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Considerable research has been devoted to the analysis of efficiency and of management forms for mu-
nicipal waste collection, but widely varying results have been reported. In this paper, the metafrontier
approach, by means of order-m frontiers, is used to analyse the efficiency of different ways of managing
waste collection services, in order to determine which form is more appropriate. We compare the results
obtained with this approach against those of previous theories. The advantage of applying this methodol-
ogy is that unlike traditional nonparametric frontier analysis, we can compare the efficiency of different
groups of municipalities according to their population size and to the management form adopted to sup-
ply the service. The results obtained suggest that, in general, cooperation formulas are the most suitable
for the waste collection service. Thus, intermunicipal cooperation performs best in smaller municipalities
(up to 20,000 inhabitants). However, we find that contracting out the service is associated with higher
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levels of efficiency in municipalities with more than 20,000 inhabitants.
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1. Introduction

The search for greater efficiency is a key element in evaluating
performance in the provision of public services (Nogueira & Jorge,
2015). However, these services may be provided in different ways,
which influence the level of efficiency obtained. In this context, un-
derstanding the relationship between efficiency and service deliv-
ery forms for the provision of local public services is a question
of vital importance for the public manager, because the control of
these services is viewed as a fundamental issue in local govern-
ment (Geys & Moesen, 2009).

Among the great variety of services offered by local authori-
ties, that of municipal solid waste (MSW) collection and disposal
is one of the most widely studied, due to the complexity of its
provision, the significant cost involved and increasing environmen-
tal concerns in this respect (Bel, Fageda, Dijkgraaf, & Gradus, 2010;
Benito-Lépez, Moreno-Enguix, & Solana-Ibafiez, 2011; De Jaeger &
Rogge, 2013; Jacobsen, Buysse, & Gellynck, 2013; Simdes & Mar-
ques, 2012a; Zafra-Gémez, Prior, Plata-Diaz, & Lopez-Hernandez,
2013).

Recent studies on the question of MSW services have focused
on determining which form of service delivery - public or pri-
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vate - might achieve the highest levels of efficiency and cost sav-
ings (Bel & Fageda, 2010; Bel, Fageda, & Mur, 2014; Bel & Mur,
2009; Dijkgraaf & Gradus, 2013; Simdes, Cruz, & Marques, 2012;
Simbes & Marques, 2012a; Zafra-Gémez et al., 2013; Mafiez et al.,
2016; Zafra-Gomez et al., 2016). Further empirical evidence would
be useful to determine whether the public provision of this ser-
vice achieves higher levels of cost efficiency than contracting out,
or vice versa. In view of this background, it seems clear that re-
search that only takes into account whether management of the
service is public or private is insufficiently specific, and that the
different service delivery alternatives for the MSW service must
be defined. Within the wide range of possible forms of provision,
those of municipal direct (MUD), municipal under contract (MUC),
intermunicipal cooperation (IC) and private production with coop-
eration (PPC) are among the alternatives most commonly used in
managing MSW services (Plata-Diaz, Zafra-Gomez, Pérez-Lopez, &
Lépez-Hernandez, 2014).

In short, the aim of the present study is to contribute to the
literature on the analysis of cost efficiency in the provision of the
MSW service, by analysing the differences that arise in cost effi-
ciency from different ways of managing this service among Spanish
local authorities, and thus to identify which service delivery form
is best suited to its provision. To address this goal, we have exam-
ined a database composed of 771 Spanish municipalities, each with
a population of 1000-50,000 inhabitants, for the period 2007-
2010. For this study, the issue was addressed using a methodol-
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ogy that distinguishes the different technological processes pro-
vided by each service delivery form and reflects their impact on
efficiency, taking into account all the units concerned. In this re-
spect, we use the term metafrontier - frontier separation - devel-
oped by Battese and Rao (2002) and Battese, Rao, and O’Donnell
(2004). Additionally, to determine the cost efficiency of the MSW
service for each of the municipalities in the sample, we propose
the use of partial nonparametric frontiers, applying order-m fron-
tiers (Cazals, Florens, & Simar, 2002; Daouia & Simar, 2007). As
an alternative to DEA (data envelopment analysis), (Larran-Jorge &
Garcia-Correas, 2015) partial nonparametric frontiers are robust to
the presence of outliers and extreme values, and are unaffected by
problems of dimensionality (Balaguer-Coll, Prior, & Tortosa-Ausina,
2013; Simdes, Carvalho, & Marques, 2012).

The metafrontier concept facilitates the comparison of munici-
palities that present similar characteristics but deliver the service
by different formulas. This methodology evaluates each municipal-
ity twice: in relation to the best practice for the form of service
delivery adopted and also to the overall best practice among all
the different forms of service delivery (De Witte & Marques, 2009).
If efficiency values were computed without distinguishing the de-
livery form of the MSW service, taking municipalities as a whole,
this would mean that two municipalities with similar characteris-
tics that applied different forms of MSW service delivery could not
be compared in terms of efficiency, since, for example, one town
may present lower levels of efficiency than the other but be among
the most efficient within its own form of service delivery. In such
a context, the first-named municipality could improve its efficiency
only by changing its form of service delivery to one that is more
appropriate. For these reasons, the present study seeks to deter-
mine which service delivery form is most efficient for the MSW
service, by making municipalities comparable in terms of efficiency
through the metafrontier concept.

The results obtained suggest that cooperative forms achieve the
highest levels of cost savings in the MSW service. However, the
evidence suggests there are differences in cost efficiency between
different service delivery forms according to the population size of
the municipality. Specifically, in municipalities with a larger pop-
ulation the use of contracted-out management forms would be
more appropriate.

