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Abstract

During the past few decades, countries have experienced a remarkable increase in
local expenditure levels to address rising local needs. However, the limited avail-
ability of financial resources, exacerbated first by the 2008 financial crisis and then
by Covid-19 crisis, has called for budget restrictions usually imposed by higher
levels of government. In this paper, we evaluate the impact of a balance bud-
get rule enforcement, exploring its effect on the local government cost efficiency
and, in particular, considering the complex trade-off between efficiency and equity.
Specifically, our identification strategy considers the exogenous introduction of a
new budget balance rule that requires local governments to respect both an an-
nual and a longer-term equilibrium criterion. The difference-in-differences analysis
builds on a rich panel dataset covering all the public functions. We find that, on
average, the budget rule enforcement exerted a positive effect on local government
efficiency.
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1. Introduction

Local governments have been increasingly designated as the most suitable gov-
ernment level to provide better tailored services and to address citizens’ needs
(Ben-Bassat et al., 2016; D’'Inverno & De Witte, 2020). However, to preserve
the long-term fiscal sustainability of local public finances, higher levels of govern-
ment have progressively enforced budget balance rules on local administrations
(Asatryan et al., 2018). The way local governments respond to a budget balance
rule enforcement is not neutral with respect to efficiency and equity, nor does it
bring equitable results to citizens (Bellofatto & Besfamille, 2021). As a response,
local governments might increase the taxation level, reduce the service provision
or decrease the public spending. Any of these responses represents a potential
lever a local government can pull, with different degrees of rigidity and leading
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to different overall results (Azevedo et al., 2021). The present paper investigates
whether the enforcement of a fiscal rule does affect the local government cost ef-
ficiency level, and ultimately the public finance sustainability, and through which
available policy options.

The existing literature has mostly focused on the causal effect of budget bal-
ance rule enforcement (or relaxation) on debt, taxes, expenditure, the expenditure
composition, or corruption (e.g., Luechinger & Schaltegger, 2013; Grembi et al.,
2016; Asatryan et al., 2018; Venturini, 2020, Daniele & Giommoni, 2021 and the
review by Borge & Hopland, 2020).! Bergman et al. (2016) find that fiscal rules
and government efficiency are substitutes in promoting sustainable public finances.
However, despite the focus on the causal impact of fiscal rules enforcement, earlier
literature neglected two aspects needed to provide an exhaustive causal impact
assessment, as well as to take into account the collective well-being at the local
level: efficiency and equity. Efficiency in local governments is defined as the ability
to provide higher public services using a given set of resources (Narbén-Perpind &
De Witte, 2018a). Equity can be defined as the right balance between offered ser-
vices (historical output) and potential demand (standard output) (Vidoli & Fusco,
2018). This trade-off between efficient spending and service level aiming at social
equity allows each citizen to have his/her needs met by the local government, re-
gardless of the territory he/she is in. Ignoring these two interconnected aspects
in the impact evaluation implicitly implies that local governments manage public
resources at their best without any waste and that there are no disparities across
local governments in terms of provided services.

Accordingly, a second strand of literature explores the impact of fiscal rules, and
specifically the effect of accrual accounting, encompassing an efficiency perspec-
tive at municipal level (Lampe et al., 2015; Dorn et al., 2019). Under the pressure
to improve the municipal financial sustainability, an increasing number of papers
have investigated the role of fiscal and financial variables as determinants of local
government efficiency, such as tax revenue, transfers and grants, financial liabilities
and debt (Mildn-Garcia et al., 2022). Local governments might raise the public
debt not to overly cut the expenses or not to increase too much local taxes. In this
regard, the relationship between efficiency and debt has been explored, making
for example clear distinction between commercial and non-commercial borrowing
(Prior et al., 2019). In this context, the role of balance budget rules and debt
containment policy restrictions on efficiency becomes ambiguous (and therefore
worth to be explored). It might be costly in the short run, with a loss in utility
for the citizens due to spending cut and tax increase, and beneficial in the long
run with steady state benefits of a lower stock of debt (Alesina & Passalacqua,
2016). Overall, these studies do not make a clear distinction between the con-
cept of actual/historical expenditure levels and standard expenditure needs/costs.
Evaluating only the expenditure levels of the local authority is not at all equiv-
alent to evaluating the costs, as the former concerns only the monetary aspect

'Recent papers focusing on fiscal rules on local governments within a single country are
Schaltegger & Feld (2009) and Burret & Feld (2018) for Switzerland, Argimén & Cos (2012) for
Spain, Ben-Bassat et al. (2016) for Israel, Grembi et al. (2016) and Bonfatti & Forni (2019) for
Ttaly, Koppl-Turyna & Pitlik (2018) for Austria, Christofzik & Kessing (2018) for Germany and
Borge & Hopland (2020) for Norway. Beyond the country level, Foremny et al. (2017) analyze
17 OECD countries, while Bergman et al. (2016) study 27 EU countries.



of the current expenditure with the same exogenous conditions. Conversely, the
evaluation of costs takes into account the local territorial and socio-demographic
characteristics, which in turn affect the demand and supply of services and ul-
timately address the equity aspect (Porcelli et al., 2016; Vidoli & Fusco, 2018;
Porcelli & Vidoli, 2020). As the demand and supply of local public good are si-
multaneously determined in terms of cost, there are endogeneity issues that arise
and pose a challenge from a methodological perspective.?

The present paper bridges the two identified gaps in the earlier literature. In
particular, we consider the complex trade-off between efficiency - evaluated from
the expenditure side - and equity - evaluated from the side of the produced output
or the offered service - and we distinguish between actual/historical expenditure
levels and standard expenditure needs/costs. This is because, in a spending review
perspective, municipalities would be led to achieve greater efficiency only on the
side of lower expenditure, but (and here the trade-off between expenditure and
offered service arises) to the detriment of the provided service. Our identification
strategy exploits the exogenous introduction of a new budget balance rule in the
Flemish Region of Belgium from 2014 onwards, known as the “policy and manage-
ment cycle” (beleids- en beheerscyclus — BBC). Compared to the previous, much
weaker, audit system, where only a balanced planned budget was needed with no
binding constraints, this new audit rule requires local governments to respect two
equilibrium criteria: the annual and the long-term structural equilibrium (Wayen-
berg et al., 2017; Coppens et al., 2018; Vanneste & Goeminne, 2020). We use
a difference-in-differences approach to assess the impact of the rule enforcement
comparing two groups of municipalities: one displaying over time a very poor
structural underperformance and, for this reason, being the main policy target
(i.e., the treatment group) and the other one showing consistently a good per-
formance (i.e., the control group). As outcome variable, local government cost
efficiency is measured by an endogenous stochastic frontier approach in which we
combine both the demand (i.e., local citizens’ needs) and the supply side (i.e.,
actual provided services) of local services. We argue that combining the demand
and supply side is crucial as resources might be used in an efficient way, but not
necessarily an optimal way if the supply does not meet the demand.

We contribute to the existing literature in three ways. First, we provide causal
evidence of a budget balance rule enforcement on local government’s cost efficiency
and on the consequences triggered by the introduction of such fiscal rules, with
critical policy implications both for policy makers at different government levels
and for citizens. Second, we provide a comprehensive picture of the complex rela-
tionship between the fiscal instruments at hand of the local governments, namely
the revenue and expenditure-side measures together with the fiscal rules, and their
different levels of rigidity. We identify the policy options available for local govern-
ments to comply with higher-level government restrictions and their fiscal reaction
in terms of efficiency and equity. Finally, we contribute to the emerging literature
dealing with endogeneity in the efficiency methods (D’Inverno et al., 2020; Mergoni
& De Witte, 2021) and we show how to tackle it in the empirical application. In
particular, we emphasise the different nuances underlying the concept of expendi-

2For the economic framework see, for example, Vidoli & Fusco (2018); Porcelli & Vidoli (2020),
while for the methodological approach Karakaplan & Kutlu (2017a,b); Kutlu et al. (2020).



ture levels and costs when it comes to evaluate local government finances and its
efficiency.

