DEPARTMENT OF
ECONOMICS AND STATISTICS
WORKING PAPER SERIES

Quaderni del Dipartimento di Scienze
Economico-Sociali e Matematico-Statistiche

Founded in 1404 |SSN 2279-7114

UNIVERSITA
DEGLI STUDI
DI TORINO

ALMA UNIVERSITAS
TAURINENSIS

CORRUPTION, ACCOUNTABILITY AND
EFFICIENCY. AN APPLICATION TO
MUNICIPAL SOLID WASTE SERVICES

GRAZIANO ABRATE
FEDERICO BOFFA

FABRIZIO ERBETTA
DAVIDE VANNONI

Working paper No. 22 - July 2013



Corruption, Accountability and Efficiency. An
Application to Municipal Solid Waste Services

Graziano Abrate? Federico Boffal Fabrizio Erbetta ¥ Davide Vannoni’¥

July 15, 2013

Abstract

This paper explores the link between accountability, corruption and
efficiency in the context of a career concern model where politically con-
nected local monopolies are in charge of the provision of a local public
service. We find that both corruption and a low degree of accountabil-
ity induce managers to reduce effort levels, thereby contributing to drive
down efficiency. Our predictions are tested using data on solid waste
management services provided by a large sample of Italian municipalities.
The results of the estimation of a stochastic cost frontier model provide
robust evidence that high corruption levels and low degrees of account-
ability substantially increase cost inefficiency. Finally, we show that the
negative impact of corruption is weaker for municipalities ruled by left-
wing parties, while the positive impact of accountability is stronger if the
refuse collection service is managed by limited liability companies.
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1 Introduction

In Western countries, many local public services, including water provision, gas
distribution and waste collection and disposal, are managed as local monopolies.
They are typically operated by firms with tight political connections, if not
directly by the local government (in-house provision), usually under soft budget
constraints.

Local public utilities sharing the above characteristics may be particularly
inefficient, due to the interplay of two factors, managerial slack and corruption.
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Firms with market power are particularly exposed to managerial slack, espe-
cially in the absence of effective monitoring devices or appropriate incentive
schemes (Nickell, 1996). Markets with an extensive degree of interaction be-
tween politicians and firms tend to be associated to higher levels of corruption
and patronage (Shleifer and Vishny, 1994). This is empirically documented by
Menozzi et al. (2012), in their analysis of the effects of political connections on
utilities’ performances.!

The paper models the determinants of inefficiency in a framework in which
politically connected local monopolies organize the provision of a local public
service. We first use a standard career concern approach of political agency
to model the relation between voters’ observability of the managerial behavior
and political accountability. We then enrich our setting, by explicitly introduc-
ing corruption. Following the World Bank’s definition (World Bank, 1997), we
regard corruption as the abuse of public office for private gain. Using Dal Bo
and Rossi’s (2007) approach, we then characterize a corrupt environment as
one where private benefits from diverting managerial effort away from the pro-
ductive process are substantial®>. We show that corruption distorts managerial
effort incentives, leading to an increase in the extent of inefficiency. We derive
the implication that inefficiency is greater for waste operators located in more
corrupt regions, and in regions where voters are less informed.

We test these predictions using a rich unique micro dataset on the solid
waste collection and disposal activity in Italy, which includes more than five
hundred municipalities observed in the years 2004-2006. We use a stochastic
cost frontier approach to analyze the effects of accountability and corruption on
the costs of providing municipal solid waste (MSW) services throughout Italy.
We measure accountability by newspapers’ readership and electoral participa-
tion, and corruption by the number of criminal charges against the State, public
governments and social institutions. The empirical evidence supports our pre-
dictions. We find that both accountability and corruption have an impact, in
the expected direction, on the costs of MSW services. Moreover, by enriching
our cost frontier specification, we obtain some interesting additional insights. In
particular, we find that the impact of accountability on reducing inefficiency is
smaller or even disappears when municipalities organize the service in-house or
join a intermunicipal consortium, while corruption is less of harm to efficiency
when municipalities are ruled by left-wing parties.

The positive relation between accountability and managerial performance

! Menozzi et al. (2012) analyze a sample of Italian local public utilities active in gas, water
and electricity distribution. They show that politically connected directors exert a positive and
significant effect on firm employment, while they impact negatively on accounting measures
of performance.

2This definition encompasses both corruption strictu sensu (for example, bribes that politi-
cians and managers obtain from providers in exchange for outsourcing contracts) as well as
other rent-seeking activities connected to political patronage (for example, the choice of em-
ploying an excessive number of workers in order to build and maintain political support).
Other favors may consist in granting higher current or future regulated profits for the firm
willing to satisfy the politician’s requirements. For instance, targeted hiring may be a condi-
tion for the politician to keep using the same firm as its contractor.



is the counterpart, in a framework of politically connected local monopolies
with a soft budget constraint, of the established results on the positive effect of
observability and social capital on politicians’ accountability obtained in a polit-
ical agency framework (see, among others, Besley and Burgess, 2002; Ponzetto,
2011; Drago et al., 2013; Nannicini et al., 2013).3 The relationship between
observability and the performance of local public governments has rarely been
investigated empirically. An exception is Giordano and Tommasino (2011), who
identify the determinants of public sector efficiency of the Italian local govern-
ments. They show that measures of citizens’ political engagement (electoral
turnout for referenda and number of newspapers sold) have a positive and sig-
nificant impact on the efficiency of the provision of local public services such as
education, civil justice, healthcare and waste disposal, while measures of social
capital do not have any discernible effect.

The negative incidence of corruption on efficiency is well documented. Most
of the empirical literature relies on cross-country comparisons and makes use
of country level measures of corruption such as the Transparency International
index or the Corruption Perception index, while very few papers use disaggre-
gated data at the firm or at the local government level.* For instance, Dal Bo
and Rossi (2007) estimate a labour requirement function on a set of 80 elec-
tricity distribution firms active in 13 Latin America countries, and show that
firms operating in more corrupt environments tend to be less efficient in terms
of labour use. Yan and Oum (2011) provide a single country-firm level study.
They investigate the effect of corruption on the cost efficiency of a sample of 55
US commercial airports observed from 2001 to 2009°, and find that corruption
has a detrimental effect on observed costs only for airports operated by airport
authorities.

Waste collection is a particularly suitable sector to study the effects of po-
litical accountability and corruption on efficiency. In Italy, waste collection and
disposal are mainly carried out by publicly-owned firms under the control of lo-
cal governments. Although citizens have an interest in the efficient management
of the MSW activity, due to the impact on the tax burden, it is reasonable to
assume that they do not have complete information about technology and are
unable to perfectly assess its economic performance. This is especially true in
contexts plagued by widespread corruption and entrenched presence of crimi-
nal organizations. As discussed in D’Amato et al. (2011), entry of organized

3For example, Drago et al. (2013) show that an improvement of observability due to the
increase in the number of different newspapers available at the local level has the effect of
keeping the activity of local governments more accountable. In a similar vein, Nannicini et al.
(2013) show that in electoral districts endowed with high levels of social capital (measured by
indices of blood donations, electoral participation and by the presence of non-profit organiza-
tions) politicians are more accountable and therefore are induced to exert higher effort levels
and to reduce misbehaviour.

4See Svensson (2005) and Banerjee et al. (2013) for comprehensive reviews of the literature
dealing with corruption.

5In the U.S., the airports are managed through three different institutional arrangements
(i.e. they can be directly operated by local government branches of indirectly via airport or
port authorities).



crime in the waste cycle is mainly aimed at creating shadow circuits for illegal
transport and disposal. In this context, the diffusion of collusive relationships
among managers and suppliers aimed at overcharging the firms and at seeking
illegal sources of profits is an undisputed matter of fact. Also, in more corrupt
environments, managers are more likely to engage in negotiating activities with
local governments in order to establish more favorable tariffs and service oblig-
ations, thereby diverting the managerial efforts away from cost monitoring and
productive tasks.

The remainder of the paper is organized as follows. Section 2 develops
the theoretical analysis. Section 3 describes the main features of the dataset,
presents the econometric model and shows the main results of the estimates.
Section 4 contains our concluding remarks.