The rest of this paper is organised as follows. In the second sec-
tion, we present a theoretical review of the question of cost effi-
ciency in MSW service delivery. The third section introduces the
concept of metafrontier, the methodology applied in this study. In
the fourth section, we present the data used in the analysis and
the results obtained. Finally, the fifth section summarises the key
findings and acknowledges the limitations of the study conducted.

2. Size, delivery forms and cost efficiency in the provision of
MSW services

The debate over public or private management and its relation-
ship to the cost of the MSW service has been widely discussed (Bel
& Fageda, 2010; Bel et al., 2014; Bel & Mur, 2009; Bel & Warner,
2008, 2010; Benito, Solana, & Moreno, 2014; Jacobsen, Buysse, &
Gellynck, 2013; Ohlsson, 2003; Simoes, Cruz, et al., 2012; Stevens,
1978; Zafra-Gomez et al., 2013). This question is of great current
interest due to the need to know which form of local service pro-
vision is most efficient (Bel et al., 2014), among the wide variety of
service delivery forms possible (Jacobsen et al., 2013).

Diverse theoretical arguments have been proposed regarding
the use of private firms to deliver public services, including public
choice theory, property rights, organisational theory and the
application of economies of scale (Bel & Fageda, 2006 , 2008;
Simdes, Cruz, et al., 2012; Zafra-Gémez et al., 2013). The advan-
tages obtained from the contracting out of public services mainly

result from the introduction of competition into municipal service
provision (Warner, 2012); in particular, cost savings are facilitated
by the fact that the private sector often presents lower production
costs than is the case of the public sector (Bel & Fageda, 2006;
Wassenaar, Dijkgraaf, & Gradus, 2010). In addition, if the service
is contracted out, the private operator may have the possibility
of providing the same service in different municipalities, which
enables fixed costs to be shared among the different locations in
which it operates, thus obtaining economies of scale and service
cost reductions (Donahue, 1989). Accordingly, contracting out has
been proposed as a means of reducing the costs of local service
provision and of achieving higher levels of efficiency (Bel & Fageda,
2008).

However, the empirical evidence in this respect is unclear (Bel
& Warner, 2008). Some studies have reported no significant differ-
ences in service costs between public and private production (Bel
& Fageda, 2010; Bel & Mur, 2009; Dijkgraaf & Gradus, 2003); oth-
ers have reported the existence of such cost differences, but pub-
lished results vary widely. Thus, some studies find that contract-
ing out reduces costs (Benito et al., 2014; Reeves & Barrow, 2000;
Simoes, Cruz, et al., 2012) while others conclude that private man-
agement is associated with higher costs (Ohlsson, 2003; Stevens,
1978; Zafra-Gémez et al., 2013).

This disparity in results may be due to the fact that in the pro-
vision of public services there continues to be, in many cases, a
lack of competition or an inadequate regulatory model (Simoes, De
Witte, & Marques, 2010). The market structure is different between
countries, ranging from the absence of regulation in the United
States (Warner & Bel, 2008), to the legal obligation to provide a
MSW service, but with freedom to adopt the management form
preferred, in the Netherlands and Spain (Bel et al., 2010) and the
strict regulatory system in Portugal (Simdes & Marques, 2012b).
The inconsistent results might also be justified by reference to the
theory of incomplete contracts and to the presence of transaction
costs that affect the negotiation of contracts (Bel & Fageda, 2006;
Girth, Hefetz, Johnston, & Warner, 2012; Hefetz & Warner, 2012;
Warner, 2012). For these reasons, it has been concluded that pri-
vate participation in the MSW service requires appropriate regu-
lation and a suitable market structure (Bel & Warner, 2008; Cruz,
Simdes, & Marques, 2013). Another factor which may obscure the
relationship between cost efficiency and contracting out is that the
size of the municipality may not be sufficient for economies of
scale to be achieved. Simdes et al. (2010) and Carvalho and Mar-
ques (2014) reported economies of size for utilities in Portuguese
MSW services and in the recycling sector, respectively. According
to Bel and Fageda (2009) and Gonzalez-Gémez, Picazo-Tadeo, and
Guardiola (2011), the factors that decide municipal managers to
contract out certain local public services vary with the size of the
municipality, and so cost efficiency can also vary in this respect.

There is evidence that smaller municipalities can obtain bet-
ter results from other formulas than contracting out the MSW
service (Bel et al., 2014; Benito, Guillamén, & Bastida, 2015). Pri-
vate operators may be unable to obtain economies of scale in
these smaller municipalities (Bel & Fageda, 2006; Warner & Heb-
don, 2001; Warner & Hefetz, 2003), for two main reasons. First,
small and medium-sized municipalities may not be large enough
to reduce the unit cost of the service (Bel & Fageda, 2006, 2008;
Mohr, Deller, & Halstead, 2010; Zafra-Gémez et al., 2013). Second,
they may also lack the negotiating power to conclude beneficial
contracts with private operators (Warner & Hefetz, 2003). Accord-
ingly, in such municipalities, joint management has been consid-
ered as an alternative to contracting out (Bel & Fageda, 2006,2008;
Mohr et al.,, 2010; Warner & Hebdon, 2001; Warner & Hefetz, 2003;
Zafra-Gomez et al., 2013).

Therefore, intermunicipal cooperation may be introduced, to
jointly organise the service and thus exploit latent economies of
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Fig. 1. Cost efficiency and service delivery forms: relations.

scale, sharing the costs of service provision among two or more lo-
cal authorities (Warner, 2006; Warner & Hefetz, 2003; Zullo, 2009).