We consider three hypotheses concerning the relationship between local gov-
ernment cost efficiency and different fiscal instruments at hand of the local gov-
ernments. First, in the short term it is difficult for local governments to reduce
expenditures. Consequently, we hypothesise that local government efficiency is
unlikely to be affected by expenditure-side measures. Similarly, the actual out-
put provision cannot be drastically reduced in the short run in relation to the
observed local needs. Second, as in the short run tax revenues might represent
the most flexible levers available to policy makers (Reuter, 2020), we hypothesise
that local government efficiency is most likely influenced through the revenue-side
channel. The literature has not reached a consensus about the sign of the rela-
tionship between tax revenues and local government efficiency. On the one hand,
the fiscal illusion effect makes local governments perceive that they have sufficient
income to meet any expense and therefore less pressured to operate efficiently
(Bosch et al., 2012; Prior et al., 2019). On the other hand, higher taxes increase
local accountability as voters require greater attention in public spending manage-
ment and accordingly efficiency (Benito et al., 2010; Jia et al., 2020). However,
not all tax revenue types have the same impact on local government efficiency:
the local property tax triggers different mechanisms compared to the local income
tax. Property taxes depend on values assessed periodically. They are not strongly
affected by cyclical changes in income and hence they do not pressure local gov-
ernments to use resources efficiently (Oates & Schwab, 2004). On the contrary,
income tax makes citizens face the choice between work and leisure. To this ex-
tent, local governments are expected to meet voters’ demands for tighter control
of public spending and to increase cost efficiency (Oates & Schwab, 2004; Prior
et al., 2019). Third, we hypothesise that more efficient municipalities need less
effort to recover their under-performance compared to municipalities with lower
level of efficiency. These research hypotheses will be tested in the section 4, where
we devote specific attention to the heterogeneous behaviour of local governments
in the face of a uniform policy.

Our main empirical findings show that poorly performing municipalities started
recovering their inefficiency after the balance budget rule enforcement. Specifically,
this applies to those local authorities that have chosen to pull the “revenue-side
lever”, raising income tax as the preferred policy option.

The remainder of the paper is organized as follows. Section 2 introduces the
Flemish institutional setting and the new “policy and management cycle” budget
balance rule. Section 3 describes the data and specifically how to measure local
government cost efficiency. Section 4 and 5 present, respectively, the empirical
strategy and the main results. Section 6 discusses the findings and concludes.

2. Institutional framework

2.1. Local competences and public budgeting in Flanders

Local governments in Flanders (the Dutch-speaking region of Belgium) are
granted a high degree of autonomy in their policy decisions, both in terms of
public provision and fiscal policies. As in most European countries, they have



responsibilities in general administration, culture, care services, educational ser-
vices, housing, road maintenance and local mobility, public safety and environ-
ment (CEMR, 2016). Intergovernmental grants and tax revenues constitute the
two main sources of revenues to support service provision in those areas (Geys &
Revelli, 2011). Tax revenues amount to approximately 40% of total revenues, and
constitute mainly of local income taxes (as surcharge taxes on the federal tax on
labour income) and local property taxes (as surcharge taxes on the regional tax on
immovable property), which together constitute 80% of local fiscal revenues (see
also De Witte et al., 2018).

2.2. The ‘policy and management cycle’ rule

Despite the extensive choice of available tax instruments and the high discretion
in policy making granted by the Belgian constitution, the municipal power over
local finances has been remarkably reduced throughout successive rounds of state
reform and, in particular, the regionalisation of the Municipal and the Provincial
Law in 2002 (Wayenberg et al., 2017; Coppens et al., 2018). Before these measures,
Flemish municipalities were under a very weak balance budget system compared
to other countries and only a balanced planned budget was needed with no bind-
ing constraints (Fredriksen, 2013). Starting from 2014, the Flemish Region has
introduced a new budget balance rule, known as the “policy and management cy-
cle” (beleids- en beheerscyclus — BBC'), to improve the efficiency and effectiveness
within the boards. Compared with the previous system, this new budget balance
rule requires all Flemish local governments to respect two equilibrium criteria:
(i) the annual and (ii) the long-term (six-years) structural equilibrium (see also
Wayenberg et al., 2017; Coppens et al., 2018; Vanneste & Goeminne, 2020).

To this extent, this reform offers a good test bed to shed lights on the impact
of a financial balance rule enforcement on municipal performance and to identify
the local policy measures triggered by its introduction.

3. Data

3.1. Selected variables

The empirical application builds on a rich panel dataset covering all 307 munic-
ipalities of the Flemish Region of Belgium over the period 2006-2016. The main
data sources come from Statistics Flanders, Statbel, Flanders.be and the Federal
Police.

The data cover several aspects to measure exhaustively the local government
performance along with its socio-economic characteristics and fiscal variables, as
listed in Table 1. First, we have information on the total local expenditures, which
are allocated to provide local public services®. Second, we observe public service

3A clarification is in order: the concept of cost used in this paper is related to the budget data
available for the individual municipalities in Flanders. In the present case, this is cash basis,
i.e. includes only those costs for which there has been a financial manifestation, and not accrual
basis, which requires transactions to be recorded in the tax period to which they relate regardless
of when the payments occur. This has advantages and disadvantages. While more correct from
an accounting point of view, the use of the accrual principle would have been infeasible in our
analysis because of the non-availability of data on depreciation (different between functions) and
in general on the capital stock. However, as also acknowledged by the Reuter (2020), the use of
a cash basis makes our analysis robust for governments engaging in creative accounting.



provision from both the demand and the supply side of local services. Combining
the demand and supply side is important as a local government might use its
resources in an efficient way - looking merely for efficiency - but if the supply does
not meet the demand, territorial imbalances might arise across local authorities
in terms of equity. Citizens’ local needs (i.e. the demand side) and the actual
provided services (i.e. the supply side) are detailed for each municipal area as
listed in the municipal balance sheet and commonly acknowledged across countries
(CEMR, 2016; OECD/UCLG, 2016; Narbén-Perpind & De Witte, 2018a). By law
(i.e., Gemeentedecreet) Flemish municipalities have to provide specific services
and deliver specific outputs. This law is the basis for our selection of services and
outputs. For the administration, the number of births, the number of deaths and
the net migration rate are usually deemed representative of the local needs tackled
in the registry and immigration offices by the administrative staff, proxy of the
related service provision. School-age children represent the local demand for the
education provision met by the number of childcare places made available by the
municipality. Social care services target the most vulnerable individuals or in need
of extra support. The family deprivation index is taken as measure of the needed
assistance addressed by the provision of housing rental services. The demand for
early childhood support represented by the number of children under 2.5 years
is tackled by the number of available childcare places for toddles. Similarly, the
residential aged care can be seen as the response to the need of assistance by
the elderly population above 80 years. As support to the culture, the number of
library borrowers are considered as the local demand met by the number of items
stored in public libraries. The increment of population together with urban sprawl
(measured by the urbanicity index) can be seen as the local demand of housing
services proxied with the number of building permits for residential properties.
The utilization density captures the intensity of the land use that generates the
need for environmental and waste management services, proxied by the amount
of residual waste. For the mobility function, the number of car passengers are
deemed representative of the local demand for road management service provision,
measured by the length of paved roads. The number of crimes sizes the need for
the local police intervention, quantified by the police personnel. These functions
cover all together more than 90% of the total municipal expenditures. Third, we
include data on fiscal variables, such as local property and income taxes, and on
other relevant contextual variables.