2 The model

We model a municipal solid waste service operated by a company tightly linked
to politics. We capture this notion by assuming that the manager of the firm
is selected by the political party in power. In our environment, politicians, af-
ter selecting the manager, are unable to motivate him through incentive-based
remuneration schemes. In addition, managers’ careers are tied to politicians in
power, in the sense that managers are reappointed whenever the politician in
power is re-elected, and replaced whenever the incumbent politician is ousted;
politicians are prevented from firing a manager they have appointed.® This is
reflective of the Italian organization of the MSW sector. Waste services are
typically operated by municipality-owned companies which adopt a spoils sys-
tem, whereby managers are replaced when the political majority changes; firing
a manager is complicated and costly, not only because it may be regarded as
an admission of failure, but also because it usually requires a reshuffling of the
board of directors, which may present significant political difficulties. Further-
more, managers of municipality owned companies are entitled to a fixed wage,
and were typically not allowed, in the 2004-2006 period, to receive performance-
based remunerations.

The manager manages a firm that employs, in each period ¢, a single input,
labor.” Following Dal Bo and Rossi (2007), the simple following equation relates
labor input L;, which is assumed to be perfectly flexible, to output y; through
the (possibly time-varying) productivity parameter 6; > 0.

Yo = 0Ly

The company is contractually required to collect the garbage shot by the citizens,
assumed to be fixed at the level §,. This mirrors the institutional setting of the
MSW market, where consumers pay a fixed tax p for the services, unrelated

6Vlaicu and Whalley (2012) solve a model in which politicians are entitled to fire the
managers after each period.

"This is just a simplifying assumption. Results would be unaltered if we allowed for multiple
inputs.



to the actual amount of waste generated by the household (although possibly a
function of a set of variables that affect the expected amount of waste generated),
and the company receives a subsidy from the municipality that covers all of its
cost; the only external incentive to efficiency for the firm is therefore ultimately
provided by voters’ behavior. The cost function faced by the MSW operator,
for a given output 7, assumed to be invariant across periods, is then:

Ci(y) = o%wt

where w is the wage paid to each unit of labor. Finally, as a result of the

zero-profit condition, S; = %wt, where S; is the subsidy granted to the firm at
time ¢.

2.1 Baseline model
2.1.1 Setting

We analyze a political/managerial agency model with elections, in which agents
are infinitely lived and discount the future at a rate 6 € [0,1]. There is a
continuum of self-interested risk neutral voters. Their utility is inversely related
to the costs of the MSW operator, which is covered by a subsidy assumed to
be funded through taxation. For simplicity, while multiple policy issues enter
voters’ consideration, we restrict attention to the single issue of managerial
performances, to illustrate how managerial effort is shaped by electoral concerns.

The task of the manager consists therefore in minimizing the cost %wt. As
wy and 7 are exogenous parameters, this amounts to maximizing productivity
0,5.

The relation between the managerial type n (which could be interpreted as
competence or talent), managerial effort a and productivity 6 is described as
follows:

Or=ny +ar+ e (1)

where €; is an i.i.d. shock N (0, af) , uncorrelated to talent.

Managers are selected by politicians. A manager is appointed by the politi-
cian when he enters office for the first time, and holds his post until the politician
is ousted from power. Politicians, in this model, only play the role of selecting
managers. The managerial talent 7, evolves over time according to the following
relation:

Ne = Pe—1 T Py

where p,_; and p, (which we will refer to as period-specific skills) are i.i.d.
random shocks and p ~ N (ﬁ, a%). In this formulation (used, for instance, by
Alesina and Tabellini, 2008) managerial ability changes gradually over time,
capturing the notion that firms operate in a dynamic environment, which re-

quires continuously evolving skills for the manager.



Also, ¢ is independent both from p,_; and from p,. It follows that we can
rewrite:

Or =pe1+pr+ar+e (2)
We assume, following Alesina and Tabellini (2007), that performances 6; are
observable, but not contractible. This is typical of the relations between voters
and politicians. Managers are career-concerned, and have a fixed per period
reward R, which does not depend on effort.

Managers do not know ex ante their talent. At the beginning of each period
t, the skill derived from period t—1 for the incumbent manager becomes common
knowledge. Hence, for each period ¢, the time-line of the game is as follows. At
stage one, without knowing his time-specific skill, a manager exerts effort a;.
Then, the random noise parameter is realized. At stage two, voters observe a
noisy signal of productivity, and make their own inference on the managerial
effort @, as well as on the level of the time-specific skill p,. In period ¢ + 1,
the managerial competence is p, + p;, ;. Thus, voters’ expectation on the level
of managerial competence at time ¢ + 1, in case the incumbent manager is
reappointed, is p,+p, where the unconditional expectation p is the best predictor
of p;,q. If, instead, a new manager is appointed in ¢ + 1, both p, and p,,, are
randomly drawn; therefore, the best predictor of the manager’s competence at
t 4+ 1 is in this case 2p. Voters recognize that the fate of the manager is tied
to that of the politician. They thus re-elect the incumbent politician if the
manager he is associated to is, in expectation, more skilled than the manager
linked to the challenger, which occurs if p, > p.

Observe that the incentives for the manager, in our model, turn out to be
identical to those of the politician in a standard political agency game in which
the politician is career concerned (see, for instance, Bonfiglioli and Gancia,
2013). In our environment, elections are used to remove bad performing man-
agers. While voters’ behavior is geared to the selection of competent managers,
rather than to effort elicitation, the incumbent manager is motivated to exert
effort in the attempt to boost the perception of his competence in the eyes of
the voters.

2.1.2 The voters

The model is solved backwards. Citizens are confronted with an inference prob-
lem. While, at the end of period ¢, they wish to confirm the politician (and, as a
consequence, the manager) only if the manager displays a sufficiently high level
of competence, they may just observe a productivity parameter 6; = n, +a; + €,
which represents a noisy signal of the relevant time-specific skill parameter p,.

Citizens form a posterior belief on managerial ability, solving a standard
signal extraction problem:

2 2

-~ O¢ — UP e
pt:E(ptwt): 0_2_’_0_’2)10_'_0_2_’_0_;2) (Gt_pt—l_at) (3)

where af is the effort level that, under rational expectations, citizens anticipate
that will be prevailing in equilibrium.



Observe that, as in any signal extraction problem, citizens weigh the prior p
and the signal (Ht — P — af) by the variances. The more precise the signal,
the higher the weight the citizens attach to it.

Citizens would like the politician (and the manager he is attached to) to be
confirmed if their best predictor of the manager’s time specific ability exceeds
the average, i.e. if p, > p. This implies that the incumbent political party is con-
firmed in office (and, as a consequence, the incumbent manager is reappointed)
if:

O —pyy—ag >p (4)

Condition (4) shows that citizens adopt a threshold rule. They determine,
through the re-election of the incumbent politician, the reappointment of the
incumbent manager, as long as the observed managerial productivity 6; exceeds
the expected productivity generated by a manager of average skills p.

2.1.3 The manager
The effort by the manager has a cost:

2
ay

C(a) = 9 (5)

The manager chooses effort a;, having the same information set as voters, that
is, knowing p,_;, but not knowing p,. The maximization problem takes therefore
the following form:

2
ay

maxV; = R — 5 T 0 Pr(p, > plar) Viga (6)

at

where § is the discount factor, R is the uni-periodal reward of holding the man-
agerial position, and V; (V;41) is the manager’s discounted value from occupying
the managerial position at time ¢ (¢ + 1, respectively). Denote the probability
of being reappointed for period ¢t + 1 as v = v (a;) = Pr(p, > pla;). Given
the recursive nature of the problem, V; = V,y1, and a; is constant over time.
Therefore, the discounted value V' of the managerial post is:

2

R
V_lfc?'y Q

By combining (3) and (4), the probability v of being reappointed for a given
level of effort a; may be expressed as:

v = Pr(p, > pla) = Pr (0 — py_y — af > plas) = (8)
= Prp,+ea>p—ar+ai)=1—-G((p—ar+ai)

where G, the probability of not being reappointed (7 = 1—G) is jointly normally
distributed N (ﬁ, Ug + af), given the independence assumption of p and €, and
g is its density.