Moreover, for this type of municipality, there is an alternative to
pure contracting out and intermunicipal cooperation, namely the
establishment of a joint outsourcing management structure among
municipalities that have opted for intermunicipal cooperation, a
format known as private production with cooperation (Bel et al.,
2014; Zafra-Gomez et al., 2013). This configuration of the service
offers several advantages: first, it reduces the costs faced by each
of the municipalities involved, and, second, it provides access to
the advantages offered by private provision of the service, thus ob-
taining overall cost savings and greater efficiency (Plata-Diaz et al.,
2014).

In all, therefore, four alternative forms of service delivery are
distinguished in the present study, thus improving upon previous
research in this field in which the only distinction normally made
is that between public and private management. In this study, we
differentiate the following forms of MSW service provision: di-
rect provision by the municipality, or municipal direct (MUD); con-
tracted out or municipal provision under contract (MUC); intermu-
nicipal cooperation (IC); and private production with cooperation
(PPC) (Plata-Diaz et al., 2014).

We propose a scenario in which a large sample of municipali-
ties can be used to confirm or reject various hypotheses related to
the theoretical assumptions reviewed above. Specifically, we pro-
pose two major hypotheses: first, a general one, related to the dif-
ferences between contracting out and public service delivery; and
a second, more specific one, referring to the differences among ser-
vice delivery forms according to the size of the municipality. Thus,
the following hypotheses are proposed:

H;: Municipal provision under contract (MUC) provides higher lev-
els of efficiency than municipal direct (MUD).

Hyq: In smaller municipalities, joint management - intermunicipal
cooperation and private production with cooperation (IC and

PPC) - provide higher levels of efficiency than municipal under
contract (MUC).

H,y: In smaller municipalities, private production with cooperation
(PPC) provides higher levels of efficiency than intermunicipal
cooperation (IC).

Hyc: In larger municipalities, municipal under contract (MUC) pro-
vides the highest levels of efficiency.

Fig. 1 illustrates the relationships among the different hypothe-
ses proposed in this study. The main objective of this paper is to
contribute to the analysis of the cost efficiency of different alterna-
tives for MSW service, and this is addressed by considering, first,
the differences among the various alternatives, and then by observ-
ing which service delivery form obtains the best efficiency levels.
Finally, we determine which form is most suitable taking into ac-
count the population size of the municipality.

3. Delivery forms and efficiency: the use of the metafrontier

To address the above hypotheses, we chose to apply the con-
cept of metafrontier or frontier separation, developed by Battese
and Rao (2002) and Battese et al. (2004), according to which the
efficiency of decision making units (DMUs, in our study, munici-
palities) operating under a particular technology (or environmental
factors) cannot be compared with that of other units operating un-
der other technologies and/or other environmental factors (in our
study, forms of service provision) (Beltran-Esteve, Gémez-Limon,
Picazo Tadeo, & Reig-Martinez, 2014; Cordero, Santin, & Simancas
Rodriguez, 2015; De Witte & Marques, 2009). Previous studies have
concluded that there are differences in efficiency levels between
municipalities that use different operational designs (Balaguer-Coll
et al., 2013; De Witte & Marques, 2009; Simdes, Cruz, et al., 2012).
Therefore, certain differences are intrinsic to each service deliv-
ery form and these differences make it difficult to compare the
efficiency of individual service delivery of the MSW service from
that obtained in cooperation with other municipalities. Similarly, it
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Fig. 2. Frontier separation and the metafrontier.

is very difficult to compare the results obtained from public ver-
sus private service delivery forms. To overcome this limitation, we
apply the metafrontier concept. By means of this approach each
municipality is evaluated in relation to those municipalities that
apply the same service delivery form. As this delivery form is freely
chosen by municipalities, each observation can be evaluated in re-
lation to the overall best practice considering the different service
delivery forms (De Witte & Marques, 2009), in order to compare
the efficiency of each form of provision.

Fig. 2 shows an example of applying the concept of frontier sep-
aration for our study. It is apparent that when the metafrontier
concept is applied, different efficiency frontiers are obtained for
each of the delivery forms considered (local frontiers, CE¥). Thus,
the cost efficiency values are estimated for each municipality cor-
responding to each local frontier, and hence the municipalities op-
erating under the same delivery form will be comparable. In addi-
tion, a homogeneous frontier (metafrontier, CE) is obtained for all
municipalities, without considering differences in delivery forms.
The metafrontier can be considered an ‘umbrella’ term that in-
cludes the various frontiers of each technology (Rao, O'Donell, &
Battese, 2003) and functions as a reference point to obtain the
technology gap ratio (TGRK) (Battese & Rao, 2002; Battese et al.,
2004; O’Donnell, Rao, & Battese, 2008), i.e., the lowest possible
cost for each DMU given a certain output.!

This figure shows that the municipalities corresponding to a
particular delivery form may be more or less distant from their
local frontier (CEX); this factor determines the cost savings that
units can achieve with respect to their own service delivery, that is,

1 For a given level of output, TGR is defined as the lowest possible cost of the
metafrontier divided by the lowest total cost of the local frontier.

as a result of local efficiency. Additionally, local governments that
deliver the service under a specific form may be more or less dis-
tant from the metafrontier (CE), which is captured by the technol-
ogy gap ratio (TGR). By analysing this question, we can determine
which service delivery form is closest to the metafrontier and is
therefore most likely to reduce costs and raise levels of efficiency.

