects thatare not renegotiated

Transportation (VTrans] procurement costs it of thebid for an auctionusing only | Furthermore, the results show th

from May 2004 through
December 2009.

road construction|

auctions.

the contracts with extra wor
adjustment.

renegotiations for unforeseen factors have
effects on bidder 6
maikups not statistically different. Thi
explanation of adaptation costs is rely on le
disputes over ex post extra work and
workflow disruptions.
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21 Mahamid and Bruland Palestine 169 road constructiof To reveal the| Descriptive statistics] Divergencebetween estimated an 76% of projects have cost uneestimatesand
(2012) projects awarded in th{ magnitude and simple linear| actual costs 24% havecostoverestimates. The deviation
West Bank in Palesting direction of cost| regression analysis between
over the years2004 | deviation. To addres estimated and actuebsthas an averagsf
2008 the relation between 14.6%, ranging from39.3% to 98%A very
the cost  deviation weakrelationshipis foundbetween cost
and the project sizg deviation and project size (i.e. road length a
(i.e. road length ang road width)
road width)

22 Makovgek (7 Slovenia 36 major road projecty To focus on the| Descriptive statistics|] As in Flyvbjerg et al. (2002)| Cost estimation accuracy is dependent on |
completed between 199| dynamics of cosf simple linear| divergence between estimateq unit price movements andn the strategic
and 2007 performance and ity regression analysis (defined as budgeted, or forecast¢ behavior of bidders. This will cause

relation with the cost construction costsat the time of| systenatic cost overruns even in the abser
estimation decision to build) andctual costs | of deliberate underestimation
mechanism

23 Odeck(2014) Norway 1,045 transport project| To investigate thg Descriptive statistics] Divergencebetween detailed plaj The 1996 first refan that separated plannin
over the period 1993| impact on cost| nonparametric tests| estimates (i.e. the final cogy and construction into two differen
2007 overruns of reforming| Linear regressior] estimates presented to the decisi¢ departments did not improve costs overru

the agencies in charg analysis makers at the time of the decisio| On the contrary, the prcompetitive 2003
of controlling the and actual costs second reform that encompassed
pr o] executiéns separation andorivatization of construction
work led to a consistent impvement in the
cost estimates and construction tin
decreasing both cost and schedule overruns

24 Odeck (2004) Norway 620 road constructio To investigate thg Linear regression] Divergencebetween estimated an| Overruns are more predamant among
projects completed in th{ relationship betweer| analysis actual costs smaller projects. Other factors found tc
period 19921995 cost overrun and influence the size of cost overruns inclu

other factors such a completion time of the projects and tt
completion time, sizg regions where projects are situate
of estimatedcost and Surprisingly, neither project type nor wor
regions where| force type seems to influence the lesEcost
projects are situated overrun.

25 Shrestha et al. (2013) | Nevada 363 Clark County| To determine whethe| Onefactor ANOVA Divergence between award an Cost and schedule overruns increased as

(United Department of Publid construction cost ang actual construction costs project size and construction duratic
States) Works (CCDPW)| schedule overrun increased. Possible explanations for the
projects constructed fron significantly vary findings rely on major completyi and greater
1991 to 2008 based on typesand chance of disruption in the projec

sizes of the projects. respectively.

26 Verweij et al. (2015) The 45 transportation To investigate: 1) Descriptive  statistic§ Contract change costs Scope changes and technical necessities a:

Netherlands. | infrastructure projecty whether there is a and  nomparametric most significant reason for contract chang
with a total construction| relation between tests Smaller projects tend to have higher relati

contract v a
8.5 billion procured by
the Rijkswaterstaat.

lower bids by
contractors and the
size of contract

changes; 2) what are

contract change costs (especially those du
omissions in the contract)
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thesizesof and
reasons for contract
changes in
transportation
infrastructure projectg

Source:our elaboration on the SCOPUS database
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Table B.1

The cost overruns determinants according to the economic and engineering/managerial literature reviewed in the paper

Categories of
determinants

Determinants

Operationalization

Economic literature

Construction engineering/managerial
literature

Bidding Process

Strategical/Opportunistic bidder
behaviour

Auction format, value of winning bid, rebate of winning bid, seconc
winning, backlogsjegaldisputes, number of contract with
renegotiation and without renegotiation, number of contract award
to firm, number of contract awarded to a firm by the same contrac
authority, number of contract change, numbers of the days to preg
the bid, valueof the contract changes after the closure of the
construction contract, number of the contract changes due to scof
changes, value of the contract changes due to scope changes,
renegotiation cost, final contract cost

1,1,1,1,1,9,9,11,11, 11
11,18 18, 18, 18, 18, 19, 19
19, 3, 3, 17, 20, 20, 26, 26,
26, 26, 26

2,7,16,16, 22,21

Level of competition

Number of firms, number of bidders, number of wins, number of b
submitted, firm sizedistanceof competitor

1,1,1,1,1,1,1, 18, 3, 11,
20, 19

2,7,16, 16

Elements of Contract

Complexity of work

Reserve price, contract award, engineer's estimate, type of contra
contract duration, signing date (year), presence of subcontractors,
of contracting authorities, final project desigmnmber of days
required to award a contract after bid opening, number of omissiol
the contract, value of the contract changes due to omission in the
contract

1,3,3,3,9,9 9 11, 11, 11
11, 17¢), 18, 18, 18, 18, 18,
18, 19, 19, 19, 19, 20, 20,
26,26

2,7,7,16, 16, 16, 16, 25, 24

Work

Disruption the originally planned
work

Number ofcontract extravork, number of contract with work
cancelled, number of extra work, extra work amount, number of th
contract changes due to technically necessary charajaepf the
contract changes due to technically necessary changes

1,19, 19, 20, 26, 26

7

Charateristic of work

Value of project, type of work (new or maintenance), distan@ebto
site,work force elevation ofwork site

1,9,11,17, 20, 20

5,2,16, 24

Security

Number of security incidents before each auction and during the
projectimplementation

19,19

Regulations

Local reform and law

Reformon marke{monopolistic, semmonopolistic or full
competition), the number of the contract changes due to changes
lawsand regulations, the value of the contract changes due to chs
in laws and regulations

26, 26

23,23,23

Index costs

indexed project programmed
cost, price escalation

8,21, 22,

Characteristics of
project

Type of project

Rail, urban rail, higkspeed rail, ordinary rail, bridge, tunnel,
highways, road projects, traffic, asphalt

1, 20, 20, 18, 18, 26, 26, 26

2,4,4,4,4,5,5,5,5, 8,14, 14, 14, 14,
12,12,12,12, 12,13, 13, 13,13, 21, 1
16, 16, 24{),24, 24, 2323, 23
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Size of project

Value of project, estimated cost, contract value, length of road (kn
width of road, éngth of bridge, length of tunnel, quantity of bitumer
and cement, class of estimated cost

19,19, 19, 26, 17,11

5,7, 86), 13, 15, 21, 21,2-), 23, 25

24, 24,24

Project duration Days, months, years 19 2, 15¢), 24, 23, 25
Length of project phases Months, years 5,13
ch N Extra work, extra quantities of materials, % of projects representer 1, 20, 19, 26 4,7,8,15
ange orders Scope change . )
cost of serviceselocation
Technical documentation, cost of design, property acquisitions, 26,9 7,8,8,8,25
Design project, technical studies management Costs, % pf pr_ojects_ represented, deﬁCi?nt
' documentation, insufficient investigations and lateriditions,
constructability, external design
Risks Contractor risk 8
Project ownership Private, stat®wned enterprise and other public ownership 13 (), 13 ¢), 13 ¢)
Geographical positions Country,region 11 4,8, 14,13, 24,23
% Adverse weather days, wet weather effects, amount of cumulat 19 2,8, 16, 16, 16, 16, 16
Environmental factors Weather conditions grecipit_ation (mm)proportionof cold da_lys, rainy days, snow day_s,
ays with snow on the ground and of inclement days, work during
rainy seasons
Environmental corruption Index of corruption, number of crimes against public administratior 11, 11, 18
Political-economic Strategic misrepresentation Forecasted costs at the decision to build, actostfinal construction 4,4,5,5,14, 22,22
factors cost
Technical reasons Underestimation of costs Forecastgd costs at thg decision to build, actualfir@dtconstruction 4,4,5¢),5(), 7,12, 12, 14, 14, 15(
cost, fundingauthorizationbudget ),15,22, 22, 21, 24, 24, 23, 23
Forecasted costs at the decision to build, actuaife@dtconstruction 18 4,4,5¢(), 5¢), 14, 14, 22, 22

Psychological factors

Optimism bias

cost

Behavioural factors

Selection bias

Estimated and actual costs

10, 10

Lock-in

Sunk costs, escalating commitment, need for justification,
inflexibility, and closure of alternatives

6,6,6,6,6

Notes:The references to the coded studiesprovidedn Table A.1 in the Appendix A. Multiple references represent muldpkrationalizationsf the same determinantanstudy

Source our elaboration
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On the magnitude of cost overruns throughout the
project life-cycle: An assessmentfor the Italian
public works contracts
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Abstract

By considering project performance along the various phases of the difgect
cycle this paperaims to fill a gap in the literature orost overruns and project
management in Italy. Employing a large dataset of Italian transport infrastructure
projects for roads, started and completed during the period2IR) it appliesthe

same methodology used by the construction management research regarding project
types and phases. More specifically, the research goal is to dlssegsnerating
proces of the magnitude of cost overruns in the sapipyeng toevaluatethe role of

cost evolution by project phase distingutsttween the costs of physical execution
and the other costsThe findings show that contractinguthorities seem to
overestimatehte extent of the final costs systematicallyis behaviourwas more
importantin term of financial coverageThe resultscan berelevantto explain the

cost overruns in the execution stage suggesting the adoption of more stringent rules
in budgeting andinancialcoverage of therojects.

Keywords: Cost overruns; project lifeycle; transport infrastructure; Italy
JEL Classification: H4, R4; D8
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1. Introduction

Several studies have investigated cost overrun for infrastructure projects in several
countries (e.g., among the others: Flyvbjerg et al., 2002; Bordat et al., 2004; Odeck,
2004; Cantarelli et al., 2012a,b,c; Odeck et al., 2015; Verweij et al., 2015; Chong and
Hopkins, 2016).

Though facing the issue from different perspectives and withreint scopes and
methodologies, most of the empirical literatstgarea common aspect: it mainly
focuses on cost overrun in the execution phase of the project, thus neglecting what
happens throughout the entire {ifgcle of it. The rationale behind thichoice can be
tracedback to thdargeravailability of data but also to ttgreaterattention paid by
the economic studies to the performance of the contract rather than to the efficient
implementation of the whole project. From this point of view, lavent difference
exists between the economic and the managerial literature as thgéaiteallyhas
a more Oholisticé vision of the problem of

Few authors have studi¢de evolution (escalation) of cost overrwerapirically
across the various phases of the prdjéetcycle from the beginning of the project
to its completion. Existing recent contributions havalysedhe issuewvith regard to
different countries, mostly iNorthernEurope, the U.S. and Australia (Canthret
al., 2012b, Chong and Hopkins 2016, Terrill, 2016).