Table 1 lists all the variables considered in our empirical analysis, along with
their definition and descriptive statistics. The choice of the proposed variables
follows the data availability, their relevance for the Flemish institutional setting
and is in line with the main literature on local government efficiency evaluation,
public finance and sustainable balance budgeting (see for all the review by Narbén-
Perpina & De Witte, 2018a,b and a more recent one by Milan-Garcia et al., 2022,
along with Asatryan et al., 2018; De Witte et al., 2018; Dorn et al., 2019; Venturini,
2020, among others). In this regard, it is worth mentioning that for the present
empirical analysis the selected variables are the most suitable ones for the Flemish
context, its local competences set by law and provide a specification richer than
in other papers for two main reasons. First, a number of potential variables have
been chosen for each municipal function following the extensive existing literature
and complemented with additional variables available in the Flemish data sources.
The variables have been identified to represent each municipal function required
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by law and the associated services. In this regard, an effort has been made to
identify separately the actual local provision from the local demand, whereas in
the existing literature this difference is quite blurred and often overlooked. Second,
for some potentially alternative variables data were available only for few years or
few municipalities, weakening the data coverage in terms of sample units and time
span.

Table 1: List of variables and their descriptive statistics

Variables Mean  St. Dev. Min Max
Total (operating) expenditure * 1,013 € 279 € 501 € 2,872 €
Local needs
Births *** 10.091 1.660 4.328 17.857
Deaths *** 9.239 1.774 4.010 16.957
Net migration ** 0.461 0.563 -3.912 5.714
Children in kindergarten (2.5 to 5) ** 3.740 0.443 1.894 5.714
Children in primary school (6 to 11) ** 6.513 0.695 3.689 9.013
Family deprivation index 0.059 0.049 0.000 0.389
Children in day care (0 to 2.5) ** 2.589 0.344 1.096 4.147
Elderly aged 80 years or older ** 5.047 1.064 2.019 9.859
Library borrowers *** 201.882  117.381 0.000  1,376.929
Increment of population 0.558 0.598 -4.514 6.122
Urbanicity index * 0.064 0.021 0.022 0.251
Utilization density 23.544 8.663 4.729 57.579
Car passengers * 0.521 0.229 0.368 3.797
Thefts, physical and property crimes *** 33.249 15.851 8.827 118.945
Actual local provision
Administrative staff *** 5.046 3.559 0.000 18.000
Childcare places for school-aged children (2.5-12) *** 6.388 5.277 0.000 36.849
Housing social rental offices *** 1.023 0.883 0.000 5.477
Childcare places for toddlers (0-2.5) *** 12.618 3.607 2.493 25.395
Residential aged care *** 12.924 6.603 0.000 48.468
Number of items in public libraries * 3.541 1.822 0.000 20.114
Building permits for residential properties * 0.003 0.002 0.000 0.024
Residual waste * 0.127 0.054 0.000 0.365
Paved roads * 0.013 0.010 0.003 0.110
Police personnel * 0.011 0.018 0.002 0.285
Other economic and fiscal variables
Taxable income * 17414 € 2328€ 10,999 € 27,858 €
Total inhabitants 20,555 33,455 945 517,042
Residential sales prices 193,278 € 41,581 € 89,694 € 375,765 €
Revenue on income tax * 275 € 2 € 0€ 618 €
Revenue on property tax * 279 € 120 € 110 € 1,295 €

Notes: * = per capita; ** = per capita x 100; *** = per capita x 1000

Panel for 307 Flemish municipalities over 2006-2016. Net migration is the difference between the number of immigrants
and emigrants as a share of the total population (De Witte et al., 2018). Utilization density is the ratio between the
sum of inhabitants and number of jobs over the built-up area: the more people and jobs located in a built-up area, the
better the land utilization (Jaeger & Schwick, 2014). Urbanicity index is the build-up area over the total surface as a
measure of urban sprawl. Building permits for residential properties is the number of building permits for residential
properties (apartments and one-family residence) (De Witte et al., 2018). Thefts, physical and property crimes is the
sum of the three types. Residual waste is the waste collected at municipal level. Police personnel is the sum of actual
operational and civilian personnel.



3.2. Measuring local government cost efficiency

To investigate the effects of the budget rule reform on efficiency and to verify
what levers local governments have pulled over the years to react to it, it is first
necessary to define and measure the local government cost efficiency.* Concerning
the local government performance evaluation, we are interested in the relationship
between the local expenditures and the outputs (namely, the actual local service
provision, often improperly proxied by its determinants). A local government is
efficient when it is using few resources to provide higher levels of service provision.
On the contrary, it is inefficient when it is using more resources than other local
governments to deliver the same or even lower levels of service provision.

To measure efficiency, previous studies have mostly used either non-parametric
or parametric techniques, generally known as “frontier methods”, such as Data
Envelopment Analysis or Stochastic Frontier approaches (see for example the re-
views in Galariotis et al., 2016; Narbén-Perpind & De Witte, 2018a and a more
recent one in Mildn-Garcia et al., 2022). The efficient units constitute the ‘best
practice frontier’ and the inefficiency is measured as the distance from this frontier.
However, earlier efficiency literature mainly focused on the relationship between
expenditure and local needs proxied by its supply and demand determinants (see
Appendix A), but overlooked how the actual service provision meets the local
needs and thus neglecting the output misalignment between different territories.

Moving beyond the traditional definition of expenditure efficiency we construct
a more comprehensive measure of the local government cost efficiency explicitly
including the output produced in order to jointly assess the equity issues as well.
To do so, we use a stochastic frontier approach to estimate the structural model
of demand and supply of local public good. Specifically, we estimate the follow-
ing stochastic endogenous frontier model, as proposed by Karakaplan & Kutlu
(2017a,b) and Kutlu et al. (2020):

ylzm;7ﬂ+vl+uw Zzlv,n
with (1)

- F (0 =)
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where y; € R, is the cost of the i" local government, @,; explains the cost vari-
ability and it is composed by an endogenous part (i.e., the actual level of services
provided in different municipal areas, x;) and an exogenous part (i.e., supply
variables representing morphological and socio-economic characteristics influenc-
ing the expenditure level). @; is conditional on Z;, the vector of all exogenous
instrumental variables (i.e., the observed local needs). The instrumental variables
are used to solve the endogeneity issue that arises if the optimal output quantity
is simultaneously determined with the unitary price. The instruments satisfy the
common assumptions such as the relevance assumption, the exclusion assumption
and the exchangeability assumption. v; is the symmetric two-sided error represent-

4Please note that, thereafter, we will use interchangeably ‘efficiency’ and ‘performance’ where
these terms are to be understood as synonyms of ‘cost efficiency’.
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ing random effects and w; > 0 is the one-sided error term representing inefficiency.”

3.83. Local government cost efficiency estimates

To obtain the cost efficiency estimates from Model (1), we rely on the 2006-2016
panel dataset covering all 307 municipalities of the Flemish Region of Belgium.
The dependent variable is the operating expenditure, while the municipal output
covariates are detailed in Table 2, as introduced in Section 3.1. They distinguish
between local service provision (endogenous) and local needs (exogenous). We
explicitly take into account the multiplicity of offered services and the correlation
between them, which is usually neglected in analyses focusing on a single function.
In particular, we include the main municipal areas as listed in the Flemish balance
sheets (representing together more than 90% of the total expenditure). For each
function, we include one or more outputs and their corresponding instrumental
variables. As control variables, we also include the level of taxable income, the
number of inhabitants (economy of scale) and the residential sales price as an
overall proxy for input prices. Two clarifications have to be given regarding prices
of labour and capital within the chosen stochastic cost frontier model: (i) the first
one concerns the price of local labour, which has not been included in the model
both because of the impossibility of obtaining this data for all municipalities and
because this variable is essentially constant among Municipalities because it is
defined at the national level; (7i) then, capital, and its price, was as obvious highly
variable within the different functions: we, therefore, introduce the price of capital
relative to residential sales, which is thus a proxy for the greater or lesser cost of
public offices.