Thus, if unit U, applies the municipal direct (MUD) service de-
livery form, the ratio that measures the distance from U, to MUD
reflects the cost efficiency within this group; similarly, the dis-
tance from MUD to the metafrontier determines the cost efficiency
derived from membership of the MUD group (TGRMUD), Together,
these two distances represent the total distance to the metafron-
tier of unit Us. On the other hand, unit Ug, despite its short dis-
tance from its local frontier (MUC) to the metafrontier, will find
it more difficult to improve its position with respect to its local
frontier (from Ug to MUC) than will unit Uy with respect to its
own local frontier (MUD).> Accordingly, the inefficiency of unit Ug
is mainly due to the internal government management of the ser-
vice, and not to the service delivery form, as is the case of unit
Ua, as other municipalities use this same service delivery form
and achieve higher levels of efficiency through the same produc-
tion process.

From the above information, it is possible to identify which ser-
vice delivery form would be most suitable for each type of munic-
ipality, in order to achieve improvements in MSW service cost effi-
ciency by changing the way in which the service is provided. Thus,

2 Breaking down the overall efficiency value at the metafrontier as the product
of the local efficiency ratio and the technology gap ratio reveals the efficiency de-
rived from the municipal management (local efficiency) and that derived from the
management form (TGRK).
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in Fig. 2 a municipality with X inhabitants which adopted intermu-
nicipal cooperation (IC) would achieve better results if it switched
to private production with cooperation (PPC). The local frontier for
intermunicipal cooperation represents the minimum level of costs
that municipalities could achieve by optimising their own service
delivery, so that municipality U could achieve its minimum level
of costs at Ujc, with the distance from U to Ujc representing the
reduction in costs due to the improvement in internal manage-
ment. However, if an alternative service delivery form were applied
- in the case in question, PPC - the efficiency level correspond-
ing to the frontier for this technology could be attained; in other
words, costs could be reduced to Uppc and efficiency substantially
improved (from Ujc to Uppc).

Several different techniques can be used to calculate these non-
parametric frontiers. For metafrontier models, the method tradi-
tionally applied is that of DEA. However, this technique may not
provide satisfactory results, due to its deterministic nature (De
Witte & Marques, 2010) and to problems of dimensionality that
can affect the results thus obtained (Balaguer-Coll et al., 2013;
Simoes, Cruz, et al., 2012). Specifically, by including all possible
combinations of inputs and outputs, the estimates provided by DEA
are extremely sensitive to the presence of outliers (Daouia & Simar,
2007). Moreover, this method assumes the absence of statistical
errors (De Witte & Marques, 2010; Rogge & De Jaeger, 2013). As
an alternative, which overcomes these limitations, the robust par-
tial frontier approach allows us to consider observations beyond
the efficiency frontier being estimated, which makes it a suitable
technique to control for the possible presence of outliers (Simar &
Wilson, 2008). Specifically, the order-m> frontier calculates the ef-
ficiency values of a unit by comparing it with a sub-sample of m
pairs, unlike DEA, which compares a unit with the best one from
the whole sample. So, to calculate the cost efficiency values, both
at the metafrontier and at the local frontier, we propose to use the
order-m frontier application* (Cazals et al., 2002; Daouia & Simar,
2007; Thiemea et al., 2016). This approach has been applied previ-
ously by (Simdes, Carvalho, et al. 2012) to study the efficiency of
the waste collection service in Portugal.

Finally, to complement the previous calculations and to fur-
ther study the different levels of efficiency for each service deliv-
ery form, various statistical tests were applied: first, the Kruskal-
Wallis test, to determine the existence of differences in the effi-
ciency calculated for the different groups created (coincident with
each of the local frontiers representing different service delivery
forms). The Kruskal-Wallis test is a nonparametric method that
does not assume a normal distribution of the variables analysed.
It is used to determine whether two or more samples are inde-
pendent (unrelated). However, this test does not quantify the dif-
ferences between samples. For this reason, we also applied the

3 In addition to the order-m (Cazals et al., 2002), there is another robust partial
frontier approach named order-o (Aragon et al., 2005). Considering the choice be-
tween them, Daouia and Simar (2007) observed that the main factor to be taken
into account is the economic interpretation of the parameter (m - benchmarking
the unit with the m best virtual competitors - and « - benchmarking with the level
of output with a probability (1 — o) x 100% of being dominated -), since both the
order-m and the order-« frontiers obtain robust estimators of efficiency. However, it
should be borne in mind that both estimators present certain disadvantages, while
sharing some characteristics that differentiate them from the traditional nonpara-
metric methods (DEA and FDH), namely that they are robust indicators both of di-
mensionality and of the presence of outliers and noise in the data (Matallin-Saez et
al.,, 2014). On the one hand, the order-« frontier can be “more robust to extremes
when estimating the true full frontier” (Daouia & Gijbels, 2011) and its interpre-
tation is easier than in the order-m estimator (Aragon et al, 2005). On the other
hand, the order-m estimators are more statistically efficient when there is pertur-
bation in the data, since in this context they remain more resistant to outliers than
the order-o estimators (Daouia & Gijbels, 2011).

4 See in Appendix A the description of the algorithm required to estimate the
above-mentioned efficiency coefficients.

Mann-Whitney U test, another nonparametric test, which exam-
ines the independence of two samples, with the null hypothe-
sis that the difference between them is zero. Finally, we com-
pared the distributions of the different groups using the Li test
(Li, 1996), which measures the distance between two density
functions through the integrated mean square error of the func-
tions (Balaguer-Coll, Prior, & Tortosa-Ausina, 2010; Zafra-Gémez &
Muiiiz, 2010).