Rearranging (7), and using (8), the maximization problem becomes:

= arg maxV = L — )
a—arg;nax —argLanaX =51 -Ga)

2.1.4 Equilibrium effort

In equilibrium, voters are rational and correctly predict the effort level. As a
result, a = a®. Differentiating (9), we obtain the optimal choice of effort as:

aiv_éRfé 1
8a_ 1—5’}/ 277(02+02)
\/ P €

Observe that, in equilibrium, rational expectations imply v = % By using a con-
2

—a=0

veniently parsimonious notation, we denote & = (03 + 0?) and A = 75 (2 — 9)
Solving for a, one gets:

o= g (\/4352+A—\/Z) (10)

Effort does not depend on the manager’s type; managerial effort serves the pur-
pose of enhancing the perception of the politician’s period-specific component
of competence, which is not known to the manager when he selects effort.

Reappointment is valuable for the incumbent manager; this motivates his
incentives to convey the perception of high competence. A higher uni-periodal
reward R, as well as a higher discount factor, amplify the value of reappointment,
thereby scaling up managerial effort.

Effort is negatively related to the variance of skill ai, and to the noise o2. An
increase in the two variances 0,2) and o2 reduces the marginal benefit of effort,
through two different, albeit related, channels. A more dispersed distribution
of skills (higher 0?,), in a setting in which managers do not know their type
when selecting the effort level, reduces the probability that a marginal increase
in effort allows to cross the productivity threshold @ required for reappointment
(which occurs as long as p, > 6). A larger noise (higher 02) reduces the precision
of the productivity signal, and, as a result, its sensitivity to effort.

The results are summarized in the following:

Proposition 1 The equilibrium effort per period a is negatively related to the
variance of the noise o2 and to the variance of the prior 0,2). Furthermore, a
is positively related to the discount factor § and to the revenue awarded to the

manager R

Proof. Considering (10), it is straightforward to show that % is negative and
% is positive, given that v/4Ré* + A — /A > 0. Moreover,
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Our results are in line with the predictions of a variety of political agency
models (see, for instance, Alesina and Tabellini, 2007), which establish that
politicians’ effort decrease in the precision of the signal of the effectiveness of
their activity.

2.2 Explicit corruption

Following Dal Bo and Rossi (2007), we now introduce an explicit characteriza-
tion of a corrupt environment. In corrupt environments, managers are privately
rewarded for engaging in a range of activities that provide no value to the firm
(which we will refer to as unproductive activities). For instance, they may in-
appropriately use their position to provide political support to the incumbent
politician they are linked to, or they may spend time building social relation-
ships with people or groups outside the firm.

We extend the framework illustrated in the baseline version by allowing for
two different destinations of effort, a productivity-enhancing activity p, and a
different type of activity u, which we refer to as unproductive. While effort
in the productivity-enhancing activity a? directly benefits the firm (its effect
is analogous to that of a in Section 2.1, effort in the unproductive activity a*
has no direct impact, either positive or negative, on the firm’s performance.®
Moreover, for the sake of simplicity, benefits from investing in the unproductive
activity are assumed to be a function of the effort in the unproductive activity
only (and not of the managerial talent).

Effort in the unproductive activity generates a marginal return 7 to the
manager. When 7 = 0, the problem is exactly analogous to that illustrated
in the previous section. Following Dal Bo and Rossi (2007), we assume that 7
increases as the degree of corruption increases. This assumption characterizes a
corrupt environment as one in which managers obtain substantial rewards from
putting effort in tasks that are unrelated to the firm’s operation.

Managers keep devoting effort to the "unproductive activity", and benefiting
from it, even once they are ousted from the firm. This reflects the notion that,
in a corrupt environment, managerial positions in politically-related companies
allow to develop long-term links and networks which can be exploited even after
the manager loses his job. In such cases, a? = 0, R = 0 but a* > 0. We
continue to assume that a more competent politician selects a more talented
manager, and managers are tied to the politician in power in a way identical
to that illustrated in section 2.1. Voters’ strategy, at each period, is to re-elect

8The model’s main insights would remain unaltered if we assumed that effort in the unpro-
ductivity activity negatively affects the firm’s productivity; this assumption would capture all
managerial actions against the firm in exchange for briberies.



the politician if they believe that the manager the politician is tied to is better
than average.

Productivity at each time ¢ depends on the manager’s talent 7, and on his
effort a} (while the unproductive effort a¥ has no direct effect), as follows:

9t=77t+af—|—et

2.2.1 The manager

The managers’ cost is a convex function of the sum of the efforts put in the two
tasks: 5

al + af
C(at) — ( t —; t)
The manager chooses effort levels a and al, having the same information set
as voters, that is, knowing p,_;, but not knowing p,. The managerial objective
function at time ¢ is the following:

P u\2

al +a
maXVt:RJrTa:f—i( ¢ )
a¥,a} 2

+ (11)

~y @h)?
5 _ - _ TA; —
+0 (Pr By > play) Vesr + (1 = Pr (p, > play)) t1_52>

where @}’ is the unproductive effort chosen by the manager after he loses his job,
when he devotes his entire energy to the unproductive activity.” The optimal
amount of effort under such circumstance is clearly ay = 7, which results from
optimally trading off, at each period ¢, its total benefits 7a}* with its total cost
%. It follows that the uniperiodal outside option profit is L;

The objective function (11) may thus be rewritten as:

p u\2

al +a
math:RJrTagfi( t )
af,af 2

+4 (Pr (P, > play) Vigr + (1 = Pr(p, > play)) 2(1_5))

+ (12)

Given the recursive nature of the problem, V; = V; 1, and a} and a¥ are constant
over time. Hence:
p+ u\2 2
B R—i—Ta"—%—i-é(l—'y)ﬁ
1— 4y

Rearranging (13) and using (8), the optimal choice of effort is determined as:

1% (13)

u _ (aP+a")? (1 2
aP,a" = argmaxV = arg max fitra 2 o0 - {1 - Ga) 21-9)

aP,a™ aP,a™ 1 —6(1 —G(al’))

9Clearly, effort put in the unproductive activity when the manager is no longer in charge
ay differs from the unproductive effort when the manager runs the company, a}'.
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2.2.2 Equilibrium effort

The optimal choice of a* and aP are determined respectively as:

oV
= — p L
S~ " (a®*+a*)=0
oV 72
—(_(gP + q%) — S qeP _ gP _
5P < (a? +a") 62(176)g(p+a a))(l oy)+ (14
_ (ap—|—a“)2 72
ep _ 4P [ S A — _— =
+og(p+a a)<R+Ta 5 +4d(1 7)2(1_5) 0

In equilibrium, voters correctly predict the effort level. As a result, a? = a®P
and v = G = 3. Denoting A = 75 (2 — 5)2, it follows that, after rearranging
(14), we obtain:

Oif r<r*
a" = T— § + —V22§Aif TR T < T (15)
Tif 7 >

‘2/(?<\/52(4R272)+A\/Z> ifr<7*
R

—VZQ(SA i <r<r*

0if 7 > 7**

where 7 (4,9, R) = 4—‘/55 (\/ 8R6Z+ A— \/Z), and 7* (A,0,R) = \2/%

Figure 1 illustrates a simulation of the results. The 45 degree line represents
a = 1, that is, the unproductive effort put in by the manager after he leaves the
job. The other two curves show the equilibrium levels of a? and a*. Managerial
incentives to undertake the unproductive activity when in office are directly
affected by the level of corruption; a higher return on the unproductive activity
T is associated to a higher unproductive effort a*. This reduces the managerial
effort in the productive activity aP through two channels. First, as a result of
convexity of the cost function in the sum of the two efforts, the marginal cost
of productive effort is increasing in the amount of unproductive effort. Second,
the value of productive effort is inversely affected by the outside option for the
manager after he loses his job, which, in turn, is proportional to the return on
the unproductive effort. As a result, the equilibrium value of a?, as a function
of the level of corruption, exhibits a pattern of negative correlation.