Applying Model (1) on this dataset, we observe that Flemish municipalities
show on average 89.65% of efficiency. This indicates that there is room for im-
provements in the cost efficiency.®

4. Empirical framework

To explore the effects of budget rule enforcement on local government effi-
ciency, we proceed in three consequent empirical steps while testing the earlier
introduced hypotheses. First, we assess the impact of the new budget rules policy
on the municipal efficiency. Then, we explore if local authorities responded in a
homogeneous or in a differentiated way to this policy. Finally, we investigate what
tools/levers municipalities that responded positively to the policy used to react to
it.

4.1. Does the reform have an impact on local government efficiency?

In a first step, the response of municipalities to the policy is analyzed in a

counterfactual setting using a difference-in-differences approach (Athey & Imbens,

2017; Wang et al., 2021). Clearly, the BBC policy was targeting the inefficient mu-
nicipalities. Since the BBC policy affected all Flemish municipalities at the same

5The two-sided residual term is usually assumed to be normally distributed: v ~ N(0,02)
while u is distributed as a half-normal and is always positive: u ~ NT(0,02). The standard
SFA model also assumes that v and u are each identically independently distributed (7id) and
the covariates in the model. Please note that in Karakaplan & Kutlu (2017a)’s original model
even the term u can be related to specific covariates; we, therefore, report a simplified version.

5Tn Appendix B, we show how the model provides a superior fitting to the theoretical model.
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Table 2: Municipal output (local needs and provision) by municipal function

Municipal function Local needs variables Local provision variables
(Erogenous municipal output) (Endogenous municipal output)

Administration Births, Deaths, Net migration Administrative staff
Education Children in kindergarten (2.5 to 5) Childcare places for school-aged
Children in primary school (6 to 11) children (2.5 - 12)

Care services Family deprivation index Housing social rental offices
Children in day care (0 to 2.5) Childcare places for toddlers (0-2.5)

Elderly aged 80 years or older Residential aged care

Culture Library borrowers ~ Number of items in public libraries
Housing Increment of population Building permits for residential
Urbanicity index properties

Environment Utilization density Residual waste
Mobility Car passengers Paved roads
Local police Thefts, physical and property crimes Police personnel

time and “all [municipalities] in the groups were randomly assigned, regardless
of their adherence with the entry criteria, regardless of the treatment they actu-
ally received, and regardless of subsequent withdrawal from treatment or deviation
from the protocol” (Fisher et al., 1990), an Intention-To-Treat (ITT, Gupta, 2011)
setting has been chosen, comparing the dynamics of efficient municipalities as un-
treated and inefficient municipalities as treated. More formally, the ITT effect of
the exogenous introduction of the BBC policy on effi; (as defined in section 3.2)
can be estimated for municipality 7 in time t as:

effi = ao+ a1 D; + aa P, + a3 D; * By + Xjyouy + pi + 0; + €x (2)

where a3 is the parameter of interest, measuring the ITT (i.e., the effect of the
BBC policy in the post-treatment years for the treated/inefficient group), D; is
a dummy variable equal to 1 if the municipality belongs to the target group of
inefficient municipalities, P, is a dummy equal to 1 after 2013 (i.e., the last year
before the BBC policy takes effect), X denote a set of control variables, and p and 6
represent the fixed effects at time and municipality level. In this setting, the control
group consists of municipalities that show a high and stable level of efficiency, i.e.
municipalities that performed better than their peer group before the treatment,
while the treated group consists of municipalities that are inefficient. The main
idea is that, without the implementation of the BBC policy, those municipalities
would have continued in their inefficient trend.

At this stage, the key issue is how to non-arbitrarily split the municipalities
into a cluster, acting as a control group, and other homogeneous trend groups,
acting as treatment groups, since each municipality exhibits both its own level of
efficiency and its own trend over time. We rely on functional data clustering as a
methodological approach, since it allows, in a fully non-parametric way, to segment
groups with trends that have a similar level and shape (for a more exhaustive
description, please see Appendix C). Differently from PSM (propensity score
matching) or CEM (coarsened exact matching) methods, data are not preprocessed
ex ante as well as it is not required to choose a level of balance and there is no
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pruning of observations that have no close matches (Tacus et al., 2009). To this
extent, functional data clustering is useful to fully exploit within and between
variation in the available sample and detect clusters similar in shape and in trend.
With this technique, the efficiency trend for each municipality is considered as a
single functional curve, associated with an average curve that constitutes the best
representation in terms of both level and shape. From an empirical point of view,
therefore, the proposed technique will make it possible to identify the membership
of each individual municipality, in terms of trend, to a precise cluster (in the
application example presented in section 5, we detect 5 clusters) and accordingly,
using this classification, to choose one cluster as reference (or control) and the
other ones as treatment in order to estimate equation (2).

4.2. Does the reform have a heterogeneous impact across inefficient local govern-
ments?

In a second step, we explore whether there is heterogeneity among inefficient
municipalities. This is a key issue that transcends the specific case in question:
believing that a single policy has uniform effects on the territory, in fact, is both
a strong hypothesis at the theoretical level, but also leads to biased results in the
likely case in which omitted variables, different behaviors and response times lead
municipalities to respond in different ways.

In other words, focusing only on inefficient municipalities, the question arises as
to whether all inefficient municipalities have uniformly reacted to the fiscal recovery
policy, or if different paths occurred. This question is particularly important in
situations where the policy is not designed specifically for each local government,
but instead - as in this case - is the same for all municipalities.

From an empirical point of view, two new distinct groups are identified (again
by functional clustering) showing two clusters, with the year 2014 as baseline. In
the first group, municipalities - although inefficient - improved their efficiency since
the introduction of the policy (we label this group “increasing”). In the second
group, municipalities maintained or worsened their inefficiency over time (we label
this group “decreasing”). This further subdivision makes it possible to identify
with improved precision the municipalities of interest both in absolute terms (be-
longing to the cluster of step 1) and in relative terms. The latter measures the
response to the policy (belonging to the cluster of step 2) allowing the estimation
of the model in equation (3):

effu = + a1aD! + arpDP + o P + aza D] x P, + azpDP + P+
X{toq + i + 0; + €54

®3)

where superscript D stands for “decreasing” and I stands for “increasing”.

4.83. What are the levers pulled by the municipalities recovering their inefficiency?

In a third step, we address the key research question: what fiscal levers and
what behaviors characterize municipalities that - despite being inefficient - have
been able to reverse the trend? What are the fiscal levers that these municipalities
have used in the short term? And whether policies that are not designed for
individual local governments, and are not linked to the auditing of the service
levels, but only to the public spending control, can be sufficient to guarantee a fair
distribution of the fiscal effort?
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To answer these questions, we study the characteristics and fiscal choices of the
inefficient but increasing municipalities, by comparing them in a logistic model
to the inefficient but decreasing municipalities. More specifically — defining the
dichotomous variable y equal to 0 if an inefficient municipality is worsening its
performance, and 1 if it is improving it — the ratio between the probability of
belonging to the reference group versus that of the comparison group can be related
to continuous or categorical covariates  according to:

=B
E(ylz) = T eh S(Bz) (4)

where the link function S is a sigmoid function. The estimates will provide the
odds ratio of covariates  on the probability of belonging to the increasing group

given the decreasing group. For a more exhaustive discussion, please see Hosmer Jr
et al. (2013).

5. Results

5.1. Does the reform have an impact on local government efficiency?

Panel estimation of cost efficiency — estimated from equation (2) according to
the specification in the Table 2 — allows us to assess, for each municipality, the
distance to the cost frontier and especially its variation over time. In functional
terms, the cost efficiency of a municipality can be interpreted as a single curve and
its trend can be compared to other ones. This is presented in Figures la and 1b.
The left figure shows the individual trajectories for the period before the policy
began (2006-2013) — i.e. the individual smoothed trends (or in functional term
the ‘basis’) representing the evolution over time of the efficiency of each individual
municipality. The right panel presents the estimated average curves, that is the
average smoothed trend per cluster over time based on individual trends.
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evolution over time of each municipality on individual trends

Figure 1: Smoothed trend basis and functional clusters, before the policy was implemented
(2006-2013), for all 307 Flemish municipalities.
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Five clusters of curves are identified. We highlight the curve of efficient units
(stable over time, in red; representing the reference line), three clusters of inefficient
municipalities differentiated by level (also stable and with a parallel trend with
respect to the reference cluster) and a final residual cluster of municipalities with
high variations over time that can be considered as outlier municipalities.