4. Measuring the practical efficiency of MSW service delivery
forms in Spain

4.1. Data

In Spain, public services are provided by local governments,
but specific requirements depend on the population of the mu-
nicipality. In this respect, four different groups of services can be
distinguished: those required in all municipalities, and those that
are mandatory in municipalities with more than 5000 inhabitants,
more than 20,000 inhabitants or more than 50,000 inhabitants
(Balaguer-Coll et al., 2010, 2013; Benito et al., 2015). Among these
categories, MSW collection and disposal is a local public service
that all municipalities are required to provide.” However, the way
in which this public service is provided is established by each
municipality, which determines the management form it sees fit.
The main service delivery forms in the provision of the MSW ser-
vice are public management (directly provided by the municipal-
ity or by a public firm), private management (provision by a pri-
vate firm) and intermunicipal cooperation (Bel et al., 2010, 2014;
Zafra-Gomez et al., 2013). In this context, and in view of the var-
ious forms in which the MSW service can be provided in Spanish
towns and cities, we analyse the following types of service deliv-
ery: direct provision by the municipality, municipal under contract,
intermunicipal cooperation and cooperation with private produc-
tion (Plata-Diaz et al., 2014; Warner & Bel, 2008).

To achieve the study goals, we examined a large database, and
extracted the data for the period 2007-2010, with respect to 7716
Spanish municipalities, each with a population of 1000-50,000.”
These municipalities represent 37.32 percent of all Spanish munic-
ipalities in this population group, and the sample as a whole rep-
resents 22.23 percent of the municipalities within this population
range.

Table 1 describes and states the source of the variables included
in the calculation of cost efficiency for the MSW service. The cor-
responding descriptive statistics are given in Appendix B.

To analyse the efficiency of the MSW service according to the
delivery form applied, the municipalities were classified into four
categories, following Bel et al. (2014), Zafra-Gémez et al. (2013)
and Plata-Diaz et al. (2014): municipal direct (MUD), municipal
under contract (MUC), intermunicipal cooperation (IC) and private
production with cooperation (PPC). To do so, the relevant informa-
tion was obtained from the Virtual Office of Local Government Fi-
nancial Coordination of the Ministry of Public Administration and
the official provincial gazettes. Table 2 describes each of the cate-
gories.

5 This obligation is specified in Article 26 of Local Government Act 7/1985 of 2
April, as amended by Act 27/2013, of 27 December, on the rationalisation and sus-
tainability of local government.

6 The initial database for this study was composed of 771 Spanish municipalities,
including those which during the analysis period changed the management form of
the MSW service provided.

7 Population data were obtained from the Statistical Yearbook published by La
Caixa. This restriction with respect to the population size of the municipality arose
from the non-availability of data for municipalities with fewer than 1000 inhabi-
tants, and from a parallel absence of data on the MSW service (outputs) for munic-
ipalities with over 50,000 inhabitants.
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Table 1 Table 2
MSW service: inputs and outputs. Service delivery forms for the MSW.

Variable Definition Source Category Concept

Total cost® Municipal budget expenditure, Virtual Office of Local Municipal direct (MUD) The service is managed by the municipality itself
obtained from the functional Government Financial or through a public agency or public enterprise
budget classification, Category Coordination of the controlled by the municipality.
442 - MSW removal and street Ministry of Public Municipal under Management is contracted out to a single private
cleaning, for each of the Administration and contract (MUC) company.
municipalities included in the Treasury Intermunicipal Joint management by various municipalities,
sample. This classification has cooperation (IC) through a public entity created for this specific
been used in several previous purpose (consortium or association) or through
studies (Benito-Lopez et al., 2011; the transfer of management to a supra-local
Zafra-Gémez et al., 2013) for the public entity (regional council).
years 2007, 2008 and 2009. Due Private production with Joint management among two or more
to the implementation of a new cooperation (PPC) municipalities, contracted out to a private
classification system (O. company.
EHA/3565/2008, of 3 Source: The authors, based on Bel et al. (2014), Zafra-Gémez et al. (2013) and Plata-
December?), with respect to the Diaz et al. (2014).
year 2010 we used the
equivalent, composed of Category Table 3
162 - Waste collection, disposal Kruskal-Wallis test for the local frontier, by service delivery form and year.
and treatment and Category 163 -
Street cleaning. Service delivery forms: MUD-MUC-IC-PPC

MSW tonnes Annual production of waste, in
tonnes/year. 2007 2008 2009 2010

MSW Fonnes X Annual production of waste, in Survey of Local Chi-squared 65.669 171.961 180.377 6.437

quality tonnes/year, corrected by the Infrastructure and
index of service quality, which is  Equipment (EIEL), Degrees of freedom 3 3 3 3
. L N p-value 0.0001 0.0001 0.0001 0.0922
an internal measure indicating from the Ministry of
the adequacy/inadequacy of the ~ Public Results obtained using Stata 12.
service provided, in terms of the  Administration’s MUD: municipal direct; MUC: municipal under contract; IC: intermunicipal cooper-
availability and cleaning of the website ation; PPC: private production with cooperation.
containers, and of the periodicity
of the waste collection
. performed. ) cost efficiency coefficients of the municipalities, for the local fron-
Containers Number of containers available on

public streets in the
municipalities, for each type of
MSW collection.

Source: The authors, based on data supplied by the Virtual Office of Local Gov-
ernment FinancialCoordination and on the Survey of Local Infrastructure and
Equipment.