Following the approach of the managerial literature ntlaén object of this work
is to understand how cost overruns of Italian public works evolve across the various
phases of the projedifecycle. For doing this, the magnitude of cost overruns is
estimated in the differerstagesof the process afealisationof the publicworks, to
determinethe impact of eacstepto the overall final performanceregardingcost

overruns- of the project. Morespecifically, themainresearch question guiding this

study i s: Ahow are the ©project phases r e
However, to answer it the foll owing ques:s
extra cost is eachhaseexpected to produ€eo . Addr essiertrgmetyhese i s

importantfor improving the understanding of cost overruns and its causes.
The contribution of this study to tleairrentliterature ismanifold. First of all, the

paper adds on the scant empiriiggrature by investigating the problem of cost
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overruns in infrastructure projects with a more comprehensive approach, considering
the issue from the points of view of both the society andpotilieymaker In this
respect, while the former mainly looks at the overall ggenince of the project in
terms of final cost overrun, the latter is usually more interested in understanding the
generating process of cost overruns so as to be able to intervene effectively with the
necessary policy measures to contain the risk of -exists at each stage of the
project processin this respect, this research is likely to yieidportant policy
implications. Furthermore, the present analysis concerns the Italian context that has
not been yet investigated by such kind arfalyses as prewusly mentioned.
Consequentlyinterestingfindings could emerge fromtheo mpar i son of t
results with those available in the other countries

The paper proceeds as follows. The next section introduces the theoretical
background, focusing on the agency theory to explain the relationships existing
between the different actomvolved in the process ofealisationof public work.
Section 3 brieflyreviews themainliterature on cost overruns throughout the project
life-cycle Then, the dataset and the methodological appreaehdescribedIn
section 5 the resultsf the empirical analysis are reported and discussed. Finally,

some policy implicatinsare drawn

2. Conceptual framework

Public worksprocurement involves a process in which the inpugsle available
by different actor@are coordinated to produce a physical assaccordance witla-
priori specified requirements. Manglifferent stakeholdersare involvedin the
management of a construction project: the project owner, the project manager,
designers, contractors, subntractors, consultants, users and so on. All have
different roles and responsibilities and are likely to be irslatdifferenttime and
stages of the projetife-cycle. Several authors have discussed project organisation,
concluding that it is not always easy to disentangle the roles and responsibilities of
the various actors (Berggren et al., 2001).

Neverthelessthe performance of project managemenesognisedo belargely
affected by the nature of the relationship existing between the different actors as well

as by the way relevant informatias sharedbetween them. Theoretically, the
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achievement of the prj ect 6 s goal s, among which is th
original planned, requires all the actors to cooperate and to exchange information.
However, in realife scenarios, this is not the case. The involvement of a plurality of
actors, each of whithas his/hepwn interests (and want to maximise his/losvn
utilities), give rise to conflicts. Furthermore, the presence of informasgmmetry,
as well as uncertaintyeaves spacto strategic and opportunistlsehavioursn the
management of the gject.

Indeed, the relationship between the different parts involved in theateai ofa
work is one ofthe principalagentframeworkanalzedin the classicaltheory of the
firm (Baumol 1959, Williamson 1964, Alchian and Demsetz 19K#2}his setting,
the principal (i.e. the project owner or the contractor) delegates tasks to the better
informed agent (i.e. the contractor/project manager or the subcontractor,
respectively), which agrees to act on behalf of the foridewever, it can behe
case that the agent will try to maximise his/b@m benefit even when that may
involve damagingof the principal.In the presence ohcomplete orasymmetric
information, t h e agent 0s beapourocanhot loei Hraighteorwardly
identified by the principal and, hence, appropriately sanctioned. As a result, mistrusts
and conflictsarise in particular between thpr 0j ect 6 s owner and ma
have beerprovento undermine the best project performance (Turner and Muller,
2004; Krane et al. A®2).

According to the principahgent theory (Milgrom and Roberts, 1992)
opportunism in the relationship between the principal and the agent can assume three
forms: adverse selection, moral hazard, and -hpldwith regard toconstruction
project managenme, adverse selection occurs before the contract between the parties
is signed. In these circumstances, the principg.{t he pr oj ect 6s owner
hol d all the necessary infor moseeadaand( a pr o
hire the agent noperly (e.g.,the contractor). Therefore, the contracinsomplete,
and there exists the risk of adversely at
Moral hazardakesplace after the contract between theolved parts is signed. The
agent makes aaction that was not agreedkantein the contract but, due to the
presence of asymmetric and incomplete information, cannot be directly verifiable or

observable by the principal (a pupobl em o
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problem takes place inghpostcontract stagevhen the ageng(g.,contractoy hides

hi s/ her 0real 6 intentions t pe,adsking fopri nci p
contract renegotiation). In such a situation, it is too late for the principal to withdraw

the irreversiblanvestments and, hend®o costly to resolute the contract. Thus, the

agentis able toappropriate the economic rent of the project.

To better understand how different actors interact in the management of a project
and how opportunism is likely to affect their relationship, the project life cycle
shouldbe consideredA typical infrastructure project has to undergo several stages,
which depend on the nature and characteristics of the particular project and the
specific procedures employed by the management of the work. To identify the main
stagesf an infrastructurgroject,| start focusing on theonceptualisatioprovided
by Bennett(2003). Looking a& private construction industry the autramalysesn
depththe typical lifecycle of a project works from its preliminary conception to its
closeout and termination. In the most general fehart, Bennett (2003) describes
six phasesfathe construction project life cycle: a) ppeojectphase b) planning and
design phase; c) contractor selection phase; d) pnmjebtlisationphase; e) project
operations phase; f) project closeout and termination ph&gh. respect of the
abovementoned conceptualisation, Chong and Hopkins (2016) for international
development donor projects use a more simplified sequence of phases based on four
stages of the project lHeycle: a) planning and programming; b) bidding and
awarding; c) construction (@uding testing); and, d) opening (see Figure 1).

Figure 1
Project stages in international development donor projects

Planningand Bidding and Construction

programming awarding and testing Opening

Source: our elaboration on Chong and Hopkins (2016)
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Similarly, Terrill (2016), looking at the Australian public transparialygsthe
cost overruns during the project liggcle focusing on four stages: the first
announcement of the project; the formal funding commitment; the start of
construction; and, the end obnstruction(see Figure 2). The authors claim that, for
the sampleof the analysed Australian public transport infrastructure projects, the

early announcements are timaincauses of the cost overruns.

Figure 2
Project stages including tHiest announcement of the project

First

Formal fundin i Project
announcement g Construction j

of the project commitment Il ESig completion

Source: our elaboration on Terrill (2016)

Following the abovementioned literaturepropose a sequence baseal four
stagesfor assessing cost overruns in the Italian public work: (i) project conception
and administrative planning, (ii) project design and engineering cost estimates, (iii)
contactor selection and (iv) execution and project closeout. Figullesgatesthe
flow-chart of the proposedonceptualisatiorwhereasTable 1 shows the actors
involved in each single phase, their relationships, and goals as well as the

information flows(and asymmetries) between them.

Figure 3
Project stages in Italian public work sector

Project
conception and

Project design
and engineering
cost estimates

Contractor Execution and

administrative selection

planning

project closeou

Source: our elaboration
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Table 1

Actors, goals, information asymmetries and opportunistic behaviours in the different stages of a public proyett life

Actors Goals . . Opportunistic
. L Information Asymmetries )
Stage Principal Agent Principal Agent behaviours
To balance project socit
Realization of the work in costs and benefits and Realization of useles:
Users/Taxpayers Government the agreed time and at tt maintain own political Knowledgeof political mechanisms. works to community or
Projectconception minimum of cost. position through the incompletes.
and administrative support ofcommunity
lannin . - Biases (i.e. strategic
P 9 . ... To rise their income by . ( . 9
. To realize the work with . Knowledge of the actual project costs underestimation) in
Contracting L . extending the contrac o . .
. Consultant, planner the minimum of time anc . . well as of the limited budgeting resourc: forecasting cds s
authority and increasing the . . .
cost. . of the contracting authority. increased cost
number of assignments
overruns.
. . To obtain a highgualit . . .
Project design and . gk y To obtain extra A low-quality design
A . . . . design that meets th . . . . .
engineering cost Contracting Engineer, Architect existin technical payments for his7hel Specialised competencies and knowlec which can imply cost
estimates authority as internal personnel 9 technical activity as of technical regulation. overruns and time
regulatory standards, & .
- designer delays.
the minimum cost.
The contracting authority does not kna
To choose the bette . n9 y
. the true intentions of the contractor. In a
) ) contractor that bids the . . .
Contractor selection Contracting . L ) . ) auction, he/she cahiddenthese andacts Increase in the agree
. Bidder minimum price in the To win the tender. L )
authority opportunistically. He/she does represent costs and time.
tender and meets th L
better choice in the market adverse
contractual terms. .
selection.
Legal disputes anc
. After the contract is signed, the contract renegotiations of the
Execution and . . N . )
i Contracting To meet the contractus ) ) reveal s hi s/ her or contract with the risk
project closeout . Contractor Increasing therofit. .
authority terms. ask for a renegotiation of the contraotas of cost overrun and

toincrease his/her profit moral hazard.

delays. (increasec
transaction costs)

Source: our elaboration



In the firstphase the conception and administrative planning one, the idea for a
project is examined to determine whether or not it satisfies the community needs.
The governmentecognisesand verifies the societal needs, plans risaizationof
the work andncludesit in the agenda of public works programmes. At this stage, the
citizens represent the principal (i.e. projeatner),and the government is the agent
(i.e. project manager) who is delegated to satisfy their priorifies.citizens aino
obtain the work inthe agreed time and at the minimum cost. On the contrary, the
government is asked to strike a balance between cost savings and value for money,
looking at the social welfare. Though thgovernmentshould only act on the
societybs behayont he tc daep Zremrfsé, ksiinteested |
in maintaining his political position through the support of the communiftis can
incentiviseworks that increase the personal prestige of politicians, whaseis
linkedto a particular project, hout paying attention to the actual feasibility and the
overall utility of the work, but with the only goal of beingekected Flyvbjerget al.,

2009). The above considerations canpport the hypothesis of a relationship

between the political/electdraycle and the outcomes of public procurement. The

issue hadeen recently investigatday Coviello and Gagliarducci (2017) who find

t hat an i ncrease i nisassotiatemvithovorserpdirerheatn ur e i
outcomes. Another paper by Chongaét (2014)finds that in Francepublic work

contracts are more likely to end in the years preceding the legislative election in
municipalities where the mayor ran in the election.

Whenever the projeds managedt a local level, the local government aassan
agentof both the citizens and the central government, to whom is responsible for the
allocation of the funding resources. Local governments are, however, more likely of
being captive ofocal lobbies in public procurement increasing the risk ofugative
and collusive phenomena (e.g. Hyytinen et al., 2@&Garolis and Giorgiantonio,
2014). Once established the need to carry on the work, irstgethe government,
as the project managezpnducts a feasibility study to estimate project costs. Here,
the governmentthrough the contracting authority, plays the role of the principal
while consultants and planners are tgents Whi |l e government 6s
realisethe work with the mirmum time and cost, the consultants/planners look at
their personalinterests. These include extending the contract and increasing the

number of assignments, thanks to a set of information which they get and are not



willing to revealto their principal. Ideed, by enjoying their informative advantage

over the actual costs of the work and the limited resources available for funding, they

can underestimate strategically forecastingts( a sort of o6opti mi sm b
the project approvaand its finacing by the government This behaviour is also

likely to give rise to further consultancies, thus increasing their income.

The second step is that of project design and engineering, where all the procedures
required for theimplementationof the design phse aredefined, and costs are
estimatedIn details, this stages focusedon the choice of the design works to be
delivered,the type of contract to be awarded &hd delivery system tbe used
With regard to the latter, two options are generally abgl: 1) the Design and Build
(D&B) (appalto integratd where the design and the execution of the work are
awarding together to the same contractor; 2) the DeBidtBuild (DBB or "desigii
tender") 6ola esecuzionevhere the two phases are awarded iredgit moments to
different contractorsRelying on a single point of responsibility contrattte D&B
approach is used to minimisisks for the project owner and to reduce the delivery
schedule by overlapping the design phase and construction phas®jeica p

In a standard DBB delivery system, the actors are the government and the
designer. In the framework of the Italian regulation, the decision has takenon
whether to assign the design task to the technical personnel of the contracting
authority or to award it toexternaldesignersi(e. design irhousevs outsourcing).

The complexity of the project and the related need to sspemtialiseddesigners,
together with the lack of internal technical personnel are two of the main reasons that
can led thecontractingauthority to opt for the outsourcing solution.