We are interested to examine whether, starting in the year 2014, differences
in the trends between efficient and inefficient units emerge. Doing so, we aim to
verify if - on average - the fiscal control policy impacts the local government cost
inefficiencies. The estimates from the ITT framework are presented in Table 3.
They show a positive and significant effect (parameter of P+ D) for local authorities
belonging to the inefficient clusters. In other words, a discrete improvement in cost
efficiency can be noted for inefficient municipalities, which is not the case for the
already efficient municipalities.

Table 3: Intention-To-Treat: Effect of policy on absolute cost efficiency levels

Dependent variable: Cost efficiency * 100

Estimate

D —6.458"**
P —0.701
PxD 1.091*
Total area (sq. km / 1000) 0.205**
Built area (sq. km / 1000) —1.525%
Inhabitants / 1000 0.045***
Constant 94.873***
Observations 3,031
R2 0.233
Adjusted R? 0.232
Residual Std. Error 0.047 (df = 3024)
F Statistic 153175 (df = 6; 3024)
Note: *p<0.1; *p<0.05; **p<0.01

The estimate related to P * D measures the effect on cost efficiency of the BBC policy in the post-
treatment years for the municipalities deemed inefficient in the pre-treatment years. The positive
and significant coefficient denotes that on average these municipalities have recovered part of their
cost inefficiency with respect to the other group of municipalities.

However, this finding holds for the average municipality, and ignores the het-
erogeneity in behavior from the year of treatment. Therefore, in the next step, and
still using the proposed functional data framework, individual trajectories (now in
a relative sense, i.e. with base year equal to 2014) have been analyzed only for the
absolute inefficient municipalities.

5.2. Does the reform have a heterogeneous impact across inefficient local govern-
ments?

We verify heterogeneous behavior among inefficient units regardless of the ab-
solute starting level of inefficiency. To do so, we test if these units have recovered
the cost inefficiency gap since 2014, or whether their inefficiency has grown even
since the policy began.
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For the inefficient municipalities of the step 1, figures 2a and 2b present the rel-
ative trends highlighting two clusters that - in the short term” - have had different
behaviors. As outlined in section 4.2, these clusters have been named respectively
“decreasing” (110 municipalities belong to this cluster) and “increasing” (129 mu-
nicipalities belong to this cluster) efficiency.

120
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=100
=100
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Endogenous efficiency (time trend) 2014:
90
|

Endogenous efficiency (time trend) 2014

— Decreasing, 110 Municip —— Decreasing
Increasing, 129 Municip Increasing
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(a) Smoothed trend basis. (b) Functional clusters.
Individual smoothed trends representing the efficiency  Estimated average curves per cluster over time based
evolution over time of each individual municipality on individual trends

Figure 2: Smooth trend basis and functional clusters, after the policy was implemented
(2014-2016), for the 239 municipalities deemed inefficient in the pre-treatment period.

This second differentiation allows us to comparing the trend of the inefficient
municipalities (split between “decreasing” and “increasing”) and the efficient mu-
nicipalities, as a trend differential from 2014 according to the model proposed in
equation (3). Table 4 shows how the effect in efficiency catch-up is more outspoken
and significant for the “increasing” municipalities, regardless of the absolute level
of inefficiency, while it is no longer statistically significant for the other ones. Fol-
lowing the way the “decreasing” and “increasing” groups have been designed, the
positive impact of the budget balance rule enforcement on the local government
efficiency comes only from those municipalities who gained efficiency over the post
treatment period. This evidence is mechanical but, nevertheless, informative. At
this point, the municipalities that - with respect to the reference efficient cluster
- responded positively to the policy have been clearly identified and their used
policy options can be investigated.

"This is clearly a limitation of the analysis, which for reasons of data availability does not
allow us to verify the effect of the policy even in the medium and long term.
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Table 4: Intention-To-Treat: Effect of policy on absolute and relative levels of cost efficiency

Dependent variable: Cost efficiency * 100

Estimate

D _decreasing —6.628"**
D_increasing —6.312***
P —0.702
P x D _decreasing 0.943
P x D_increasing 1.216**
Total area (sq. km / 1000) 0.213*
Built area (sq. km / 1000) —1.495"**
Inhabitants / 1000 0.045*
Constant 94.814***
Observations 3,031
R? 0.234
Adjusted R? 0.232
Residual Std. Error 0.047 (df = 3022)
F Statistic 115.420*** (df = 8; 3022)
Note: *p<0.1; *p<0.05; **p<0.01

The estimate related to P« D_decreasing and PxD _increasing measures the effect on cost efficiency
of the BBC policy in the post-treatment years for the municipalities deemed inefficient in the
pre-treatment years, distinguishing between a group showing a decreasing trend in efficiency (110
municipalities) and a group with an increasing one (129 municipalities). The positive and significant
coefficient for P x D_increasing denotes that municipalities that have recovered part of their cost
inefficiency with respect to the reference efficient municipalities outweigh the municipalities with
a decreasing trend.

5.8. What are the levers pulled by the municipalities recovering their inefficiency?

It is now possible to answer our key question, namely, what are the characteris-
tics of the municipalities who have responded positively to the policy and what are
the fiscal levers that they have used as opposed to local authorities that have not
recovered efficiency. In other words, what are the characteristics that differentiate
the group of municipalities that - while inefficient - have nonetheless improved
their performance from those on which the policy has had no effect, at least in the
short term?

Table 5 reports results in terms of robust relative risk ratio (RRR), showing
how the “risk” of falling in the comparison group (municipalities that have im-
proved their performance) compared to the risk of falling in the reference group
(municipalities that have worsened their performance) changes with the variable
in analysis. It is possible to verify which levers the municipalities have modified in
order to recover efficiency within a set of managerial levers that can be modified
in the short-medium term. The results show that recovering cost efficiency can
be done by producing less output, focusing on efficiencies of scale (making agree-
ments with or merging with neighboring municipalities; see D’Inverno et al., 2020),
reducing administrative or operational expenditure or by increasing the local tax
rate.

Values equal to or very close to 1 show that there is no statistically significant
difference between the two groups. Similar findings are observed for most of the
outputs (from Childcare places to Police staff), for scale factors (the number of

inhabitants) and for level of operative expenditure. In other terms, municipalities



Table 5: Logistic regression exploring different levers pulled by municipalities recovering their
inefficiency after the policy was implemented (2014-2016) — Relative Risk Ratios.

Fiscal revenue Service provision Scale economies Expenditure Absolute cluster
1 2 (3) (4) (5)

Decreasing relative efficiency (base outcome)
Increasing relative efficiency:
Revenue on income tax 1.072 *** 1166 *** 1.257 *** 1239 ** 1.267 ***
Revenue on property tax 0.824 **F (.848 FH* 0.869 *** 0.821 *** 0.814 *F*
Childcare places (0-2.5 year) 0.999 0.999 0.999 0.999
Social housing offices 0.988 * 0.991 0.990 0.989 *
Library items 1.000 1.000 1.000 1.000
Residual waste 1.000 1.000 1.000 1.000
Paved roads 0.996 *** 0.996 *** 0.996 *** 0.996 ***
Police staff 0.999 0.999 0.999 0.999
Building permits 1.008 *** 1.009 *** 1.009 *** 1.010 ***
Inhabitants 1.000 1.000 1.000
Inhabitants (square) 1.000 1.000 1.000
Operating expenditure 1.001 1.001  **
Abs Efficient funct. cluster baseline
Low ineff. functional cluster 2495 **
Medium ineff. functional cluster 1.885
High ineff. functional cluster 1.408
Constant 2,271 FFE 3045 HRE 3.118  *H* 1.657 0.432

Note: *p<0.1; ** p<0.05; *** p<0.01.