4.2. Results

To test the hypotheses proposed, we estimated the cost effi-
ciency scores for each municipality, both for the local frontier and
for the metafrontier, and ascertained the technology gap ratio.!®
Although the order-m partial frontier technique detects outliers
(Simdes, Carvalho, et al., 2012), it was observed that certain mean
efficiency values were very low, and so a sensitivity analysis of the
results was also performed. To do so, the trimmean function was
applied to 5 percent of the sample in order to conduct a more de-
tailed analysis and to delete the outliers.

As explained in the methodology section, we must first ascer-
tain that there are significant differences between different ways
of managing the waste collection service, in order to compare the
efficiency of these management forms. Accordingly, the Kruskal-
Wallis test was applied, to determine whether the efficiency levels
of the different categories of service delivery differed from each
other, with the null hypothesis being that the median efficiency of
the k groups was equal in every case. This test was applied to the

8 The total cost of the waste collection service is composed of the capital and
the operational costs of the service. In addition, the fees charged for the provision
of the service must cover the total costs, i.e. no subsidy in this respect is received
from other local government budget items.

9 Ministerio de Economia y Hacienda, Espafia. ORDEN EHA/3565/2008, de 3 de
diciembre, por la que se aprueba la estructura de los presupuestos de las entidades
locales. Boletin Oficial del Estado, 10 de diciembre de 2008, 297, 49,318-49,362.

10 The estimation of cost efficiency was performed using R (R Development Core
Team, 2011) and the FEAR package (Wilson, 2006).

tier (CEX) (Table 3). Analysis of these results led us to reject the
null hypothesis, at a significance level of 99 percent for every year
considered, except for the year 2010, for which it was rejected at
90 percent significance. Thus, the cost efficiency of each of the cat-
egories considered varied from that of the others.

In the next phase of the analysis, the Mann-Whitney U test
(also called the Wilcoxon-Mann-Whitney test) and the Li test
were performed, because the Kruskal-Wallis test does not identify
differences between the different categories. The results of these
two tests (Appendix C) were very consistent, thus indicating the
existence of differences between the efficiency levels of the differ-
ent service delivery forms, with only two exceptions. Accordingly,
we conclude that there are significant differences between differ-
ent service delivery forms, and so the potential cost savings in pro-
viding the MSW service will depend on the form of service deliv-
ery adopted.

Having established the existence of differences in the efficiency
levels of each service delivery form, we then analysed the results
obtained for each one. To address the first hypothesis proposed, we
analysed the mean values obtained for the technology gap ratio
(TGR¥), which is calculated, for each municipality, as the ratio of
the efficiency value at the metafrontier to the corresponding value
at the local frontier. For values close to 1, the distance from the
frontier of the specific service delivery form (local frontier) to the
metafrontier is minimal, while values below 1 represent a greater
distance between these frontiers.!! Therefore, the service delivery
form that is closest to the metafrontier will usually present the
highest TGR.

Table 4 shows, for each year, the main results of the esti-
mates of the order-m frontiers for each of the local frontiers (CEX),

11 TGR greater than 1 is also obtained due to the presence of super-efficient units.
This enables us to use an order-m approach and to select a single value of m to esti-
mate both local boundaries and the metafrontier (Balaguer-Coll et al., 2013; Cordero
et al., 2015), which each contain a different number of units, as explained in the
Method section.
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Table 4
Cost efficiency of delivery forms for the MSW service, each year.

Service delivery form N Mean Minimum Maximum Eff. Obs'. (percent)

Year: 2007

MUD CE 139 0.143 0.006 1174 4
CEk 139 0.326 0.017 1.802 5
TGR 139 0.399 0.011 1.401

MuUC CE 249 0.136 0.005 1.386 3
CEX 249 0.222 0.016 1.946 5
TGR 249 0.730 0.074 1.507

IC CE 223 0.256 0.005 8.373 1
CEX 223 0.302 0.015 3.396 4
TGR 223 1.268 0.008 2.540

PPC CE 83 0.321 0.010 7.690 6
CEK 83 0.489 0.018 1.650 16
TGR 83 0.602 0.015 4.659

Year: 2008

MUD CE 131 0.120 0.005 1.000 3
CEX 131 0.673 0.038 1.828 6
TGR 131 0.167 0.015 1.002

MuUC CE 260 0.131 0.005 1.523 2
CEX 260 0.236 0.014 1.924 6
TGR 260 0.650 0.063 1.372

IC CE 219 0.247 0.007 3.876 0
CEX 219 0.276 0.007 1.682 4
TGR 219 1.467 0.013 2.637

PPC CE 84 0.304 0.013 9.266 8
CEX 84 0.500 0.033 1.806 18
TGR 84 0.464 0.013 5.129

Year: 2009+

MUD CE 126 0.111 0.008 1.000 2
CEX 126 0.540 0.041 2.203 5
TGR 126 0.152 0.013 1.054

MuUC CE 273 0.104 0.003 1.340 1
CEX 273 0.171 0.011 1132 4
TGR 273 0.602 0.015 1484

IC CE 205 0.206 0.009 4.047 0
CEX 205 0.228 0.001 1.716 3
TGR 205 1.780 0.016 3.375

PPC CE 90 0.148 0.003 5.434 7
CEK 90 0.452 0.050 1.945 17
TGR 90 0.172 0.003 2.795

Year: 2010x

MUD CE 113 0.154 0.002 1.982 2
CEX 113 0.325 0.001 2.066 4
TGR 113 0.868 0.027 2.982

MUC CE 290 0.181 0.000 4.583 1
CEX 290 0.283 0.001 5.510 3
TGR 290 1.046 0.011 3.145

IC CE 202 0.140 0.001 2.041 0
CEX 202 0.297 0.001 1.592 2
TGR 202 0.884 0.019 3.284

PPC CE 89 0.093 0.012 1.408 10
CEK 89 0.272 0.001 1.204 17
TGR 89 0.595 0.017 3.256

CE: metafrontier; CEX: local frontier; TGR: technology gap ratio; MUD: municipal direct; MUC: municipal under contract; IC: intermunicipal cooperation; PPC: private pro-

duction with cooperation.