Regardles®f the choice the relationship between the contracting authority and
the designer is always one of princiaglent. The contracting authority is the
principal, whose goal is tdotain a highquality designi(e. compliant with technical
regulatory standards) at the minimum cost. The designer is the agent. However, the
agent 06s goal s and i nterests are- |l ikely
house/outsourcing choice.

In the case of dggn inhouse, the engineer/architect is an employee of the

contractingauthority, who acts as its agent with the goal of obtaining an extra
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payment for his/her technical activity asdasignet’. The designer shows his/her
opportunisticbehaviourby trying togeta separate consultancy for the further design
contingencies, being thus induced to deliver a-tmality design planAs a
consequencetime delays in the execution of the work due to possible project
variants and extracosts for project occurrences if. inappropriate technical
procedures, inadequate technologies, materials and equipment not optimal for the
work realisation are likely to arise.

On the contrary, whenever the contracting authority outsources the design, the
external desiger, exploiting his/heexpertisein the technicabspects of the project,
isabletoo bl ackmai | 8 t he c onthighecpaymengto movidehor i t vy,
a highquality design.

In the bidding phase, the actors of the selection mechanism arertnactiag
authority and the contractor, as the principal and the agent, respeciivelgim of
the contracting authority i® select the better contractor, that is the one bidding the
minimum cost in the tender. An adverse selection problem can adaadeecof the
information asymmetry between the actdisisis likely to be dependent on the type
of selection procedurei.¢. negotiation or auction). Indeed, in a negotiation
procedure, more information is shared, reducing the asymmetry between @bents.
leaves less space to tleeo nt r aoppbriunmisicdbehaviours thus preventing
possiblerenegotiatiorof the contract thas likely to produce extra costs.

When the selection mechanism is an auction, the information asymmetry between
the agents isigher. In such a case, the selected contractorhéda his/her real
intentions and acts opportunistically. In absolute terms,dbés notrepresent the
better contractor on the markee(the more efficient). Nonetheless, he/shable to
bid the lowest price (and, thus, to win the tender), under the expectation of exploiting
the incompleteness of the contract and calling for a further renegotiatiotdehite,
time delays in the execution of the work and extra costs are likely to arise (Bajari et
al., 2009; Guccio et al., 2009).

In the framework of the principalgent theory, the contractas generally
considereds riskadverse. In this regardijfferenttype of contractsi. fixed price

or cost plus) are used to share differently between dines the risk inherent in the

17 This point is recognizely the Italian Code of public work until the first months of 2016.
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construction. A costplus contract places the construction risk upon the
government/funderThis kind of contractioes notontain implicit incentives for the
contractor to restrain costs and to opesdtieiently as it provdes extrgpayments in
caseof extra costs Contrarily, when a contract is fixed price or lump sum, the
contractor bears all the construction risks. In ttase,changes to the contraate
admittedbut extra costs are usually borne by the contradtimde such a contract,
an incentive exists for the contractor to meet the projejeictivesn terms ofagreed
time and costs, avoiding mosabzard phenomendn the presence gbarticularly
complex works, however, fixed price contract can lead to higher extra costs because
of the possible changes in orders due to project changes (Bajari and Tadelis, 2001).
In the execution phase, whenever the contract is D&Bwihaing bidder must
executeboth design and construction together and employs the quatdifegtito
carry out the two tasks. Theoretically, the contractor (as an agent) has théduwow
and the capacity to meet the agreed time but could exploit his/her information
advantage to cheabout the costs. However, in this type of contract, the construction
risks are all bornéy the contractorThus, the contractor is interested in meeting the
contractual terms, with a lower likelihood of mehalzard problems, coswerruns

and potentialegal disputes.

3. The literature on cost overruns throughout the project lifecycle

The issue of cost overruns in thealisationof a project hadeen widely studied
in literature From anempiricalpoint of view, many papers have tried to evaluage th
magnitude of cost overruns and to identify potential determinants. Despite the
academic interest on the topic, only recently fapershave focused on the different
phases of the projetite-cycle, trying to determinethe critic steps of a construction
project during whiclextracosts are more likely to occur.

In the following, evidence from these studiesreported For each of thenthe
Table 2 reports the main findingd regarding magnitude, frequency, and
determinants of cost overrunsare outlinel as well as the methodological approach

used to investigate the different stages.
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Table 2

Literatureon cost overruns throughout the project-tfgele (in chronological order)

Author/s Country Sample

Frequencyof cost overruns

Stages of the projectife-cycle (% of projects)

Magnitude of cost overruns (%) Determinants

JLARC (2001) Virginia (USA) 297 road projects of whicl
86 projects that hay
completed the design phe
and 211 that have complet

construction

- Planning stage; -
- Design stage:

1. scoping stage;

2. preliminary field review estimate;

3. field inspection estimate;

4. approval of rights of way plans;

5.100 percent design estimate;

- Bidding phase;
- Construction phase;

Average % cost estimate change from scog In the scoping stage: unforeseen
phase to 100 percent design: events, scope change, forecasting
from 74.3% to 151.9% compared to the  technical errors.

construction phase and the preliminary In the construction phase:
engineering, respectively. unforeseen events,

No cost escalation in the bidding phase.  gesignerrors,underestimated costs
Average percentage change project linked to technical and administive
costs from contract award to completion is factors.

11.1%

Cantarelli et al. (2012b) Netherlands 78 largescale transport

infrastructure projects

Pre-construction phase (the period In the preconstruction phase:
between the formal decision to build 2q 7004 of projects with cost
the start of constructign overruns:
Construction phase (the period betwe
thestart of construction and the start ¢
operation (opening)

costs stayed the same or
decreased.

In the construction phase:

1 38% of projects with cost
overruns;

1 62% of projects with cost
underruns

Underestimatiorf costsdue to
optimism bias.

In thepre- constructiorphase: the average
cost overrun is 19.7%

In the construction phase: the average

1 30% of projects, estimated cost overrun is

-4.5%

Chong and Hopkins
(2016)

13 developingountries: 48 completedCC'sroad
Burkina Faso, Cape  construction projects.
Verde, El Salvador,

Georgia, Ghana,

Honduras, Mali,

Mongolia, Mozambique

Nicaragua, Senegal,

Tanzania, and Vanuatu

Three stages: -
- Design phase;
- Bidding phase;
- Constructiorphase.

Four cost estimates:

1. FA-fundingauthorization
2. EEEengineer 0s
3. CA-contract award

4. FCinal cost.

est

General view (FC to FAQ Cost

escalation on averad5%;

Design phase (FA to EE) Cost escalation o
average 100%;

Bidding phase (EE to CA) No cost
escalation;

Construction phase (CA to FCP Cost
escalation on average 21%

Scope change of the project.

Terrill (2016) Australia 836 transport infrastructure

projects

- First public cost announcement;

- Formal fundingcommitment;

- Commencement of construction
(construction phase);

34% of projects with cost
overruns;

First cost estimate to final cost estimate 24! Premature public announcement.

Cost estimate from announcemenior to
budget commitment 9%

Budget commitment to start obnstruction
(design phase) 6%

In the construction phase: 9%

Source: our elaboration



A first report by the Joint Legislative Audit and Review Commission (JLARC)
(2001) compares cost estimate and final cost data for a sample of 297 road projects in
Virginia that have either completed the design phase (86 projects) or the execution
phase (21 projects). The works basedn separate cost estimates that are developed
throughout the projectlife ycl e t o respond to the differ
first stage, the planning one, a feasibility study is made foindml funding
decision. The design phase comprises: (a) the scoping stage, where a purely
indicative estimate is made after a site visit to the project; (b) the preliminary field
review stage, when the design project is3B% complete but a metric estimate is
made on the quaniits of materials needed for constructing; (c) the field inspection
stage, when the design is around&®% complete and the previous cost estimate is
refined based on more reliable quantity estimates; (d) the approval of rights of way
plans stage, when thaesign plans are 75% complete, no major design change is
expected and a more refined cost estimate is defined to be presented for approval to
the Right of Way and Utilities Commission; (e) the 100 percent design stage, when
the design plans are completedaa final cost estimate can be developed based on
precise quantities and prices lisédter the design phase, two further cost estimates
for the projectare madealuring the bidding phase and the construction phase.

With regard tahe capacity of forecéiag costs during the design phase, the report
by JLARC shows a substantial underestimation of costs. As expected, such
underestimation ofostsis likely to be a more serious problem during the first stages
of the design phase (i.e. scoping stage andnhpiredry field review stage) because of
the lower uncertainty about the quantities and prices of inputs used in the
construction process (e.g. labour, equipment and materials). Thus, the percentage of
increase in construction estimates during the diffexggign phases varies on
average between 74.3% and 18.7%, depending on the degree of completeness of the
design plans. Determinants wfideestimates are found to be: project changes due to
unforeseen events, project scope expansion,tacithicalforecasting and design
errors or omissions. The report also compares the cost estimate made in the design
phase when the project is complete with tinadein the bidding phase. The results
show that the twoestimatesare quite similar. Conversely, differees in cost
estimates exist between thedding phase and the final construction phase: on

average, final construction cosasld 11.1% to the contract award amount, mainly



due to unforeseen contract cost, design errors and underestimation of
technical/adrmistrativecostsof construction.

A study by Cantarelli et al. (2012b) identifies, in a less detailed way, different
project phases andnalysescost overruns during the project development in the
Netherlands. The sample comprises 78 Dutch {acgée trasportation infrastructure
projects,and only two project phasese consideredhe pre-construction phase, the
period between the formal decisido build and thebeginning of the work
construction; and, the construction phase, the period between thatiexeof the
work and its opening. The authors find an overall average cost overrun of 16.5%.
Considering the magnitude of cost overruns during the project develgparent
average value of 19.7% foundin the preconstruction phase and.5% in the
congruction phase. The probability of projects incurring in cost overruns is also
higher in the preonstruction phase compared to the construction one: 70% (with an
average cost overrun of 30.8%) against 38% (with an aversjeverrun of 9.5%).
Thereforethe authors conclude by defining the phase before the work construction
as the most critical and the more vulnerable to cost overruns. They also disregard
technical explanationas forthe main reason for forecasting errors, thus preferring
psychological( such as Aapprai sal opti mi smo. See
political-economic explanations (i.e. a deliberate and strategic underestimation of the
project costs to increase the likelihood of its approval).

Recently, two contributions have explorec tkame issue. Tthe best of our
knowledge, the study bZhong and Hopkins (2016) is the only existing cross
country investigation of cost variability for road construction projects. It considers
data on 48 road projects funded and managed by an inte@lationororganisation
(the Millennium Challenge Corporation) in 13 developing countiiestrack costs
along the project lifeycle, the authors identify four phases: the planning phase
when an estimate is made for funding authorization; the design pitase an
independent engineer estimates costs based on a detailed design; the bidding phase
where the estimate is the value of the awarded contract; and, the execution phase
when the total cost of construction can be compu@eshsidering the entire projec
life-cycle, the increase in cost estimate is on average of 135%madstesignificaih

uncertainty in cost estimatés found during the design and the execution phases,
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when the average cost increaseegard tathe previous phase is of 100% and 21%,
respectively. All in all, cost performance from this study is either comparable or
slightly better than that of similar analyses. By analysingntlagor drivers of cost
variability, the authors identify three areas of improvements: refining funding
authoriséion estimates, using performanbased incentives to reduce contractor
reliance on contingencies, and packaging projects lantger contracts to better
exploit the cost benefits arising from economies of scale.

The second recent contribution on the tapithat by Terrill (2016), who analyses
the project lifecycle focusing on four stages: the first announcement of the project;
the formal funding commitment; the start of construction; and, the end of
constructionBy considering a sample of 836 infrastiwre projects, planned or built
in a period between 2001 and 2015, they find an average magnitude of cost overruns
of 24%, distributed equally among the different phases: the 9% in the first phase
before the budget commitment, 6% in the period betweegdiutbmmitment and
the start of construction and 9% in the phase of execution of whekauthors find
that scope changexctually explain only a small share of overruns and identify the
premature project announcement asrti@n determinant of cost ovems. Infacts
projects thatire announcegdrematurely are found to halergerand more frequent
cost overruns than thos@nouncedat a more mature stage of developméihis is
true not just in the rump to a formal cost assessment but throughout tbgqt
lifecycle. This resulfinds its theoretical basis in the concept of deception expressed
by Flyvbjer et al. (2009; 2011), namely the strategic behaviour of a politician to
misrepresent costs and benefits of a project for being closer to the community

thinking and, hence, favouring his/heralection.

