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The aim of this paper is to estimate efficiency measures for a sample of Ca-
talan municipalities over an eight-year period (2005-2012) ranging from the
years before the economic crisis to the start of recovery. To do this, we built
a panel database for 154 municipalities with a population of from 5,000 to
50,000 inhabitants. The methodology used in the empirical analysis is a
non-parametric dynamic conditional model that can be used to account for
both the time dimension and a set of socioeconomic variables that might
have an influence on the performance of the municipalities. The results
show a remarkable decrease in efficiency levels during the years prior to
the economic crisis, although this trend reversed as of 2010.
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T
he economic crisis and strict restrictions on indebtedness have led to sizeable
cutbacks in the resources that local authorities have at the disposal in order
to properly perform the activities for which they are responsible. In face of
this grim financial situation, the efficient management of available resources
is now a priority for local governments. This has to do with the idea that mu-

nicipalities “should do more with less”, without, however, losing sight of the fact that
their key objective is to improve the quality of life of their inhabitants. In fact, re-
search focusing on local government efficiency assessment comes within the scope
of new public management. New public management aims to set up an efficient and
effective administration that meets the real needs of citizens at the least possible cost
(Andrews, 2011; Andrews and Van de Walle, 2013).
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Additionally, we would like to thank Francisco Pedraja for his suggestions with respect to a previ-
ous version of the paper and the comments received from participants at the 5th Ibero-American Con-
ference on Local Government Finance held at Santiago de Compostela from 5 to 6 October 2016.



This study refers to the particular case of municipalities in Catalonia. For this pur-
pose, we selected a sample of 154 medium-sized municipalities (with a population of
from 5,000 to 50,000 inhabitants) that have assumed similar competencies1. The stated
aim is to measure and quantify their overall efficiency for an eight-year period (2005-
2012) stretching from the years leading up to the economic crisis to the early years of
recovery, accounting for the possible effect of the environment in which local govern-
ments operated, represented by a set of socioeconomic and geographical indicators. Whi -
le these environmental variables are beyond the control of managers, they may some-
times deal a heavy blow to or else help municipalities achieve their goals. Therefore,
their inclusion in the estimation of the efficiency scores is crucial in order to make sure
that municipalities rated as inefficient really are poor performers or fail to achieve the
targets that others manage to attain due to factors that are beyond their control.

Since the early papers on efficiency measurement at the municipal level in the mid-
1990s [Van Den Eeckaut et al. (1993); De Borger et al. (1994); De Borger and Ker-
stens (1996a, 1996b)], empirical studies have been conducted in a host of countries at-
tempting to evaluate the global efficiency of municipalities2. Most of these papers have
opted to use non-parametric models like DEA or FDH [Worthington and Dollery
(2000); Afonso and Fernandes (2006, 2008)], as this approach is more flexible and bet-
ter adapted to the features of public services and the possibility of accounting for mul-
tiple inputs and outputs in the analysis [Ruggiero, (2007)]3. Within this literature, which
is quite notable in the Spanish context [Prieto and Zofio (2001); Balaguer-Coll,
(2004); Balaguer et al. (2007; 2010; 2013); Giménez and Prior (2007); Balaguer-Coll
and Prior (2009); Zafra and Muñiz (2010); Benito et al. (2014)], there has always
been a lot of interest in finding out how environmental or contextual factors influ-
ence local government performance [Cruz and Marques (2014)]. Indeed, most of
these studies explore the possible influence of variables representing the environment
on the distribution of efficiency scores estimated by means of a second-stage analy-
sis using conventional inference methods like Tobit [Sung (2007)] or ordinary least
squares [Loikkanen and Susiluoto (2005)] models. In more recent studies, model pa-
rameters are estimated by applying truncated regression model based algorithms and
bootstrapping methods developed by Simar and Wilson (2007), as they guarantee
more consistent results [Bonisch et al. (2011); Bosch et al. (2012); Doumpos and
Cohen (2014); Cruz and Marques (2014); Pérez-López et al. (2015)].

