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Abstract

We study the administrative behaviour of a sample of Italian mu-
nicipalities dismissed by the Government because of ma�a in�ltra-
tions, looking at their balance-sheet data. Using linear discriminant
analysis and logistic regressions, we put forward two statistical indi-
cators of the probability that a ma�a in�ltrated a city council. Our
results characterise the administrative pro�le of in�ltrated municipal-
ities. We obtain non-obvious results concerning their i) high levels of
arrears, both of tax collections and payments; ii) low levels of indebt-
ness; and iii) low levels of capital expenditures, especially for public
works.
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1 Introduction and motivation

The existence of large and powerful criminal organisations is a worldwide
phenomenon that a¤ects the life of people and the functioning of political
institutions in many advanced and developing countries.1 The presence of

1Most notably in countries like Italy, Japan, U.S.A., China, Columbia, Russia, Mexico,
among others.
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organised crime (henceforth OC) has detrimental e¤ects on economic growth
(Pinotti 2015, Shleifer and Vishny 1993, Acemoglu et al. 2020), on the
functioning of competitive markets (Slutzky and Zeume 2020, Calamunci
and Drago 2020), on the quality of national and local political institutions
(Daniele and Geys 2015, van Dijk 2007) and on the level of political corrup-
tion (Gounev and Bezlov 2010, Buscaglia and van Dijk 2003). The deter-
minants of the emergence of such organizations appear to be related to the
history and the socio-political conditions of a country or of a region (Bandiera
2003, Acemoglu et al. 2020, Buonanno et al. 2012, Dimico et al. 2017). The
collusion with political actors and the weakness of law enforcement is one of
the causes of the rise and success of large criminal organizations.
The attempt to in�uence and control political institutions, both at na-

tional and local level, is a pivotal element of the modus operandi of OC.
Indeed, the �ows of public expenditure (especially the investments in in-
frastructures and the provision of healthcare services2), as well as public
funding to private businesses, provide lucrative opportunities for criminal
organizations (Gounev and Bezlov 2010, Jonhson 2020, Barone and Narciso
2015). OC pursues the capture of politicians through a mixture of bribery,
intimidation and violence�the �plata o plomo�approach�along with the in�l-
tration (in a strict sense) of their members in elected political bodies and/or
in the administrative sta¤ of national, regional and local authorities (Alesina
et al. 2016, Acemoglu et al. 2013, Dal Bò et al 2006). This problem is partic-
ularly felt in Italy, where four large criminal organizations are present: Ma�a,
Camorra, �Ndrangheta and �Sacra Corona Unita�.3 To tackle the interference
and pressure of these criminal organizations on local authorities, in 1991 the
Italian legislator passed a law that gives to the Government the power to dis-
miss a city council if there is su¢ cient evidence of being under the in�uence
or control of a ma�a.4 Since then, three hundred and eighteen city coun-
cils have been dismissed and put under commissionership.5 The dismissal

2This problem is particularly severe in Italy where, between 2006 and 2019, the Gov-
ernment has dismissed six Local Health Care authorities, four in Calabria and two in
Campania, because of Ma�a in�ltrations and control. Johnson (2020) provides a detailed
description of this issue.

3These organizations are based, respectively, in Sicily, Campania, Calabria and Apulia,
although their activities extend well beyond the boundaries of these four southern Italian
regions. Henceforth we will generically refer to these organizations as �ma�a�.

4Decreto Legge 164/1991, subsequently Art. 143 of the �Testo Unico sugli Enti Locali�,
�Scioglimento dei consigli comunali e provinciali conseguente a fenomeni di in�ltrazione e
di condizionamento di tipo ma�oso o similare. Responsabilità dei dirigenti e dipendenti�.
Occhiuzzi (2019) provides an analysis of the legal aspects of this law and of its application.

5More precisely, up to March 2020 we had 531 decrees of dismissal, 187 of which
apply to city councils that have been previously dismissed. 26 out of 531 dismissals have
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procedure starts with police investigations that are usually triggered by a
variety of signals, such as: i) links, frequentations and relationships between
administrators and members of a ma�a; ii) crimes committed by administra-
tors; iii) acts of intimidation against administrators and other public o¢ cers;
iv) electoral disturbances; v) administrative irregularities; and, naturally, vi)
ma�a related murders and crimes. Upon the reception of the police reports
that indicate a potential case of in�ltration, the �Prefetto��i.e., the local rep-
resentative of the national government �appoints a committee that includes
o¢ cers from the �Prefettura�(the cabinet of the �Prefetto�) and o¢ cers from
the three Italian police corps (State Police, Carabinieri and �Guardia di Fi-
nanza�). The committee investigates the case and writes a report that is then
used by the Ministry of Interior for the �nal decision. The eventual order
of dismissal, sanctioned by a decree signed by the President of the Republic,
establishes the commissionership of the institution for a period of twelve to
eighteen months. This period of commissionership, that can be extended to
twenty-four months, serves the purpose of carrying on the ordinary acts of
administration while organizing new elections.
A crucial step in the repression of the phenomenon at hand is the iden-