4. Data and method

4.1 Data

The present analysis obtainedby merging data provided by the Italian Ministry
of Economics and Financ®l{ ni st er o d Eihahzé MEFpandbsitalian e
Authority of Public ContractsAutorita per la Vigilanzasui Contratti Pubblici di
Lavori, Servizi eForniture; hereafter, AVCP) The sample comprises 1,083 public
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infrastructure projects for roads, started and completed during the perio@2080
The data provided by MEF allow tracking thealisationprocess of a given public
work, from the cost estimate made thg contracting authority during the feasibility
study, whichis requiredfor funding authorsation, up to the final costs incurred for
constructing and making it operative.

To analyse the cost variability during the project developmaefdrmation on
estimated anceffectivecosts for each phase of the project-tfgle are required. To
this purpose, the data from MEF haween mergeavith data provided by thialian
Authority of Public ContractsAutorita per la Vigilanzasui Contratti Pubblici di
Lawvori, Servizi e Forniture; hereafter, AVCP) and <concert
selection, the award of the contract andréadisation of the work.

Indeed, a substantial difference exists between the two dat@betslata from
MEF provide a quite generalew of public works by means of the public work
monitoring systen{Monitoraggio delle Opere Pubblich#OP) and the database of
public administrationsBanca Dati delle Amministrazioni Pubblich@DAP), which
report al | contr act i oragasted/butgeted) iandi actsad esti
(accounted) expenditureSpecifically, expenditureflows concern the entire project
life-cycle, from the financing and start of the work up to the completion of the work
and its testing. Furthermore, the expenditures include not only the costs for the
material execution of the public work but also thoseshucratic and administrative
costs linked to therealisation of the work (e.g. expropriation, adjudication
commissions, consultancy, unexpected contingenete}, However, due to missing
information, it is not possible to extrapolate the costs indulne the contracting
authority for thepure execution of the work (i.e. the stage of #mardedof the
contract and thexecution. For this purpose, the data on the expenditure fiangs
linked with those ofAVCP that report information on engineeringstestimates (i.e.
the contracting authorities reserve price), the winning bid and the final cost for
physical execution of the public workThus, sample results by merging the two
datasets, for which actual costs for the construction stagesbeaientifed.
Furthermore, more detailed and complete information concerning the process of
contract selection and awardirege obtained. Table 3 reports some descriptive

statistics of road projects in the sample by geographical area. Therépbitsboth
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the cos for physicalexecution and total finatost Two elements emerge from the
Table 3. First, in our sample, the execution phase account for abathitds of the
final cost Secondthelargeshare of the public workarein located in the Nortland

the Gentre of the country.

Table 371 Distribution of infrastructure project by geographical area

Final cost for physical execution )
£ th bli " Total final cost
Geographical area Observations of the public wor
Average Total Average Total

North-Est 260 333,002.39 86,580,619.0§ 575,980.36 851,409.20

North-West 339 361,768.59 122,639,550.7 654,167.23 2,291,443.4%

Centre 224 327,675.37 73,399,283.772 574,593.94 474,709.11

South 73 351,326.77 25,646,854.32 506,042.27 363,844.1Q

Islands 187 529,864.80 99,084,718.15 860,335.66 710,988.03
All sample 1.083 376,132.091 407,351,025.9 644,552.62 1,402,649.81

Source: our elaboration on data provided by Italian Ministry of Economics and Finance
(Ministero del |l 6Econ oltliaaAuthorify of PublicCoetractsyMutbrtaparnd by
la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

In Table4 the same statistics for thgpe of contracting authorities are reported.
As expected the largest of contracting authority are the municipalities, followed by
provinces that in Italy havepecialcompetences on secondary roads (i.e. provincial
roadg. The residual category (Other) refés different subjects (e.g. Private
concessionaires, Public ownership companies, Public agenciespeitialbudget
autonomygetc). From the Table 4 is possible to look that public works in our sample
managed by different contracting authorities varyhlior the average cost and for

the incidence of the cost of physical execution.

Table 471 Distribution of infrastructure project by contracting authorities

Final cost for phy_sical execution Total final cost
Contracting authorities | Observations of the public work
Average Total Average Total
Municipalities 767 299,255.02 229,528,603.9 501,658.60 609,911.17
Provinces 240 533,395.58 128,014,940.2 1,089,186.5¢ 2,680,711.15
Others 76 655,361.60 49,807,481.77 682,546.93 917,143.74
All sample 1.083 376,132.07 407,351,025.9 644,552.62 1,402,649.81

Source: our elaboration on data provided by Italian Ministry of Economics and Finance
(Ministero del |l 6Ec o n olmliaaAuthorify of Public CentractpAlidrithpeand by
la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).
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As previous mentioned, unfortunately, the available data do not allow an accurate

cost evaluation in each phase in the life cycle of the project as describediam Qect

To make more clear the reconstruction of accounting flows, in Figurthed

accounting sourcesre reportedn connection with the different stage of the project.

Thus, | assume as a starting point the estimated budget provided by MEF and

disentangt the different cost components. In particulal, distinguish between

physical costs and otherosts®.

Then, these data with thether source of

information are linked. In particular, the one between budget and actual cost for

physical execution providedby MEF and AVCP. Table 5 shows the descriptive

statistics of differentost estimateand variables related to financial planning.

Table 57 Descriptive statistics of different cost components

Variables Meaning Obs. Mean St. Dev.

Bd T Total estimatedbudget 1,083 662,616.43 1,419,817.07%
Bd P Estimated hdget for physical execution 1,083 522,124.5¢ 691,296.91
EE Engineering estimates/reserve price 1,083 474,716.92 666,372.41
WB Winning bid 1,083 367,517.75 504,106.58
EX_C Total cost for physicaéxecution 1,083 376,132.06 510,278.96
AC_T Total actual cost 1,083 644,552.62 1,402,649.81
FC Financial planning/coverage 1,083 730,224.20 1,117,541.8¢

Source: our elaboration on data provided by Italian Ministry of Econonzind Finance

(Ministero

la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

del | 6 Ec on olmliaa Authority of Public CentractMBEWo)itaem d by

At the first lookon Table5 it can be noticed that the contragtiauthorities in our

sample, on average, overestimate both the budget and the financial needs of the

projects. To

provide

a

better

hehadiaur st andi

in the next Section, explore more irdepth the data obtained tosass the costs in

each phase in the life cycle in the sample of the public works.

18 Although we have paid a close attention to disentangle the different cost components
looking at the data one by one we have recognized that in s@®e thee distinction may be

arbitrary due to not uniform rules in accounting in the MEF dataset. Nevertheless, we are
reasonably confident that our cost estimate is not far from real cost.
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Figure 4
Project stages and accounting flow

Source:
AVCP
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4.2 Method

From the economic and engineering literature on owstruns,no clear and
unambiguous indications concerning the methodology for determining the magnitude
of cost overruns stenieom. Specifically, different momentare useds thebasisfor
the estimated and actual costs.
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Flyvbjerg et al., (2002, 2003), Cantarie#it al. (2012b) adopt as time reference
that of the formal decision to build. However, when the time of the decision to
proceed isunknown,or costs are not available at it, the nearest availedtienated
costs which aregenerallylater and, hence, moraccurate, are used as a proxy,
leading to lower cost overruns. In the case of this paséimated costfor either the
initial phases of project planning or budgetarg employedHowever, the choicef
adoptingthe decision to buildasthe bas for the estimated costs in contrast with
that of many other studies. These, prefer to assess the contractual performance and
use the execution stage laseto calculate the cost overruns (e.g. Decarolis and
Palumbo, 2015; Guccio et al., 2009, 2012).

In this paper, the issue of the development of cost overruns throughout the project
life-cycleis addressedtep by step. First, in the following Section, we describe how
data are used to investigate the characteristics of cost genepabingssin
executionin each project stagas terms ofmagnitude and whether cost estimates
havebeen improvedbecome more accurate) over time. Then, as a further step, in the
subsequent Section, we investigtte contractinga u t h o behawviouendedms of
total budgetaaind actual cosind financiacoverage.

4.2.1 Cost index for physical execution

During the planning and programming phase, the contracting authority prepares a
feasibility study of the work, makes a first estimate of the project costs, identifies and
receives the funding necessary for tlealisationof the work. At this stage, the
funded amount corresponds to the overall budget the contracting authority has
available to complete the project both from a technical as well as a bureaucratic
administrative point of view. Apreviouslymentioned, the dataset used in this paper
comprises bih the physical estimated costs in the planning stage (Bd_P) and the
overall budget (Bd_T). Furthermore, we collected data on the enginestintates
EE use in the provider selection phase. Therefore, as a first inspection of the
generating process of siboverrun in the planning stagéi( IS measured as
engineering estimates (EE) minus estimated budget costs (Bd_P) expressed as a

percentage of the estimated physical costs in the planning stage:
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o

¥ —  p *100% (1)

%R p provides a measure of the quality of the cost estimate of public work
physical execution made by the contracting authority (Bd_P) as compared to the
engineering estimatéEE) based on the metric analy$ the quantities of inputs
needed fophysicalconstructing.

During the biddingphasethe projectsare generally tender&tHere, the focus is
on the technical performance in thealisationof the work, which initially depends
on the contract award proceasd on the optimal selection of the contractdn.
addition % %also represents the maximum amount the contracting authority is willing
to spend for theealisationof the work (i.e. the reserve price). Cost overrun in this

phase Y6 is, thus, tle gain that contracting authorities achieve in the phase
of provider selection. Therefod) is computed as reserve price (EE) minus

the estimated costs in the bidding stage (WB) expressed as a percentage of the EE:

N —  p *100% 2)

)y T ARAPBR ¢ is thus negative by construction.

The following phase, the construction one, comprises the execution of the
contract. Cosbverrun in the construction phase is measurefihak cost computed
at the completion of the work amdter testing it (EX_C) minus the value of contract

award (WB) expressed as a percentage of WB:
Yo ——  p *100% 3)

At this time, problems of moral hazard are likely to occur as the contra@ble
to exploit the incompletness of the contract. This opportunistic behaviour may give

rise to increases in costs due to potential contract renegotiations.

19 Due to the lack of data, the characteristics of the planning phakeu@e or outsource)
are not studied. However, the value of the contract is used as a proxy for the work
complexity.
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Finally, it is possible to evaluate the final cost fdrysicalexecution EX_C in
comparison with thestimatedbudget Bd_P). The overall extraosts ¥ are,
then, calculated as the difference between the final costs (EXnd;the available

budget (Bd_P) expressed as a percentage of Bd_P:

(9]

¥ —= p *100%. (4)

4.2.2 Cost index for the whole prowdion of public work

As a furtherstep it is possible toevaluatethe overall cost incurred in the
provision of public work comparing the total budget (Bd_T) with the actual cost
(AC_T). This, index provides information on the capability of the contradin
authority in forecasting all the contingencies achieved during the public work
provision. As before, we can express this index as a percentage of actual budget
minus estimated costs expressasl a percentage of the estimated costshen

planning stage:
Yo — P *100%. (5)

Finally, we can evaluate the capabilities of contracting authorities to forecast the
financial coverage for the public work execution expressed as a percentage of
financial coverage FC minus actual costs AC_T expreased percentage of the

actual costs:

Y& —  p *100%. (6)

5. Results

5.1 Cost generating process in public work execution

The cost generating process, linked to the execution of the projeanassed

through four stages (i.e. planning, biddirgecutionand conclusion of work). The
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former and the latteare comparedo the estimated budget for tle&ecutionof the
works, and give us a measure of the accuraoywhich the contracting authority
forecast cost in two different stages. The first stage b#ferprojecis realizedand
after the decision to build) and the second stage at the end when the groject
completed The others measures give us two different information to the bidding
phase and the execution phase, namely before and after the avwaotiess.
To assess if institutional characteristics of contracting authorities play a role, we
report the distribution of abovementioned index bothtlherdifferent geographical
area and for different types of contracting authorities, in particulakirigoat
Municipality and Provinces as the more representative categories (see Table 4).
From Table 6 it can be seen that in the planning phase, the accuracy of cost
forecast assumes, on average &tirsample, although smalg negativevalue (-
1.34%). Havever, looking at the geographical distribution, the figures reported in
Table 6 show that therie a consideral# variation both along the NortBouth axis

and between types of contracting authorities.