The main problem posed by the use of this methodological approach is that the va-
lidity of the results depends on whether the separability condition between the input-
output space and exogenous variables holds. This relies on the assumption that the exo -
genous variables only affect the distribution of the inefficiencies and not the shape of
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(1) In fact, as indicated in the article 26 of Spanish Law 7/1985, regulating the bases of local gov-
ernment, this group of municipalities includes two levels of competencies powers divided as follows:
local governments with a population of from 5,000 to 20,000 inhabitants and local governments with
a population of from 20,000 to 50,000 inhabitants.
(2) A detailed analysis of this line of research is beyond the scope of this study. Two very recent pa-
pers [Narbón and De Witte (2017a, 2017b)] provide an up-to-date systematic literature review of this
issue at the international level.
(3) However, the international literature also includes studies applying a parametric approach [e.g.,
Worthington (2000); Geys and Moesen (2009); Otsuka et al. (2014); Štastná and Gregor (2015)].



the estimated frontier [Badin et al. (2014)]. This hypothesis is very hard to accept with
respect to the global efficiency measurement of municipalities because the economic
and sociodemographic characteristics of the population can be presumed to largely de-
termine the extent of service provision and resource consumption. Although a number
of statistical tools can be applied to test this separability condition [Dariao et al. (2015)],
none of the above empirical studies examined whether this constraint is met.

This study uses a non-parametric conditional efficiency model developed by
Daraio and Simar (2005, 2007a, 2007b). This model is capable of directly account-
ing for the information regarding the heterogeneous context in which each of the mu-
nicipalities may be operating into the estimation of the efficiency scores without having
to assume the above separability condition. As far as we know, this methodological
approach has not yet been applied to assess the efficiency of municipalities in Spain4,
on which ground this study is clearly innovative. Additionally, we have access to a
longitudinal database. Therefore, we adapted this technique to a dynamic context by
applying a recently developed extension by Mastromarco and Simar (2015), by
means of which we can analyse how efficiency has evolved over the period under re-
view. Thanks to this technique, we can also examine whether the contextual variables
have a significant influence, and the sign (positive or negative) of their influence on
the production frontier and the distribution of inefficiencies [Badin et al. (2012)].

The paper is structured as follows. Section 1 reports the methodology used, in-
cluding the extensions regarding its application to both panel data and exogenous
variables. Section 2 describes the main characteristics of the database used and the
variables selected to conduct the proposed empirical analysis. Section 3 reports the
results, and the main conclusions of the research are summarized in Section 4.

1. METHODOLOGY

The production technology used by local governments to convert inputs into lo-
cal public services or to process outputs can be defined as

ψ = { (x,y) ∈ ℜ+
p+q │ x can produce y } [1]

In the context of this research, the production process is defined using a prob-
abilistic formulation based on research by Cazals et al. (2002), according to which
the joint probability measure of (X, Y) is completely characterized by the probabil-
ity function defined as:

HXY (x,y) = Pr(X ≤ x, Y ≥ y). [2]

The support of HXY (·,·) is ψ, and HXY (x,y) is interpreted as the probability of
a unit operating at level (x,y) being dominated. This function can be decomposed as
follows:

HXY (x,y) = Pr(X ≤ x │ Y ≥ y) Pr(Y ≥ y) = FX|Y (x│y) SY (y), [3]
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(4) Internationally, this technique has been applied in two recent studies to analyse the efficiency of
a sample of German municipalities [Asatryan and De Witte (2015)] and a sample of Portuguese munci-
palities [Cordero et al. (2017)].



where FX|Y (x│y) stands for the conditional distribution function of X, and SY (y) denotes
the survival function of Y. Supposing that the above functions exist (that is, SY (y) > 0),
the efficiency scores can be defined according to the above probabilities:
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[4]θ θ θ θ θ( , ) inf ( ) inf ( , )x y F x y H x yX Y XY= >{ } = >{ }0 0

Several non-parametric estimators, like FDH (free disposal hull) developed by
Deprins et al. (1984) or DEA (data envelopment analysis) proposed by Charnes et
al. (1978), can be used to estimate the full frontier θ̂ (x,y) The difference between
the two approaches is that DEA accounts for the existence of convexity, whereas
FDH does not. While the DEA technique is more popular among researchers, we will
use FDH in this study, as it has better asymptotic properties [Park et al. (2000); Simar
and Wilson (2000)] and assures that all the reference units are real5.

When longitudinal data are available as is the case here, this model can be adapted
to a dynamic context, making it possible to assess efficiency over a period. According
to the development proposed by Mastromarco and Simar (2015), the model can be
adapted by considering the time factor (t) as a discrete variable (with a different value
for each year). This conditions Equation [2], which would be formulated as follows:

H t
X,Y (x,y) = Pr(X ≤ x, Y ≥ y │ T = t). [5]

Additionally, thanks to this probabilistic formulation of the production process,
the efficiency scores can be calculated directly taking into account the effect of ex-
ogenous or contextual variables (Z ∈ℜr ), where the efficiency scores are conditioned
on certain values of the exogenous or contextual variables (Z = z). Accordingly, the
above equations can be rewritten, this time taking into account the exogenous vari-
ables and the time effect:

H t
X,Y|Z (x,y│z) = Pr(X ≤ x, Y ≥ y │ Z = z, T = t) [6]

H t
X,Y|Z (x,y|z) = FX|Y,Z (x,y│z) SY|Z (y,z) [7]

θt (x,y|z) = inf{θ │ F t
X|Y,Z (θx│y,z) > 0}. [8]

According to this definition of the methodology, time is regarded as an exoge-
nous factor of the discrete model. Accordingly, if we treat the whole sample like
cross-sectional data, we can capture information that is common across different but
close periods by smoothing the temporal variable and choosing the appropriate band-
width [Li and Racine (2007); Mastromarco and Simar (2015)]. In fact, it is thanks
to this parameter that we can compare units belonging to one and the same year of
the period within the space of all the observations. This is what distinguishes this
from other dynamic analysis techniques.

F t
X|Y,Z (x│y,z) is harder to estimate in the conditional than in the unconditional

case because it requires the use of smoothing techniques for Z variables (due to the
equality constraint Z = z). These techniques are based on the use of a non-paramet-

(5) When DEA is used, the reference units may be convex combinations of efficient units that do not
really exist.



ric kernel function to select the units that will be used for reference purposes in the
comparison. In this case, we will use the smoothing estimator:
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[9]

where Kh (·) denotes the kernel and hn is a bandwidth parameter of appropriate size
for this kernel6. Bandwidth calculation is a key issue, as the estimation of the con-
ditional frontier depends on this parameter. The best option for calculating this value
if all Z variables are continuous is to use a data-driven method of selection [Badin
et al. (2010)] based on a least squares cross validation (LSCV). This outputs a band-
width that minimizes the weighted square error. Additionally, the procedure can sep-
arate influential from irrelevant Z factors that have large bandwidth parameter val-
ues hn. The most common alternative is to smooth the continuous components and
the discrete variables of the vector Z using continuous kernel functions and discrete
kernel functions, respectively. However, if there is more than one possible value for
these variables as is the case for the time period here, the most popular option is to
smooth all the components of the vector Z using the continuous kernels proposed
by Racine and Li (2004) and Li and Racine (2007)7.

Another advantage of using this methodology is that it can analyse the possible
effect of conditional variables on possible efficient frontier shifts by taking into ac-
count contextual variables. According to Badin et al. (2012), this effect can be inves -
tigated by calculating the ratio of conditional efficiency to unconditional efficiency:

[10]Q x y z t
x y z

x y
t( , , )
( , )

( , )
=

θ
θ

In an input-oriented model, if the ratio tends to increase with the addition of con-
ditional variables, this would denote an unfavourable effect (the conditional frontier
moves away from the marginal frontier when the variables increase, which means
that the variables act like an undesirable output), whereas a downward trend means
that the effect of the variables is favourable (the conditional frontier moves towards
the unconditional frontier when the variables increase, which means that the vari-
ables act like a fully available input).

The above ratio is useful only for identifying whether the conditional variables
affect the production technology, that is, if there is a change in the shape of the ef-
ficient frontier. To obtain the effect of time and exogenous variables on the distrib-
ution of the inefficient units, we have to resort to applying robust partial order-α fron-
tiers developed by Daouia and Simar (2007). These measures are based on the idea
that, for each unit in the evaluated set, there is a quantile frontier for which the or-
ganization is efficient. For each possible value of α, this measure is defined by the
following expressions for the unconditional and conditional cases, respectively:

(6) See Badin et al. (2010) for a more detailed explanation of this issue.
(7) See Badin and Daraio (2011).



In this case, as recommended by Badin et al. (2012), we use the value of the
median (α = 0.5), which provides additional information about the effect of the ex-
ogenous variables on inefficiencies, as the frontier is built in the centre of the dis-
tribution of the efficiencies with approximately 50% of the units falling above and
another 50% below the frontier. Therefore, the ratio to be analysed will be:
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[11]θ θ θ αα ( , ) inf ( )x y F x yX Y= > − }{ 1

[12]θ θ θα , ,( , ) inf ( , )t X Y Z
tx y z F x y z a= > − }{ 1

[13]Q x y z t
x y z

x y
t

α
α

α

θ
θ

( , , )
( , )

( , )
,=

As above, an upward trend in the ratio with respect to the conditional factors would
signify an unfavourable effect, whereas a downward trend means that the conditional
variables have a positive influence on the distribution of inefficiencies. If this and the
effect of Equation [10] are similar, we can conclude that, when the values of time T
and exogenous variables Z change, there is a shift in the frontier, whereas the distrib-
ution of efficiencies is unchanged. However, if there is a larger effect on the median,
we can conclude that the effect on the distribution of efficiencies takes precedence.