ti�cation of local authorities fallen under the in�uence of a ma�a. Is there
a recurrent pattern in the administrative behaviour of the municipalities
in�ltrated by a ma�a? If so, can we obtain from the accounting data of
municipalities some �red �ags� that can help to detect these in�ltrations?
We address these questions performing a statistical exercise aiming at dis-
criminating between in�ltrated and non-in�ltrated city councils. Most of
the dismissed municipalities, 93%, are located in Campania, Calabria, Sicily
and Apulia. We take a sample composed of �fty-seven of these city coun-
cils, the ones dismissed between July 2010 and August 2016, and study their
balance-sheet data looking for regularities that characterise the administra-
tive behaviour of these local authorities in�ltrated by a ma�a.
The statistical analysis presented below uses two known methods, namely

multivariate Linear Discriminant Analysis (henceforth LDA) and logistic re-
gressions, to assess the likelihood of ma�a in�ltrations. In both approaches,
we complement our sample of dismissed municipalities with a sample of one
hundred well-administered ones, chosen to mimic the dimensional distribu-
tion of the former. Applying the LDA to some headings and ratios of the
balance sheets of these city councils, we obtain a classi�er that discriminates
between �healthy�and �corrupt�local authorities. We call this classi�er the
�Ma�a In�ltration Warning Indicator�(henceforth MIWI). Similarly, we run
logistic regressions on balance-sheet data to obtain logistic models that es-

subsequently been withdrawn by regional administrative courts.
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timate the probability that a ma�a has in�ltrated a given local authority.
We call these models �Ma�a In�ltration Probability�indicators (henceforth
MIP). Both these statistical exercises deliver results that appear accurate
and reliable. These results neatly depict a distinct administrative pro�le for
our sample of in�ltrated municipalities.
A recent and growing stream of literature, brie�y discussed in the next

section, studies the consequences of the in�uence of ma�a on Italian polity
and economy. The present paper contributes to this literature with a focus
and a statistical method that di¤er from the other works. To the best of our
knowledge, we are the �rst who aim at discriminating between in�ltrated
and non-in�ltrated municipalities, looking for detectable regularities in the
balance-sheet data of the former, and identify a distinctive administrative
pro�le of such municipalities. Moreover, in so doing we obtain neat and non-
obvious results concerning i) capital expenditures, ii) levels of indebtness and
of dependence on Government transfers, and iii) arrears in tax collection and
payments of the municipalities fallen under the control of ma�a.
The paper is organised as follows. The next section presents the literature

related to the present work. Section 3 presents the two samples of city
councils and the set of variables and ratios, taken from their balance-sheets,
that we use in our empirical investigation. Section 4 presents the results
obtained by applying the LDA and the logistic regressions to the above-
mentioned set of balance sheet data, along with the results of validation tests
run a set of municipalities dismissed between September 2016 and November
2017. Finally, the conclusions are drawn in Section 5.

2 Related literature

During the last decade appeared several works investigating the e¤ects that
the presence of strong ma�a organisations have on Italian political insti-
tutions and on the economic performance of Italian �rms and territories.
Alesina et al. (2019) show that there is an increase in the number of vio-
lent crimes against politicians in the time preceding elections, hindering the
electoral results for parties that oppose ma�a organisations. They also argue
that the attacks perpetrated by Sicilian Ma�a reduce the anti-ma�a activi-
ties undertaken by members of the Italian parliament. Pinotti (2015) applies
a synthetic control method to estimate the e¤ects that the presence of or-
ganised crime had on economic growth in southern Italy during the post-war
period. His estimated counterfactual data show that, in the absence of ma�a,
southern Italian regions would have achieved circa a 16% higher per-capita
GDP during the three decades starting from 1980.
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Calamunci and Drago (2020) and Slutzky and Zeume (2020) exploit, as
a source of data, the staggered enforcement of Italian laws6 that enable the
Government to con�scate, and put under judicial administration, �rms and
companies that are proven to belong to a ma�a. Calamunci and Drago (2020)
use these law enforcement acts to evaluate their e¤ects on the pro�tability,
performance and investments of lawful �rms that compete in the same mar-
kets as the con�scated ones. Their results show that, during the �rst four
years after the con�scation of a ma�a �rm, the �rms that operate in the same
province and in the same industry enjoy higher levels of returns and increase
their investments. Along similar lines, Slutzky and Zeume (2020) show that
the seizure of ma�a �rms induces improvements on the competition among
�rms, the competition in the assignment of public procurement contracts and
on the overall level of innovative activities undertaken by �rms.
Other authors use the quasi-experiment data furnished by the dismissal

of municipalities due to ma�a in�ltrations, as we do (although for di¤er-
ent purposes). Daniele and Geys (2015) show that, after the dismissal of
a city council, the average educational level of elected local representatives
improves and that the voters tend to shift in favour of younger, female and
non-entrepreneurial candidates. Acconcia et al. (2014) note that in the
aftermath of the dismissal of a city council, with the consequent commission-
ership, there is a marked decline in its expenditures; as they put it: �a sharp,
unanticipated and temporary contraction in local public spending�. They use
this fact to estimate the local output multiplier of cuts in public purchases
at a local (provincial) level. They estimate that such multiplier is equal to
1.2 on impact and 1.8 over a two-year period, showing that cuts in local
public spending can have considerable e¤ects on the level of local economic
activity. Di Cataldo and Mastrorocco (2018) use a di¤erence-in-di¤erence
method to estimate the e¤ects of Ma�a in�ltrations on the allocation of the
public resources managed by local authorities between 1991 and 2013. They
analyse data on public spending�namely the expenses for municipal police,
public lightning, schools, public transports, constructions and waste manage-
ment expenditures (surprisingly measured together as a single variable)7 of
the Italian municipalities dismissed because of Ma�a in�ltration. These au-
thors �nd that Ma�a in�ltrations have a statistically signi�cant in�uence on
the sum of constructions and waste management expenditures, which result
more abundant in in�ltrated municipalities, whereas the expenses for public

6The �rst Italian law to introduce con�scation and judicial administration of �rms
owned by a ma�a is the Law n. 646 of 1982, known as �Rognoni-La Torre�law.

