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Abstract  The purpose of the present paper is to analyse the gap among Italian macro-
areas performances in terms of separate waste collection rate and density of separate waste 
collection. The aim is twofold: (1) to investigate if clear and effective infrastructure poli-
cies, in Southern Italy, have been realized that are able to reduce the gap in the separate 
waste collection process with the rest of Italy and (2) to evaluate if Southern Italian munic-
ipalities have improved their operational capacity in the separate waste collection process. 
In particular, we exploit data collected in 2012 by several Italian sources (ISPRA and 
ISTAT). We implement a recentered influence function regression technique that allows 
us to put two macro-areas in comparison (North vs. South and Centre vs. South). This 
technique, once measured the territorial gaps, allows to disentangle the gap in the two spa-
tial units of analysis (at municipalities level and at macro-areas level). The estimates sug-
gest that while in the North the issue of waste is managed effectively and responsibly with 
respect to the Southern area, the latter has exhibited an advantage with respect to the Cen-
tral Italy; furthermore, Southern municipalities appear to be unable to pursue a virtuous 
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waste management system generating the persistence of a marked territorial gap in terms 
of both SCR and DSC. The main policy implications are discussed.

Keywords  Waste management · Government policy · Recycling · Selective collection 
rate · RIF regression
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1  Introduction

Waste management is a prominent indicator of environmental sustainability representing 
nowadays a public environmental concern. It increased its prominence over years in terms 
of development and design of separate waste collection schemes and practices, of defini-
tion and monitoring of appropriate targets deployment and testing of policy strategies and 
so on. Simões et al. (2010) focused on environmental context and found significant influ-
ence of the gross domestic product per capita, distance to treatment facilities, population 
density, regulation, type of management, composting and incineration on the solid waste 
utilities’ performance.

In this light, Europe enabled over time, specific regulations regarding the waste manage-
ment and performance of a country with a view of encouraging a sustainable development. 
EU waste policy sector has evolved over the last 30 years through a series of environmental 
action plans and a framework of legislation that aims to reduce negative environmental 
impacts and create a resource-efficient economy. The EU’s Sixth Environment Action Pro-
gramme (2002–2012) identified waste prevention and management as one of four top pri-
orities. Its primary objective is to ensure that economic growth does not lead to more and 
more waste. This led to the development of a long-term strategy on waste pursued in the 
ambitious environment policy, which is now an integral part of the Europe 2020 Strategy 
for smart, sustainable and inclusive growth. The 2005 Thematic Strategy on Waste Pre-
vention and Recycling resulted in the revision of the Waste Framework Directive (75/442/
EEC), the cornerstone of EU waste policy bringing to a modernized approach to waste 
management marking a shift away from thinking about waste as an unwanted burden to 
seeing it as a valuable resource.1 This directive was last amended in 2008 (2008/99/CE), 
but the definition of waste remained the same (Cruz et al. 2014). The EU authorities real-
ized that the priority of EU funding in the waste sector required to be addressed to tar-
gets in decreasing waste volumes, while also rapidly increasing separate waste collection. 
In addition to EU legislation, the planned framework on separate waste collection has led 
to the production of national waste management strategies. EU Regional Policy shows, in 
fact, that the main aim of Italian waste policy is the achievement of a sustainable system 
based on the EU integrated waste strategy (APAT 2007).

The separate waste collection rate has thus become an imperative practice and a criti-
cal environmental issue. For instance, Kinnaman (2006), Martin et al. (2006) and Van den 
Bergh (2008) showed linkages between waste materials and landfilling in terms of eco-
nomic costs, health and environmental risks.

1  The directive introduced a five-step waste hierarchy where prevention is the best option, followed by 
reuse, recycling and other forms of recovery, with disposal such as landfill as the last resort. EU waste legis-
lation aims to move waste management up the waste hierarchy.
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The increasing international concern about waste management and the following 
research interest has been recognized and systematically reviewed by Simões and Marques 
(2012) in a literature overview that analyses costs and efficiency of the waste sector. The 
results that the literature overview figures out are the presence of economies of scale and 
economies of density while the benefits of the private sector participation in the waste ser-
vices provision seem to be not widely accepted.

Most of the waste management literature takes households as the main unit of analysis 
to understand the determinants of separate waste collection. The issue has stimulated a 
stream of interdisciplinary research (economics, psychology, sociology, engineering, law, 
to list a few ones).

The interdisciplinary meta-analysis of Hornik et al. (1995) groups the variables affect-
ing separate waste collection into five categories: extrinsic incentives, intrinsic incentives, 
internal facilitators, external facilitators and Demographic Variables. Among the five meta-
factors, the strongest predictors of separate collection turned out to be Internal Facilita-
tors such as consumer knowledge and education. Some External Incentives, such as social 
influence and monetary rewards, also played a significant role, even if the effect of the 
latter usually lasts only as far as the incentive is in place, and may even cause motivational 
crowding out when it ceases (Frey and Jegen 2001).

Barr et al. (2001) developed a conceptual accounting for three predictors: environmental 
values, situational variables and psychological variables, pointing out that situational vari-
ables are significant in shaping separate collection behaviour (more specifically, logistical 
factors such as the presence of recycling services and facilities). The lack of facilities as 
a barrier to waste management is a common finding in the empirical literature (Coggins 
1994; Perrin and Barton 2001; Omran et al. 2009).

A more recent contribution is the predictors analysis of recycling provided by Mia-
fodzyeva and Brandt (2013) that classify variables affecting separate collection into four 
groups: socio-psychological, technical-organizational, individual socio-demographic and 
study specific. In this conceptual accounting, moral norms, information and environmen-
tal concerns seem to be the strongest predictors of households’ separate collection rate. 
By moving from this stream of the literature, Crociata et  al. (2015) provided a possible 
estimation of the impact of cultural participation upon households’ behaviour within the 
meta-issue of sustainability, focusing on the cognitive and social determinants of pro-envi-
ronmental behaviour.

Crociata et al. (2016) go beyond the individual perspective of the household and con-
sider social transmission effects, and in particular socio-spatial ones, to evaluate how sepa-
rate collection evolves in the society. Moving from the domain of socio-spatial analysis, 
they found that proximity to socio-spatial contexts characterized by virtuous recycling 
behaviour could positively influence those living in less virtuous contexts, thereby bringing 
about pro-social behavioural change.

Spatial pattern analysis highlights a clear degree of performance between regions, and 
Italy is a paradigmatic case study for stressing this issue. Italy may be categorized under 
two waste management groups, according to its regional strategy of coping with environ-
mental problems. The first group comprises Northern regions with high levels of waste 
management and relatively high levels of separate collection. The second group includes 
Southern regions with low recovery rates, poor waste management infrastructures and rela-
tively low dependence on separate collection (Agovino et al. 2016b).