Mastromarco and Simar (2015) refer to this effect as catch-up, using a notation
like the one used to define the different components into which Malmquist productivity
indexes can be decomposed [Fare et al. (1994)]. For Malmquist productivity indexes,
a distinction is usually made between the change in technical efficiency and technical
progress or technological change. However, instead of estimating efficiency scores for
each period separately, our model smoothes discrete variables. As a result, we can use
common information from other close periods depending on the selected bandwidth.
Malmquist indexes do not account for this possibility, as they are calculated based on
the differences between the efficiency scores for each evaluated year8.

Finally, this methodological approach can also determine whether the effect of the
conditional variables is significant by applying the non-parametric bootstrap test pro-
posed by Racine (1997), as suggested by De Witte and Kortelainen (2013). This boot-
strap procedure can be construed as the non-parametric equivalent of the t-statistic used
in the linear regression model using ordinary least squares, where the p-value determines
whether the variable has a significant impact. In this respect, Daraio and Simar (2014)
suggest that it is not consistent to apply this procedure to the indexes estimated using
a FDH estimator because it ignores the noise introduced into this estimation. They pro-
pose using measures based on partial order-α frontiers with values of α close to 1 in-
stead of the FDH estimator, as they offer much more robust results in the presence of
possible outliers. Following this recommendation, we applied the test proposed by
Racine (1997) on scores estimated using an order-α frontier, where α = 0.99.

(8) In a recent paper, Kevork et al. (2017) report a breakdown of Malmquist productivity indexes based
on the use of probabilistic directional distance functions.



2. DATA AND VARIABLES

The sample that we used is composed of 154 Catalan municipalities with a popu -
lation of from 5,000 to 50,000 inhabitants. Although there are many more munici-
palities in Catalonia, the database has been confined to these municipalities in or-
der to assure some level of homogeneity with respect to both local government
organization and structure and their respective competencies. Besides, sampling was
conditioned by the availability in the different consulted information sources of in-
formation on the variables accounted for in the empirical application for the entirety
of the period under review, as discussed below.

The database has a panel structure, covering the eight-year period from 2005 to
2012, which can be clearly divided into two periods: one of economic prosperity and
a term where the availability of local government resources shrank with the advent
of the economic crisis. Note, in this respect, that the start of the crisis is usually dated
in the year 2008. However, it did not immediately affect local authority budgets largely
because the amount of resources provided to municipalities through the State tax reve -
nue sharing system depends on the trend in the State tax revenue growth rate, and the
definitive value of this indicator is calculated with a lag of two years9. We decided
to apply a relatively simple model to rule out possible dimensionality problems that tend
to occur in non-parametric models that have to account for too many linear programming
variables [see Park et al. (2000); Dyson et al. (2001); Daraio and Simar (2007b)]. The
model is in fact composed of three inputs and a composite indicator representing the
output. Another five exogenous variables have been added, and are also taken into ac-
count to estimate the efficiency scores in the conditional model.

The inputs selected from the budget economic classification are personnel ex-
penditure (Section 1), other current expenditure (Sections 2, 3 and 4 – current expen-
diture on goods and services, financial expenditure and current transfers) and capital
expenditure (Sections 6 and 7 – real investment and capital transfers). These expen-
ditures should approximate the cost of the municipal services offered. Additionally, the
inclusion of capital expenditure accounts for the level of local investment in regular
services, as well as the maintenance and new equipment available throughout the pe-
riod. These inputs are typical of most previous empirical studies [Balaguer et al. (2007);
Afonso and Fernandes (2008); Balaguer and Prior (2009); Zafra-Gómez et al. (2010);
Bosch et al. (2012)]. The data are taken from the budget outturns of the municipali-
ties compiled by the Virtual Office for Financial Coordination with Local Authorities,
attached to the Ministry of Finance and Public Administration.

A more complex task is to select variables to represent the output, as local pub-
lic services are troublesome to measure due to their intangibility and indivisibility, plus
the non-existence of market prices serving as a reference [De Borger and Kerstens
(1996a)]. Most studies use proxy variables related to services offered by local gov-
ernments as a possible solution. In this case, we gathered information on six indica-
tors representing the key local services, including the number of street lights, tonnes
of collected waste, length of the water pipeline section, kilometres of surfaced main
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(9) See Cordero et al. (2013) for a detailed analysis of the effects of this index on local budgets.



roads and streets and square metres of built area of cemetery. The information regarding
all these variables was sourced from the Infrastructure and Local Equipment Survey
conducted by the Ministry of Finance and Public Administration10. On top of these in-
dicators, there is the seasonal population of the municipality11, a variable that is com-
monly used in the literature to approximate the wide range of general services for which
there is no special-purpose measure [Narbón-Perpiña and De Witte (2017a)].