Table 67 Cost forecast accuracy in the planninggst by geographical area and
type ofcontracting authorities

Obs. Mean St. Dev.
Geographical area
North-Est 260 -10.88 31.73
North-West 339 -0.14 35.22
Centre 224 -0.24 22.53
South 73 19.03 55.48
Islands 187 0.49 16.45
Contracting authorities
Municipalities 767 -1.50 34.88
Provinces 240 -1.72 27.22
Others 76 153 11.88
All sample 1,083 -1.34 32.18

Source: our elaboration on data provided by Italian Ministry of Economics and Finance
(Ministero del |l 6Ec o n olmliaaAuthority of Public Centractd(Elkojitagem d by
la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

As for bidding stage, no marked differences exist both for geographical areas and
type of contracting authorityAs said in the previaiSection, this cost according to

the construction method of the index, assumes negative values and on average is
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around of-20%. This means that the contracting authority has, on average, a cost

saved of 20% respect the reserve price (see Table 7).

Table 771 Cost gains in provider selection stage by geographical aretypaof

contracting authorities

Obs. Mean St. Dev.
Geographical area
North-Est 260 -15.50 10.64
North-West 339 -18.55 12.91
Centre 224 -26.83 19.55
South 73 -29.54 10.62
Islands 187 -18.78 7.98
Contracting authorities
Municipalities 767 -20.97 15.25
Provinces 240 -16.86 10.00
Others 76 -24.57 10.02
All sample 1,083 -20.31 14.07

Source: our elaboration on data provided by Italian Ministry of Econonsind Finance
del | 6 Ec o n olmliaa Authority of Public LentractdEojita mem d

(Ministero

la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

In the execution phase, as reported in table 8, cost overruraigeoage around of
11% forthe allsample, with a higher value in the Nofst area antbr the category

Others as regards thgpe ofcontracting authority.

Table 8 i Cost overruns in the execution stage by geographical area and

contracting authorities

Obs. Mean St. Dev.
Geographical area
North-Est 260 20.07 95.43
North-West 339 8.08 14.88
Centre 224 11.72 17.96
South 73 8.72 13.80
Islands 187 3.21 15.79
Contracting authorities
Municipalities 767 11.72 21.49
Provinces 240 4.29 13.34
Others 76 23.69 170.56
All sample 1,083 10.92 49.03

Source: our elaboration on data provided by Italian Ministry of Economics and Finance
del | 6 Ec o n olmliaa Authority of Public LentractpAiEdrith pea n d

(Ministero

la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).
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Table 97 Total cost overruns in execution by geographical area and contracting
authorities

Obs. Mean St. Dev.

Geographical area

North-Est 260 -14.59 34.81
North-West 339 -13.66 28.83
Centre 224 -26.09 22.32
South 73 -8.62 50.69
Islands 187 -23.16 26.90

Contracting authorities

Municipalities 767 -16.63 32.10
Provinces 240 -21.33 29.95
Others 76 -17.81 26.57
All sample 1,083 -17.76 31.31

Source: ourelaboration on data provided by Italian Ministry of Economics and Finance
(Ministero del |l 6Econ oltliaaAuthorify of Public Centractd(BUkojitamen d by
la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

In the last step, we evaluate total cost overruns at the completion of the works.
The results reported the Tabled, show that theriss no marked differences between
the geographical areas and types of contracting authorities. Allsvata@egative
and, on average, total cost overruns assuhegalueof -17.76%. This result seems
to tell us that the forecast budget can be overestimated by contracting authorities.

5.2 Whole cost overruns and financial coverage.

Regarding the whole provision of public work, the magnitude of the differences
between estimated and actual total cost assumes, on average, a value around zero
(see Table 10). Thigesultis not surprisinglueto the index computation. The more
simple intepretation isthatwe are able taorrectly identify the elementary costs
two dataset and this result imnoverlappingmeasure of the twmeasures

Looking at the Index of financial coverage we find an interesting result that seems
to indicate an ovecoverage behaviour by contracting authoritiestact, as we can
see fromTable 11, in all the geographical areas and for all the typeootracting

authorities, the financial coverage results higher than total actual castsimilar
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way to the magitude of total cost overruns for the execution of work, fthancial

coverage results overestimated by contracting authority, on average, with a value of

26.35%. Finally, Table 11 reports the pairwise correlation between estimates index in

our sample.

Table 107 Differences between estimated and actual total cost by geographical

area and contracting authorities

Obs. Mean St. Dev.
Geographical area
North-Est 260 -0.31 4.63
North-West 339 1.69 33.01
Centre 224 1.66 64.36
South 73 -7.61 13.77
Islands 187 -2.69 7.32
Contracting authorities
Municipalities 767 1.94 39.48
Provinces 240 -0.71 19.05
Others 76 -19.88 14.14
All sample 1,083 -0.18 35.04

Source: our elaboration on data provided by Italian Ministry of Econonzind Finance
del | 6 Ec o n olmliaa Authority of Public £entractdBEojita mem d

(Ministero

la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

Table 117 Financial coverage on total cost by geographical ardacantracting

authorities
Obs. Mean St. Dev.
Geographical area
North-Est 260 5.00 15.90
North-West 339 51.70 248.70
Centre 224 20.63 63.53
South 73 36.69 79.78
Islands 187 12.90 23.16
Contracting authorities
Municipalities 767 29.70 170.85
Provinces 240 9.82 33.88
Others 76 44.79 32.55
All sample 1,083 26.35 145.21

Source: our elaboration on data provided by Italian Ministry of Economics and Finance
del |I 6 Ec o n olmliaa Authority of Public LentractpAiEdrith pea n d

(Ministero

la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).
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Table 127 Pairwise correlation matrix between index

1) 2 (3) 4 (5) (6)
V6 1.0000
vé -0.2088 1.0000
V6 -0.0295 -0.1276* 1.0000
V6 0.6858* 0.2205* 0.2262* 1.0000
\(6) 0.1885* -0.1047* -0.0019 0.1802* 1.0000
V& 0.0684* -0.1475* 0.0345 0.0404 -0.0563 1.0000

Source: our elaboration on data provided by Italiaviinistry of Economics and Finance
(Ministero del | 6Ec on olliaaAuthority of Rublic Centractd(Eufoyita gen d
la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

Note: * denote significance at the 1% level.

5.3 Assessing theeterminants of cost overruns in the IHeycle of the project

To assesghe determinants of cost overruns this Section, we analyse the
relationship of costoverruns indexes in the life-cycle of the projectusing
econometric approactMore, in particular,we conduct somanalysis usingOLS
regression

We limit our analysis here only a few indexthat we believe have more
relevance for our investigatiomamely, we first assess the role ohstitutional
characteristics of contracgnauthorities in term of different gain obtained in the
selection stage and the cost overruns in the execution Stage,. we investigaten
the role ofinstitutional characteristican the whole lifecycle of the project in term
of cost overruns and finaial coverage.

In fact, the analysis conducted tine previousSection showed that contracting

authoritiespresentinga better performance in provider selection incurred in higher

cost overruns in the execution stagepossible explanatiofor this findings is the
presence of opportunistic behaviour in the selection stagdédbaftfects in term of
cost overruns. Thuswith the first analysis we aim to better understand the
performancen the execution stage connection withthose inthe séection stage

For this purpose we first study the relationship between indexes

s AT ¥  to explore if higher cost overruns in the execution stage was

related with larger cost gain in the selection stage controlling for tiypendracting

authorities and fothe geographical @a. In doing so we employ gasimonious
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approach using each covariate one at time. Furtheanoto control for
heteroscedasticity we use robust standard dmorable 13 we report thestimated
results. It show that the cost overruns in the execution $tage is negatively

and significant correlated with cost gain in the selection stage. This result is robust to
different specificationad emplogd controls. Furthermore, thetiesates in Table 13
confirm that compared with reference group figrovince munidpalities show a
lower level of the performance.Summing up, the above estimates provide new
results suggesting that cost gain in the selection stage exerts a negativerethe

performance of public contraat® the execution stage

Table 13 i Relationship between cost gain in the selection stage and cost
overruns

(€3] @ 3
VARIABLES . - G
Yo Yo Yo
95 -0.4448** -0.4066*** -0.5634***
(0.1316) (0.1072) (0.1829)
d_municipalities 5.7656™ 551737
- (1.2685) (1.2157)
d other 16.2667 11.1705
- (18.7185) (17.8173)
7.0229*
d_northwest (3.7266)
21.1509**
d_centre
- (10.1794)
3.5788
d_south (2.3232)
. -1.4478
d_islands (4.0642)
Constant 1.8821 13.6996 8.0420
(1.6637) (17.1674) (16.4656)
Observations 1,083 1,083 1,011
R-squared 0.0163 0.0223 0.0463

Source: our elaboration on data provided by Italian Ministry of Econonaind Finance

(Ministero del |l 6Ec o n olmliaaAuthorify of Public Centractd(BEwojitagen d by

la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

Note: mbust standard errors in parenthes&s p<0.01, ** p<0.05, * p<0.1

The secondline of analysis conducted in this Sectiogfer to the previous
findings on the actual total cost and financial coverage. Mongarticular, we first
try to understand bettahe role of selection and execution stages on the actual cost

studying between the index Y6 and the indexes Y6 AT ¥
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controlling for type of contracting authorities and for geographical ancdalble 4

we report tle estimated result$able 14show thatonce again the efficiency gain in
the selection stage have a negative eftectthe cost overruns. Furthermore, the
estimates in Table 14 confirm that compared with reference grodiprafince®
both municipalitiesand other contracting authorities show a lower level of the

performance in the actual cost.

Table 147 Determinants of public work actual costs

1) 2 3
VARIABLES < o o
Yo Yo Yo
6 -1.5019*** -1.4389*+* -1.5951***
(0.4104) (0.4064) (0.4996)
96 0.0472 0.0376 0.0530
(0.0787) (0.0772) (0.0853)
o 13.6908*** 11.3808*
d_municipalities
(5.0923) (6.1957)
d other 23.1507*** 23.6477***
- (5.2533) (6.2619)
d_northwest 33.5130
(11.4858)
d_centre 101089
- (4.3037)
d_south ~13.9636
- (9.8445)
-2.0714
d_islands 0
(12.3154)
-4.6654 -14.6017** -20.9217**
Constant
(5.0034) (7.2664) (10.1471)
Observations 1,083 1,083 1,083
R-squared 0.0220 0.0240 0.0407

Source: ourelaboration on data provided by lItalian Ministry of Economics and Finance
(Ministero del | 6Ec on oltliaaAuthorify of Rublic Centractd(BUkojitamen d by
la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

Note: mbust standard errors in parenthes&s p<0.01, ** p<0.05, * p<0.1

Finally, we try to assess the role of financial coverage both on cost overruns and
for actual cost. For thipurposewe reran the regression reported in Tables 13 and
14 using asa covariatethe variableY&The results of this additional exerciise

reported in Table 15.
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Table 157 The role of financial coverage

@ @ ()] @ @ 3
VARIABLES vo " o - . .
Yo Yo Yo Yo Yo Yo
V& 0.0116*** 0.0097** 0.0133*** -0.0136*** -0.0128*** -0.0134**
(0.0038) (0.0046) (0.0037) (0.0051) (0.0048) (0.0049)
d_municipalities 7.2440%* 42072+ 2.9005** 2.9546**
- (1.1617) (1.0118 (0.9092) (0.8897)
d other 19.0644 21.4288 18.7215*** 18.7414*+*
- (19.5956) (22.3171) (2.0152) (2.4972)
d northwest 5.3027 1.8239
- (3.4008) (2.4188)
d centre 18.2965** -1.3641
- (9.2939) (1.6630)
d south 7.5431** 2.9219
- (2.9339) (4.5617)
d islands 3.1063 -4.4264**
- (3.1354) (1.7687)
Constant 10.6088*** 4.1929*** -1.7147 0.1774 -0.5846 -1.0161
(1.5347) (0.8632) (2.3247) (1.0931) (1.2140) (0.7186)
Observations 1,083 1,083 1,083 1,083 1,083 1,083
R-squared 0.0012 0.0098 0.0256 0.0032 0.0276 0.0300

Source: our elaboration on data provided by I talian M)andyltalaryAutbdrity & Publito mi cs a
Contracts (Autorita per la Vigilanza sui Contratti Pubblici di Lavori, Servizi e Forniture; AVCP).