7Constructions, i.e. public works, are accounted for in the �Titolo Secondo�, i.e. capital
expenditures, of the balance-sheet of a city, whilst the expenses for waste management
belong to the current expenditures, i.e. the �Titolo Primo�),
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transports, local police and education appear smaller than in the other mu-
nicipalities. Moreover, they �nd that in�ltrated local authorities collect on
average fewer waste taxes, a result in line with our �ndings on tax collection.
Cingano and Tonello (2020) �nd that the dismissal of ma�a-in�ltrated city
councils has no consequences on the number of ma�a-related crimes (e.g.
homicide, extortion, drug-tra¢ cking and usury). Galletta (2017) �nds that,
over the period 1998 to 2013, the dismissal of a municipality induces a reduc-
tion in public investments in the neighbouring municipalities, an e¤ect due to
the perception of tougher law enforcement on the territory. Finally, Fenizia
(2018) studies the e¤ects of ma�a-related dismissals on the activity of the
�rms that appear connected with the in�ltrated municipalities. She �nds a
sharp reduction in the probability that those �rm win a public procurement
contract in the years following the dismissals.

3 The sample and the data

3.1 The sample

The statistical analysis presented below is performed on a sample of 157 Ital-
ian municipalities divided into two groups, labelled respectively as "corrupt"
and "healthy".8 The "corrupt" group consists of 57 City Councils dismissed
by the Government because of ma�a in�ltrations in the period ranging from
August 2010 and September 2016, apart from the cases in which the dismissal
has subsequently been revoked by the judicial authority.9 Ninety per cent of
the municipalities in the corrupt sample is located in Calabria (51%), Sicily
(18%) and Campania (21%). The rest is split among the southern region
Apulia (3%) and three northern regions, Piedmont (3%), Lombardy (2%)
and Emilia-Romagna (2%).
The control group, labelled "healthy", is composed by a set of one hun-

dred well-administered municipalities, taken from Italian regions and provinces
selected according to two non-contrasting criteria, namely the quality of the
administration and the (low) risk of subjugation to a ma�a. Given the target
of our exercise�i.e., discriminating between in�ltrated and non-in�ltrated city
councils�and the high secrecy of ma�a activities, it is important to contain
the risk of having, in the control group, municipalities that are controlled by

8The �healthy�and the �corrupted�municipalities that compose the samples are listed
in Appendix 1.

9Among the municipalities dismissed because of ma�a in�ltrations between 2010 and
2016, the dismissal of the City Council of Bordighera, Ventimiglia, Cirò and Joppolo have
been subsequently withdrawn, upon appeal, by the Administrative Court (TAR) of Lazio.
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a ma�a even if they have not been recognised as such. Indeed, the fact that
the Government has not dismissed a city council is not proof of the absence
of ma�a in�ltration. As is known, the Italian ma�as not only have a long-
lasting strong control over the territories of the southern Regions,10 in the last
two decades they have extended their in�uence over a number of Provinces
located in northern Regions�i.e. in Lombardy, Veneto, Valle d�Aosta, Pied-
mont and Emilia Romagna�and in central Regions�mostly in Lazio. For
these reasons, we took the control sample from Provinces selected on the
basis of the Institutional Quality Index (IQI) by Nifo and Vecchione (2014),
that ranks the quality of public administration for 107 Italian provinces,11

and the �Ma�a Index�by Calderoni (2011), an index that we (informally) up-
dated in the light of the ma�a-related news and events that occurred in the
last ten years.12 However, a strict application of these two criteria would have
yield a sample exclusively composed of Municipalities located in north and
central Italy. To obtain a sample more representative of the entire nation�
including the regions where Ma�a, Camorra, �Ndrangheta and �Sacra Corona
Unita�are based�we choose southern Provinces that, compared to the rest of
the respective Region, have a relatively high IQI index and that appear less
troubled by the presence of ma�a.13 At provincial level, the municipalities
have been taken in a random fashion strati�ed by dimension (population),
in order to replicate the dimensional distribution of the �corrupt�group. The
so-obtained control sample contains 41 municipalities located in the northern
Regions, with a prevalence of Trentino Alto Adige, 33 in the central Regions,
with a prevalence of Tuscany, and 26 in the southern Regions.1415

10See, inter alia, the �Ma�a index�put forward by Calderoni (2011).
11The Institutional Quality Index (IQI), put forward by Nifo and Vecchione

(2014), is a composite indicator built to measure Institutional Quality in Italy.
The IQI stems from the World Governance Indicator (WGI). See the website
https://sites.google.com/site/institutionalqualityindex/home
12For instance, in the last years the small north-western region �Valle d�Aosta�turned out

to be heavily controlled by the Calabrian �Ndrangheta, whilst the �Ma�a Index�assigned
a very low level of ma�a presence to this region.
13The IQI index assignes scores comprised between 0 and 1, the latter being the highest

score. We used scores assigned for the latest available year, i.e. 2012. The central and
northern Provinces in our control sample achieve scores in the range 0.7-1. The southern
Provinces selected for the control sample achieve scores that range between 0.20 (Cosenza,
in Calabria) and 0.53 (Salerno, in Campania).
14In the Appendix we present the lists of the municipalities that compose the �corrupt�

and the �healthy�samples, along with their regional distribution.
15According to the 2019 data presented by ISTAT, the national institute of statistics,