It is not feasible to add all these variables to our model because of the above-
mentioned dimensionality problems12. On this ground, we opted to build a composite
indicator summarizing the original information provided by these variables13. To do
this, we applied principal component analysis14, according to which we identified
a factor that explains 67.312% of the variance of the analysed outputs (Table 1). In
this model, this component accounted for the output representing all the different ser-
vices offered by local governments15.
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(10) The Infrastructure and Local Equipment Survey provides information for municipalities with a pop-
ulation of less than 50,000 inhabitants. Unfortunately, information on the Catalan municipalities for the
years 2006, 2007 and 2012 is missing from this database. On this ground, we were obliged to impute
the values for the above years based on the information from adjacent years. In fact, for 2006 and 2007,
we calculated moving averages using information with respect to 2005, 2008 and 2009, whereas, for
2012, we projected the value according to the average annual growth rate for 2010 and 2011.
(11) The information on this variable was sourced from the Catalan Statistics Institute.
(12) We found that the efficiency scores estimated using the FDH model considering the three inputs
and six outputs available for almost all the municipalities have values of one. Additionally, we found
that problem persists if the number of outputs drops.
(13) Several empricial studies conducted at the local government level previously applied this pro-
cedure [Nijkamp and Suzuki (2009; Bosch et al. (2012); Nakazawa (2013, 2014); Yusfany (2015)].
(14) The weight allocated to each variable as a result of applying this method depends on the spread
of its values rather than the assignment of an a priori weight.
(15) The component values were rescaled by adding the maximum negative value to all the values
to assure that the variable values accounted for in the model are all positive.

Table 1: RESULT OF PRINCIPAL COMPONENT ANALYSIS

Initial eigenvalues Squared sums of saturations

Component Total Variance % Aggregate % Total Variance % Aggregate %

1 2.692 67.312 67.312 2.692 67.312 67.312
2 0.658 16.459 83.771
3 0.454 11.355 95.126
4 0.279 2.706 97.832
5 0.028 1.736 99.568
6 0.026 0.432 100.000

Source: Own elaboration.



Finally, we gathered information on several variables reflecting the socioeco-
nomic context in which the municipalities operate that may have an influence on their
efficiency levels, as inferred from the evidence reported in previous literature [Nar-
bón-Perpiñá and De Witte, (2017b)]. They include per capita income, unemployment
rate, consumption capacity16, population density and per capita debt. The main source
of information about these variables is the Economic Yearbook compiled by La
Caixa. This is rounded out with municipal income indicators compiled by the Klein
Institute and information on the levels of outstanding debt of local corporations com-
piled by the Ministry of Finance and Public Administration17.

Table 2 shows the descriptive statistics of all the variables used to analyse each of
the years under review. Clearly, the structure of most of the output indicators is similar,
where there is widespread growth up to the maximum values about halfway through the
study period, followed by a slight drop. The inputs evolve similarly, there being a sharp
drop, as of the year 2009, in capital expenditure, which is often used as an adjustment
entry at times of crisis. On the other hand, the socioeconomic indicators are much more
constant, although the evolution of some, such as the rate of unemployment or consum -
p tion capacity, clearly mirrors the effects of the crisis. Besides, Table 3 reports informa -
tion about the powers assumed by the different municipalities according to population
size, as well as the variables used to roughly quantify those competencies.

3. RESULTS

This section reports the results of the unconditional model, where the efficiency
scores are estimated using the information regarding the inputs and the composite
output only, and the conditional model, which accounts for the effect of the exoge-
nous variables. Economies of scale are assumed to be variable in all cases18. Con-
sequently, it is assumed that each municipality is only comparable with others of a
similar size, and we adopt an orientation of input minimization, as the output lev-
els are construed to be fixed, whereas the municipalities do have more control over
expenditure inputs or items.