Note: robust standard errors in parenthes&s p<0.01, ** p<0.05, * p<0.1



The results reported in Table 15 show that financial covdragedifferenteffect
on cost overruns and actual cost. Mameparticular, high level of financial coverage
seems to extenah advers effect in the execution stage becausgeasg the cost
overruns incurred in public work execution. On tentrary the actual cost was
negatively correlated with the level of financial coverage. This puzzling picture
requires a morein-depthinvestigation but our findingis, althouth preliminargeems
sugges that an over coverage dhe financial needs forproject could incetivize
opportunistidoehaviour of providers in the execution stage.

6. Concluding remarks

This research aimedb provide empirical evidence on cost evolution across the
different phases of project l#eycle. Following the managerial approach,
individuate four stages gdrojectfrom the beginning to its completiofio address

this purposgethe magnitude of costverrunsis estimated in each phase, to determine
the impact of each step to the overall final performance. Thus, by distinguishing
between costs of physical execution and other costs due to bureaucratic and
administrative costs linked to thealisationof the work, we estimate cosverruns

taking into account different index. Theainresults show that although a traditional
estimation of cost overruns in the execution phase is relevant and around of 11%,
most interesting evidenceregards the behaviousf contracting authority in the
planning phase. This phase seems to be the critical stage in which both the budget
linked to the execution of the work and the financial covernageverestimated

systematically respect the actual cost of the project.

Howe\er, at the present stage of the research, we are not able to assess thefreasons
this phenomena. Howevetheseresultsshed light on a new aspect until now not
extensively investigated, namely the role of contracting authority in the planning
phase otheproject We believe that more effa neededn this direction.



Finally, we believe that our empirical evidence although prelimisaggestdhat
more stringent rules in budgeting and financial coverage could be useful to limit cost

overruns in thenfrastructure projects.
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Assessing the role of design phase on cost overruns
and time delay: evidence from public works in Italy
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Abstract

This paper aims at analyzing the impacttu design phasen the performancen

the realization of public works. In the literature, the design phastargely
recognizedas one of the possible determinantsiméfficiency in public works
execution. Notwithstandingmpirical evidence on the topic remastarce Using a
large datiset of public works awarded in lItaly in the period 22084, we
investigate empiricallyhe relationship between different choices made in the design
phase and the performance in public works execu@am.empirical findings show
that the presence of axternal designeis associatedvith higher cost and time
renegotiations. The issue is especially relevant for small municipalities that more
heavily rely on external designemsyssiblybecause of the limited expertisetbeir
technicaloffices. From gpublic policy perspectivepur findings offer some support

to the recent refornof the Italian public procurement regulatitrat hasintroduced

new accreditationequirementgor the contractinguthorities.

Keywords: ltaly, public works, desigmphase, cost overruns, time delay, external
designer.

JEL: L51, H57
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1. Introduction

Public procurement represents a relevant economic field, accounting, on average, for
the 12% of GDP in developed countries (OECD, 2017). Indeed, during the last years
the deterioration of the public finances and the increasing global competition have
forced governments and public institutions to obtain the best value for money
through the purchase of goodsprks and services in the form of procurement
contract stal, DOl paos

Common features of public procurement contracts for infrastructure proaisdhe
presence of information asymmetries between the parts involved and the resulting
contractual incompleteness, which are often related to the complexhge girdject
(Guccio et al, 2012b). Furthermore, the lack of complete information and the
uncertainty surrounding its execution prevents any future contingencies from being
anticipated in the contract, thus requiring pastard adjustments. This can result in
extra costs and timelelays that ultimately affect the overall performance of
infrastructuregprovision(Ganuza2007) .

With regard to the Italian context, gost contract renegotiation is a major issue in
the public procurement sectavjth serious economic consequendesta from the
Italian Authority for Public Contracts (hereafter, AV&Pshow that renegotiations

of the original contracts occurred in almost tthords of the works awarded in the
period 20062007 (AVCP, 2008). Such renegotiations were economically relevant
amounting to an average of about +6% for costs and +70% for time with respect to
the original planned value$loreover, for about a quarter of all works extra costs
were higher than 10% of the origiradst,and for aboutwo-thirds of all works time
delays werehigherthan 20% of the completion time agreed in the contract (Guccio
et al., 2008).

The efficiency in execution of public works can be defimederms oftime of
completion and final costs (Guccio et al., 20bal hereforea public workcanbe
regarded as efficiently executed if the time of its completion is equivalent to that
agreed in theontractand if no additional project cosssiseover time compared to

the value of the winning bid. Both cost overruns and time delays in project iexecut

20 Since 2014 AVCP has been transformed in the Anticorruption AitgH@NAC).
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may havean adverse impact othe economicgrowth and development of local
economies and, more generally, on social welfare (Flyvbjerg et al., 2002; Ganuza,
2007; Lewis and Bajari, 2011; Guccio et al., 2012a and 2014ajpoid out by

Lewis and Bajar(2011), the extra costs due to time deleggresent socialprice

for the community, affectingegativelythe social welfarelndeed, the realization of
public works is often necessary for thmealization of other public and private
investments that arkkely to foster the accumulation of the economic and social
capital of local communities.

The reasondor the low performance in the execution of the ltalian public works
reflect, among other factors, the inefficiencies of the Italian regulatory frarkewo
the characteristics of the procurement systerm.,(the contractor selection
mechanisms, the contractual forms, etc.), andptitudlemslinked to the project
design and to its management and delivery.

In the existing literature, the design phase isogmized as one of the possible
determinants of the inefficiency in public work execution (Decarolis and Palumbo,
2015; Chong and Hopkins, 2016). Notwithstandiegpirical evidence on the topic

still remains scarce. Using a large dataset of public wonkesded in Italy in the
period 2008014, in thispaper we analyzethe relationship between different
choices in the design phase and the performanpebfic work executionMore in
particular, we try to assess empirically the implications for cost averand time
delaysof the different choicesnade by the contracting authorities in the design
phase.

Due tothe large decentralization process of the public procurement system and the
presence of a complex and often contradictory regulatory frameworktatien

public procuremensector is an ideal castudy toanalyzethe relationship between

the different choices in the design phase and the presence of cost overruns and time
delays. In fact, several consideratiares be formulate based dne Italian public
procurement regulation that encompasses a detailed and complex set of rules
established by the national Parliament. In this respect, the regulatory framework for
public procurement appears to be characterized by hggetation at theegional

and, sometimes, at the municipal lev€ln the one handprecise rules about

procedures and award criteria exist that must be followed by all public institutions
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throughout the country. As a consequence, differences in performance cannot be
straichtforward related to differences existing in the procurement laws and rules,
though the previous remains true thiose aspectsf the procurement process to
which local regulations apply. Rather, it is more likely that such differences are due
to the waythe laws and rules are actually applied to the procurement process and to
thebehaviorof the actors (e.g., procurers, contractors, etc.) involved in the execution
of the public work.On the other hand, the Italian regulation has been strengheten
over thethe years, in response to the EU legislation that aimed at improving the
design of the awarding procedures and at enforcing the principles of publicity,
transparency and equal treatment. However, this increasing regulatory effort in the
public procurmentector has had unintended consequences, leading to a significant
instability of the regulatory framework and to a higher uncertainty for public and
private operators.In fact, the extreme fragmentation existing in the public
procurement regulatory framewodetermines a tradeff between the ability of the
regulatory system to fully respond to the specific needs of the country and its
capacity to produce benefits, at the aggregate levébrms ofreductions in public
expenditures and afficientallocation of resources (Decaroksd Palumbp2011).

In such aregulatoryframework, the design stagealso subjecto specific rules that

have changed over time. The design proeesdysedn this study (as regulated by

the Code of public contracts for works, services, and suppli®scree n.163/2006)

is made up of three distinct phases: prelimingmgodetto preliminary detailed
(progetto definitivd and final progetto esecutiyo A poor initial public work design,

being unable to fully specify all the characteristics of ghgect,canrepresenbne

of the main causes of gost contract renegotiation. Indeed, it is almost impossible
to develop an optimallesignat the beginning of # procurement process, asw

and relevant information comes oply whenthe public work is awarded. Thus,-ex

post renegotiation of the contractual terms is likely to occur.

This paper aim$o contribute to the existing literature by providing furtheipeioal
evidenceon the relationship between the choices made in the design phase and the
extent of cost and time renegotiations of public contracts in Italy. Specifically, we
investigatethe impactof the choice between an internal and external designéreo

performance inpublic works execution as measuréy cost overruns and time
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delays. We also critically discuss the results arising from the empirical analysis and
their policy implications in the light of the new Italian Code of public works.

The renainder of the paperis organizedas follows: Section 2 provides the
background for the analysis by reviewing briefly the relevant literature; Section 3
examines how the public procurement regulatory framework concerning the design
phase has changed in ftalver time; Section 4 presents the dataset and the empirical
strategy for the analysis; Section 5 shows and discusses the results; finally, Section 6

draws some concluding remarks and policy implications

2. Background

As previouslymentioned,this paper provides aontributionto the relatively scant
empirical literature on contract renegotiations in public works. Particularly, the
attention has been devoted to the effects of the design phase on the extent of cost
overruns and time delays, building the previous empirical and theoretical research
works.

An interesting theoretical contribution in the field of auction and contract theory, is
provided by Bajari and Tadelis (2001). Looking at the whole project process, the
authors discuss the strategiole of the procurer in the procurement process. In
particular, they analyze the relationship existing between providing the right
incentives to the procurer and the deriving effects in terms -ploek renegotiation
costs.The authors highlight the imp@ance of the investment in the completeness of
the project design made by the auctioneers at the initial phase of contracting, which
lowers the likelihood that parties will need to renegotiate chagwgesst They show

that the procurer faces a trad# between providing the right incentives (a costly
action) and reducing ex post transaction costs due to costly renegotjan.and
Tadelis (2001)also examine how the optimal incentives to reduce ex post
renegotiation depend on the size/complexitythed project and, ultimately, on the
typeof ex ante contract that the parties sign (i.e. renegotiation costs are endogenous).
Indeed, in case of public works with relatively simple characteristics, detailed project

designs are possible. Therefore, therdel predicts that this type of works are better
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procured using fixegbrice contracts whera predetermined price for completing the
project is defined and the risk oéxpost renegoziation is drastically reduced.
Furthermore, fixegprice contracts provideontractors with the right incentives to
contain the execution costs and, used together with ex ante competition mechanisms,
are able to transfer these cost savings directly to the procurer. However, as the back
of the medal, fixegorice contracts usuallyequire higher contract design costs.
Moreover, if the contract will afterwards turn out to be incomplete, thposk
adjustment costs would be significant.