* Results with mean independence of service delivery forms at 90 percent significance, according to the Kruskal-Wallis test.
** Results with mean independence of service delivery forms at 99 percent significance, according to the Kruskal-Wallis test.

representing different forms of MSW delivery, and the metafrontier
(CE) and the technology gap ratio (TGRK) for each delivery form.
Initial analysis of the results for the metafrontier (CE) and the lo-
cal frontiers (CE¥) shows that the average cost efficiency values are
relatively low for all service delivery forms.'? The percentage of ef-
ficient units (municipalities whose efficiency is equal to 1) is also
low. However, application of the order-m frontiers allows us to ob-

12 The values obtained might be explained in terms of the intrinsic characteristics
of the provision of this service, which requires the presence of indivisible inputs
(inputs which cannot be scaled down to produce a small quantity of output), such
as vehicles and personnel, without which it would be impossible to provide the
service.

tain super-efficient units, as shown by the maximum values!? (see
Table 4), which are far removed from the minimum values, imply-
ing the existence of differences between municipalities that em-
ploy the same delivery form.

The highest TGR values were found for intermunicipal coopera-
tion (IC) for the whole period considered, except for the year 2010,

13 Unlike stochastic frontier analysis, according to which the metafrontier includes
the most efficient points at each of the local frontiers (Battese & Rao, 2002), the
metafrontier values  obtained by applying order-m frontiers need not coincide
with the most efficient values at each local frontier, and so there may be super-
efficient points beyond the metafrontier and the local frontiers.

4 The percentage of efficiency observations reflects the number of municipalities
that make up the frontier for each service delivery form.
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Table 5
TGR for each service delivery form, according to population size.

Size/year 1000 < Population < 5000 5001 < Population < 20,000 20,001 < Population < 50,000

Service delivery form 2007+ 2008 2009+ 2010* 2007+ 2008+ 2009 2010% 2007+ 2008 2009 2010
MUD D D D B C D C C C C C B
MUC C C C C B B B A A A A C

IC A A A A A A A B B B B A
PPC B B B D D C D D D D D D

A: the highest technology gap ratio (TGR); D: the lowest technology gap ratio (TGR).

* Results with mean independence of service delivery forms at 90 percent significance according to the Kruskal-Wallis test (results for the test reported in Appendix E,

Table E.1).

™" Results with mean independence of service delivery forms at 99 percent significance according to the Kruskal-Wallis test (results for the test reported in Appendix E,

Table E.1).

when the highest TGR was obtained by municipal under contract
(MUC), which in general terms is the service delivery form with
the highest TGR after intermunicipal cooperation (IC). By contrast,
when we determined which service delivery form was furthest
from the metafrontier, we found that municipal direct (MUD) ob-
tained the lowest mean TGR values in 2007, 2008, and 2009 while
in 2010, the lowest mean TGR value corresponded to private pro-
duction with cooperation (PPC). These results are also illustrated
in the graphs included in Appendix D, to reflect the mean dis-
tance of each service delivery form from its local frontier to the
metafrontier (TGR) for each year. In this case, in the blue-shaded
area, it can be seen that, on average for all years observed, private
production with cooperation (PPC) and municipal direct (MUD) are
the least efficient service delivery forms (hence the area is lower),
while intermunicipal cooperation (IC) is closest to the metafrontier,
presenting the largest area.'”

The TGR analysis, therefore, leads us to reject the hypothesis
that contracting out produces higher levels of efficiency than pub-
lic service delivery formulas (H;), since the results show that in-
termunicipal cooperation (IC) was the most efficient formulation.
In consequence, in analysing the efficiency of the MSW service,
formulas other than public or private management should also be
considered.

As the first hypothesis cannot be accepted, and in accordance
with the study structure shown in Fig. 1, we now analyse which
MSW service delivery form is most appropriate according to the
population size of the municipality. The fact that previous stud-
ies have suggested that intermunicipal cooperation is more com-
monly adopted by smaller municipalities constitutes empirical ev-
idence that this type of study is influenced by the population
size. For this reason, we now test hypotheses Hj,, Hy, and Hy;
thus, Table 5 presents the TGR for each service delivery form, dis-
tinguishing three population tranches'®: 1000-5000, 5001-20,000
and 20,001-50,000 inhabitants, ordered according to the mean
value obtained. Thus, for each year, each service delivery form re-
ceives a grade from A to D, according to the average TGR value
obtained (the numerical values are given in Appendix E, Table E.2).

In the case of the municipalities belonging to the first popula-
tion tranche, the shortest distance between the local frontiers and
the metafrontier is obtained by the formula of intermunicipal co-
operation (IC). In addition, for this population tranche, the results
suggest that the municipal direct (MUD) and municipality under

> Note that analyses of local efficiency and of metafrontier values reflect com-
parable results. With respect to the mean value of local frontiers, the municipali-
ties with municipal direct provision (MUD) and private production with cooperation
(PPC) are more efficient. However, in terms of mean metafrontier values, the inter-
municipal cooperation (IC) is generally the most efficient delivery form.