When 7 is null, the manager has no incentives to engage in the unproductive
activity a, and the result fully reproduces the model without corruption. When
T is positive but small (0 < 7 < 7*), returns on the productive activity, while
the manager is active, still overwhelm returns on the unproductive activity,
so that unproductive effort while the manager is active remains null (while
unproductive effort is, for such values of 7, positive after the manager is ousted

11



from office). However, productive effort declines with 7, as a result of the higher
attractiveness of the outside option.

As 7 gets larger (7% < 7 < 7**), the manager distributes his effort across
the two activities. In this interval, marginal increments in 7, while increasing
unproductive effort a*, reduce productive effort a?. This occurs through both
the increase in marginal cost of the productive activity, and the increase in the
appeal of the outside option.

For large values of 7 (7 > 7**), returns on the unproductive activity prevail,
and the manager allocates his effort to the unproductive activity only, even
when in office.

A manager benefits from his appointment being renewed when the returns on
a* are not disproportionately higher than those on a?, in particular for 7 < 7%*,
where 7** is a function of 7,0 and R. In this interval, more patience (larger
0), as well as a higher wage R, magnifies the re-appointment rewards, leading
to a rise in aP (and, correspondingly, to a decline in a*); similarly, a surge in
the precision of the prior, or of the citizens’ inference of the manager’s skills
(i.e., a decrease in Uz and in o2 respectively), raises the managerial productive
effort, as it induces a more accurate alignment between the manager’s effort
and his re-appointment, in analogy with the results obtained in section 2.1. In
addition, observe that, for 7 < 7**, a* < @* = 7, that is, unproductive effort
is always smaller when the manager is active (and, as a consequence, shares his
effort across the two activities), than after he loses his job (and unproductive
effort remains his only option); this stems from cost convexity in the sum of
efforts. Conversely, when 7 > 7%, re-appointment has no value for the manager;
therefore, a”? = 0, and a% = a% = 7.

Results are summarized in the following:

Proposition 2 The equilibrium effort in the productive activity a? (weakly)
decreases as the corruption parameter T increases. Also, consonantly with the
baseline model in Section 2.1, it decreases with the variances, both of the noise

o2 and of the prior 012), and increases with both R and the discount factor 9.
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Proof. It is immediate to see, after differentiating (16), that

o V26T f *
OaP \/02(4R—272)4+ A orT <7t
or —%ifT*<T<T** <0
0if 7> 7**
1 V2A\/A+82(4R—272)—/2A "
daP 6%(2-9) VA+S2(4R—272) for v <7 _
95 V?;ﬁ if 7 <7 <7 -
0if 7 > 7**
\/2A(\/A+62(4R727—2)7\/Z) ; .
daP daP  455\/A+o°(4R—272) orT<T <0
99 — /-2 _\/571'(2*5)2 . * *o% =
do2 Oo? eua Tt <T <7
0if 7> 7**
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Observe that lack of accountability and corruption, while being both sources
of declines in productivity, operate through two different mechanisms: lack of
accountability (higher variance o2 of the noise) entails a reduction in the total
effort put in by the manager, while corruption induces a diversion of the effort
away from the productive activity.

3 Empirical analysis

3.1 The econometric model

We use a stochastic cost frontier approach to model the expenditure for col-
lection and disposal of solid waste at the municipal level. By using proxies for
the levels of accountability and corruption existing in the area where the refuse
collection service is provided, we test our theoretical predictions that costs are
greater for utilities located in more corrupt regions (%—“:), and in regions where

. P
voters are less informed (ggg)

The econometric model can be expressed in general terms as:

InTCiy = c(yit, pit; B) + it + it (17)
uiy ~ N¥(pu(zi;0),00)
vit ~ N(0,07)

where T'Cy; is the total cost incurred by municipality ¢ at time ¢, y;; is a vector
of outputs, p;; is a vector of input prices, 8 is a vector of parameters to be
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estimated, v;; is a standard error term measuring random noise and u;; is a non-
negative error term, to be interpreted as cost inefficiency. The latter follows a
truncated normal distribution whose pre-truncation mean is parameterized on a
set of exogenous factors z;; — such as our key variables of interest, accountability
and corruption — and a vector of parameters ¢ to be estimated.

The two sets of parameters (8 and ) are estimated simultaneously. This
is what Wang and Schmidt (2002) refers to as one-step procedure, as opposed
to a two-step approach which consists of estimating cost inefficiency without
including exogenous factors and subsequently fitting a model in which a set of
variables is used to explain the estimated inefficiency.'?

Kumbhakar et al. (1991) and Battese and Coelli (1995) suggest to adopt a
linear specification of the mean value of the inefficiency term:

w(zit; 0) = 0o + 24,0 (18)

Given the sign of § parameters, a variation of z variables changes the mean of
the pre-truncated distribution of w;, thus allowing for an increase/decrease of
the estimated cost inefficiency, in line with our theoretical model.'!

Cost inefficiency cannot be simply derived as a residual, since the composite
error includes the statistical noise v;; term, which is not observable. Jondrow
et al. (1982) therefore suggest to estimate u;; as its conditional expectation w,
given the fitted value of €;; = w;t + v, i.e. Uy = F (uit]€;r). The latter can then
be transformed into a measure of distance from the optimal frontier following
Battese and Coelli (1988), who define the cost inefficiency measure, Cl;, as:

CI“L =F (e““

Eit) (19)

(19) yields inefficiency values greater than (or equal to) 1, readily interpretable
as percentage deviations from the minimum attainable cost. Given that the ex-
pected inefficiency (i.e. the mean of the pre-truncated distribution) is modeled
as a function of a set of variables z, the effect of such variables on the esti-
mated cost inefficiency index depends on the features of the truncated normal
distribution. In general, their marginal effect on cost efficiency CE (i.e., the
inverse of cost inefficiency, ranging from 0 to 1) may be computed as (Olsen and
Henningsen, 2011):

10Extensive Monte Carlo simulations provided by Wang and Schmidt (2002) provided ev-
idence in favor of the one-step approach since the two-step procedure is affected by serious
biases in both the involved steps.

'n principle, other possibilities would be feasible to analyze the impact of social environ-
ment characteristics on the level of costs. An alternative would be, for instance, the inclusion
of a set of environmental features z;; directly in c(yst, pit, 2it; 8), thus allowing for a modi-
fication of its shape. This option is, however, not appropriate given our purposes, since it
assumes that the social characteristics of the operating environment do not impact directly
on the effort of the municipalities or on their negotiation capabilities.
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where ®(.) and ¢ denote the cumulative distribution function and the den-
sity function of the standard normal distribution, p* = (1 —75) 1 +7¢ , o* =

Y1—-%)7 ,0=0,+0y,7= %‘, o, is the estimated value of the standard
deviation of the inefficiency term, &, is the estimated value of the standard
deviation of random noise, € is the estimated value of the composed error term
(€=u+7 ), pis the estimated expected value of the truncated distribution of
the inefficiency term, based on the ¢ parameters. The marginal effects calcu-
lated at the individual observation level measure the (monotonic) variation in

the cost efficiency index with respect to a contour change of the z variable.

3.2 Data and variables

The database, which can be considered as fairly representative of the entire pop-
ulation of Italian municipalities, refers to a balanced panel of 529 municipalities
(of which 204 are localized in the North, 207 are localized in the South, and
the remaining 118 are localized in the Centre of Italy) observed over the period
2004-2006. Table 1 presents the summary statistics of the variables included in
the cost frontier specification. For each municipality, we observe:

- the total cost (T'C'), which is the sum of labor, capital and fuel costs
incurred to provide the MSW service;

- the tons of MSW disposed (yp);

- the tons of MSW sent for recycling (yg);

- the price of labor (pr), given by the ratio of total salary expenses to
the number of full-time equivalent employees;

- the price of diesel fuel (pr);

- the price of capital (pk), obtained by dividing depreciation costs by
the capital stock.

We merged different sources of data. Data on costs and output quantities
were obtained from annual MUDs (i.e. annual declarations concerning municipal
solid waste collection) and were provided by Ecocerved. As to input prices, we
relied on balance sheets of the firms (or internal organizational structures of
the municipalities, in case of in-house provision) managing the service in the
municipalities. As an exception, the price of diesel fuel was drawn from data
released by the local Chambers of Commerce.