Even if separate collection rates of municipal waste increased in all the Italian regions 
and Italy seems to be on the right path to reach the EU recycling target of 50% in 2020, it 
continues to suffer from huge cross-regional differences: in 2013, the EU separate waste 
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collection target (up to 40%) was achieved only by 7 out of 20 regions (EEA 2013). In par-
ticular, there is a mix of technical–administrative errors and political, industrial and crimi-
nal interests that links the regions of Southern Italy to their ineffective waste management 
system: delays in planning and preparation of suitable landfills; delays in planning and in 
the construction of incinerators and composting plants; low levels of separated waste col-
lection (see Distaso 2012; Armiero and D’Alisa 2012; D’Alisa and Kallis 2016). Despite 
the studies carried out, analyses that seek to explain the gap between Southern Italy and the 
rest of the country in terms of separate waste collection are still few. Therefore, it is impor-
tant to investigate the causes that have generated the gap among macro-areas and provide 
useful policy recommendations in order to reduce it.

The assessment of municipal separate waste collection policies in order to analyse their 
effectiveness among different spatial units is an emerging topic not widely covered in the 
existing literature, except, to our knowledge, for recent studies by Guerrini et al. (2017), 
Rogge and De Jaeger (2012) and Expósito and Velasco (2018). All the three studies iden-
tify the environmental and operational variables affecting the efficiency and quality of 
waste collection services by applying a nonparametric method. The first of the three identi-
fies the performance drivers that should be monitored by policymakers and managers in 
order to improve efficiency and safeguard service quality. The drivers have been clustered 
as (1) customer features, (2) household features and (3) operational features. The study 
demonstrates that all variables affect the cost efficiency and as for the policy implications 
the achievement of the standard of efficiency has a direct impact on household expendi-
ture, since the costs of collection are recovered through citizens’ taxes. By moving from 
the same policy implications, the second of the three studies measures the aggregate per-
formances of the municipalities in the collection and processing of municipal solid waste 
(MSW) and the partial cost efficiency, i.e. per distinct waste fractions. The third of three 
studies measures efficiency analysis take into account the mandatory goals of reducing 
mixed collected municipal solid waste and the augmentation of selective collection of recy-
clable materials. As for the policy recommendations this final study suggests to plans spe-
cific initiatives to encourage public involvement, to raise public awareness regarding the 
need for selective MSW disposal and recycling, the promotion of technological learning, 
innovation and development of new recycling and waste management systems and regional 
plans aim to assure full and convenient access of the population to selective waste collec-
tion schemes through selective street-side containers for recyclable materials.

On the basis of the above, the aim of this paper is to understand the driving forces of the 
municipal separate waste collection in Italy comparatively for its three macro-areas (North-
ern, Central and Southern Italy). In particular, our empirical framework moves from the 
recentered influence function (RIF), a regression technique that allows us to put the groups 
in comparison (North vs South and Centre vs South), in order to evaluate the territorial 
gaps in terms of performances in separate collection rate (hereafter “SCR”) and density 
of separate collection (hereafter “DSC”). Once measured the gaps, we disentangle them in 
two spatial units of analysis (at municipal level and at macro-areas level). In this way, we 
get results both at the macro-area level and at the municipal one. In particular, our analysis 
will enable us to answer the following questions: (1) have, in Southern Italy, been realized 
clear and effective infrastructural policies able to reduce the gap in the separate waste col-
lection system with the rest of Italy?; (2) have Southern Italian municipalities improved 
their operational capacity in the process of separate waste collection? In terms of policy, 
answering to these two questions will mean verifying whether there has been a conver-
gence process among Southern Italy and Northern/Central areas of the country. In other 
words, this will show if Southern Italy has carried out effective policies aimed at improving 
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the separate waste collection performance of its regions reducing, in this way, the gap with 
the other macro-areas of the country (question 1). Finally, the analysis of the results at 
municipal level provide useful insights to understand which share of performance gap can 
be attributed to the waste operative management carried out by municipalities (question 2).

The remainder of the paper is organized as follows. In Sect. 2, we identify the study area 
and present waste performance indicators and stylized fact connected with them. In Sect. 3, 
we introduce our econometric strategy. We present our data in Sect. 4. Then, we present 
our results in Sect. 5. Policy recommendations and concluding comments can be found in 
Sect. 6.

2 � Case study

In this section, we first identify the study area (Sect. 2.1); then, we present the stylized facts 
associated with the waste performance indicators studied (Sect. 2.2).

2.1 � The study area: macro‑areas and municipalities

Italy is a unitary parliamentary republic in Europe. Located in the heart of the Mediterra-
nean Sea, it covers an area of 301,338 km2 and has a largely temperate seasonal and Medi-
terranean climate. With 61 million inhabitants, it is the fourth most populous EU mem-
ber state. The country is composed of three macro-areas2—North, Centre and South—that 
are characterized by deep socio-economic disparities that lead to a sharp division between 
a more developed North and a backward South. In 2012, the GDP per capita of Italy as 
a whole was 25,991 euro (ISTAT online dataset3). The territorial differentials emerge 
decomposing the analysis by macro-areas. In fact, according to the analysis of GDP in 
2012, Northern Italy had an amount of GDP per capita above the national average (31,212 
euro)—as well as the Centre (28,848 euro)—while, with a GDP per capita of around 
17,400 euro, Southern Italy was very far from the national average. The same differences 
can be found in demographic characteristics such as population density. In 2012, the popu-
lation density of Italy as a whole was of 200 inhabitants. Southern Italy was below the 
national average (167 citizens) and very far from Northern and Central Italy (231 and 208 
inhabitants, respectively). Italy has four administrative levels: national, regional, provin-
cial and municipal. Each of them is responsible for waste management (see Agovino et al. 
2016b). In particular, the L.D. 152/2006 (“Norms Concerning the Environment”, com-
monly called “Single Environmental Text”) defines the tasks of the administrative units 
responsible for the waste management and the operations of separate waste collection. The 
Decree establishes an administrative hierarchy that attributes to: (i) the regions the task of 
planning the waste management process (art. 196); (ii) the provinces the monitoring of the 

2  From a historical and geographical point of view, three macro-areas are identified: the North, the Centre 
and the South. The North includes Liguria, Lombardy, Piedmont, Valle d’Aosta, Emilia-Romagna, Friuli-
Venezia Giulia, Trentino South-Tyrol, Veneto regions. The Centre includes the Lazio, Marche, Tuscany 
and Umbria regions. The South includes Abruzzo, Basilicata, Calabria, Campania, Molise, Apulia, Sar-
dinia, and Sicily regions. The North covers an area of 120,260 km² with 27,801,460 inhabitants. The Centre 
covers an area of 58,052 km² with 12,067,524 inhabitants. The South covers an area of 123,732 km² with 
20,630,685 inhabitants. In general, the macro-area is an aggregate of regions, each with decision-making 
autonomy in the planning of the waste management process.
3  http://dati.istat​.it/.
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waste collection process (art. 197); (iii) the municipalities the definition and implementa-
tion of the operational strategies through which the waste is handled (art. 198). In addition, 
L.D. 152/2006, besides placing the administrative hierarchy among the competent admin-
istrative units, provides that the various administrative authorities cooperate synergistically 
in the preparation of regional waste management plans. In particular, Art. 196 stipulates 
that the regions shall set up—heard the provinces, municipalities and territorial author-
ity—regional waste management plans. We can conclude that the success of waste man-
agement (landfill reduction and increase in separate waste collection) does relate not only 
to the definition of standards, but also to the capacity of local administrative authorities to 
communicate and cooperate in order to achieve their goals.