46% of the Italian population lives in the northern Regions, 21% in the central Regions
and 33% in southern Regions. With respect to this distribution, our control sample is
skewed in favour of central regions, where Provinces located inTuscany and Marche have
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3.2 The balance-sheet data

We investigate the administrative behaviour of our sample of local authorities
looking at a number of headings and items of their balance sheets. Our aim
is to search for detectable regularities in the management of ma�a-in�ltrated
city councils. Common sense would suggest looking for signs of structural
�nancial weakness: if a ma�a in�uences or controls the management of a lo-
cal authority, the latter will undertake administrative acts that can be quite
costly for the administration, such as over-invoicing, embezzlement, fraud in
public works procurement, etc. This plausible conjecture is supported by the
facts. Focusing on the three regions where ninety per cent of the municipali-
ties in our �corrupt�sample are located �Campania, Calabria and Sicily �we
see that the incidence of the cases of municipal insolvency occurred between
the year 2000 and year 2017 �103 cases over 1344 municipalities �is equal
to 7,6% of all city councils present in these regions. By contrast, this per-
centage is noticeably larger in our �corrupt�sample, where we had nine cases
of insolvency, over the period 2006-2016, out of our �fty-seven in�ltrated
municipalities, i.e. the 15,7%. These data support the conjecture that the
in�ltration of a ma�a into a local authority causes a structural �nancial weak-
ness, exposing the local authority to a high risk of default. Nonetheless, this
weakness is not evident in terms of customary �nancial ratios and appears
not detectable through the de�cit parameters set by the Government and
monitored by the �Corte dei Conti�, the Court that acts as auditor general
for the Italian public administration. According to the law,16 Italian city
councils are supposed to comply with ten objective balance-sheet parame-
ters, called �indicatori di de�citarietà�(de�cit indicators). These indicators
(labelled D1-D10) are designed to detect cases of a structural de�cit of lo-
cal authorities through the setting of critical thresholds to ten balance-sheet
ratios, brie�y summarized in the following list:
D1 current de�cit (if any) < 5% of current revenues
D2 tax revenues arrears accrued in the year< 42% of current revenues
D3 total amount of tax revenues arrears < 65% of current revenues
D4 payment arrears < 40% of current expenditures
D5 payments enforced by Court order < 0.5% of current expenditures
D6 personnel costs < 38% - 40% of current revenues (according to

number of inhabitants)
D7 debt (loans)< 150% (if in surplus) or 120% (if in de�cit) of current

revenues
D8 o¤-budget debts accrued in the year < 1% of current revenues

some of the highest IQI scores and appear to be free from ma�a penetration.
16Articles 242 and 243 of the �Testo Unico degli Enti Locali�.
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D9 cash advances from the Treasury < 5% of current revenues
D10 sales of assets to cover current and past de�cits < 5% current

expenditures
If a city council fails to meet �ve or more of the above indicators, the

�Corte dei Conti�o¢ cially declares that the administration is in a state of
structural de�cit. Interestingly, in our sample of in�ltrated local authorities,
we have nine out of �fty-seven municipalities declared in structural de�cit
(15,7%) while, over the period 2009-2013, the same occurred to the 21,5% of
the municipalities of the three regions at hand.17 This datum suggests that
our in�ltrated municipalities pay some attention not to violate the above
de�cit indicators, probably to avoid the closer monitoring and the adminis-
trative limitations consequent to a declaration of a structural de�cit. Taking
this into account, in our analysis we do not focus merely on measures of
�nancial fragility.
Our prior knowledge of the phenomenon at hand, acquired through the

on-�eld experience of auditing of Italian local authorities and through inter-
views with commissioners appointed to run city councils dismissed because
of ma�a in�ltrations,18 led us to focus our investigation on the following set
of variables.
1. Tax Revenues Arrears Index (TRAI): Tax Revenue Arrears/Accrued

Tax Revenues, the ratio of the above de�cit indicator D1. The tax revenue
arrears are equal to the di¤erence between the accrued tax revenues, that
the city council was supposed to collect, and the amount of taxes that has
actually been collected, up to the current year. This sum is weighted with
the tax revenues accrued in the year.
2. Payment Arrears Index (PAI): Payment Arrears/Accrued Expendi-

ture, the ratio of the above de�cit indicator D4. The payment arrears are
equal to the di¤erence between the accrued expenses, that the city council
was supposed to pay, and the amount of expenses that has actually been
paid out, up to the current year. This sum is weighted with the expenditure
accrued in the year.
3. Collection of Tax Arrears (CTA): Collected Tax Revenue Arrears/Tax