Table 1 highlights that the average municipality produces almost 21,000 tons
of waste, around 20 per cent of which is sent to recycling, with an average cost
per ton in the neighborhood of 250 Euros.

Our database contains information concerning the organizational structure
of the MSW service as well as the political orientation of the municipality. The
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limited liability company is by far the most popular legal form (chosen by 82
percent of the entire sample), followed by in-house provision (10 percent) and
inter-municipal partnership (8 percent). The political environment is captured
by data on the political majorities ruling the municipalities. Data indicate that
left-wing parties are governing around 29 percent of municipalities, right-wing
parties around 18 percent, and "civic or municipal lists", that is independent
local political groups which are not affiliated to major nation-wide left-wing or
right-wing parties, the remaining 53 percent.'?

Finally, the cornerstone of the analysis is related to the measurement of
accountability and corruption. Accountability can be defined as the citizens’
ability to identify the responsibilities of institutional, economic and social op-
erators and to assess their behaviors and performance. Accountability is in
strict relation with diffusion of newspapers (Snyder and Stromberg, 2010). Car-
tocci (2007) provides the geographical map of social capital in Italy, presenting
among the others two indicators describing the citizens’ attitude to search for
information and participate to the community life:

- the number of newspapers readers (NEWS) for every 1,000 inhabitants
(excluding sport newspapers), defined as an “invisible” form of participation;

- the average voters’ turnout during the period 1999-2001 (VOTE), de-
scribed as a “visible” form of participation.'?

Both indicators are available only at the province-level of disaggregation,
thus we associated each municipality to its provincial value.!* This seems a rea-
sonable degree of approximation given that the average dimension of an Italian
province is quite small (around 2700 km? and 500,000 inhabitants). Moreover,
in our dataset, there are a total of 101 provinces (out of 110), thus a suitable
cross-section variability is ensured.

Giordano and Tommasino (2011) construct an index of political interest
taking into account both newspaper diffusion and electoral participation. We
follow a similar approach, defining a unique accountability index (ACCOUNT)
as the average between NEW S and VOTE.

As for the measurement of corruption, we use publicly available data from
the National Institute of Statistics (ISTAT). In particular, CORRU PT indicates
the number of criminal charges against the State, public governments and social
institutions (per 100,000 inhabitants), and consists of an aggregate indicator
that includes crimes such as embezzlement, extortion, conspiracy and other
crimes against the faith and public order. Again, this variable is available at
provincial level and it is time-invariant, since we consider the average number
of crimes during the period 2004-2006.

12The name "civic lists" stems from the alleged origin of the candidates - civil society rather
than political parties. In the remainder of the paper, we will refer to them as independent
parties.

131n particular, the average turnout is computed from 5 elections: 3 referenda (1999, 2000,
2001), 1 election of the National Parliament, 1 election of the European Parliament.

141n Ttaly, a province is and administrative division of intermediate level between a munic-
ipality and a region, similar to a county. A province is composed of many municipalities, and
usually several provinces form a region.
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3.3 The cost frontier specification

The empirical application requires the specification of a functional form for the
total cost frontier. A popular form in this type of studies is the translog function,
that is a second degree Taylor approximation of an arbitrary cost function. In
our case, we specify a two output, three input cost frontier, taking the following

form:
TC; s
1n< t>=ﬁo+ > By + Y Bln(p ) (21)
PF;, re(D,R) se€(L,K) PFi
Ps;
+ >N ﬁrslnysln( t>+ > Y Bylnylny
re(D,R) s€(L,K) re(D,R)le(D,R)

+7 Z Z 6sm In (p%t ) (pmn> + Uit + Vit

se(LK)meLK PF:

In Equation (21) the residual is composed of a one-sided (u;+) term, which follows
a truncated normal distribution with mean p;,, and a symmetric random noise
(vit). We further assume that v;; and u;; are homoskedastic and independent
of each other and uncorrelated with the output and input price vectors, y, and
Ds.

The outputs y, are represented by the volume of MSW disposed (r = D)
and the volume of MSW recycled (r = R). On the side of productive factors,
prices refers to labor (s = L), capital (s = K) and fuel (s = F).

Cost and input prices are divided by the price of fuel (pr) to ensure homo-
geneity of degree one in input prices while 3,, = §,, and 3, = 5,,, impose
symmetry. Other non imposed properties, in particular concerning the concav-
ity of the cost function in input prices, are checked ex post.

We model the expected value of the pre-truncation normal distribution of
cost inefficiency in accordance to the theoretical predictions derived in Section
2. In particular, we test three subsequent models:

MODEL 1:
tiy =00 +04ccIn ACCOUNT, (22)
MODEL 2:
tir = 80 + 6acc In ACCOUNT + dcorr In CORRU PTy, (23)
MODEL 3:
tiy = 60 + In ACCOUNT}, (6acc + dacc_corprCORPy) (24)

+InCORRUPT;; (6corr + Scorr_LwLWPOL;)
+6corPCORP; + 6w LW POLyy,
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In Model 1, we consider only the accountability index as a determinant of mu-
nicipality inefficiency, as a test for our baseline model developed in Section 2.1.
In Model 2, a corruption index is added as a separate variable in the mean inef-
ficiency ancillary equation, accounting for the theoretical predictions of Section
2.2. Model 3 enriches the analysis using additional variables that can impact
on the way accountability or corruption are affecting the efficient provision of
MSW services.

More specifically, Model 3 emphasizes the potential interactions between ac-
countability and the organizational form of service supply, on the one hand, and
corruption and political orientation on the other. First, we control for the type
of service organization. The type of ownership may directly impact on efficiency,
even though empirical evidence in this sense is rather mixed (Bel et al., 2010).
Furthermore, if the potential impact of accountability varies across different
types of service organizations, we may observe a second indirect effect through
the parameter 4cc corp- The underlying assumption is that, by providing
the service by means of organizational forms different than the limited liability
company (the only one subject to the private law administrative and accounting
rules), municipalities might cushion the benefits of a higher accountability in
terms of cost efficiency. In the case of in-house provision a key feature would
be the confluence of service costs in the broader municipal budget, thus leaving
room for cross-subsidization within the operational autonomy of single munici-
palities: as a result publicly available information may be distorted. In a similar
vein, for associative consortia it is more difficult to disentangle the responsibili-
ties of each municipality in case of poor performance in the management of the
service.

The second control concerns the type of political leadership in the local
councils, measured by the dummy variable LW POL. In this case, as well, the
political variable is included by itself and in terms of interaction with the level
of corruption. The underlying ideas is that local administrations animated by a
left-wing political orientation might be more spending-oriented, but at the same
time they may be less affected by distorting corruption effects (dcorr rw is
expected to exhibit a negative sign). To that regard, Hessami (2011) finds cross-
country evidence that corruption in the public sector is more likely to prevail
when right-wing parties are in power. She interprets her results by considering
that:"members of right-wing parties are more likely to originate from an en-
trepreneurial background and their party platforms more strongly represent the
interests of businessmen" (p. 2), so that they often (more often than left-wing
politicians) end up in a trustful, reciprocal relationship with representatives of
the private sector, a link that can also be used to foster illegal activities such
as corruption. Moreover, Jimenez and Garcia (2012) find, in a large sample of
Spanish municipalities that, after an imputation of a politician in a local cor-
ruption case, the voting share of left-wing parties is reduced by 2-3 percentage
points, while right-wing coalitions even increase their share in subsequent elec-
tions. Therefore, right-wing voters appear to be much more loyal than left-wing
voters, so that left-wing parties have much more to lose if caught involved in
corruption activities.
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3.4 Results