We estimated three alternative conditional models accounting for the effect of
exogenous variables. The exogenous variables were gradually added to each of these
models in order to test the robustness of the results and build the final model. Thus,
Model A only accounts for the three variables related to the socioeconomic envi-
ronment of the municipality (per capita income, unemployment rate and employ-
ment), Model B also includes per capita debt and, finally, Model C adds a demo-
graphic variable, represented by population density. As the efficiency scores output
by this alternative are highly correlated (0.8412, 0.8080 and 0.7377 for each com-
bination), we report the results of Model C only, although all three estimates are taken
into account to analyse the significance of the variables.
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(16) This index is calculated based on a set of variables representing the relative consumption capacity
of the municipality, such as landlines, cars, lorries, bank branches and retail outlets.
(17) The variable used is outstanding local authority debt as of 31/12 of the current year according
to the Public Finance and Debt System.
(18) Studies using a non-parametric dynamic conditional model commonly account for economies
of scale [e.g., Tzeremes (2015); Matousek and Tzeremes (2016); Cordero et al. (2017)].
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Table 4 shows the descriptive statistics of the unconditional model and the con-
ditional Model C considering all the units evaluated in a dynamic context, that is,
154 municipalities over an eight-year period, totalling 1,232 different observations.
Additionally, Figure 1 illustrates the distribution of the probability density of the ef-
ficiencies for both models. As expected, there are major differences between the two
models, the mean efficiency being greater in the conditional model (around 15 points
more) where each evaluated unit is compared exclusively against units operating in
a similar environment. This increases the likelihood of a unit being placed on or close
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Table 3: COMPETENCIES BY POPULATION SIZE AND SELECTED OUTPUTS

Population (inhabitants) Powers Variables used

Any population size Street lighting Number of street lights

Cemetery Built area of cemetery

Waste collection Tonnes of collected waste

Road sweeping Tonnes of collected waste

Household drinking Length of water pipeline
water supply section

Drains Length of water pipeline
section

Road access and public Metres of surfaced main
road surfacing roads and streets

Greater than 5,000 Public park Seasonal population

Public library Seasonal population

Waste treatment Tonnes of collected waste

Greater than 20,000 Civil defence Seasonal population

Assessment and reporting Seasonal population
on situations of social
necessity and immediate
attention for people at risk
of social exclusion

Fire prevention and Seasonal population
extinguishing and public
sports facilities

Source: Article 26 of Spanish Law 7/1985, regulating the bases of local government and own elabo -
ration.

Note: The competencies for each of the different population sizes include the specified competencies
plus any listed higher up.



to the frontier. In fact, the number of units that are classed as efficient is much greater
in Model C (37% rather than 8% in the unconditional model). The value of the cor-
relation coefficient (0.513) highlights that accounting for exogenous variables leads
to major changes in the values of the efficiency scores. This illustrates the influence
that these variables appear to have on estimated efficiency levels.
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Table 4: DESCRIPTIVE STATISTICS OF ESTIMATED EFFICIENCY WITH THE TWO MODELS

Mean Standard
Min

1st Median 3rd
Max

Efficient Correlation
efficiency deviation quartile quartile units coefficient

Unconditional
0.7154 0.1686 0.2414 0.6037 0.7144 0.8294 1.0000

100
model (8.1%)

Conditional
0.8684 0.1492 0.2896 0.7663 0.9173 1.000 1.0000

459
model (37.3%)

Source: Own elaboration.

0.513

Figure 1: PROBABILITY DENSITY OF ESTIMATED EFFICIENCIES

Source: Own elaboration.



Looking at specific municipalities, the unconditional model does not identify any
of the municipalities as efficient in any of the years under review. On the other hand,
the conditional model detects several cases that do satisfy this condition, some of which
the unconditional model records as having very low efficiency values for all years. The
explanation of this result is that some municipalities operate in a very unfavourable so-
cioeconomic context, a point that is not taken into account when the efficiency levels
are estimated considering the process inputs and outputs only. However, when the en-
vironment in which the municipalities operate is taken into account, their relative ef-
ficiency rating improves notably so much so that it may even be on the frontier.

As we took into account the dynamic structure provided by access to longitu-
dinal data when estimating efficiency scores, we were able to examine how they have
evolved over the period under review. Figure 2 shows that the efficiency scores
evolved similarly for both models: the efficiency levels dropped gradually during the
economic boom years and reached their minimum halfway through the period, as of
when there was a slight recovery, although they failed to regain their original val-
ues. We found that the unconditional model recorded a much sharper decline and sub-
sequent recovery after hitting rock bottom in 2009. On the other hand, the drop in
the efficiency scores recorded by the conditional model, which includes several in-
dicators representing the economic context, is much smoother during the worst years
of the economic crisis, where average values are very similar from 2008 to 2011. This
trend applies to all the municipalities taken together. Focusing on an analysis by in-
dividual municipalities, we find that there are local governments that have experi-
enced a sizeable growth in efficiency throughout the period and others whose effi-
ciency levels dropped continuously throughout the period.
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Figure 2: EVOLUTION OF EFFICIENCY SCORES THROUGHOUT THE PERIOD

Source: Own elaboration.