Differently, in the case of public works with more complex characteristics, it is very
difficult (and costly) to achieve a detailed project design. As not all aspects and
contingencies of the project realization can be included in the desigaes not
make sense for the procurer to invest much in the completeness of the cohiact.
theoretical nodel developed by Bajari and Tadelis (2001) predicts that for compex
works cost plus contracts, whetlee contractor is reimbursed for all costs incurred
plus a stipulated feemay be preferredFurthermore, under this typology of
contracts, eypost adjushents are less costly because renegotiation frictares
eliminated (limi, 2009)However, a higher financial risk for the procurer occurs.

More generally in the initial stage of procurement process, a learning period is
usually required to understandetitharacteristics of the project and to reach a
detailed design. This can give rise to-ggtimal results in the short term (due to the
limited available information) that are likely to be corrected over time. Nevertheless,
gathering information on the @ect characteristics (i.e., the previous learning
process) is more costly before than during the realization of the project, as the ex
ante learning process requires forecasting contingencies that will arise during the
building of the work. Moreover, thenore accurate (and, thus, costly) is the initial
learning process, the higher the probability that the winning firm in a competitive
bidding will be the most efficient one according to thepest optimal design.
Hence, the contracting authority faces ad&off between the costs for the -axte
specification of the design project and the probability of selecting the effasént

firm in the procurement process (Ganuza, 2000). In the real world, the unavoidable
incompleteness of the information at thetish stages of the project requires to
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renegotiate and to adjust the contractual arrangements, to correct the deficiencies of
the original imperfect contract.

Another factor that should be taken into account when examining the public
procurement process the time required to construct a detailed and complete
contract. Indeed, the contracting officers must decide how to allocate their limited
work time among different tasks. As the number of tasks (i.e. procured works)
increases, less time will be necasly devoted to optimally specify each contract,
thus leaving some contingencies unaddressed and, hence, the contract incomplete.
Based on an extension of the economic model developed by Bajari and Tadelis
(2001), Warren (2014) investigates empiricallgwhthe contractual completeness
and terms change in presence of a varying workl@wk main result is that
decreasing workload leads to less renegotiation (due to more complete contracts) and
lower prices (due to a greater reliance on full and open cdropenechanisms as

well as to fixedprice contracts). By assumption, writing an entirely complete
contract is prohibitively costly, and the marginal cost of the contractual completeness
is increasing in workload. An incomplete contract may lead to costiggotiations,

but contractual completeness is set optimally, so an increase in its marginal cost will
tend to decrease the equilibrium level of completeness. The effects of workload on
all the other contractual choices arise due to the adjustment inetemgss (Warren,
2014).

However, as the work of public bureaucratic structures is generally influenced by
political decisions, the choice to leave the contract incomplete cannot only be
regarded as a consequence of a high workload but it is often tikedgpendon
external (exogenous) factors. In such a situation, being influenced by the political
power, public administrations are not the most suitable subjects to carry on planning
and design activities as well as to effectively monitor the projectuérecphase.
Otherwise, the risk would be the need to revise the project during the execution
phase with the expected consequences that worksnt@reuptedand delaysare
generatedGuccioet al, 2009).

A further concern regards the opportunigbehaviorby the contractor when the
contract is incomplete. Indeed, the incentives for ¢batractorto carry out the

changes to the original project may not depend only on the incompleteness of the
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contract and on the nature or the size of the awardekl Rather, the extent of the

opportunistic behaviour and the attempt

be related to the characteristics of the winning bid. More precisely, they can depend
on the fact that a relatively low bid, originated, fortame, by the effort to win the
auction, may find a Acompensati cha, i n
2008).

As pointed out by Decarolis and Palumbo (2015), the design phase plays a relevant
role in the performance of public works executidfsing data on public works
awarded between the years 2000 and 2007, they test the effect of Design and Build
(D&B) contracts on renegotiation. Theoreticaliijfferenttypologies of design could

have a different impact on thgerformanceof public works, éading to opposite
results.On the one handhe lack of an executive project allows the firm to carry out
the project using those technical s ol
productive capacities andcknow-how. This might reduce the pressure rfo
renegotiation and changes in the original project, thus decreasing the likelihood of
cost overruns and time delays in the execution. On the other hand, whenever the
design and thexecutionactivities are separated, more constraints and controls arise,
thus reducing the room for opportunistiehaviors by the contractofhis situation

may have positive effects on the time and the costs of project completion. In their
analysis, Decarolis and Palumbo (2015) find that the use of D&B contracts causes
highercost renegotiations but, unexpectedly, cost overruns decrease when the design
is outsourcedo a third party.

In a different paper, Decarolis and Giorgiantonio (2015) study hovtahan local

public procurement regulation has changed over time and rifasericed the
performance in the execution of public works. Indeed, the Italian regulatory
framework at thanationallevel is supplementetly the laws and the regulations laid
down by theRegional, Provincial and Municipal Authorities, thus creating a hype
regulated system. This fragmentation in the regulatory framework generates-a trade
off between the ability of the public procuremeaystemto address and respond
effectively to the different and specific needs of the territory and its capacity to
produ@ benefits, at the aggregate lewelterms ofreductions in public expenditure,

and effective allocation of resources (Decarolis and Giorgiantonio, 2015). Their
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analysis focuses on threeore aspects of the procurement process that are
economically releant and for which they have statistical data: (i) the winning
discount; {i) the number of offers received; (iii) the probability that the winning firm

is from the same region of the Public Administration. They find evidence that, in
some cases, local refos had positive effects that served the specific needs of the
territory; in others, an antiompetitive orientation prevailed, with extra costs for the
contracting authorities and less efficient allocation of resources (Decarolis and
Giorgiantonio, 2015)

3. The design phase in the evolution of Italian regulatory framework

The Italian public procurement systambasedon a complex set of rules that has
been reformed many times over the years. Such excessive bureaucratization of the
regulatory context is considered one of the main reasons for the inefficient use of
public resources in the Italian public procurement@e(@i Giovanni, 2017)also

resultingin a widespread corruption (Golden, 2003).

Over the time, the inadequacy of the existing rules, the risklbfsion and the need

to align the national regulation with the European directives have led the legislator to
introduce new and significant changes to the existing regulatory framework, the last
of which was in 2017 (Legislative Decree n.56/2017).

Indeed, sincethe 1980sthe Italian public sectohas been characterized by an
increasingpresence otorruption (Chang et al., 2010). Following the start of the so
called 'Clean Hands' inquiry in the early 1990s, which uncovered a huge web of
corruption (Acconcia an@antabene, 2008), greater public attention has beengaid

theissueof corruption

The close relationship between politics and businesisaslikely to affect negatively
the efficiency of public works execution. The acknowledgement of this has led the
Italian legislator to reorganize the entire public procurement regulatory system with

the aim to ensure a more transparent and efficient management of public works. As a
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consequence, a stringent regulatory approach has been adopted, which has reduced

theadministrative discretion over the procurement of public works.

Therefore, to improve the performance in the execution of public works as well as to
align the Italian public procurement system with the Eurod@iaectives the se
call ed A Mer094994) wds awahded., €angdequently, each procedural
element of the procurement processs minutely regulated’he law reorganized the
entire Italian public procurement regulatory system, introducing the concept of
quality of the proceg$and emphasizinghe strategic role of the project ph¥sas a

tool to protect and to empower the interests of the contracting authority.

The first Merloni law also defined the separation between the design phase and the
execution phase, assigning the former to the caimgpauthority® and the latter to

an external operator. Furthermore, as previously mentioned, it disaggregated the
structure of the design phase in three different levels: preliminary, detailed and
final>4, each of which with specific objectives. In doirgst the law recognized the
importance of the design phase for the procurement process and the fact that a low
quality of the design phase may lead to a bad performance in the execution phase,

thus implying the need for renegotiation.

2l To increase the competition and to reduce the information asymmetry on the
characteristics of contractors, the Merloni law introduceréification of qualification for

the excution of public works(SOA). Specifically, it established a set of technical,
organizational and financial requirements for firms wishing to participate in public tenders.

Such certification ensured the f iworkosa capacit
specific level of value.

22 The law introduced a temporal (thrgears) planning for the projects and limited the use
of variants during the execution of work to a percentage not exceeding 5% of the value.

2 According to the law, the contractjrauthority represented the main project stakeholders
whose and interests were pursued by introducing the technical figure of the RUP
(Responsabile Unico del Procedimentprocedure manager). The RUP task was to control
the realization process of the pigblvork and to manage the different phases of the project.

24 The preliminary design consists of an analytical and graphical report that explains the
reasons for technical, environmental and economic choices given the amount that the
contracting authoritywas willing to pay. The detailed design is developed taking into
account the indications, the limits and the needs pointed out by the preliminary design. It
consists of descriptive reports, graphic works, preliminary studies for structural calculus and
ecaiomic analysis qgomputo metrico estimatiyoThe last level is the final design that
contains in details the technical operations required for the execution of the work and their
related costs. It consists of reports, calculus and technical designs.
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Accordingly, the Merbni law denied the possibility of awardifg&B contracts

where the same firm is responsible for both the design of the prajettits
execution.The reliance on D&B contracts in the public procurement sector presents
some advantages and disadvanta@esthe one handawardingboth the design and
execution phases to the samsubjectallows identifying responsibilities in a more
straightforward way. On the other hand, using the same contract to assign the roles of
the designer and tHauilder leaves grateroom for opportunistidehaviors by both

the contracting authority and the awarded firm

To conclude, the Merloni law tried to fight the presence of corruption as well as of
political influences in the Italian public works sector, providing a strict public
procurement legislation aiming to reduce the inefficiency in the execution of public

works and, consequently, time delays and cost overruns.

The subsequent amendment (the Merloni quarter, law n. 166/2@@avided two
exceptions to the general principle of separation between the design phase and the
execution phase. First, it allowed theeusf D&B contracts under particular
circumstances. Second, it allowed the use of concessions for the realization public
work. Specifically, the possibility of employing a D&B contract was limited to: (1)
works with a value of up to 200,000 euros; (2) woskth technological components

that amount to at least 60% of the value of the work; (3) maintenance works,
restoration works and archaeological excavations; (4) works with a value equal or

higher than 10 million euros.

In 2006, the Legislative Decree n63, the secalled "Code of public contracts for
works, services and supplies" transposed the European Directive n. 2004/18/EC,
adding some innovative elements. Indeed, fropokcy perspective, the too strict
regulatory framework of the first Merloni lalad resulted in a slowing down of the

Italian public workssector Thus, the new Codevercomedhe previous principle of

2 Before the Merloniquater, other laws in the public procurement sector were: the Law no.
216/1995 (secalled Merlonibis) and theLaw no. 415/1998 (soalled Merloniter). The
legal framework also included other enforcement measures: the DPR 554R8g0lation

for the implementation of Merloni law; the DPR 34/200Discipline of the qualification
system of the subjects executing public works; the DM 143/2@ailsand schemes for
the preparation of the thrgear plan and the list of works; the DM 145/200General
terms of contract of public works.
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separation between the design and the execution phases, enlarging the possibility of
using D&B contracts. In detail, three differegpés of contractgvere considered to
award public works

1. Build contracts, tdbe executedn the basis od final design;

2. Design and Build (D&B) contracts, in which the object of the bid was the
final design, while the work had toe executean the basi®f the detailed
design provided by the contracting authctity

3. Design and Build (D&B) contracts, in which the preliminary design was
providedby the contracting authority, while the bidders in the competitive

tender process had to provide the detailedgtési

According to the new code, the contracting authority could use its own discretion
power to choose the type of contract more suitable to its technical, economic and
managerial needs. Moreover, the limits set by the previous Meyl@aterto the use

of the D&B contracts disappeared. However, for both the types of D&B contracts
(i.e. points 2) and 3) of the above list), the new code imposed that the contractor had
to own some technical requirements through a specific certificatiemificazione

SOA. A firm without this certification had to hire a designer with the necessary
technical requirements.