The table reports the results in terms of robust Relative Risk Ratio (RRR), that is the “risk” of falling in the comparison group (municipalities that
have improved their performance) compared to the risk of falling in the referent group (municipalities that have worsened their performance) a
levers are pulled: increasing fiscal revenues (column 1), cutting on service provision (column 2), exploiting economies of scale (column 3) or
expenditure (column 4). Values equal to or very close to 1 show that there is no difference in response hetween the two groups. Municips
responded positively to the BBC policy using a certain lever display RRR greater than 1. Column (5) includes the starting level of inefficiency: the
lower the initial absolute inefficiency lovel, the easier the efficiency gap recovery.

that responded positively to the policy did it not by “shifting” the levers of the
service provision or acting on the returns to scale side. However, municipalities
seem to have focused on the fiscal side: as could be expected in the short term, we
remark a positive influence of income tax. Citizens decide how much to work, ac-
cording to their preferences. To this extent, “the income tazx appears to be stickier
and harder to manoeuvre than all other taz instruments” (Geys & Revelli, 2011).
Instead, for property tax, politicians can decide to raise or decrease the property
tax and there is not much citizens can do about it and this would worsen the level
of efficiency. This in line with the second generation fiscal decentralization evi-
dence: local governments with greater tax autonomy display larger accountability
levels to the citizens (Jia et al., 2020). Following the same logic, we observe a
significantly positive, but small, response related to the building permits variable,
used by many municipalities as an immediate way to “strategically recover fiscal
revenue” (De Witte et al., 2018) and, therefore, recover indirectly underperfor-
mance. Conversely, we observe a relatively small negative but significant response
associated with the paved roads and social housing variables, as outputs that can be
quickly compressed in the short term to preserve resources and retrieve efficiency.

Finally, the estimates regarding the absolute level of inefficiency confirm how
it is easier to recover efficiency, in a relative sense, if local authority started from a
lower level of absolute inefficiency since the municipality is already close to the cost
frontier. In addition, Figures 3a and 3b show the different predicted probabilities
between the “decreasing and increasing efficiency” groups as a response to income
and property taxes change.

16



Predictive Margins with 95% Cls Predictive Margins with 95% Cls

Probability
Probability

T T T T T T

0 50 100 150 [ 50 160 150 260 250
Revenue on income tax Revenue on property tax
[ increasing eff NN Decreasing eff [ increasing eff N Decreasing eff |
(a) Revenue on income tax (b) Revenue on property tax

Figure 3: Predicted probabilities by increasing vs decreasing efficiency, logit model. Focus on
income and property taxes, as potentially useful levers to recover cost efficiency after the policy
was implemented (2014-2016).

6. Conclusion

This paper explored the causal impact of a budget balance rule enforcement
on local government’s cost efficiency. We investigate the exogenous introduction
of the ‘policy and management cycle’ rule in the Flemish region of Belgium from
2014 onwards using a difference-in-differences approach. To measure the local
government cost efficiency, we use a stochastic frontier approach that combines
the demand and supply side of public service provision. Relying on a rich dataset
covering all the public functions for the Flemish municipalities over the period
2006-2016, the analysis uncovers that, on average, poorly performing municipalities
have managed to recover inefficiency over time and this applies mostly for those
local authorities that have raised the income taxation level.

Our empirical results suggest that the only effective lever to comply with bal-
ance budget rule without harming the municipal cost efficiency is by increasing
income tax revenues in the short term. On the contrary, increasing property tax
might even be more harmful. This evidence is relevant beyond the Flemish case for
two reasons. First, policies promoting fiscal sustainability might not be sufficient to
guarantee a fair distribution of the fiscal effort and citizens are the ones ultimately
bearing the consequences. Second, municipalities are expected to be struggling
with recovering revenues in the next years as a consequence of the Covid-19 crisis.
Higher forms of government should take this into account and maybe re-think the
current budgeting rules so to prevent more severe mismanagement of the resources
and not to further shrink the local economy (CEMR, 2020). Perhaps, time has
finally come to “change the direction” of sub-national policies by emphasizing the
importance of fiscal incentives for producing local economic prosperity instead of
imposing one-size-fits-all restrictions. Second generation fiscal federalism, in fact,
has long since extended traditional approaches by “showing how non-linear trans-
fer systems can produce both equalization and high marginal fiscal incentives to
produce local economic growth” (Weingast, 2009).

Our findings shed light on the effectiveness of regulatory and policy changes.
Many countries and supra-national organisations are struggling with compliance
with fiscal rules (Reuter, 2020). Our results show the effectiveness of coming
from a weak balance budget system, to a strict financial balance rule enforcement.
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Its introduction triggered different fiscal instruments such as more attention to
income tax revenues, and less focus on property tax revenues. Moreover, our
findings show that the regulatory changes might also have a differential impact
on municipalities, with the underlying inefficiency of municipalities as one of the
drivers of this heterogeneity. These elements make our findings policy relevant as
policy makers are constantly looking for effective regularly enforcement and their
impact.

The lack of longer post-intervention time series availability represents a limi-
tation of the present study and prevents us from a medium/long-term assessment
of the policy effects as well as of the individual municipalities’ behaviour. As
scope for future research, the time span should be increased and longer-term ef-
fects explored. Additionally, comparative studies with other countries should be
considered so to check whether behaviour remains stable and comparable, under
different legislative and administrative conditions.
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Appendices
Appendix A. Cost efficiency measures

The measure of efficiency of local authorities is usually carried out in the public
economic literature by analysing the function of public expenditure, i.e. compar-
ing current expenditure with the determinants of local supply and demand without
considering the intimate link that exists between the standard level of local expen-
diture and the standard level of local services (see, e.g,. Studies, 1981, Reschovsky,
2006, Reschovsky, 2007, Blochliger et al., 2007, Blochliger & Charbit, 2008, Dafflon
& Mischler, 2007).

This approach ignores a fundamental part of the problem, i.e. the output or the
supplied level of service. More formally (Ladd, 1994; Schneider, 2002), the efficient
cost for each service depends on three basic dimensions: the optimal quantity of
service, the prices for the inputs used in the production process (primarily labour
costs) and the contextual variables related to the supply (i.e. the external factors
that, all things being equal, can favour or hinder the supply of local public goods
- e.g. the morphological characteristics of the territory or the surface area). The
unitary local public service supply y can be expressed in terms of unitary cost as:

y=s(g,p,A) (A1)
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where g are the endogenous outputs, p the input price vector and A the structural -
i.e. exogenous - supply variables that represent morphological and socio-economic
constraints changing the unitary service costs. The unitary demand of local public
service (g), instead, can be expressed as:

where ) are demographic and socio-economic contextual variables, R is the average
income® and y represents the unitary cost of local public service.

Given these premises, there are essentially two paths that can be taken to
empirically evaluate the performance of local authorities. (i) The first approach
involves the estimation of the cost by using a structural model of demand and
supply of local public good (equation A.4), in which the method of instrumental
variables is used to solve the endogeneity since their optimal quantity is determined
simultaneously® in terms of expenditures. () The second approach (equation
A.3) involves the estimation of expenditure needs using the reduced form of the
structural model of demand and supply of public services. These alternatives are
clearly not at all equivalent: if, in fact, with the first approach expenditures and
output and, therefore, costs are jointly evaluated, in the second approach only the
expenditure part is taken into account.

Earlier literature typically followed the simplest approach, in which the ex-
penditure function (A.3) is obtained by substituting equation (A.2) into (A.1):

y=f(Q R,p, A gs) (A.3)

In this formulation, outputs are replaced with environmental variables related to
the local socio-economic context (i.e. demographic structure, population density,
etc.) that affects local spending needs. In the expenditure framework, the explana-
tory variables are all exogenous (bringing consistent estimates) and the estimates
have a high degree of reliability. The main disadvantage, however, is linked to the
inability to directly assess the relationship between the output and the spending
term.