Although there are many areas of the country characterized by good performances in 
waste management (i.e. Northern Italian regions), there are central and southern regions 
characterized by a particularly critical profile in the waste management process.4 The prob-
lem of backwardness of Southern Italy emerges not only in the economic variables but also 
in the waste management process (see Agovino et al. 2016c, 2017b). The problem of non-
convergence between Southern Italy and the rest of the country has also been taken into 
account by the European Union authorities by the allocation of funds in order to reduce 
the gap between the country’s macro-areas. In the specific case of separate waste collec-
tion, empirical analyses conclude in a failure of the European Regional Development Fund 
(ERDF hereafter) to reduce the gap between South and the rest of Italy in terms of the 
percentage of separate waste collected (see Agovino et  al. 2016a, 2017a). The cause of 
this failure relates to the lack of clear and structured policies in this area of action: a cred-
ible long-term infrastructural policy, beyond mere the endless lists of works contained in 
the structural measures guidance. This means that often structural funds programmes draw 
actions that are badly connected to national or that must be implanted from scratch—with 
the connected load of delays and uncertainties (Agovino et al. 2016b, c, 2017b).

Another final consideration deserves municipalities as important administrative unit to 
be investigated in the separate waste collection process. Municipalities are the main actors 
involved in waste management operations (art. 198). In particular, since municipalities 
have the task of collecting waste through firms owned by themselves or through private 
firms participating in a tender, local inefficiencies and the level of managerial culture could 
impact on waste performance too, as pointed out by other research (Mazzanti et al. 2011; 
Greco et al. 2015). This makes the municipality the ideal study unit. Few studies have been 
conducted on separate waste collection on Italian municipal data. In particular, Sarra et al. 
(2017) investigate environmental and cost performance in municipal waste management 
systems. This interesting study is limited to the municipalities of Abruzzo (Southern Ital-
ian region). In order to reduce this gap in the empirical literature on waste management in 
Italy, we consider in our analysis not only data at the macro-area level but also data at the 
municipal level.

2.2 � The waste performance indicators and stylized facts

In line with Guimarães et al. (2010), we introduce some waste performance indicators in 
order to compare the Italian macro-areas. In studies on separate waste collection, the most 
studied indicator is the separate collection rate (SCR), which represents the percentage of 

4  http://ec.europ​a.eu/envir​onmen​t/waste​/frame​work/pdf/IT_SOUTH​_Roadm​ap_FINAL​.pdf.
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municipal waste separately collected on the total municipal waste generated ( SCR =
SC

WG
 ) 

(see Agovino et al. 2016b, c, 2017b).
D’Alisa et al. (2012) proposed the following relationship:

where WG, SC, WD and KM2 are: waste generated, separate waste collection, waste dis-
posed and square kilometres, respectively. By starting from this relationship, the authors 
identified the following indicators: (i) DWG =

WG

KM2 , the density of waste generated; (ii) 
DWD =

WD

KM2 , the density of waste disposed or the amount of waste not separately col-
lected; (iii) DSC =

SC

KM2 , the density of separate collection. D’Alisa et al. (2012) suggested 
the use of DSC as complementary indicator to SCR because it offers a measure of the 
demographic pressure that the observed phenomenon exerts on the territory. In other 
words, the two indicators (SCR and DSC) provide different and interesting information for 
policy makers. In particular:

SCR (separate collection rate) This index captures the effect of the joint action of the 
citizens and the authorities responsible for the separate waste collection. It is a measure 
of the pro-environmental attitude that binds the two actors involved (citizens and local 
governments). In particular, the action of the citizen and his/her sensitivity on environ-
mental issues is captured. A municipality in which citizens with a pro-environmental 
attitude are living should be characterized by high differentiated collection rates and low 
waste generated rates. In practice, in this municipality we should observe an increase in 
the index numerator and a reduction in its denominator. In this case, one could speak of 
the prevalence of the intrinsic motivation on the extrinsic one (see Cecere et al. 2014; 
Lemos and Verissimo 2014; Hung et al. 2011; Tonglet et al. 2004). On the contrary, if 
an increase in separate waste collection is followed by an increase in the waste gener-
ated, it will be also possible to speak of the prevalence of the extrinsic motivation on the 
intrinsic one. In this case, the separate waste collected increases but less than propor-
tional to the waste generated. In other words, the extrinsic motivation allows us to con-
clude that citizens do separate waste collection only to be “appreciated by their neigh-
bours”. The separate waste collection requires that waste is disposed in bins arranged 
and collected outside the houses and this generates visibility from neighbours generat-
ing appreciation (judgment) by the action accomplished. On the contrary, for the waste 
generated, produced and handled inside the houses, there is no possibility of a judgment 
expressed by the neighbours because it is a private action. Citizens actions are not vis-
ible from outside during waste production, and there is no obligation to prove to some-
one that they have predisposition to pro-environmental behaviour (which is different in 
the case of separate waste collection). In conclusion, if during the production of waste, 
the citizen is driven by an intrinsic motivation, in addition to do the separated collec-
tion he/she will also take care to reduce the waste generated; whereas, when there is an 
extrinsic motivation, the separate collection and the waste production increase both.

DSC (density of separate collection) This index is a measure of the separate waste 
collection methods carried out by the municipalities. It takes into account technolog-
ical and economic possibilities of the municipalities to implement a type of separate 
waste collection process (D’Alisa et al. 2012). A high index provides information on the 
method of separate waste collection implemented by municipalities (e.g. door-to-door, 
new technologies applied to the separate collection process). This index reflects the 

(1)
WG

KM2
=

WD

KM2
+

SC

KM2
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specific action of local institutions in facilitating the separate waste collection process. 
Higher is DSC, lower will be the density of waste disposed (see Eq. 1).