The one-step total cost frontier (21), combined either with the inefficiency model
(22) or (23) or (24), is estimated using maximum likelihood technique. As a
normalization strategy, we have divided all continuos variables (cost, output,
input price, accountability and corruption measures) by their sample geometric
mean.'® This allows directly interpreting first order parameters as cost elastici-
ties at the local approximation point. Table 2 displays the estimated parameters.
All first orders parameters of the cost frontier are strongly significant and have
the expected positive sign. Output parameters 5 and Sy indicate that a 1%
increase in MSW disposed or MSW sent to recycling results, ceteris paribus,
in a 0.753 to 0.767% or 0.243 to 0.253% increase in costs respectively. Scale
economies at the sample mean can be computed as the inverse of the sum of
output elasticities. In this case, the adopted two-output cost frontier specifi-
cation yields values around unity in all the models, thus suggesting that the
average municipality exhibits constant returns to scale. The estimates of labor
and capital price elasticities are given by parameters §; and Bj. According
to Shephard’s lemma they equal the optimal labor and capital cost shares at
the local approximation point. The share of the factor (i.e., fuel) used as nu-
meraire in (21) can then be obtained residually. All the three models estimate
a labor cost share (about 45%) higher than the capital cost share (between 10%
and 14%) and about the same as the fuel cost share (between 41% and 45%).
This seems reasonable and in line with the typical cost structure in this service.
Second-order parameters give flexibility to the functional form, allowing to esti-
mate pointwise output and input price elasticities. In particular, the parameter
Bpr is negative and significant, suggesting cost complementarities in the joint
provision of disposal and recycling services.'6

Turning to cost inefficiency, Table 2 shows that the coefficient of the account-
ability index (0 4c¢) in Model 1 is negative and highly statistically significant.
Greater propensity to participation by citizens — and therefore less opacity in
the relationship between citizens and decision-makers — can substantially re-
duce cost inefficiency. This is in line with Besley and Burgess (2002), as well as
with a large anecdotal evidence pointing at the notion that a greater pressure
by public opinion is able to route managers and policy-makers towards more
efficient decisions.

15The geometric mean is less sensitive to outliers. This is an advantage, even though we
careful checked data consistency before estimation.

16 The specification of the cost function (21) is simple but contains all the relevant informa-
tion to fit precisely observed costs. Since the main focus of this study is to analyse the impact
of corruption and accontability on cost inefficiency, we do not present here the estimates of
cost function specifications which have been enriched of explanatory variables such as environ-
mental characteristics (the population served, the area size of the municipality, the number
of buildings), the presence of nearby disposal facilities such as incinerators or landfills, and so
on. Results of such estimations are available upon request. For more details concerning the
technological features of MSW services see Abrate et al. (2012), who focus on the impact of
different recycling shares on refusal collection costs and provide a complete analysis of scale
and scope economies, and Abrate et al. (2013), who investigate into depth the issue of density
economies.

19



By including the corruption variable (Model 2), the magnitude of dacc is
reduced, although it remains negative and highly statistically significant. As ex-
pected, the corruption index parameter (dcorr) is instead positive, suggesting
that more widespread bribing practices negatively affect the efficiency perfor-
mance of MSW services. On the whole, this leads support both to the baseline
version of our theoretical model, and to its enriched version that includes cor-
ruption.

Model 3 explores in greater details the effects of accountability and corrup-
tion. In this case, the parameter d qoc measures the impact of the degree of
accountability in the base case in which waste is collected directly by individual
municipalities or through inter-municipal consortia, while the parameter of the
interacted term (4 ACC_co rp) should be interpreted as the incremental effect
due to the presence of limited liability companies. By itself, the corporatiza-
tion of waste collection generally reduces cost inefficiency (dcorp = -0.127).
This result is in line with the empirical evidence about the positive effects of
corporatization on the performance of local public services provision (Cambini
et al., 2011) The marginal impact of accountability in the case of service sup-
ply through distinct business organizations is very significant (4 ACC_CORP =
-0.469) while d acc is not statistically significant. The effect of accountability
if corporatization occurs may be computed as dacc + dacc_cogps vielding a
coefficient equal to -0.508 (s.e. = 0.165), which is statistically significant at 1%.
This means that accountability reduces cost inefficiency only if the service is
managed through the establishment of independent companies, while the pres-
ence of associations of municipalities or of direct in-house management blur the
potential benefits of a higher transparency.”

Similarly, we analyze the differential prevalence of corruption across differ-
ent political majorities. The parameter dcorr rw represents the incremental
cost inefficiency due to corruption under left-wing political guidance. In Model
3 dcorr still remains positive and highly statistically significant, while the in-
teraction term dcorr rw is inefficiency-reducing. The resulting effect of cor-
ruption in municipalities led by left-wing local councils is equal to 0.201 (s.e. =
0.091) and is statistically significantly different from zero at 5% level (p-value
= 0.027). This implies that in municipalities ruled by right-wing parties and by
independent parties ("civic lists") waste collection services suffer more from cost
inefficiency due to corruption. The impact of corruption is twice as large as that
recorded for municipalities ruled by left-wing parties. The behavior of left-wing
municipal councils is, however, more spending-oriented (6 = 0.136).

The last rows in Table 2 show the statistics for A coefficient, which is defined
as the ratio between the standard deviation of the inefficiency term (o,) and
the standard deviation of random noise. The values are statistically significant
at 1% level, indicating that the inefficiency term has a significant contribution
on total variation of the composed error. Then, the likelihood ratio tests of the

17 An additional model estimation, not presented here, also tested for a differential impact
of in-house and inter-municipal consortia and the results were confirmed: accountability does
not have a significant impact on inefficiency both in the case of in-house and inter-municipal
partnership.
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unrestricted Model 3 (U) against the restricted (R) Models 1 and 2 indicate that
including a large set of explanatory variables of expected inefficiency would be
preferable.!®

Using equation (20), we compute the marginal effects on estimated cost
efficiency for our preferred specification (Model 3). Results are displayed in Table
3, which provides a measure of the marginal improvement in the efficiency level
that can be achieved by reducing corruption or increasing accountability ' The
theoretical maximum cost efficiency (frontier level) is equal to 1: therefore, the
efficiency level can be also interpreted as the percentage of efficiency achieved
with respect to the maximum. Since the explanatory variables are in logarithm,
the magnitude of the values in Table 3 can be interpreted as follows. In the
cases where the services are provided by limited liability companies, increasing
accountability by 10% would move the efficiency level towards the frontier by
approximately 0.8%. Furthermore, decreasing corruption by 10% would increase
the efficiency level, on average, by 0.64%, with a more remarkable impact for
not left-governed municipalities (0.76%).

Figures 2 and 3 depict the relationship, based on Model 3, between marginal
effects of accountability and corruption and the conditional expectation of cost
efficiency. Figure 2 shows that the effect due to a marginal improvement in
accountability is enhanced when estimated efficiency decreases. This means
that the effort to induce less opacity in the relationship between citizens and
decision-makers would be more advantageous if the level of efficiency is lower.
In a specular way, Figure 3 shows a general tendency of corruption to worsen
cost efficiency, especially for those municipalities not leaded by left-wing parties
and already suffering from higher inefficiency (i.e low levels of cost efficiency,
particularly if below 0.7).

3.5 Impact of accountability and corruption on costs

In this section we provide evidence on the impact of accountability and corrup-
tion changes on cost variation. Based on the cost frontier model, the over-cost
measure (g) could be determined as the ratio between the estimated inefficiency
term, wu;¢, and the predicted optimal cost, ¢(y:t,pit;8). Since the inefficiency
term has been modeled as a function of several exogenous factors, the over-cost
rate will also depend on such factors, i.e. g = g(z). A variation in external
factors, therefore, will bring about a change in the rate itself. Such difference
can be expressed as:

Ag() = gaglA] (25)
0z

18The test statistics -2 (LLFR-LLFU), where LLF is the log-likelihood function of the
estimated models, is distrubuted as a Chi-square with degrees of freedom equal to the number
of restrictions imposed.

19Table 3 and Figure 2 refer only to cases where the services are provided by limited liability
companies. As already noticed, the effect of accountability is not significant when the service
is organized in-house or by relying to intermunicipal consortia.
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where ‘Kjg—ZE is the marginal effect computed in (20). In order to evaluate the ef-

fect of changes of z-factors in relation to the actual observed cost, we formulated
(25) as follows:

%ACost = Ag(2)-c(yit, pir; B)/TCiu (26)

Figures 4 and 5 illustrate the potential cost change due to a reduction or ex-
pansion of accountability and corruption levels, respectively, up to the maxi-
mum /minimum and first/third quartile values observed in the sample.2’

A reduction in accountability to the minimum level results in a cost increase
up to approximately 15% of the observed cost (10% if first quartile level is
considered). On the other hand, an expansion of the level of accountability to
the maximum (or to third quartile) would allow a cost saving of up to 20%, with
a median value slightly less than 5%, corresponding to approximately 300,000
euros in absolute terms. Given the average population of municipalities in our
sample, this means an average impact of about 8.5 euros per inhabitant: if
extended to the whole Italian population, the total cost savings would be around
500 million euros.