Evaluating the expenditure of the local authority is not equivalent to evalu-
ating the cost: if, in fact, the evaluation of the expenditure concerns only the
monetary aspect being equal the exogenous conditions, the cost evaluation implies
the inclusion, in the evaluation setting, of the provided level of the service and
accordingly of the public service equity and is, therefore, much more informative
(Vidoli & Fusco, 2018; Porcelli & Vidoli, 2020). In this setting, the cost function
(A.4) is obtained by the simultaneous estimation of the equation (A.2) and (A.1):

y=s(g,p,A) (A4)
g=1d(Q,R,y)

8Please note the variable R in the demand function; in empirical results, in fact, high-income
Authorities demand higher spending. R is used in the regression model to sterilize the income
effects on the standard needs with the aim to identify needs that result from income elastic
demand for the public service.

9In particular, simultaneity can be defined (Wooldridge, 2002) as the joint determination of
one or more explanatory variables with the dependent variable, typically through an equilibrium
mechanism. In other words, simultaneity includes endogeneity by its very nature.
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The cost approach is empirically more complex - with respect to the expen-
diture one - to implement both on linear least squares regression models and es-
pecially in frontier models as interest shifts to the minimum cost and efficiency
estimations.

Parametric stochastic frontier models, introduced by Aigner et al. (1977) and
Meeusen & van den Broeck (1977), specify a single output in terms of a response
function and a composite error term. The compound error consists of a two-
sided error representing random effects and a one-sided term representing technical
inefficiency. Since their introduction, several related papers have been published
in the relevant literature; see Kumbhakar & Lovell (2000), Greene (2008) and
Kumbhakar et al. (2020) for overviews of developments in this area.

The stochastic production/cost frontier model (SFA) can be written, in general
terms, as:

yi = f(xi;8) +v; — suy, i1=1,...,n (A.5)

where y; € Ry is the output of unit i, &; € R" is the vector of inputs, f(-) defines
a production/cost (frontier) relationship between inputs X and the output Y, v;
is the symmetric two-sided error representing random effects, s is equal to 1 for
production functions and -1 for cost functions and u; > 0 the one-sided error term
which represents inefficiency. Given these premises, technical/cost efficiency is
defined as TE; = exp(—u;) (typically y; is log-output). In applications, the two-
sided error term is usually!® assumed to be normally distributed: v ~ N(0,02)
while u is distributed half-normally on the non-negative part of the real number
line: u ~ NT(0,02); moreover, following common practice, it is assumed that v
and u are each identically independently distributed (iid).

This econometric setting is usually solved by traditional maximum likelihood
estimation for stochastic frontier models, but “if the model has endogeneity prob-
lem, then the traditional mazximum likelihood estimation for stochastic frontier
models gives inconsistent parameter estimates” (Karakaplan & Kutlu, 2017a). In
other words, the traditional estimation methods of the joint distribution of the
dependent variable and the endogenous variables fall for the composite nature of
the error term as the sum of a Normal and a Half-Normal part.

Given these premises, several authors (Greene, 2008; Amsler et al., 2016; Grif-
fiths & Hajargasht, 2016; Amsler et al., 2017; Karakaplan & Kutlu, 2017a,b) have
recently focused on proposing methods for estimating stochastic frontiers in the
presence of endogeneity. In this paper, the Karakaplan & Kutlu (2017a) model has
been chosen because of the feasibility of instrumenting the endogenous variables
and the inefficiency part in a single stage.

yz:$;1,3+UL*3Uz~ izl,...,TL
with

u; = h(x,;¢u)u; (A.6)

1=~ (f] b )

0Several distributions can be assumed for the one-sided error term; e.g., half-normal, trun-
cated normal, gamma, exponential, etc.
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where y; € Ry is the output of unit ¢, &; € RY is the vector of inputs, v; is the
symmetric two-sided error representing random effects and u; > 0 is the one-sided
error term which represents technical inefficiency'!. The covariates are split into
three groups: x,;, the exogenous and endogenous variables explaining y; x;, the
endogenous variables; and x,,;, the exogenous and endogenous variables explaining
u. In addition to this, the endogeneity of x; is corrected using Z;, the vector of
all exogenous instrumental variables.

Note that introducing time - in our application - as additional year dummies
has been chosen for numerical feasibility; this can be done avoiding the problem of
incidental parameters (Greene, 2004) if the number of time periods is not too small
— as in our application — so that as the number of units increases the estimate of
fixed effects is not random.

Appendix B. Comparison between cost and expenditure efficiency es-
timation

Table B.1, Table B.2 and Table B.3, respectively, account for the expenditure
baseline model estimated on the mean values (OLS), for the expenditure standard
SFA and for the cost endogenous SFA models results. Two main considerations
emerge. First, the available data allow to estimate a complete specification, inclu-
sive of the demand factors for all the main functions allowing for a very effective
adherence to the underlying theoretical framework that links total expenditure to
individual determinants (demand factors for the models in Tables B.1 and B.2
and outputs — with their instrumental variables — for Table B.3) for each func-
tion provided by the municipality. Second, the efficiency results estimated with
the classical SFA model with demand factors and with the endogenous model on
instrumented outputs (Figure B.1) are quite different, justifying the use of a more
complex, but more theoretically correct, estimation model.

HThe two-sided residual term is usually assumed to be normally distributed: v ~ N(0,02)
while u is distributed as a half-normal and is always positive: u ~ N+(0,02). The classical
model also assumes that v and u are each identically independently distributed (éid) and the
covariates in the model. As usual s = 1 for production functions and s = —1 for cost functions.
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Table B.1: Expenditure baseline model - OLS regression

Expenditure function

Covariates & @) () () ) (6) (") )
Taxable income (log, per capita) 0.466 0.335 0.341 0.451 0.399 0.394 0.397 0.520
[0.001]*%% [0.023]%*  [0.020** [0.000]*** [0.001]*** [0.001]*** [0.001]***  [0.000]***
Residential sales prices (log) 0.200 0.259 0.305 0.279 0.287 0.274 0.271 0.163
[0.004)*%*  [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000*** [0.000]*** [0.001]***
Inhabitants -0.180 -0.202 -0.264 -0.323 -0.247 -0.217 -0.213 -0.297
[0.385] [0.348] [0.206]  [0.058]* [0.115] [0.177] [0.209] [0.072]*
Inhabitants (sq\mre) 0.0170 0.0179 0.0202 0.0210 0.0176 0.0156 0.0154 0.0172
[0.111] [0.097]* [0.054]%  [0.015]**  [0.028]**  [0.060]*  [0.080]*  [0.049]**
Deaths (log, per capita) 0.242 0.209 0.0500 0.0314 0.0252 0.0270  -0.0000174
[0.000]**  [0.001]*** [0.284] [0.487) [0.582] [0.558] [1.000]
Births (log, per capita) 0.0670 0.167 0.0901 0.0721 0.0618 0.0639 0.0535
[0.458] [0.006]%**  [0.034]**  [0.095]* 3] [0.131] [0.179]
Net migration (lng, per capita) 28.98 21.20 -25.98 8.000 9.141 8.632 -11.48
[0.394] [0.498) [0.398) [0.855) [0.830] [0.840] [0.681]
Children in kindergarten (2.5 to 5) (log, per capita) -0.0144  -0.0237  -0.0282  -0.0292  -0.0287 0.00254
[0.493) [0.200] [0.119] [0.107) [0.114] [0.879]
Children in primary school (ﬁ to 11) (log, per capita) -0.0511 -0.0337 -0.0372 -0.0365 -0.0366 -0.0265
[0.008]%%*  [0.043]**  [0.025]**  [0.028]**  [0.025]** [0.068]*
Family deprivation index 1.709 1.572 1.527 1.536
[0.000]***  [0.000]*** [0.000]*** [0.000]***
Children in day care (0 to 2.5) (log, per capita) 0.00993 0.0163  0.00638  0.00769
[0.617] [0.416] [0. [0.686]
Elderly aged 80 years or older (log, per capita) 0.0259 0.0408 0.0357 0.0366 0.0391
[0.062]*  [0.001]*** [0.006]*** [0.006]***  [0.001]***
Library borrowers (log, per capita) 0.00465 0.00537 0.00544 -0.00248
[0.794] [0.741] [0.742] [0.777)
Utilization density (log, per capita) 0.0585 0.0534 -0.0298
[0.104] [0.184] [0.428]
Urbanicity index (%) 0.0150 -0.175
[0.886] [0.081]*
Car passengers (log, per capita) 0.0271 0.0390
[0.626] [0.329]
Crimes (log, per capita) 0.294
[0.000]%**
Dummy years, 2006 to 2016 yes yes yes yes yes yes yes yes
N 3376 3376 3376 3376 3233 3233 3233 3233
AIC -1186.742  -1375.497  -1469.236 -1930.022  -1964.064 -1963.217  -2753.095
BIC -1100.999 -1271.381  -1352.872 -1789.16 -1817.077 -1803.981 -2587.735