Figure  1a shows that the dichotomy in terms of density of waste generated 
((DWGSouth∕DWGNorth) ∗ 100) between North and South Italy has decreased by 10% 
(from 79% in 1996 to 69% in 2015). In addition, the density of separate collection 
((DSCSouth∕DSCNorth) ∗ 100) in Southern Italy has increased over the years but continues 
to be low: in 2015, it is just 38% of that in Northern Italy. Unfortunately, the density of 
waste disposed (DWD) of Southern Italy shows a growing trend compared to one recorded 
in Northern Italy (from 90% in 1996 to 112% in 2015). Figure 1b shows slightly more posi-
tive results but partially confirms what is shown in Fig. 1a. In particular, the gap between 
North and South in terms of separate collection rates ((SCRSouth∕SCRNorth) ∗ 100) is much 
lower; In fact, the SCR of South Italy in 2015 is about 55% of that in Northern Italy. Waste 
disposed rate (WDR) shows a growing trend that tends to stabilize in 2007 and showing a 
value of 160%. Figure 2a shows the dichotomy between South and Central Italy. In particu-
lar, it emerges that Southern Italy is well placed in terms of DSC compared to Central Italy, 
but the gap is still important. In addition, the South has almost the same amount of DWD 
of Central Italy. (In 2015, the DWD is 95%.) Even in this case, when we consider SCR and 
WDR, the results are a bit different. In 2015, the SCR of Southern Italy is about 75% of 

Fig. 1   South–North divide, 1996–2015. Source: Our elaboration on ISPRA data; a DSC, DWD, DWG var-
iables; b WDR and SCR variables
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SCR of Central Italy. In addition, WDR reaches its minimum in 2009 but shows a growing 
trend since 2009 onwards (Fig. 2b). We conclude by showing data for Italian municipalities 
and referring to 2012 (reference year of our study). Figure 3a, b, c shows that the munici-
palities that in the North West of Italy have a high DSC and also have high density of waste 
generated (DWG) and DWD; Conversely, some municipalities in the North–East of Italy 
have more efficient waste management systems (the municipalities of the Veneto region) 
and are characterized by high DSC and low DWG and DWD. Conversely, the municipali-
ties of Central and Southern Italy have low DSCs; in particular, the municipalities of the 
Lazio (Central Italy) and Sicilian Regions (Southern Italy) are characterized by high DWG 
and DWD. Finally, Fig. 3d, e provides clearer information about SCR and WDR. In par-
ticular, the municipalities in North–East Italy confirm their virtuosity, while the municipal-
ities of Central and Southern Italy are characterized by waste management problems (low 
SCR and high WDR), in line with the document of the European Commission “Roadmap 
for South Italy”. The Campania Region is a positive exception; the region shows, in fact, a 
good improvement in the waste management process.

These results show that South Italy has improved its waste management system of sepa-
rate collection, but there are still important structural problems that need to be addressed 
(high DWD and DWG, low DSC); citizens seem to be more aware of separate waste 

Fig. 2   South–Central divide, 1996–2015. Source: Our elaboration on ISPRA data; a DSC, DWD, DWG 
variables; b WDR and SCR variables
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collection but still produce too much waste diverted to landfill (increasing SCR levels but 
WDR remains high). There are obvious problems related to the lack of concrete and tar-
geted policies. The European Union has provided a number of recommendations and direc-
tives that can be summarized in the three following points: (1) high priority level in the 
waste management hierarchy to recycling and reduction of waste disposed to landfills; (2) 
increase in the landfill tax which in Southern Italy is very low and this encourages the 
abuse of landfills; (3) introduction of the “pay as you throw” (PAYT) scheme5 in order 

Fig. 3   DSC, DWD, DWG, WDR and SCR at municipal level, 2012. Source: Our elaboration on ISPRA 
data; a DSC, b DWG, c DWD variables on top; d SCR and e WDR variables on bottom

5  The PAYT approach is an economic fee allocated according to the amount of waste collected in order to 
motivate separate waste promotion or recovery giving a contribution towards material reuse and recycling 
objectives for the new circular economy.
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to prevent waste generation and achieve the separate waste collection targets provided by 
the Legislative Decree 152/2006 (Cruz et al. 2014); The realization of these measures and 
the presence of awareness-raising campaigns on environmental issues will enable a more 
active participation of citizens in the process of separate waste collection and reduction of 
waste generation.

3 � Empirical strategy

The empirical strategy is based on the recentered influence function (RIF) regression 
(Firpo et al. 2007, 2009; Fortin et al. 2011) that is a multistage procedure belonging to the 
decomposition methods family. These methods are extensively used with the purpose of 
study the differences between two groups in some topics of labour economics, as income 
inequality or pay gap, in time or space perspectives (see Castellano et  al. 2017, 2018; 
Heckley et al. 2016; Garofalo et al. 2017). In this work, we attempt to use the RIF regres-
sion in the framework of waste management with the main aim of evaluating the territorial 
divides considering the role and the responsibilities of macro-areas and municipalities in 
a hierarchical structure, in the separate collection rate (SCR) and density of separate col-
lection (DSC) performances, separately. Thus, we believe that this methodology well suits 
to the objective of our study because RIF enables to identify the leading determinants that 
drive the territorial gaps in SCR and DSC (in both intensity and inequality viewpoints).

Methodologically, the SCR and DSC (the dependent variables, Y, to be investigated) 
are replaced with the RIF of the generic distributional statistic of interest (mean and Gini 
index). The RIF regression equation is defined as follows:

The groups (g) are composed of municipalities located in Southern Italy (g = A) and 
those in Northern (or Central) area (g = B) . IF is the influence function of the distributional 
statistic, which measures the relative effect of a small change in the underlying outcome 
distribution on the statistic of interest (Hampel 1974). Lastly, v is, alternatively, the mean 
or the Gini index.6 Grouping the explanatory variables by macro-factors, we can describe 
the models as follows:

(2)RIFg(Y;v) = IF(Y;v) + v for g = A,B

(3)

RIFg(�) or RIFg(GC) on log SCR (DSC)

= �g + �1g log (geographic) + �2g log (demographic)

+ �3g log (socio-economic) + �4g institutional quality + �g

6  Further methodological details can be found in the works of Firpo et al. (2007, 2009) and Fortin et al. 
(2011). In these works, the RIF for some distributional statistics has been introduced. Focusing on mean 
and Gini coefficient, the RIF, in the mean case, is:
 

for the Gini coefficient is:
 

RIF(Y;v�) = lim
�→0

[

(1 − �) ⋅ � + � ⋅ y − �
]

�
+ � = y

RIF
(

y;vGC
)

= 1 + 2�−2R
(

Fy

)

− 2�−1
[

y
[

1 − p(y)
]

+ GL
(

p(y);Fy

)]

.
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Once the estimates of mean and Gini coefficient have been obtained, the territorial 
divides are decomposed into the macro-area and municipality components. In general, for 
v = mean or Gini coefficient, we have:

vc is the counterfactual distribution and the key term for decomposing the total SCR and 
DSC gaps. It represents the distributional statistic that would have prevailed if municipali-
ties observed in the macro-area A had the same structure as those in the macro-area B. Intu-
itively, Δv

MA
 and Δv

M
 are the macro-area and municipal components, respectively. Finally, 

RIF allows computing the two components by covariate to quantify their contribution to 
territorial divides. Figure 4 describes graphically our empirical strategy.