Bearing in mind that there are major differences in municipality size within the
evaluated sample, we believe that it is interesting to divide municipalities into three
categories (from 5,000 to 10,000, from 10,000 to 20,000 and from 20,000 to 50,000
inhabitants) in order to compare the estimated efficiency scores for the conditional
model. According to Figure 3, showing the evolution of the efficiency scores over
the period for each of these categories, the larger municipalities have higher efficiency
levels for all the analysed years, whereas the smaller municipalities have lower lev-
els. The primary explanation for these results is that larger municipalities are better
able to exploit economies of scale, as shown by several previous studies [for exam-
ple, Revelli (2010) or Pérez-López et al. (2015). Additionally, we find that the effi-
ciency levels of municipalities with a population of less than 20,000 inhabitants
dropped continually until 2010, the year in which they started to grow again when
local governments were hit belatedly by the crisis which forced them to offer the
same services with fewer resources.
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Figure 3: EVOLUTION OF MUNICIPALITIES BY POPULATION SIZE (CONDITIONAL MODEL)

Source: Own elaboration.

Finally, we believe it is worth identifying contextual variables that have had a
major influence on the local government efficiency estimation throughout this eight-
year period. To do this, as described in Section 2, we calculate the ratio of the con-
ditional to the unconditional scores and add the resulting value as a dependent vari-
able to a non-parametric regression where the exogenous variables act as explanatory
variables. This procedure was repeated for the three alternative estimated models (A,
B and C) in order to guarantee that the results are robust. Table 5 shows the p-values
of the significance test proposed by Racine (1997) output after bootstrapping with



1000 replications from which we inferred that the three socioeconomic variables have
a significant effect on the efficiency of all models. On the other hand, while per capita
debt is not significant in Model B, it is in Model C, which also includes the popula-
tion density. This is the only variable that is not significant, a finding that matches other
earlier studies [for example, Giménez and Prior (2007); Ashworth et al. (2015)].
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Table 5: SIGNIFICANCE OF EXOGENOUS VARIABLES IN ALTERNATIVE MODELS

Model A Model B Model C

Significance (p-value) Income pc Income pc Income pc
(0.00***) (0.00***) (0.00***)

Unemployment Unemployment Unemployment
(0.00***) (0.00***) (0.00***)

Employment rate Employment rate Employment rate
(0.00***) (0.00***) (0.00***)

Debt pc Debt
(0.25) (0.00***)

Population density
(0.31)

Source: Own elaboration.

Following Badin et al. (2012) and Mastromarco and Simar (2015), we use 3D
plots in order to improve the visualization and interpretation of the significant effect
of four variables. In fact, Figure 4 shows the estimated non-parametric regression
plots for each of these four significant variables considering two alternative depen-
dent variables: (i) the ratio of the conditional to the unconditional efficiency scores
output by FDH, useful for exploring the effect of time and the exogenous variables
on technological change; (ii) the ratio of the conditional to the unconditional effi-
ciency scores estimated by means of robust partial order-α frontiers (α = 0.5), use-
ful for visualizing the influence of time and the exogenous variables on the distrib-
ution of inefficiencies (catch-up effect). As in both cases the model is input oriented,
an upward trend suggests that the influence is unfavourable, whereas a downward
trend means that the effect is favourable.

Looking at the plots regarding the unemployment rate (Figure 4a), we find that
the effect on technological change is slightly unfavourable for the highest values.
Some authors argue that the increased social cost caused by a rise in the number of
unemployed in the municipality explains this effect [Revelli (2010); Kalb (2012)].
Consumption capacity has a clearly positive effect on the distribution of efficiencies
(Figure 4b,ii), as a higher level of commercial activity tends to put more pressure on
local governments. This leads to the need to improve efficiency levels. This result
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Figure 4: EFFECTS OF TIME AND SIGNIFICANT EXOGENOUS VARIABLES

Source: Own elaboration.



matches prior evidence available for samples of municipalities across Spain [Gimé -
nez and Prior (2007); Balaguer-Coll and Prior (2009)], as well as the particular case
of municipalities located in Catalonia [Bosch et al. (2012)].