A more widespread corruption (to the maximum level) would increase costs
up to 10% (5% when considering the third quartile) in the presence of local
governments with left-wing political orientation and up to 17% (7%) in the
group of not left-wing observations. By contrast, programs aimed at curbing
corruption would allow, in the not left-wing group, cost savings up to 25% (10%)
if the first quartile is considered), with a median value of 10%, corresponding
to approximately 500,000 euros, i.e. 14 euros per inhabitant. These figures are
roughly twice as those for the group of municipalities ruled by left-wing political
parties, and corroborate the previous evidence concerning a lower permeability
of the latter to the corruption plague.

Figure 6 illustrates cost change simulations for the three main macro regions
of the country The results show a greater sensitivity of Southern Italy to policies
designed to improve social conditions in terms of corruption and accountability,
as well as to a worsening of the level of corruption. For instance, a reduction in
corruption up to the lowest observed value would imply a median cost saving of
530,000 (300,000) euros, corresponding to about 13.6 (8.5) euros per inhabitant,
for municipalities located in the South (in the North, respectively) However, a
deterioration in the accountability level would have a differentially larger impact
in Northern and Central Italy, where the level of participation by citizens is, on
average, higher.

Finally, in Table 4 we present cost simulations for a set of large municipal-
ities (with more than 300,000 inhabitants). With reference to the two mostly
populated Italian cities, Rome and Milan, a large reduction of the degree of cor-
ruption is expected to result in a relative cost saving of 10-11%, equivalent to

20While the simulation with respect to corruption is distinct for the cases of municipalities
governed by left-wing and not left-wing local councils (Figure 5), the simulation with respect
to accountability refers only to the category of municipalities that have entrusted the service
to limited liability companies (Figure 4), since the marginal effect of the alternative group is
not statistically significant.
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around 18-20 euros per inhabitant. The second largest Southern city, Palermo,
looks like the municipality which is mostly affected by changes in the degree of
corruption. In the same vein, an improvement in the level of accountability in
the two most populous cities is shown to induce a relative cost saving ranging
between 2.4 and 2.6%, equivalent to a saving of 4-5 euros per inhabitant. The
major benefit would concern, in this case, the Southern municipalities (Palermo
and Bari), generally affected by less transparency of the decision-making process.

3.6 Robustness checks

In this section we analyze whether our results are robust to changes in the
modeling of the expected value of the inefficiency term. We perform these
checks by estimating several models including additional control variables such
as geographical dummies (DNORTH and DSOUTH), aimed at capturing the
extent to which the location in the North or the South of the Country has,
in itself, a differential impact with respect to the omitted class represented by
Center Italy, a time trend (TIME) and a different corruption index, introduced
by Golden and Picci (2005). This alternative measure, which is available for
all Italian provinces, reflects “the difference between the amount of physically
existing public infrastructure (roads, schools, hospitals, etc.) and the amount of
money cumulatively allocated by government to create this public works” (Golden
and Picci, 2005, p. 37). The underlying idea is that corruption raises the
costs of building public infrastructures, so that CORRgp is computed as the
(logarithm of the) ratio between the building cost and the actual value of public
investment.?!

The geographical dummies are not generally significant (with the exception
of model A in which DSOUTH assumes a positive value, thus suggesting a
higher refuse collection costs for Southern municipalities), while the time trend
is negative and significant at the 1% level across all the models, indicating a
cost reducing technological progress.

The results confirm the cost-reducing impact of the degree of accountability
in the cases where solid waste services are provided by corporations (acc corp
ranges from -0.180 to -0.341 and is always statistically significant at the 1%
level). Moreover, in all models, corruption contributes to deteriorate cost effi-
ciency, even when it is measured by CORRgp, either included individually or
along with CORRUPT. Models C and D confirm that the index of corruption
adopted in the baseline model is still significant even after controlling for a vari-
able, i.e. CORRgp, reflecting cost over-charge ratios. The dampening effect
played by the specific left-wing political orientation (i.e. the negative and sig-
nificant sign of dcorrrw and dgprw ), is confirmed except for Extended Model
D, while LWPOL still exhibits a positive and significant coefficient, thereby un-
derpinning the previous evidence that municipalities ruled by left wing local
councils have a more marked attitude to increase expenditures. Finally, dcorp

2ICORRgp is a "missing-expenditure" measure of corruption, and has been used, among
others, by Pinotti (2012) and by Nannicini et al. (2013).
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holds its negative sign and is statistically significant in all specifications except
for Extended Model A.

4 Conclusions

Politically connected public services providers may be less efficient than stan-
dard competitive firms. The principals (voters) may observe the agents (the
service provider managers) only very imperfectly. In addition, the interaction
between voters and managers is mediated by politicians, who act both as agents
of the voters, and as principals of the public service providers. In this context,
managers have incentives to exploit the limited observability of their behavior
by the voters. They may put in less effort, and exploit corruption opportunities,
which may be particularly appealing thanks to their relations with politicians.

The aim of this paper is to analyze both theoretically and empirically how
accountability of public policy making, on the one hand, and corruption, on the
other hand, impact on efficiency in the provision of a typical local public service,
such as solid waste collection and disposal.

On the theory side, we integrate corruption into a standard career concern
model. We separately identify corruption and shirking as sources of inefficiency.
We find that inefficiency is larger for operators located in areas where infor-
mation on their performances is less precise. We also show that inefficiency is
larger in more corrupt environments, in which managers’ incentives are distorted
towards unproductive activities. Our theoretical predictions are tested using a
rich dataset on solid waste management services provided by Italian municipali-
ties for the years 2004-2006. The results of our cost frontier estimates show that
both accountability, measured by newspapers’ readership and electoral partici-
pation, and corruption, measured using official data about the criminal activity
existing in the area where the refuse collection service is provided, matter and
exhibit a statistically significant impact (negative for corruption, positive for
accountability) on efficiency levels. In addition, we show that the effects of ac-
countability decline or even disappear when municipalities provide the service
in-house or by adhering to intermunicipal consortia, which appear to be less ef-
ficient ways of organizing the activity, as compared to entrusting it to a limited
liability company. Finally, we find that, while municipalities ruled by left-wing
parties exhibit higher inefficiency levels, they are also those in which the impact
of corruption on inefficiency is lower.

Our results are robust to the introduction of further explanatory variables
of the mean value of the inefficiency term and to the measurement of corruption
through the missing-expenditure index introduced by Golden and Picci (2005).
Overall, our findings suggest that fighting corruption and making the behavior
of managers of local public utilities more accountable have non trivial effects
on the costs of collecting solid waste, especially for the Southern regions of the
country. Our simulations for six Italian major cities show that costs can decrease
in the range of 3-14%, if corruption declined to the minimum value observed
in the sample, while they can decrease in the range of 2-11%, if accountability
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increased up to its maximum value.
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Figure 1. Effort levels o¢”, a“and a“as a function of 7
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Table 1. Summary statistics

Variable Description Mean Std. dev. Min Max
TC Total cost (000 €) 5436 23,965 46 48,065
Vb Waste disposed (t) 17,125 71,195 118.44 1,462,128
YR Waste recycled (t) 3,770 13,044 8.86 210,211
pL Price of labor (€ / Employee) 36,394 5,744 21,000 62,613
Pk Price of capital (depreciation rate) 0.087 0.013 0.049 0.124
Pr Price of diesel fuel (€ / liter) 1.023 0.122 0.780 1.370
CORP Limited liability company (dummy) 0.819 0.386 0 1
HOUSE In-house provision (dummy) 0.100 0.300 0 1
INTMUN Inter-municipal partnership (dummy) 0.081 0.273 0 1
LWPOL Left wing political orientation (dummy) 0.287 0.453 0 1
RWPOL Right wing political orientation (dummy) 0.178 0.383 0 1
CIvIC “Civic Lists” or independent local parties (dummy) 0.534 0.499 0 1
NEWS Newspapers readers (per 1,000 inhabitants) 74.095 38519 17.94 175.43
VOTE Average voters’ turnout (%) 53.246 6.750 37.4 68.2
ACCOUNT  Accountability : (NEWS + VOTE)/2 63.671  21.645 29.32 114.06
CORRUPT  Crimes against public faith (per 100,000 inhabitants) 5.492 1819 1.703 15.113