17See �Rapporto sull�andamento a livello di aggregati dei parametri di de�citarietà strut-
turale degli Enti Locali nel periodo 2009-2103�, available at the website of the Ministero
dell�Interno: https://dait.interno.gov.it/. According to this report, over the period 2009-
2013 an average of 11,3% of the Italian municipalities declared in structural de�cit have
successively become insolvent within the year 2016. In our sample of dismissed munici-
palities, three were declared to be in structural de�cit and successively became insolvent,
while the six remaining cases of insolvency recorded in this group of municipalities were
not anticipated by a declaration of structural de�cit by the �Corte dei Conti�.
18Professor Ziruolo is a chartered auditor for Italian public authorities and devotes a

substantial part of his time to this activity.
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Revenue Arrears. This ratio measures the quota of tax arrears that has been
collected during the year.
4. Payment of Payment Arrears (PPA): Payment Arrears paid in the

year/Payment Arrears. This ratio measures the quota of the payment arrears
that have been processed and paid out during the year.
5. Debt Index (DI): Passive Interests/Current Revenues. This ratio mea-

sures the quota of revenues that a municipality spends on interests accruing
on its debts. This ratio is particularly relevant because the central Govern-
ment uses it as an instrument to control local �scal policies: A city council
is not allowed to subscribe to new debts unless this index lies below a given
threshold established by the Government.
6. Provision of Services (PS): Per-capita expenditure for the provision

of community services not directly supplied by the city council, e.g. waste
management and public transports, and for professional services, such as
legal or other technical works, purchased by the city council.
7. Purchase of Real Estate (PRE): Expenditure for the acquisition of

terrains or other already existing estates (e.g. buildings), booked to the
accounts of the year.
8. Capital Expenditure (CE): Expenditure for the acquisition of capital

goods, booked to the accounts of the year. This is a heading of the balance
sheet of a local authority �named "Titolo Secondo: Spese in Conto Capitale"
�composed of ten items that record di¤erent types of capital expenses, in-
cluding the above mentioned �purchase of real estate�. This heading records
the various types of expenses due to the realisation of public works.
9. O¤ Budget Debts (OBD): Debts accrued in the year and not foreseen

in the budget. The presence of large and persistent amounts of o¤-budget
debts is a sign of bad management.
10. Rate of Dependence on Government Transfers (RDGT): Current

Government Transfers/Current Revenues. This ratio measures the share of
funding coming from the Public Administration.
The observed values of these variables are taken from the yearly o¢ -

cial budgets of the municipalities that compose the above-described sample,
taken from two di¤erent datasets. The �rst is "AIDA Public Administra-
tion", a database produced by Bureau Van Dijk that contains �nancial and
budget data of local Italian public bodies. The second source that we use
is a government database named "Certi�cati Consuntivi degli Enti Locali"
(Balance-sheets of Local Authorities), held by the Ministry of the Interior.
It contains the most important �nancial parameters, indicators and �nancial
ratios that Italian local authorities must communicate to the central govern-
ment on a yearly base. The data collected about each municipality in the
"corrupt" sample cover the three years preceding the year of dismissal of the
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city council.19 To match the time pro�le of the data of the two groups, we
coupled each municipality in the "corrupt" sample with one or two in the
"healthy" sample, choosing the ones with the most similar population size
and collecting data about the latter over the same years of the former.20

It is worth remarking that none of the above balance-sheet ratios and
variables is directly related to the administrative irregularities that may lead
to the investigation and subsequent dismissal of a municipality. The admin-
istrative irregularities that attract the attention of investigators are unlawful
or illicit procedures in public spending such as auction disturbances, illegit-
imate administrative acts in the procurement of public works and services,
over-invoicing, evidence of favouritism in the selection procedures of em-
ployees and suppliers, etc. While such anomalies in the management of a
City Council can lead to high levels of spending in public works and services,
large debt indexes or result in large o¤-budget debts, the magnitudes of these
expenditures and liabilities are not considered signals of ma�a in�ltration.
Indeed, none of the municipalities in our corrupt sample has been investi-
gated and dismissed based on anomalous values of one or more of the above
listed balance-sheet variables. Therefore, we do not risk facing problems of
endogeneity in our statistical analysis.
The following tables present the mean and the median values of these

variables for the two groups of city councils:
The comparison shows that, on average, the corrupt group performs con-

sistently worse that the healthy group with respect to the arrears of both
tax collection (TRAI) and payments (PAI), with the values of TRAI and
PAI of the corrupt group being roughly one and half time larger than the
corresponding values of the healthy group. Not surprisingly, this problem of
accumulation of arrears shows up also in the rate at which the two groups
manage to dispose of these arrears, as shown by the values of the variables
CTA and PPA of the corrupt group that are markedly smaller than the
corresponding ones of the healthy group.
The corrupt group spends less that the healthy group in passive inter-

ests. As shown by the variable DI, the share of revenues that, on average,
the in�ltrated municipalities spend on interests is circa 10% smaller than
the corresponding share of the healthy city councils. This implies that the
corrupt municipalities are, on average, less indebted than healthy municipal-
ities, which is surprising. Moreover, both the mean and the median values

19The variables 6,7,8 and 9 have been indexed using the yearly Consumer Price Index
provided by the �Istituto Nazionale di Statistica�, taking the CPI of year 2010 equal to
100.
20This method to match the time pro�le of the two groups in an LDA was applied by

Altman (1968).
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of DI in both groups are well below the threshold value that would prevent
a city council from increasing its funding through debts.21

Interestingly, also the capital expenditures mark a sharp di¤erence be-
tween the two groups. The values of both the CE and the PRE variables
consistently display a noticeable gap between the healthy and the corrupt
groups, with the former spending amounts much larger than the latter. This
datum is surprising in as much as the procurement for public works, cap-
tured by CE, and the purchase of estates are known to be a fertile ground
for frauds, bribery and other illegal rent-seeking behaviours. The expenses
for the provision of services also show a signi�cant di¤erence between the
two groups, with the healthy city council spending more than the in�ltrated
ones. Finally, the o¤-budget debts (OBD) and the �nancial dependence on
Government funding (RDGT) also show a remarkable di¤erence between the
two groups, with the in�ltrated city councils performing markedly worse than
the other group.