Note: The dependent variable is the expenditure. OLS regression to estimate the relationship between expenditure and local output. Column (1)
explains expenditure with basic local determinants. Column (2) adds local demand factors for administration. Column (3) adds local demand factors
for education. Column (4) adds local demand factors for social services. Column (5) adds local demand factors for culture. Column (6) adds local

demand factors for environment. Column (7) adds local demand factors for local mobility. Column (8) adds local demand factors for local police.
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Table B.2: Expenditure SFA model

Coef. Std. Err. z P>z [95% Conf. Intervall
Taxable income (log, per capita) 0.57622  0.03316 17.38 0 0.51122  0.64122
Residential sales prices (log) 0.13918  0.01913  7.28 0 0.10169  0.17666
Inhabitants -0.38094  0.04516 -8.44 0 -0.46945  -0.29243
Inhabitants (square) 0.02103  0.00232  9.07 0 0.01649  0.02558
Children in kindergarten (2.5 to 5) (log, per capita) 0.00008  0.01223  0.01 0.995 -0.02389  0.02406
Children in primary school (6 to 11) (log, per capita)  -0.02280  0.00607 -3.76 0 -0.03470  -0.01091
Family deprivation index 0.88000  0.07183 12.25 0 0.73921  1.02078
Children in day care (0 to 2.5) (log, per capita) 0.02038  0.01465  1.39 0.164 -0.00832  0.04909
Elderly aged 80 years or older (log, per capita) 0.03972  0.00442  8.98 0 0.03105  0.04838
Library borrowers (log, per capita) -0.00251  0.00414 -0.61 0.544 -0.01061  0.00560
Increment of population 0.00651  0.00491  1.33 0.185 -0.00312  0.01613
Utilization density (log, per capita) -0.03295  0.01137  -2.9 0.004 -0.05524  -0.01066
Urbanicity index (%) -0.18643  0.02706 -6.89 0 -0.23947  -0.13339
Car passengers (log, per capita) 0.03304 0.01559  2.12 0.034 0.00248 0.06361
Deaths (log, per capita) 0.00186  0.01985  0.09 0.925 -0.03705  0.04078
Births (log, per capita) 0.07188  0.02391  3.01 0.003 0.02501 0.11875
Net migration (log, per capita) -23.79842  16.55202 -1.44 0.15  -56.23979  8.64295
Crimes (log, per capita) 0.29076  0.01068 27.22 0 0.26983  0.31170
Dummy years, 2006 to 2016 yes
Ty 0.10971  0.00408 0.10199  0.11801
oy 0.17873  0.00795 0.16381 0.19501
o? 0.04398  0.00218 0.03971 0.04825
A 1.62915  0.01151 1.60660 1.65170

Note: The dependent variable is the expenditure. Expenditure Stochastic Frontier Analysis (SFA) to estimate the
relationship between expenditure and local output, while accounting for municipal underperformance. Full specifica-
tion, including basic local determinants, local demand factors for administration, education, social services, culture,
housing, environment, local mobility and local police.
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Figure B.1: Expenditure and endogenous cost efficiency kernel distributions
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Table B.3: Endogenous cost SFA model

Coef.  Std.Err. P-value

Taxable income (log, per capita) 0.25237  0.18912 0.18206
Inhabitants -0.06563 1.16116 0.95493
Inhabitants (square) 0.01742  0.04738 0.71311
Residential sales prices (log) -0.06107  0.09906 0.53756
Administrative staff (log, per capita) 0.47384  0.20985 0.02395
Childcare places for school-aged children (2.5 - 12) (log, per capita) -0.02658 0.156  0.86469
Housing social rental offices (log, per capita) -0.28605  0.20901 0.17112
Childcare places for toddlers (0-2.5) (log, per capita) -0.21016  0.19199 0.27367
Residential aged care (log, per capita) 0.04607  0.07751 0.55221
Number of items in public libraries (log, per capita) -0.01362  0.16943 0.93593
Building permits for residential properties (log, per capita) 0.00424  0.14506 0.97666
Residual waste (log, per capita) 0.70684  0.38056 0.06326
Paved roads (log, per capita) 0.08832 0.13525 0.51375
Police personnel (log, per capita) 0.2348  0.31595 0.45737
Dummy year yes

Average efficiency = 89.65225
Median efficiency = 90.95941

Local provision (Endogenous variables): Local needs (Instrumental variables):
Administrative staff (log, per capita) Deaths (log, per capita)

Childcare places for school-aged children (2.5 - 12) (log, per capita) Births (log, per capita)

Housing social rental offices (log, per capita) Children in kindergarten (2.5 to 5) (log, per capita)
Childcare places for toddlers (0-2.5) (log, per capita) Children in primary school (6 to 11) (log, per capita)
Residential aged care (log, per capita) Children in day care (0 to 2.5) (log, per capita)
Number of items in public libraries (log, per capita) Elderly aged 80 years or older (log, per capita)
Building permits for residential properties (log, per capita) Library borrowers (log, per capita)

Residual waste (log, per capita) Increment of population

Paved roads (log, per capita) Utilization density (log, per capita)

Police personnel (log, per capita) Urbanicity index (%)

Car passengers (log, per capita)
Crimes (log, per capita)
Family deprivation index

Note: The dependent variable is the expenditure. Endogenous cost Stochastic Frontier Analysis (SFA) to estimate the
relationship between expenditure and local output, while accounting for municipal underperformance and local provision
instrumented by local needs. Full specification, including basic local determinants, local provision and need for adminis-
tration, education, social services, culture, housing, environment, local mobility and local police.
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Appendix C. Functional data clustering

Functional data analysis (FDA, Ramsay & Silverman, 2005) extends the classi-

cal multivariate methods when data are natively or can be considered as functions
or curves.
A key issue in the functional data approach is that observations are assumed to
belong to a space of infinite dimensions, whereas in practical applications only
sampled curves are observed at a finite time-points. In fact, usually discrete ob-
servations X;; of each sampled path X;(¢) in a finite set of nodes t;; : j = 1,...,m;
are available. For these reasons, the first step in an FDA-type analysis is often to
reconstruct the functional form of the data from the discrete observations using
nonparametric smoothing methods of functions.

In recent years, such an approach has been extended to classical statistical

estimation methods such as factor analysis, regression models and clustering tech-
niques either through non-parametric methods which generally consist of defining
specific distances or dissimilarities for functional data and then applying cluster-
ing algorithms such as hierarchical clustering or k-means or through model-based
algorithms (Bouveyron & Jacques, 2011; Bouveyron et al., 2015).
In the application proposed in this paper (Figure la, 1b, 2a and 2b), the fun-
FEM algorithm (Bouveyron & Jacques, 2015) has been used to cluster the distinct
efficiency trends modeling them as curves within a common and discriminative
functional subspace.
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