Table 2. Cost frontier estimates

Variables Parameters Model 1 Model 2 Model 3
Inyp Bo 0.767*** 0.763*** 0.753***
(0.009) (0.009) (0.009)
Inyr Br 0.243*** 0.247*** 0.253***
(0.007) (0.007) (0.007)
InpL BL 0.447*** 0.454*** 0.452%**
(0.050) (0.050) (0.050)
Inpk Bk 0.104** 0.141*** 0.142%**
(0.046) (0.046) (0.046)
(Inyp)2 Bop 0.194*>** 0.191*** 0.191***
(0.013) (0.013) (0.013)
(Inyg)2 Brr 0.108*** 0.108*** 0.108***
(0.007) (0.007) (0.007)
(InpL)2 B -0.175 -0.095 -0.178
(0.396) (0.385) (0.383)
(Inpk)2 Bk -1.378*** -1.317*** -1.297***
(0.423) (0.416) (0.418)
(Inyp)(Inygr) Bor -0.138*** -0.136*** -0.135***
(0.008) (0.008) (0.008)
(InpL)(Inyp) Bio 0.100** 0.076 0.086*
(0.049) (0.048) (0.048)
(InpL)(InyRr) Bir -0.012 0.016 0.018
(0.036) (0.036) (0.036)
(InpL)(Inpk) Bk 0.079 0.001 0.062
(0.329) (0.321) (0.324)
(Inpk)(Inyp) Bko 0.000 0.012 0.007
(0.052) (0.051) (0.051)
(Inpk)(InyRr) Bkr -0.040 -0.046 -0.050
(0.035) (0.034) (0.034)
Constant Bo -0.253*** -0.304*** -0.307***
(0.024) (0.033) (0.042)
In ACCOUNT Sace -1.153** -0.413*** -0.039
(0.549) (0.121) (0.089)
CORP Score -0.127**
(0.061)
In ACCOUNT x CORP SACC CORP -0.469***
) (0.177)
In CORRUPT Scorr 0.379*** 0.444***
(0.087) (0.099)
LWPOL SLw 0.136***
(0.041)
In CORRUPT x LWPOL SCoRRLW -0.243**
(0.105)
Constant 8o -0.587 0.018 0.133
(0.504) (0.116) (0.092)
Std Dev. One-Sided error term oy 0.328*** 0.214*** 0.191***
(0.089) (0.036) (0.031)
Std Dev. Two-Sided error term oy 0.256*** 0.249*** 0.249***
(0.008) (0.009) (0.010)
Lambda A 1.280*** 0.860*** 0.767***
(0.090) (0.0412) (0.037)
LLF -276.011 -252.978 -236.661
LR test 78.700*** 32.630***

Statistically significant at 1% ***, 5% **, 10%*, standard errors in round brackets.



Table 3. Marginal effects on estimated cost efficiency

Mean Std. Dev. Min Max

Accountability 0.079 0.020 0.030 0.121

if CORP=1
Corruption -0.064 0.025 -0.114 -0.016

if LWPOL =1 -0.036 0.008 -0.052 -0.016

if LWPOL =0 -0.076 0.020 -0.114 -0.028
Note: the marginal effects measure the variation of the cost efficiency index with respect to a contour change of the explanatory
variable, according to Equation (20): oCE and oCE

0In ACCOUNT 0InCORRUPT

The cost efficiency can range from 0 (minimum level) to 1 (maximum level, i.e. frontier level).

Figure 2. Relation between marginal effect of accountability and estimated cost efficiency

WG)O

0.06 0.08 0.10 0.12
| | | |

Marginal effect of accountability

0.04
|

0.02

T T T T T T
0.500 0.600 0.700 0.800 0.900 1.000
Cost efficiency

oCE
0ln ACCOUNT
the presence of limited liability companies. The marginal effect is positive because accountability
improves cost efficiency: the theoretical maximum (frontier level) is achieved when the cost efficiency is
equal to 1.

Note: the marginal effects are computed according to Equation (20) only in the case of



Figure 3. Relation between marginal effect of corruption and estimated cost efficiency
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Figure 4. Simulation of % changes of costs associated with changes in accountability
(only limited liability companies, CORP = 1)
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Figure 5. Simulation of % changes of costs associated with changes in corruption
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Figure 6. Simulation of % changes of costs associated with changes in accountability
and corruption. Breakdown by geographical region
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Table 4. Impact of accountability and corruption on costs for some large municipalities

ROME MILAN TURIN PALERMO FLORENCE BARI
Average population 2,711,491 1,297,244 910,437 662,046 366,074 321,747
Geographical region Center North North South Center South
Cost change -0.112 -0.102 -0.055 -0.142 -0.080 -0.030
(% variation)
A Corruption Cost change -48.4 -26.4 -7.8 -14.6 -5.4 -1.4
(to minimum value) (million €)
Cost change -17.85 -20.35 -8.60 -22.05 -14.83 -4.25
(€ per inhabit.)
Cost change 0.050 0.059 0.056 0.101 0.049 0.079
(% variation)
A Corruption Cost change 21.5 151 8.0 10.4 3.3 3.6
(to maximum value)  (million €)
Cost change 7.93 11.64 8.74 15.71 9.14 11.15
(€ per inhabit.)
Cost change 0.102 0.082 0.080 0.059 0.089 0.050
(% variation)
A Accountability Cost change 44.6 21.2 11.8 6.1 6.0 2.2
(to minimum value)  (million €)
Cost change 16.45 16.34 12.96 9.09 16.38 7.07
(€ per inhabit.)
Cost change -0.026 -0.024 -0.033 -0.101 -0.021 -0.108
(% variation)
A Accountability Cost change -11.6 -6.1 -4.9 -10.4 -14 -4.9
(to maximum value)  (million €)
Cost change -4.28 -4.68 -5.40 -15.71 -3.83 -15.31

(€ per inhabit.)




Table 5. Robustness check of cost inefficiency determinants

Extended Model A

Extended Model B

Extended Model C

Extended Model D

Parameter (Model 3 + time + (A with CORRgp (A + CORRgp) (C + interaction
reg. dummies) instead of CORRUPT) CORR¢p x LWPOL)
In ACCOUNT Sacc 0.106 0.040 0.080 0.080
(0.092) (0.064) (0.069) (0.069)
CORP Score -0.051 -0.042* -0.048* -0.047*
(0.037) (0.025) (0.026) (0.026)
In ACCOUNTxCORP Sacc_corp -0.341*** -0.180*** -0.226*** -0.224%**
(0.102) (0.062) (0.068) (0.068)
In CORRUPT Scorr 0.388*** 0.148*** 0.138***
(0.077) (0.048) (0.049)
LWPOL SLw 0.124*** 0.079*** 0.085*** 0.086***
(0.032) (0.018) (0.020) (0.021)
In CORRUPTxLWPOL S CoRRLW -0.224*** -0.113** -0.091
(0.083) (0.059) (0.062)
In CORRgp dep 0.181*** 0.141*** 0.151***
(0.022) (0.020) (0.023)
In CORRgp xLWPOL SepLw -0.051* -0.032
(0.030) (0.034)
DSOUTH SsouTH 0.179*** -0.029 0.007 0.006
(0.057) (0.029) (0.033) (0.033)
DNORTH SNORTH -0.011 0.028 0.016 0.018
(0.047) (0.037) (0.031) (0.031)
TIME St -0.071*** -0.064*** -0.060*** -0.060***
(0.019) (0.012) (0.013) (0.013)
Constant do 0.241*** 0.518* 0.438*** 0.433***

Statistically significant at 1% ***, 5% **, 10%*, standard errors in round brackets.
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