21This threshold, set by the Government as a �scal policy measure, ranged between 0.08
and 0.12 in the last decade.
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4 The statistical analysis

Our statistical analysis is divided into two parts. In the �rst part we derive a
discriminant function through a multivariate Linear Discriminant Analysis,22

where the training set is the above described two-classes sample of city coun-
cils and the discriminant function is estimated using the ten balance-sheet
variables described in the previous section. We obtain a simple classi�er that
we named �Ma�a In�ltration Warning Indicator��a linear combination of the
values of the above ten variables �that discriminates between municipalities
in�ltrated by a ma�a and municipalities that do not face this problem. In
the second part, we use the above variables to run logistic regressions that
deliver estimates of the parameters of a binary logistic model in which the di-
chotomous dependent variable is the state of a city council: in�ltrated or not
in�ltrated by a ma�a. The model provides a measure of the probability that
a given city council is a¤ected by a ma�a in�ltration, a linear combination of
budget variables that we call the �Ma�a In�ltration Probability�indicator. In
both these applications, we take the average of the above variables computed
over the three years preceding the dismissal year.

4.1 Linear Discriminant Analysis

The LDA delivers the following classi�er:

MIWI = �0:3415 � TRAI + 0:3492 � PAI + 0:0594 � CTA+
0:3788 � PPA+ 0:2345 �DI + 0:0801 � PRE + 0:2148 � CE
+0:1639 � PS � 0:2447 �OBD � 0:7863 �RDGT:

The following standard diagnostics for LDA�s measure the reliability and
the accuracy of the above classi�er, that appears reliable and accurate.

To validate the above LDA we run the �leave-one-out� cross-validation
test and a K-Fold cross-validation test, the latter with a 70%-30% random
partition of the training set. The former correctly classi�es 48 out of 57
in�ltrated municipalities and 93 out of 100 non-in�ltrated municipalities,
delivering a 0.898 level of accuracy. The K-Fold test trains the LDA on
106 municipalities (70% of 157) and tests its results on the remaining 51
municipalities, obtaining an accuracy equal to 0.915.
22Multivariate linear discriminant analysis became popular in economics and �nance

thanks to the seminal work by Edward Altman (1968), who applied it to obtain a classi�er
of the �nancial status of a company, known as Altman�s �z- score�. See also Altman (2000,
2013) for updates of the original work.
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Figure 1: Distribution of the MIWI

It is worth noting that four out six �healthy�municipalities classi�ed as
in�ltrated, the �false positives�, are located in southern regions�namely Al-
tomonte and Canna in Calabria, Nicosia in Sicily and Acquara in Campania�
in which the ma�as have a di¤used control over the territories. Moreover, the
other two �false positives�, Pomezia and Riese Pio X, are respectively located
in Lazio and Veneto, two regions also a¤ected by ma�a-related activities.
In the light of this prior, these may well be cases of ma�a-in�ltrated city
councils that have not (yet) been discovered and dismissed.
Using stepwise backward elimination procedures �based on the Wald F,

Likelihood ratio and chi-square tests �we selected the ten logistic regressions
presented in the following table. The dependent variable of these logistic
regressions is the logarithm of the ratio between the probabilities of the two
states: in�ltrated or not in�ltrated.23

The ten alternative con�gurations of the logit model stem from the fact
that three pairs of independent variables display high levels of correlation.
The Pearson correlation coe¢ cient between the indexes of tax collection ar-
rears (TRAI) and of payment arrears (PAI) is 0.797, between the rate of

23As customary, the logistic regression are run merging the �corrupt�and the �healthy�
samples.
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disposal of tax arrears (CTA) and of payment arrears (PPA) is 0.755 and is
equal to 0.786 between the purchase of real estates (PRE) and the capital
expenditure (CE). The consequent multicollinearity that emerges when these
pairs are in the same regression strongly a¤ects the levels of signi�cance of
the estimated coe¢ cients as well as other diagnostics.
All models deliver good diagnostics, high classi�cation accuracy and highly

signi�cant coe¢ cients, all with the right sign.24 Model 1 performs slightly
better than the others in terms of goodness-of-�t (higher pseudo-R2) and
also in comparison to the other models, as shown by the �Akaike Information
Criterion�and the log-likelihood ratio test. The goodness of �t of all models
is con�rmed by the high values of the �Pearson chi-square goodness-of-�t�
test and the AUC (area under curve) of the ROC curves.25 The results of
the Wald tests, all smaller than 0.05, show that all models have a high joint
signi�cance of the estimated coe¢ cients and good explanatory power. On the
whole, we observe a discrete uniformity of the magnitude of the estimated
coe¢ cients26 and of their signi�cance levels across the models, apart from
the relatively large values that model 1 assigns to the coe¢ cient of PRE and
that model 8 assigns to the coe¢ cient of CE. We notice the good performance
of models 8-9, with four independent variables, and of models 5-6-7-10 that
use just three independent variables. Overall, these results show the signi�-
cance of the observed regularities in the balance-sheet data of the �corrupt�
sample. To wit, they capture the administrative pro�le of the municipalities
in�ltrated by a ma�a. This pro�le is characterised by i) bad performance in
the formation and disposal of revenues and payments arrears; ii) low levels of
capital expenditures, of expenditures for the acquisition of real estates and,
to a lesser extent, for the provision of services; iii) low levels of indebted-
ness and high dependence on the �ows of Government funding; and iv) large
values of o¤-budget debts.

