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Introduction and Previous literature

The most common e�ciency markers (usual response variables in empirical stud-

ies) in the procurement of public works are cost and time overruns (delays).

Much theoretical and empirical literature has focussed on cost overruns, while a

few contributions have analysed delays (Lewis and Bajari, 2011; Guccio et al.,

2014).

The social price of a delay can go beyond what is actually paid for the contract,

in that a delay involves other costs, inflicts negative externalities and entails the

dissatisfaction (or postpones the satisfaction) of collective needs (Lewis and Bajari,

2011).

Moreover, although many causes of public works procurement ine�ciencies have

been investigated (contract incompleteness, poor institutional environments, court

ine�ciencies, messy normative frameworks, corruption), two relevant aspects have

received very little attention so far:

buyers’ lack of technical expertise to frame or follow up projects

tight constraints on public budgets

The latter two aspects are generally regarded as something that sees peripheral

procurement authorities, namely municipalities, su↵er from a disadvantaged posi-

tion relative to higher government levels (e.g. Brown and Potoski, 2003a; Guccio

et al., 2014a; Ambrosanio et al., 2016). Italy
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Contribution and data

We focus on the influence that local authorities (municipalities) characteristics may

play on the execution time performance of their procurement.

In particular, we pay special attention to the role of municipalities’ procurement

experience in preventing delays or in reducing their duration, as well as to the influence

on these delays exerted by the presence of tight constraints on public budgets.

We investigate these aspects using a rich administrative dataset of public works

implemented by the municipalities of Tuscany from 2012 to 2015 (SIMOG and

SITAT databases).

The sample employed in the current analysis consists of the 1,310 public works

awarded by Tuscan municipalities in the period January 2012 – April 2015. The

total number of municipalities (buyers) included in the sample is 196.

Tuscany:

the composition of Tuscan and Italian public works is roughly the same both

in terms of financial size and sectoral mix

the total amount of public works is that of an average Italian region.

interesting variability at the level of works carried out by municipalities (share

of works and work value managed by municipalities above the national av-

erage)
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The empirical strategy

The problem that underlies our empirical analysis can be presented as follows:

The total execution times of each public work can be split into two time intervals.

In the first time interval, the work’s execution is still on time (duration <= con-

tractual duration). If completed during this first time interval, the work makes the

infrastructure ready in due time and exits the population under scrutiny. If, in-

stead, the work exceeds its expected (contractual) duration, the work is a delayed

one.

The execution times of delayed works are right-censored, which occurs in 39.5% of

cases. Duration Under these circumstances, duration models are the appropriate

tool to analyse the data (e.g. Box-Ste↵ensmeier and Jones, 2004).

A split-population model is the appropriate way to address the issues above

(Schmidt and Witte, 1989). It is a two-part (mixture) model in which the proba-

bility of the occurrence of a delay and the delay duration are separately accounted

for, entering the model in multiplicative fashion. Both the probability of delay and

the delay duration depend (separately) on the work’s characteristics.
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The model

D = {0, 1} is the binary variable that indicates if a work is a delayed one

T denotes the positive random variable representing time to work completion for

a delayed work

hw (t) is the hazard of completion of each given work

xw is a vector of explanatory variables

We can write our model as follows:

hw (t) = Pr(Dw = 1|xw ) · h⇤w (t|Dw = 1, x⇤w )

where h⇤w is the conditional hazard that can exist only when D = 1 or, equivalently,

when T > 0.

1 We estimate the probability of delay (first part) by means of a logit model

2 As for the second part, we need a duration model. A valid option is the Cox model,

where the hazard of completion of each given delayed work h⇤w is a function of the

baseline hazard function h⇤b and the vector of explanatory variables x⇤w :

h⇤w (t) = h⇤b (t) · e
�⇤x⇤w
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The duration model for delayed works

However, if two delayed works are characterised by di↵erent degrees of complexity that

result, for example, into di↵erent expected durations, it makes little sense to assume

that the duration of the delay can be represented by means of a hazard function that is

common to the two groups (proportionality assumption of the Cox Model).

We thus use a stratified Cox model, where the hazard of completion of each delayed

work,h⇤w (t), is a function of a group-specific baseline hazard function h⇤b,g (t) and of

the vector of explanatory variables:

h⇤w (t) = h⇤b,g (t) · e
�⇤x⇤w

We define the strata of expected durations after a careful inspection of the hazard

functions that are obtained under di↵erent grouping scenarios. Strata

By exponentiating the coe�cients, we obtain hazard ratios:

HRX = h⇤X=1(t)/h
⇤
X=0(t) = e�

⇤
X

which represent the proportionate increase or reduction in risk occurring when x⇤w takes

values di↵erent from the baseline layout of explanatory variables.
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Model specification

1 Explanatory variables defined at the work level Stats

Contractual duration (stratification variable in the duration model)

Work value

Auction format (Decarolis et al. (2010)).

Public work’s sector

Public work’s type (binary variable: 1 if the work consists of the creation of a

new infrastructure, 0 if it is rather aimed at its maintenance or restoration.)

2 Explanatory variables defined at the municipality level Stats

Resident population

Delayed payments (bynary variable based on variation of capital expendi-

ture arrears: 1 if municipality’s average yearly percent variation of capital

expenditure arrears (2012-2015) is positive)

3 Explanatory variable related to works in a specific municipality Stats

Municipality experience: by looking at the amount and at the sectors of public

works procured during the time period 2009-2011, we classify works into three

classes: works falling under municipalities with no experience at all (inexperi-

enced); works falling under municipalities that have previous experience but only

in a di↵erent sector of works (unspecialised); works under municipalities that have

previous experience in the same sector of works (specialised).
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Probability of delay and Hazard Ratios

Suppose a very small municipality with less than 2,000 residents contracts out, through

negotiation, a work of average value whose expected duration exceeds 7 months...
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Conclusions

This article has studied the timing of execution of public works procured by mu-

nicipalities, aimed at the creation and maintenance of local infrastructures.

We have adopted a two-part mixture model in order to account both for the

probability od delay and the duration of delays. In order not to limit the analysis

to concluded works we have used survival analysis techniques to investigate delay

durations.

We have approached the issues regarding municipality-level procurement in an

explicit fashion taking into account both technical/organisational and financial

characteristics of municipalities

We find that:

insu�cient procurement experience is associated with a higher probability of

incurring delays and with substantially longer delay durations

municipalities that postpone payments in response to budget constraints are

more likely to face delays and longer work durations.

Possible remedies range from the reinforcement of the competencies of local

procuring authorities by means of resource pooling, to the centralisation of pro-

curement into the hands of specialised technical bodies or higher government

levels.
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Italian public works by procuring authority

Back
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Duration and delay duration of works

Back
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Baseline hazard functions

Back
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Descriptive statistics - variables defined at the work level

Back
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Descriptive statistics - variables defined at the municipality level
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Descriptive statistics - experience
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