Nonetheless, under the new Code, the contracting authority continued to play a
crucial role in thedesignphase. In line with the first Merloni law, the dgsactivity
continued to be reserved the contracting authority through its internal technical
office or the technical offices of the other public authoriti@sly in thosecases
established by the lawand after following a specific awarding procedutke
contracting authority could designate an external designer in place of an internal one.
Among these cases were the lack of personnetithieulties met incarryingout the
taskand the complex works projects. Nevertheless, the use of infgreahnelas
designers is commonly considered a more efficient choice as it is generally less
expensive than hiring an external designer. Moreover, according to the new Code,
except for specific reasons, the detailed and final design phases had to be oéarried o

26 |t corresponds to the Design & Build stated by the Article 19, paragraph 1, letter b) of the
first Merloni law.

27 Code of Public contracts, art.53.
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by the same subject. Thue,avoid the fragmentation of the design activity, it was no
more allowed to an external desigriercarry outjust one design, that is either the
detailed or the final one

Furthermore, the Code established a threshold of 100,000 euros as the maximum
contract value for selecting an external designer without an awarding procedure.
Therefore, below this threshold, the contracting authority was free to choose the
designer folloving the principle of equal treatment, transparenayn
discrimination,and proportionality. According to the Article 57, below the above
threshold, the contracting authority could also select the designer through a
simplified negotiated procedure with ammum of five tenderers. When the reserve
price of the contractwa s equal or above a 100. 000,
procedures were allowed, or the use of restricted and negotiated procedures in
accordance to the rules for EU contracts.

On the oppositewhen the contracting authority opted for arhmuse designer, the
Code recognized that an extra payment less than 2% of the value of the work was
due. Thus, the law emphasized the strategic role of the contracting authority in the
designphase, incentiving the choice ointernal designers. At the same time, by
doing this, the new Code aldmnited the discretionary power of the contracting
authority in the procurementprocess,to prevent corruption and opportunistic
behaviors

More recently, a new set akforms hasbeen undertakein the Italian public
procurement regulatory framework through ttecree n50/2016 that contains the

new lItalian Public Procureme@ode (PPC), the decree. 6/2017 and three new
European Directives (Directives 2014/23/UH)14/24/UEand 2014/25/UE). The

new PPC has introduced many innovations in the concept of quality of the
procurement procesgaying further attention to the design phase amdhe
alignment ofthe national regulations with the European Directites

28 The European policy regarding public procurement aims to: (i) ensure competition in the
market, (ii) reduce the public spending, (iii) fight corruption, collusion and fraud through the
transparency and traceability operations. In line with the goals of the strategy "Europe
2020", the new EU Directives are also addressed to increase the discretionary power of the
contracting authorities, changing their role and assigning them higher responsibilities.
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The PPC hasmtendedto simplify the complex set of rules and laws developed in the
public procurement sector over time. The concept of simplification appears in the
structure of the codee(g.a lower number oérticlesand attachmentssoft law) and

has leen applied to the reform of the role of the contracting authorities (i.e. only
qualified contracting authorities are allowed to award public works) as well as to the
dispute settlement.

Moreover, under the new PPC, the regulation of the D&B contractchesged
again. Similarly to the first Merloni law, the PPC has reintroduced the separation
between the design and the execution phases, stating the centrality dgstge
phase. The use of D&B contracts has not been anymore allowed, except for very few
case®’. In addition the rules for the public procurement prodeasse beemedifined

For example, in theplanning stage, the budget for the project design has been
separated by that for the execution of the work. The two budgets are now required to
follow two different procedural paths. On the opposite, the preliminary design and
the feasibility desigi? have been urfied in a single stage. In such a way, the
execution of technical and archaeological investigations must precede the design
activity as a meansf avoiding subsequent problentdoreover, the new first level

of design (i.e. the technical and economic fahsjbproject) has assumed a more
prominentrole than in the past, because it now inclutehnicalanalysis of the
different project solutions along withcastbenefitanalysis.In addition it represents

the necessary precondition for having acdéeshe public funds, being the project to

be included in the thregear plans.

2 The D&B contrats can be used whenever the innovative or technological part is prevalent
in the value of the work and in case of a general contractor agreement, project financing,
concession and publjgrivate partnership. In such cases, the object of the contract segard
exclusively the final design and the execution of the project (art.59 of D.Igs. 56/2017).

%0 The Art. 23 indicates the levels of design: (i) the technical and economic feasibility
project, which replaces the preliminary design (which contains surveykestygraphical
elaborates and economic estimates to realize the work); (ii) the detailed design; (iii) the final
design. The same article provides a simplest design for those ordinary maintenance works
with a value up to 2,500,000 euros. Moreover, it ajsecifies that the detailed and the final
designs should be preferably awarded to the same subject for reasons of homogeneity and
coherence. Finally, the projects with relevant archaeological, historical, artistic,
environmental and technological impontenhas to be designed by internal designers.
However, in the case in which no adequate skills are held by the technical offices, it is
possible to make use of design contests or competition inviting ideas.
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As far as the design phase is concerned, the PPC has paid attention to all the actors
involved in the procurement process: the contracting authorities, the
firms/contractors, and the technical professionals. The law has provided a
qualification system for the contracting authority, a rating system fofirthe and
specific technical requirements fprofessionalsFurthermore, under the new Code,

the contracting authority has Idse priority indesignphaseandthe use of either an
internal or an external designéas been virtually treated equallin fact, the
previous limits foroutsourcing the project desigart. 90 D.Lgs. 163/2006)ere
repealed Finally, the economic incéimes recognizedo theinternaldesigners were
moved from thelesignphase to the planning and control phases. In such a way, the
new Code has underlined the importance of the planning phase, by changing the role
of the contracting authority that shouldmbe more addressedward this direction.

In this respect, the appointment of the external designetseleasfavoured

Tables 1 and Bummarizehe main elements of the first Merloni Law, tGede of

public contracts and the nelalian PPCwith regad to the design activity and the

use of D&Bcontracts
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Table 1- Evolution of the regulatory framework for the design phase

Design activity

Merloni Law
(n.109/1994)

Code of public contractsfor works, services,
suppliesi
De Lise Law (n.163/2006)

New Public Procurement Codgn.50/2016)
integrated and amended by
decree n. 56/2017

Who can design

As a matter of prioritythe designs assignedo the
contracting authority. However, the followin
exceptions exist:

- lack of personnel;

- difficulties met in carrying out the task;

- complex works;

- complex projects.

As a matter of e priority, the desige assignedo
the contracting authorityHowever, the following
exceptions exist:

- lack of personnel;

- difficulties met in carrying out the task;

- complex works;

- complex projects.

No priority.
Projects of relevant archaeological, historic
artistic, environmental and  technologic

importance have to be made by an inter
designer If the required expertise is not prese
insidethe contracting authority, it is possible to re
on design contests or competition inviting ideas.

Design levels

Three design levels:
- Preliminarydesign;
- Detailed design;

- Final design.

Three design levels:
- Preliminary design;
- Detailed design;

- Final design.

Three design levels:

- Technical and economic feasibility desic
(which gather together the preliminary desi
and the feasibility design of prneus Code);

- Detaileddesign

- Final design.

The Code providea simplerdesign for those works

of ordinary maintenance with a value of up

2,500,000 a.

What can do the external desig

The externaldesigner is allowed to carry out just
part of a design level.

Theexternaldesigner is obligated to carry out one
morecomplete design levels.

No specified.

Incentives for internal design

The law recognizedto the public employeesan
incentive( in the form of an extra payméntbut up
to 1% of the value of the work to cargut
According to theLaw n. 216/1995 (the soalled
Merloni bis), this incentive isrecognizedfor all
design levels.

The extra paymentrecognized to the pubt
employeesacting asinternaldesigners has not to b
higher than 2% of the value of the work.

No incentivefor thedesigractivity.

Source: our elaboration



Table 2- Evolution of the regulatory framework for Design and Build contracts.

Design&Build contracts

Merloni Law

(n.109/1994)

Code of public contracts for works, services,

suppliesi

De Lise Law (n.163/2006)

New Public Procurement Codgn.50/2016)

integrated and amended by

decree n. 56/2017

Underlying philosophy

Separatiorbetween the design and the execution
the work.

Liberalizationof theuseof the Design and Build
contracts.

Separatiorbetween design and execution of work

Typology

No Design and build contracts.

The Merloni-quater law (n.166/2002) introducec
the Design and Build contract, in which the obje
of the bid was the final design, while the executi
of the work was basedon a detaileddesign
provided by the contracting authority.

Two types of Design and Build contracts

- In the first type, the object of the bid is the fin
design, while the execution of the waskbased
on a detaileddesignprovided by the contracting
authority.

In the second type, the object is the final desi
while the execution of the worls basedon a

preliminary design provided by the contracting
authority. In this case, however, the task of 1
bidder is to provide the detailet&signto submit

during the tender. The bid should include t
costs for the detailed design, the final desigd

theexecution.

No Design and build contracts; each woik
awardedon the basis ahefinal design.

The decredn. 56/2017) introduces the Design a
Build contract only for works where the innovati
or technological part is prevalent in the over
value of the work andin case of ageneral
contractor, a project financing, a concession an
public-private partnership. In all such cases, 1
object of the contract regardxclusively the final
design as well as threalizationof the project

Source: our elaboration
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4. Data andempirical strategy.

The dataset used in our analyisiprovidedoy AVCP andcomprises information on
40,898 public works contracts awarded in Italy in the period between 2008 and 2014.

Following Decarolis and Palumbo (2015), as measures of cost overruns and time
delays in the execution of public works we consider the percentage variation of the
final cost with respect to the awarded cdstta Cos} and the percentage variation

of the tme (i.e. number of days) needed to complete the work with respect to the
time agreed in the contradEXtra Timé@, respectivelyTherefore, positive values of
these measures highlight arefficient execution of the publicontractin terms of

cost overrasand/ortime delaysAs information on cost overruns and time delesys

not available for all public works included in the dataset, after cleaning for missing
data and outlief$, the final samplés reducedo 20,757 observations (50.75% of the

full samge).

Figure 1 plots data concerning cost overruns and time delays for the observations
included in the studyl€ft-handside) and the fullright-handside) sample. In both
cases, the two variables seem taibeorrelated. In line witecarolis and Palunab
(2015), albeit many observations present a zero value (in the study sample: 6.4% and
12.6% for cost overruns and time delays, respectively), an upward deviation from
zero seems systematic for both variables, espkciallylarge for time delays.To

further verify the previous results, we compute the Pearson correlation coefficient for
the study sampleThis is equal to 0.0008 and not statistically significant, thus
confirming that cost overruns and time delays can be considered two independent
outcomes ath treated as two different dependent variables.

31 More specifically, we drop, as outliers, observationghifirst and last centileof the
distribution of cost overruns and time delays values as well as those public works with a
reserve price less than 150,000 euros.



Figure 1 - Scatterplot of the extra costs and the extra time. Data frostdbg
sample (left) and the full dataset (right)

Source: our elaboration on data provided by AVCP.

To estimate the impacf the design phase on both cost overruns and time ¢éhays

following two Ordinary Least Squares (OLS) regressemesperformed

OWLod &I o 1O 1M - —& ro- (1)

OwoiYQa Q| 1w 1A - — r - 2)

where the dependent variableare either cost overruns or time delays in the

execution of the public work awarded by the procurgrin the yeart. In both
equations,® is the vector of our interest variabléghese includea dummy

variable equal to 1 whether thentract is a Design and Build and zero otherwise
(Design & Build. Furthermore, two different dummies are also considered in the
estimations that assume a value of 1 (zero otherwise) when an internal designer is
chosen Ipternal designer and/or the projectlesign is delivered by an external
designer External designgr The use of two dummies for the appointment of the
designer allows controlling for the case in which both an internal and external
designer coexist, though this occurrence regards a veryedimmumber of our
observations (about 2% of the study sample).

Building on the previous literature (see among others Decarolis and Palumbo, 2015;

Guccio et al., 2012b and 20144y, , @ and @ represents tlee

vectors of control variables, related to the type of work, the characteristics of the
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