4 � The data and descriptive analysis

Our empirical analyses are based on municipalities data collected in 2012 by several Ital-
ian sources. The dependent variables are the separate collection rate (SCR) and density of 
separate collection (DSC). The SCR is calculated as the ratio of tons of separate waste to 
total tons of municipal waste produced. The DSC is calculated as ratio between waste sepa-
rately collected and square kilometres of area. The yearly waste report of Italian Institute 
for Environmental Protection and Research (ISPRA) is the source of the dependent vari-
ables. This report provides a very rich set of waste data including information on produc-
tion, management, packaging of urban waste and information on separate waste collection 
at national, regional, provincial and municipal levels. To analyse the driving forces of the 
separate waste collection, we merged the data on SCR and DSC with a set of covariates 
taken from the 2011 census conducted by National Institute of Statistics (ISTAT). These 
covariates concern, in particular, some geographic/demographic, socio-economic, and 
institutional quality factors identified by the literature.

Geographic/demographic variables are commonly used in the literature as factors that 
potentially may affect waste management and its costs. A first potential factor that may 

(4)Δv
o
= vB − vA =

(

vB − vC
)

+
(

vC − vA
)

= Δv
MA

+ Δv
M

Fig. 4   Graphical representation 
of empirical strategy
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affect the SCR (DSC) is the overall surface area, which refers to the square kilometres 
of the entire municipality. The influence of this variable on SCR (DSC) is ambiguous. In 
fact, if it increases, then the collection costs decrease through the presence of economies 
of scale (Domberger et al. 1986; Simões et al. 2012); however, larger areas may render the 
SCR (DSC) activities costlier due to the service inefficiency (Stevens 1978; Callan and 
Thomas 2006). In the same way, the elevation above sea may make the SCR service more 
difficult influencing its operational complexity and, thence, its costs (Sarra et  al. 2017). 
Population density is the ratio between the total population and total square kilometres of 
municipality. It may control for different land values and for economies of scale in waste 
management (D’Amato et al. 2015; Mazzanti et al. 2008). Metropolitan area is a dummy 
variable with 1 if the municipality belongs to a metropolitan city and 0 otherwise. They 
were imposed by the Law 56/2014, which defined fourteen metropolitan cities in Italy. In 
this work, we have four metropolitan cities in Northern Italy, three in Central Italy and 
seven in Southern Italy. They are included in our analysis because the size of municipality 
could make harder the separate waste collection process (Fiorillo 2013).

Turning to socio-economic variables, many researchers argue that education has a 
strong link with efforts in SCR (DSC) because higher educated people have higher envi-
ronmental values devoting more attention to the future time (Schultz et  al. 1995; Callan 
and Thomas 1997, 2006; Hage and Söderholm 2008). In this work, education is expressed 
as the rate of young people (aged 19–34) who concluded upper-secondary education. Also 
the rate of couples with children is a proxy of the pro-environmental attitude and the par-
ticipation in the separate waste collection process of the citizens. It is calculated as the ratio 
between the number of couples with children and the total number of couples. Through 
this variable, we capture the parents’ wish to keep the environment in the best possible 
conditions for their children. In other words, it measures the altruistic values that repre-
sent the basis of the altruism theory of Schwartz (1977). This theory assumes that pro-
environmental actions increase when people care about the other people’s wellbeing and, 
at the same time, people become responsible for increasing this wellbeing. Many studies 
show that altruistic people are more likely to take part in pro-environmental behaviours 
(see, among others, Stern et al. 1995; Corraliza and Berenguer 2000). Labour market char-
acteristics may influence the opportunity cost of time devoted to waste management efforts 
(D’Amato et al. 2015). To capture this aspect, we have considered the unemployment rate, 
which may encourage the pro-environmental behaviour because the opportunity cost of the 
time spent to differentiate the garbage is likely to be lower for unemployed people (Hage 
and Söderholm 2008). This variable involves those people, aged 16–64, that were unem-
ployed in 2011. As one of the main economic drivers, we have considered the value added 
per capita at provincial level. It is considered one of the best proxies of the economic pros-
perity (Mazzanti et al. 2008) and one of the main drivers involved in the waste manage-
ment process (Mazzanti et al. 2009; D’Amato et al. 2015; Agovino et al. 2017b).

The Institutional Quality Index (IQI), which is inspired to the World Governance Indi-
cator (WGI) proposed by Kaufmann et al. (2010), represents a measure of the Italian insti-
tutional quality. This variable assumes values in the range [0, 1], and it is a composite 
indicator obtained by the combination of five dimensions of institutional quality: voice 
and accountability, government effectiveness, regulatory quality, rule of law and corrup-
tion (Nifo and Vecchione 2014). Each dimension is build up by the combination of several 
elementary indexes. More in detail, voice and accountability capture the citizens’ partici-
pation to political, social and cultural life (e.g. public elections, the number of associations 
and of social cooperatives, number of books published or purchased in bookshops). Gov-
ernment effectiveness measures the endowment of social and economic structures in Italian 
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provinces and the administrative capacity of their governments in relation to policies con-
cerning health and environment. Regulatory quality evaluates the ability of local adminis-
tration to promote and protect business activity (e.g. indicators of business environment, 
business density and business mortality). Rule of the law summarizes the data on crime 
against the person or property (e.g. tax evasion and shadow economy), while corruption 
measures the criminality against the public administration and the corruption level through 
the Golden–Picci index [for any further details on the construction of IQI, see Nifo and 
Vecchione (2014)]. The importance of introducing IQI is due to the relevant role that local 
institutions (e.g. regions and municipalities) play for the success or failure of the waste 
management process (Agovino et  al. 2017b). According to Mazzanti and Zoboli (2008), 
policy failure, in terms of waste management, was a leading determinant of the waste crises 
that involved some Italian regions; the Southern Italy regions were the most affected. In 
other words, the differences in quality of the local institutions might be able to explain an 
important part of the SCR (DSC) divides among the macro-areas of Italy. The descriptive 
analyses of the explanatory variables are shown in Table 1 and in Fig. 5 (in “Appendix”).

5 � Results

We perform a two-step analysis with the aim of exploring the separate collection rate 
(SCR) and density of separate collection (DSC) divides among the Italian macro-areas. 
In the first step, as macro-area of reference, Southern Italy is compared with Northern and 
Central areas, alternatively, in order to consider both intensity (size of gap) and inequal-
ity dimensions (Sect. 5.1). In the second step, we analyse the determinant of the territo-
rial gaps through the evaluation of macro-area (Sect.  5.2) and municipality (Sect.  5.3) 
components.