4.2 Testing the results on new dismissal cases

To further test the reliability of our results, we apply the above indicators
MIWI and MIP�s to the set of city councils dismissed in Italy between Sep-
tember 2016 and November 2017. This set is composed of twenty-four mu-
nicipalities, fourteen of which are located in Calabria, three in Sicily, �ve in
Campania, one in Apulia (Parabita) and one in Liguria (Lavagna).

24The signs of the coe¢ cients are coherent with the di¤erences in the mean and median
values of the variables between the two groups.
25The Hosmer and Lemeshow test of goodness of �t, not reported in the table, yields

results aligned to the results of the Pearson chi-square test.
26As customary, all the variables used in the regressions have been standardised.
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The following table shows the result of the MIWI classi�er.
The probability of being in�ltrated, fourth column, is computed based

on the above MIWI.27 The model fails to classify nine municipalities cor-
rectly. The most noticeable error is Lavagna, with an estimated probability
of in�ltration equal to 0.02. This municipality has an administrative pro�le

27These probabilities are computed by the LDA package of the free software environment
for statistical computing �R�. They are calculated using Bayes theorem:

P (g = cjXi) = fc(Xi)P (g = c)=[(fc(Xi)P (g = c) + fh(Xi)P (g = h)]

where P (g = cjXi) is the probability that the City Council i belongs to the class
�corrupt�, given the data vector Xi, P (g = c) and P (g = h) are the prior probabilities of
the two classes - in our case they are equals, because the groups are composed of the same
number of elements - fc(Xi) and fh(Xi) are, respectively, the probability densities of data
Xi if Xi comes from group c and if Xi comes from group h. The LDA package assumes
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well aligned to the one of the �healthy�group. This fact is plausibly explained
by the fact that the in�ltration (by a �Ndrangheta clan) was short-lived. A
judicial investigation led to the arrest of some of Lavagna�s administrators in
March 2016.28 According to this investigation, the in�ltration started with
the local elections held in May 2014. The control of �Ndrangheta over this
city council had no su¢ cient time to a¤ect its policies. The balance sheets
of the other municipalities reveal administrative patterns partially di¤erent
from the one of the �corrupt�group. The balance-sheet items that do not
match the pro�le of ma�a-in�ltrated city council are i) the capital expenses
(CE and PRE) in municipalities number 5, 14, 20 and 22; ii) the formation
and disposal of arrears (TRAI, PAI, CTA and PPA), in municipalities num-
ber 9, 13, 19 and 24; iii) the levels of dependence on Government funding
(RDGT), in municipalities number 3, 5, 20, 22 and 24; iv) the expenses for
the provision of services (PSPC), in municipality number 3.
The administrative pro�le of these nine municipalities tends to escape

the detecting power of our models, as con�rmed by the fact that some of
our logistic models fail to indicate them as likely cases of in�ltration. The
table below reports the Ma�a In�ltration Probabilities assigned by each logit
model to the newly dismissed local authorities:29

4.3 Comments on the results

The results obtained with the LDA and with the logistic regressions show
that all the ten balance-sheet variables considered above are useful in dis-
criminating between the two classes and in assessing the probability that a
municipality su¤ers a ma�a in�ltration. However, some variables appear to
be more relevant than others in depicting the phenomenon at hand.
The pairs (TRAI, CTA) and (PAI, PPA) appear (in alternation) in all

above regressions with highly signi�cant coe¢ cients. The LDA also assigns to
these variables a relevant discriminating role. These variables capture what
can be called the �arrears policy�of in�ltrated municipalities. These admin-

that these probabilities are normal and estimates them as follows:

fc(Xi) =
1

[2�(detCOV )]
1=2
e�1=2(Xi��c)T [COV �1(Xi��c)]

where COV is the LDA covariance matrix and �c is the vector of group means for data
X.
28This investigation, concerning the activities of the �Ndrangheta clan �Grande Arcuri�

in Liguria, started in 2013 after the discovery of an arsenal.
29The inversion of the dependent variable of the above regressions, ln Pr(corrupt)

Pr(healthy) ; delivers
these probabilities.
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istrations delay both tax collection and payments and, not surprisingly, they
selectively do this. They delay or forego collecting taxes from their �friends�
while delaying payments to individuals and �rms who do not have the �priv-
ilege�of having their credits honoured in a timely fashion and, consequently,
become game for extortions. Moreover, low levels of tax collection are also
useful to acquire and keep the support of electors, reducing the risk of losing
control of the local authority and of the consequent bene�ts.30

The above results show that the low level of indebtedness of corrupt
municipalities contributes to the correct classi�cation of the latter. As men-
tioned above, this behaviour is surprising. Both common sense and empirical
evidence suggest that rent-seeking practices in public authorities are often
associated with a large resort to debt. Conversely, it is not surprising that
in�ltrated municipalities have large values of o¤-budget debts (ODBD) and
are more dependent on Government funding (RDGT), both signs of poor
administration. We also �nd that low levels of the per-capita provision of
services (PSPC) characterise the pro�le of in�ltrated municipalities. This
�nding is a further signal of low-quality administration, in as much as these
expenses include funding for primary and secondary schools, local transports,
waste management, etc.
The most unexpected of our �ndings is the e¤ect of capital expenditures