As far as per capita income is concerned, we find that it tends to slow down tech-
nological change (Figure 4c, i). This result corroborates evidence already reported
in several previous papers, demonstrating that relatively richer municipalities exer-
cise less control over municipal activities [De Borger and Kerstens (1996a,b);
Bosch et al. (2012); Ashworth et al. (2014); Cruz and Marques (2014)]. However,
this variable has a positive effect on the distribution of inefficiencies, especially for
values greater than 25,000 euros. This suggests that there is greater pressure for ef-
ficient local services provision in municipalities located on the income distribution
bound [Afonso and Fernandes (2008); Boetti et al. (2012); Asatryan and De Witte
(2015)]. Finally, the effects of debt on technological change and the distribution of
inefficiencies are unfavourable, albeit only for relatively high values, because fewer
services will be offered if a large amount of resources are used for interest payment
and debt repayment [Bonisch et al. (2011); Cruz and Marques (2014)].

4. CONCLUSIONS

In this study, we evaluated the global efficiency of a sample of medium-sized Cata-
lan municipalities (with a population ranging from 5,000 to 50,000 inhabitants) for the
period from 2005 to 2012. As a result, we can analyse the effects of the economic cri-
sis on the performance of local authorities. To conduct this empirical analysis, we used
an innovative methodology: the conditional non-parametric model adapted to a dy-
namic environment. This methodology provides the possibility of including the time
factor and the effect of a number of contextual variables that may have an influence
on the efficiency levels of local services provision by municipalities without having
to assume the restrictive separability assumption between the input/output space and
the exogenous variables required by traditional second-stage methods. This option is
a remarkable improvement upon most of the empirical studies reported in the litera-
ture, which do not include the contextual variables that they analyse in the estimation
of the efficiency measures. As a result, they overlook any heterogeneity between the
evaluated units. Additionally, most previous studies use cross-sectional data, on which
ground it is not possible to analyse the trend over a period of time.

The results show a downward efficiency trend for all municipalities during the
economic boom phase which continued right up to the beginning of the economic
crisis, which hit municipalities somewhat belatedly. As of then, there was a general
recovery, which was not, however, big enough to regain the efficiency levels wide-
spread at the start of the period under review. The consideration of the socioeconomic
context in which the municipalities operate smoothes the observed global trend, pro-
viding for a more accurate estimation of the efficiency levels achieved by units op-
erating in a more unfavourable environment. As a result, the average efficiency of
all the units is greater when the analysis accounts for these contextual variables.

Of the contextual variables that we account for, the variables representing the
socioeconomic context have a significant effect on efficiency, although there is some
inconsistency with respect to the direction of their effect on technological change and
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distribution of inefficiencies. The finding that these variables have a significant ef-
fect on efficiency leads to the conclusion that the estimation of measures indicative
of local government performance that do not take into account these factors will be
of very limited value.

The study also shows that the efficiency levels of municipalities with a popu-
lation of from 20,000 to 50,000 inhabitants are much higher than for the others
throughout the period under review. This leads to the conclusion that clustering into
larger-sized municipalities may help to provide more efficient services. However, em-
pirical evidence generated using quasi-experimental evaluation techniques is required
to be able to draw conclusions in terms of causality, and their application in the mu-
nicipal context is very scant.

Additionally, despite the fact that the empirical evidence gathered in this study
offers a preliminary approximation of the effects that the economic crisis has had on
the efficiency levels of Catalan municipalities, it would be worthwhile extending the
analysis to include the latest years of economic recovery. This was not possible in
this study because most of the socioeconomic indicators used sourced from the pri-
vate institution (Fundación La Caixa) are not yet available. Likewise, we would be
better able to fine tune the findings if we had access to qualitative data on which to
make a better assessment of municipal services provision and round out the results
of this study based solely on quantitative indicators.
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RESUMEN
El objeto de este trabajo consiste en la medición de la eficiencia de un con-
junto de municipios catalanes desde los años previos a la crisis económica
hasta los inicios de la recuperación (2005-2012). Para ello se ha construido
una base de datos de tipo panel para un conjunto de 154 ayuntamientos con
una población comprendida entre los 5.000 y 50.000 habitantes. La técnica
empleada para llevar a cabo el análisis es un modelo no paramétrico con-
dicional temporal con el que resulta posible incorporar al cálculo de los ín-
dices de eficiencia información relativa a un conjunto de variables socio-
económicas y la dimensión temporal. Los resultados obtenidos muestran
que durante los años de bonanza económica estos municipios experimen-
taron un notable descenso en sus niveles de eficiencia aunque esta tenden-
cia se invirtió a partir del año 2010.

Palabras clave: eficiencia, municipios, modelos no paramétricos.

Clasificación JEL: H20, H21, H24.
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