5.1 � The overall territorial divide

The dual perspective of analysis allows to provide evidence of the territorial disparity in 
terms of intensity (mean levels) and inequality (distribution of SCR/DSC across munici-
palities within the macro-areas). The territorial divides are shown in Table  2, and each 
overall gap is obtained as the sum of the macro-area and municipality components. In more 
detail, we describe what the two component represent. The macro-area effect measures the 
capacity of local institutions to carry out waste management policies able to lead a conver-
gence among the several Italian macro-areas. Historically, Italy has been characterized by 
deep socio-economic differences among Northern, Central and backward Southern areas. 
These differences are also observable in the waste management framework and the differ-
ent performances among the macro-areas, in terms of separate waste collection (as well 
as waste management in general), are relevant issue for the country. In the last years, the 
Southern area was unable to carry out clear and effective waste management policies able 
to narrow these differences with the rest of Italy (see Agovino et al. 2016a, 2017a for the 
failure of ERDF funds). In other words, the effect on the macro-area allows us to investi-
gate if waste management, 6 years after the Legislative Decree 152/2006 and almost at the 
end of renewed programming period (2007–2013) of the ERDF funds, has been improved 
in Southern Italy and if there has been a process of convergence among the macro-areas 
investigated.
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Before clarifying the meaning of the municipality effect, it is important to keep in 
mind that the municipalities are the lowest Italian administrative unit level in the field 
of the waste management (Art. 198 of L.D. 152/2006). Through this component, we 
compare the operational management of local government according to the directives of 
the higher administrative levels. Thus, municipality effect explores how much of the gap 
is due to the action of the municipal governments in turning the national and regional 
plans into operational strategies of separate waste collection.

In Sect. 2.2, we have introduced the dependent variables of the analyses: SCR and 
DSC. Shortly, the SCR explains the consequences of the action carried out, at the same 
time, both from citizens and from the authorities responsible for SCR. In this way, it is 
possible to evaluate their environment friendly attitude. The DSC measures the differ-
ent methods of separate waste collection implemented by municipalities. This variable 
takes into account the technologies and the economical possibilities that municipalities 
have to implement a particular method of separate waste collection.

Regarding the analyses based on SCR, South Italy is the worst performer in waste man-
agement in both territorial comparisons (South–North and South–Centre). The analysis on 
South–North divides highlights how macro-area component plays a leading role in deter-
mining the better results of the Northern area. The best waste management performance of 
the municipalities in North Italy comes out only in the intensity comparison. (Municipality 
component is not statistically significant in the case of Gini index.) More surprising are 
the results of the comparison between South and Centre, in which despite that the overall 
gaps reward the Central area, the macro-area component is in favour of the Southern Italy 
(in both intensity and inequality comparisons). The distance between South and Centre 
is generated exclusively in the municipality component. It means that the regional waste 
management performances of the Southern regions may be more successful than those in 
the Central area, but this advantage is completely influenced by the implementation step 
carried out by municipalities.

The analysis on DSC confirms the results obtained in SCR-based explorations although 
two remarkable differences emerge in inequality comparison. Firstly, in South versus 
North, the overall territorial divide is due to the macro-area component (similar to SCR 
case), but municipality component rewards the Southern area. It might mean that the 
majority Southern municipalities tied to close the gap with respect to the most virtuous 
ones and to implement best practices in order to increase the sorting of municipal waste.7 
The main separate collection systems operated in Italy are door-to-door collection, bring 
points and mixed-integrated systems (a mix of door-to-door and bring points). The most 
common method has been the adoption of the door-to-door collection. In fact, the 39.53% 
of the Italian municipalities have set up a door-to-door system, 14.27% have a bring point 
system while 45.95% maintain a mixed system (BiPRO 2012). Secondly, in South versus 
Centre, both municipality and macro-area components contribute to create the Centre’s 
advantage (while in SCR analysis this advantage is explained only by municipality com-
ponent). In terms of DSC, the results suggest a higher variability of the separate collection 
methods used by Southern municipalities with respect to those used in the Central area. 
Inequality results, according to DSC, could be interpreted in this way: on the one hand, 
just few municipalities implement more efficient but expansive SCR methods. On the other 

7  Efficacy of kerbside schemes is reported in many municipalities even in Southern regions with separate 
collection rates of 65–70% and more (e.g. Salerno and pilot neighbourhoods in Naples, achieving 70%) 
(BiPRO 2012).
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hand, older waste infrastructures, that are less environment friendly, are still very used by 
the local administrations. In addition, inequality is an important topic because it may have 
impact on the use of the funds. (One of the problematic consequences related to the lack 
of monitoring of these funds is the fact that it does not allow to understand their final des-
tination and use.) Governance and capacity issues a particular hurdle in Italy that faced 
difficulties in making quick use of cohesion policy funds for waste: at end of 2011, only 
56% of funding allocated to infrastructural projects (vs. 75% for overall cohesion policy) 
(EC 2010). The development of infrastructure, in fact, despite seems to be dynamic in our 
years’ analysis faced obstacles related to funding, administration and public omissions. 
Data suggest that only 3/4 of the planned waste infrastructures’ projects started. Separate 
collection and sorting are still challenges in Southern Regions. In the 2007–2012 were 
financed from the ERDF of approximately 109 projects for a total amount of 20,779,516.32 
million Euros, but only 1/4 have been concluded.8 Authorities, political and administrative 
leaders of these interventions do not intervene in the discussion by providing us useful 
data for a more motivated evaluation. The discussion assumes failures as a postulate that 
requires no demonstration (ECA 2012).

In sum, based on the analyses conducted, we are able to draw the following guidelines: 
(i) the results of the macro-area component comparison are heterogeneous: while in the 
North the issue of waste is managed more carefully with respect to the Southern area, the 
latter has exhibited an advantage with respect to Central Italy (especially in SCR-based 
analyses); (ii) Southern municipalities appear to be unable to pursue a virtuous waste oper-
ational management system (as defined by Art. 198 of L.D. 152/2006) compared to their 
counterpart of the rest of the country.