(CE), that is the expenses for public works, and of the purchase of estates
(PRE) on our in�ltration indicators. The estimated LDA assigns to both
these variables a positive coe¢ cient: the larger these expenses, the less likely
the ma�a in�ltration. This result is even more evident in the logistic regres-
sion. Like the pairs (TRAI, CTA) and (PAI, PPA), and for the same reason,
the variables CE and PRE appear in alternation in the above logit models
and with highly signi�cant coe¢ cients. The magnitudes of their coe¢ cients
show that these variables have a substantial impact on our indicators. Like
for the LDA, the surprise is in the signs of the coe¢ cients of CE and PRE:
the larger these expenses, the smaller the estimated probability of ma�a in-
�ltration. As is known, the procurement of public works and the purchase of
real estates are often an occasion for rent-seeking and fraudulent behaviours
on the part of corrupt politicians. This should apply, a fortiori, to cases of
ma�a in�ltrations. Indeed, the hands of the Italian ma�as on the capital
expenditures of municipalities became evident in the �90s. As Acconcia et
al. (2014) report, "During our sample years [i.e., 1990-1999], indeed, public
works managed by local administrations in Italy became one of the most

30An essential part of these illicit bene�ts comes from activities that do not require
funding, such as commercial licencing, urban zoning and building licences, selection of
employees and suppliers, etc.
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lucrative sources of business for the ma�as", [Acconcia et al. (2014), page
2191]. These authors also mention that, according to the Ministero degli In-
terni (Home A¤airs Ministry), over the same period the amount of earnings
made by the Italian ma�as from the control of the procurement of public
works is comparable with the amount they earned through extortion and
drug dealing.
We cannot ascribe this behaviour simply to a lack of funding. The in�l-

trated municipalities in our sample can increase their resources by reducing
the arrears of tax collection or even increasing their debts.31 We believe
that this behaviour is induced by the strengthening of the anti-ma�a and
anti-corruption policies of the Italian authorities. In 2009 the Italian leg-
islator created the �Commissione Indipendente di Valutazione Trasparenza
ed Integrità�32 (i.e. independent commission of evaluation of transparency
and integrity), renamed as �Agenzia Nazionale Anti Corruzione� in 2014.
In 2012 the Italian Parliament took a second step in the reinforcement of
anti-corruption policies, issuing a law that introduced the �Piano Nazionale
Anticorruzione�, implemented at a national, regional and local level.33 These
anti-corruption policies yielded strict monitoring of the procedures of pub-
lic procurement contracts, increasing the number of investigations and trials
concerning these contracts. We think that, as a consequence, rent-seeking
administrators have adjusted their behaviour. Facing a higher risk of being
detected, the municipalities controlled or in�uenced by ma�a have markedly
reduced investments in public works. The tighter controls raised the proba-
bility of being caught and, consequently, diminished the expected unlawful
returns from capital expenditures. This means that the opportunity cost, in
terms of illegal earnings, of a euro of revenues (collected taxes) invested in
public works diminished for the same rationale. Thus, the increased mon-
itoring e¤ort of the authorities contributes to explain also the substantial
accumulation of tax arrears undertaken by in�ltrated municipalities.

5 Conclusions

We study the administrative behaviour of a set of Italian municipalities that
have been dismissed by the Government because of ma�a in�ltrations be-
tween 2010 and 2016. We look at their balance-sheet data searching for

31Recall that, as shown above, the corrupt group, on average, is characterised by low
levels of debt, lower than the healthy group.
32Decreto Legge n. 150/09.
33Law n. 190/2012 , �Disposizioni per la prevenzione e la repressione della corruzione e

dell�illegalità nella pubblica amministrazione�.
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administrative patterns capable of rendering such in�ltrations detectable.
Indeed, we �nd a set of observable and signi�cant regularities in their be-
haviour. The LDA and the logistic regressions presented above depict, in
a neat fashion, a speci�c administrative pro�le of these city councils. The
above results show that these municipalities are characterised by i) the ac-
cumulation of large amounts of arrears, both in the tax collection and in
the payments, along with low rates of disposal of such arrears; ii) moderate
levels of indebteness; iii) large values of o¤-budget debts, high dependence
on Government funding and relatively small expenditures in the provision of
services, all signs of poor administration.
Moreover, low levels of capital expenditure, i.e. expenses for public works,

appear highly signi�cant in distinguishing between in�ltrated and not in�l-
trated city councils. This is quite surprising in the light of the well-established
evidence that indicates the procurement of public works as a major source of
earning for ma�a organisations, at least up to the beginning of this century.
The most plausible explanation of this �nding is the fact that the Italian
authorities, in the last decade, have intensi�ed their anti-corruption policies
and focused part of their e¤orts on the monitoring of the procurement of
public works.
There is a broad consensus about the importance of the judicial systems

and of the mechanisms of law enforcement, at a national and regional level,
in shaping the rent-seeking strategies of corrupt public administrators as well
as the strategies undertaken by ma�a organisations. Our results con�rm this
opinion and show that the administrative practices of ma�a-in�ltrated city
councils in Italy can sharply change, even in a relatively brief lapse of time,
in response to changes in anti-corruption and anti-ma�a policies.

Acknowledgements: We thank Antonio Acconcia and an anonymous ref-
eree for their helpful comments.
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Figure 2: Sample �corrupt�27



Figure 3: Sample �corrupt�
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Figure 4: Sample �healthy�29



Figure 5: Sample �healthy�
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Figure 6: Sample �healthy�
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