16 The study focused on municipalities with a population between 1000 and
50,000 inhabitants. The population tranches examined were adopted taking into
account the requirements of Royal Decree Law 2/2004, of 5 March, approving the
consolidated text of the Local Finance Regulating Act.

contract (MUC) formulas are less suitable for MSW service deliv-
ery.

The same situation can be observed for municipalities with a
population size of 5001-20,000, in which intermunicipal cooper-
ation (IC) obtains better levels of cost efficiency. However, in this
population tranche, the second most suitable delivery form is mu-
nicipal under contract (MUC), which is the service delivery form
that came closest to the metafrontier for the larger municipalities
- with 20,001-50,000 inhabitants -, except in the year 2010. Fi-
nally, for municipalities of this population size, the formula that
obtains the lowest level of efficiency is that of private production
with cooperation (PPC).

In summary, these results show that the efficiency of each form
of MSW service delivery depends on the size of the municipality in
which it is applied. Although the intermunicipal cooperation (IC)
formula is relatively good for all population sizes, for municipal-
ities in the largest population tranche, municipal under contract
(MUC) outperforms IC.

In this respect, and as suggested by Bel and Mur (2009), Zafra-
Gomez et al. (2013) and Bel et al. (2014), smaller municipalities can
obtain cost savings, and thus improve the efficiency of their MSW
service delivery, when they adopt joint service delivery formulas,
in accordance with hypothesis H,,. Specifically, in the smaller mu-
nicipalities (with up to 20,000 inhabitants), joint management is
a highly recommended alternative to contracting out, as it pro-
vides higher levels of efficiency. In this regard, we hypothesised
that smaller populations may achieve greater cost savings through
a combination of joint management with contracting out, but the
results obtained lead us to reject hypothesis H,;,. However, in con-
trast to previous studies, we found that in municipalities with
the highest populations in our sample (20,001-50,000 inhabitants),
contracting out the MSW service provides better levels of effi-
ciency, and therefore the last hypothesis (H,.) is accepted.

Hence, municipal size determines which service delivery form
is the most appropriate, and therefore municipalities of a certain
size can take advantage of the benefits offered by contracting out
their MSW service.

5. Conclusions

This paper presents an analysis of the cost efficiency achieved
by different forms of MSW service delivery. Research in this field
has traditionally focused on the debate between public and private
provision. However, recent studies have examined other options,
one of which is intermunicipal cooperation. In the present study,
therefore, the service delivery forms analysed are municipal direct,
municipal under contract, intermunicipal cooperation and private
production under contract.

To determine which service delivery form achieves the high-
est levels of MSW service cost efficiency, the concept of metafron-
tier (Battese & Rao, 2002; Battese et al., 2004) was applied to a
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sample of 771 Spanish municipalities each with a population of
1000-50,000 inhabitants, for the period 2007-2010. The efficiency
of each municipality was calculated according to the service deliv-
ery form adopted for its MSW service. In addition, we determined
the cost efficiency that would be obtained if there were no ser-
vice delivery form differences. Order-m frontiers were used to cal-
culate cost efficiency coefficients, thus obtaining more robust re-
sults than is the case with other non-parametric techniques. Un-
der this methodology, the efficiency of municipalities in different
groups can be compared; hence, this study was performed taking
into account the application of a particular management form, as
well as the local population size.

The results obtained reveal significant differences between cost
efficiency levels for the different forms of MSW service delivery.
Corroborating previous studies (Bel et al., 2014; Bel & Mur, 2009;
Zafra-Gomez et al., 2013), we found that, in general, intermunicipal
cooperation is the most efficient service delivery form for the MSW
service.

However, unlike these earlier studies, we found that the opti-
mum service delivery form for this service depends on the size of
the municipal population. Our results suggest that joint service de-
livery formulas are more appropriate in municipalities with a pop-
ulation of up to 20,000 but that the largest municipalities (over
20,000 inhabitants) should opt for contracting out. Thus, our find-
ings suggest that private operators obtain higher levels of efficiency
in MSW service delivery when the town reaches a certain popula-
tion size.

The present study highlights the existence of cost differences
arising from different approaches to managing MSW services and
from population size. The latter factor is shown to be of particular
importance in this analysis of cost efficiency, and so studies exam-
ining the relationship between cost efficiency and service delivery
forms for the MSW service should take into account the size of the
municipality.

As concerns the policy implications of the results obtained, we
suggest that a key factor in determining how local public services,
and particularly MSW collection and disposal, should be managed
is the size of the municipality. In this regard, there has been a
proliferation of formulas for joint provision in recent years, es-
pecially among smaller municipalities, with the idea of achieving
cost savings by exploiting latent economies of scale (Warner, 2006;
Warner & Hefetz, 2003; Zullo, 2009). In this respect, the results
obtained by Marques, Kortt, and Dollery (2015) for municipalities
in Tasmania (Australia) suggest that collaborative formulas improve
the efficiency of public services by enabling resources to be shared
among different services. The results obtained in the present study
provide empirical evidence that smaller municipalities can indeed
achieve better levels of cost efficiency when the service delivery
form is shared, together with the resources and costs of the ser-
vice.

On the other hand, it is important to note that our results also
show that joint management formulas do not constitute an alter-
native to private management in larger municipalities, where out-
sourcing the MSW service clearly achieves greater cost savings.
Thus, larger municipalities prove more attractive for private op-
erators, which can achieve better results by taking advantage of
economies of scale that are not available to small municipalities
(Bel & Fageda, 2006, 2008; Mohr et al., 2010; Zafra-Gémez et al.,
2013). However, as a future line of investigation, it would be use-
ful to determine the optimal municipal size below which the joint
provision of the MSW service should be considered.
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