Table 2   RIF decomposition of mean and Gini on log-SCR and log-DSC. Territorial divides, 2012

* Significant at 10%; **significant at 5%; ***significant at 1%, standard errors in brackets

Measures Mean Gini coefficient

SCR rates comparison
 South versus North Total divide − 1.020*** (0.028) 0.183*** (0.006)

Macro-area component − 0.194*** (0.041) 0.167*** (0.026)
Municipality component − 0.825*** (0.359) 0.016 (0.259)

 South versus Centre Total divide − 0.176*** (0.047) 0.049*** (0.011)
Macro-area component 0.952*** (0.109) − 0.054*** (0.019)
Municipality component − 1.129*** (0.105) 0.103*** (0.016)

DSC comparison
 South versus North Total divide − 2.250*** (0.057) 0.030*** (0.002)

Macro-area component − 0.596*** (0.193) 0.055*** (0.009)
Municipality component − 1.653*** (0.192) − 0.024*** (0.008)

 South versus Centre Total divide − 0.148* (0.077) 0.028*** (0.003)
Macro-area component 1.018*** (0.119) 0.014** (0.006)
Municipality component − 1.166*** (0.125) 0.014** (0.005)

8  http://www.openc​oesio​ne.gov.it/proge​tti/?q=RIFIU​TI&terri​torio​_com=&terri​torio​_prov=&terri​torio​
_reg=&selec​ted_facet​s=is_pubbl​icato​:true.
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5.2 � Macro‑area comparison

As discussed in Sect. 5.1, the effects of this component are heterogeneous. Despite some 
differences, our analyses highlight that Northern area has a better position with respect to 
the Southern one while in this latter area the cooperation is more successful than in Cen-
tral Italy. In this section, we investigate the main determinants that drive the macro-area 
divides.

The contribution of covariate to macro-area and municipal components, comparing the 
South with the North, is shown in Table 3 (SCR) and in Table 4 (DSC). It is remarkable 
that socio-economic and institutional quality factors play a leading role in explaining the 
different levels of waste management that exist in the two areas of country. The analy-
sis of socio-economic factors (in both SCR and DSC studies) highlights how the value 
added per capita is one of the main factors in favour of Northern area. Many empirical 
studies argue that separate collection and prosperity of a region are positively correlated 
(Callan and Thomas 1997; Di Vita 1997; Berglund and Söderholm 2003). The advantage 
of the richest North (Table 1) may mean that a good level of economic wellbeing can lead 
to more expensive methods (Agovino et al. 2017b), and consequently, it can increase the 
share of separate waste collection (e.g. door-to-door collection). Thus, in areas with weaker 
economies, as those in Southern Italy, good performances of waste management may be 
difficult. The use of waste management methods less performing (information captured by 
DSC study) could be compensated by persuading people to differentiate, by leveraging on 
their intrinsic motivation and pro-environmental behaviour. The results of the SCR analysis 
show that, on the one hand, citizens of South Italy still perceive the separate waste col-
lection as an inconvenient and less attractive activity and, on the other hand, the waste 
management authorities have failed in encouraging the pro-environmental attitude of their 
residents.

Institutional quality variable gives us information about the virtuosity of the local man-
agement in public affair. In this work, we consider IQI as a proxy for good waste manage-
ment in the three macro-areas covered. As expected, in the comparison between South and 
North, this factor favours Northern Italy. The weakness of the institutions is a historical 
issue of Southern Italy that has allowed the proliferation of the illegal activities, especially 
in waste management field (D’Alisa et al. 2010). Because of the opacity of the local politi-
cal actions, in the context of the Southern Italy, it is difficult to trace the flows of funds 
used for the implementation of separate waste collection, which helps the increase of pri-
vate interests with speculative purpose (Infante and Smirnova 2009).

Moving on comparison between South and Centre, it is noteworthy that macro-
area component favours the Southern Italy. The results of both SCR (Table 5) and DSC 
(Table 6) analyses highlight that this advantage is explained by some demographic (in par-
ticular, metropolitan area) and socio-economic (e.g. education rate, unemployment rate, 
couples with children) determinants. Regarding the metropolitan area factor, our results 
suggest that the widest number of big city in the Southern Italy (7 and 3 metropolitan areas 
in Southern and Central macro-areas, respectively) facilitates the waste management of the 
area. In some way, the presence of highest number of metropolitan areas may reflect the 
presence of economies of scale in the separate waste collection process reducing waste 
management costs (Domberger et al. 1986; Bello and Szymanski 1996). Thus, the results 
of the DSC-based comparison suggest how the local governments of the metropolitan areas 
are able to provide more expensive waste management methods. The socio-economic vari-
ables are linked to pro-environmental behaviours (education rate, couples with children) 
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and opportunity cost of time (unemployment rate). The pro-environmental behaviours, as 
well as the opportunity cost of time, are critical to explain the territorial divide in waste 
management. In particular, the higher unemployment rate of the Southern Italy (Table 1)—
with respect to Central area—could be one possible explanation of the advantage of the 
South, in the macro-area component, because unemployed people have more time to spend 
in separate collection activities (Hage and Söderholm 2008). Finally, in line with what hap-
pened in the South–North comparison, the value added and institutional quality penalizes 
the Southern area.

5.3 � Municipality comparison

Local governments make the national and regional plans operative (Art. 198. L.D. 
152/2006). They are free to decide on infrastructural investment, disposal sites, and 
many other waste-related issues such as the waste collection systems (Mazzanti and 
Montini 2014). The results discussed in Sect.  5.1 highlight how the Southern area is 
lagging behind, in the waste management field, with respect to the rest of country due to 
this component.

In Tables 3 and 4, we have reported the results of the decomposition—for SCR and 
DSC analyses, respectively—concerning the comparison between South and North. In 
general, the advantage of the North Italy in this component is mainly due to some geo-
graphic, demographic (e.g. overall surface of municipality, elevation above the sea and 
population density) and institutional quality factors. In mean, Southern municipalities 
have the surface area and the elevation above the sea higher than those in Northern 
area (Table  1). In particular, the SCR-based analysis shows how these morphological 
characteristics make harder the cooperation between citizens and waste management 
authorities. Indeed, they can significantly influence the operational complexity of sepa-
rate waste collection discouraging those citizens moved by an extrinsic motivation in 
carrying out a virtuous separate collection. In addition, territorial morphology makes 
more difficult the monitoring activities designed to control the assiduousness with 
which separate collection is performed by citizens (Sarra et al. 2017). In the same way, 
the higher mean of population density in Northern (Table 1) area may lead to the reduc-
tion of average separate collection costs mainly through the economies of scale (Bello 
and Szymanski 1996). This aspect emerges in the DSC-based analysis, suggesting how 
the presence of economies of scale helps the Northern municipalities to adopt improved 
methods, such as door-to-door, or new technologies applied to the waste management. 
Thus, in the context of funds management, institutional quality plays a crucial role in 
explaining the different performance between North and South in separate waste collec-
tion (as discussed in Sect. 5.2). To conclude the comparison between South and North, 
it is worth to stress how the value added favours Southern Italy in municipality dimen-
sion. In Sect. 5.2, we have argued that the prosperity of a region is positively correlated 
with separate waste collection. In this light, a highest economic wellbeing advantages 
Northern area. We can interpret the results of municipality component through the rela-
tion among value added and consumption (Mazzanti et al. 2008, 2009; D’Amato et al. 
2015). Indeed, the richest areas have higher levels of consumption and, thus, a higher 
waste production making the separate collection activities more difficult.

The results of the comparison between South and Centre are reported in Table 5 (SCR) 
and 6 (DSC). This comparison highlights the relevance of socio-economic factors, linked 
with pro-environmental behaviours (education rate, couples with children) and opportunity 
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cost of time (unemployment rate), value added and institutional quality. The environmen-
tal behaviours belong to intrinsic motivations. These motivations make people satisfied in 
participating in separate waste collection programmes because these actions help the com-
munity to preserve the natural resources (Hornik et al. 1995). Our results suggest that citi-
zens and the local administrations of the Central Italy have greater appreciation for valuing 
future times (Bruvoll and Nyborg 2004) than those in Southern area. In particular, couples 
with children as well as educated people are more aware to understand the importance of 
waste reduction and they are more informed about separate collection programmes (Hornik 
et al. 1995). For the value added and institutional quality factors, we can come to the same 
considerations as stated in the previous comparisons.

6 � Discussion and conclusion

Separate waste collection is one of the key enablers in the achievement of EU 2020 goals 
of recycling today playing a pivotal role in a sustainable society. One of the key objectives 
of the EU package is, in fact, to build momentum in this area. The intensifying govern-
mental focus on improvements in the efficiency of municipal solid waste management has 
prompted a major development of public policies in recent decades (Expósito and Velasco 
2018).

In Italy, regional and municipal governments are responsible for the development and 
management of separate waste collection services in their territories under European and 
national directives. Although heterogeneity among Italian areas is very high, and the eco-
nomic resources into developing good performances in waste management for separate 
waste collection have increased in the last decades, our analyses show how the efforts to 
increase separate waste collection rates in Southern Italy remain largely insufficient. Within 
the EU 2020 Thematic Objective 6 on “Environment & resource efficiency”, the European 
Commission addressed again the significant needs for investment in the waste sector to 
meet the requirements of the “environmental acquis”. Today Italian regions collect sepa-
rately 48% of all MSW with peaks of about 70% in the two best-performing regions such 
as Veneto and Trentino (with a population of about 6 million), so the 50% target for year 
2020 will be met, considering the growth of separate collection of the past years. The effect 
can be clearly seen on the development of an infrastructure sector that boomed from about 
30 facilities in year 1997 to more than 280 facilities in 2015. So today separate collec-
tion and effective recycling of organics represent the backbone of modern MSW manage-
ment schemes in Italy. However, intensive sorting schemes continue to be adopted only in 
single municipalities and large districts of the Northern Italy (such as the experience in 
Treviso reaching about 85% separate collection and recycling) and including medium-size 
towns (such as Parma or Bolzano applying kerbside collection and PAYT charges) or met-
ropolitan cities like Milan were significant amounts of waste are collected and contribute 
to achieve high recycling rates. So, it is worth linking Italian’s regional data about separate 
collection to the recycling rates according to the EU Directive 2008/98/CE (see Table 10, 
in “Appendix”, for the results reached by Italian macro-areas to achieve the EU targets). 
Table 7 summarizes the main results of empirical analyses.

The results of the SCR analysis show that the South area faces with disorganization 
of the separate collection system a lack of public awareness and limited plan to manage 
funding programmes. This Italian area has struggled for years to find a way to respon-
sibly manage the country’s ever-increasing issue of the separate waste collection. Many 
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argue that the Southern poorly organized waste management scheme will continue to result 
into different separate collection methods (Hage and Söderholm 2008). Thus, the debate 
on the need for the revision of the Italian current model (captured by DSC study) has been 
opened since theory of planned behaviour (Zhang et al. 2015). Individual behaviours can 
have measurable and significant impacts. Building effective programmes in Southern area 
that increase the level of environmental responsibility can be an important part for creating 
positive environmental and behaviour change with the goal of maximizing resource reuse 
and increase the percentage of waste recycled. In the North, the good level of economic 
well-being leads to more expensive methods of recycling and may affect the performances 
of waste management in the South. This could be compensated by persuading people to 
differentiate, by leveraging on their intrinsic motivation and pro-environmental behaviour. 
Moreover, a range of policy instruments to encourage waste minimization (e.g. waste col-
lection fees, landfill fees, product charges, deposit-refund system, voluntary agreements, 
information and education) are recommended. On the contrary, compared to Central area, 
Southern cooperation is more successful. Situational factors are individuals’ objective. 
Unemployment assesses the extent to which citizens’ situational factors, such as unlim-
ited time, are not barriers to performing waste separation behaviour. At the more strongly 
individuals subscribe to values beyond their immediate own interests, that is, pro-social 
or altruistic values, the more likely they are to engage in pro-environmental behaviour. 
In fact, as highlighted in Table  1, higher unemployment rate of the Southern Italy with 
respect to the Central area could be one possible explanation of the advantage of South, 
in the macro-area component. Then, the key to improvement here is to start with a cul-
tural change. The current culture for recycling is mostly negative, being based on a general 
fear of bad processes and a specific fear of behaviour becoming deskilled. In this regard, 
citizens’ participation may be improved with campaigns that emphasize individuals’ moral 
obligations to separate household waste (Zhang et al. 2015). Such campaigns should aim to 
improve individuals’ environmental knowledge and individuals’ waste separation abilities 
(perceived behavioural control). These campaigns should target a combination of govern-
ment and residents.

As regards the municipal comparison, our results suggest that citizens and the local 
administrations of the Central Italy have greater appreciation for valuing future times 

Table 7   Main findings of empirical analyses (SCR and DSC)

Measures Gap in favour of Main determinant of gap

SCR rates comparison
 South versus North Mean North Macro-area

Municipality
Gini coefficient North Macro-area

 South versus Centre Mean Centre Municipality
Gini coefficient Centre Municipality

DSC comparison
 South versus North Mean North Macro-area

Municipality
Gini coefficient North Macro-area

 South versus Centre Mean Centre Municipality
Gini coefficient Centre Macro-area

Municipality

2881



G. Musella et al.

1 3

than those in Southern area. The effectiveness of behavioural interventions to separate 
generally increases when they are aimed at important antecedents (intrinsic) of the rel-
evant behaviour and at removing barriers for change. When a goal is activated (that is, 
when it is the “focal” goal or “goal-frame”), it influences what some regional areas think 
of an issue, what information is sensitive to, what alternatives has to take (Steg and 
Vlek 2008). Moreover, it is the government’s responsibility to formulate and implement 
relevant laws and regulations and to take action to implement these in numerous com-
munities. Italian services connected with separate waste collection and treatment have 
shifted during the programmed period 2007–2013 their focus towards the governance 
of services and waste flows, which are directed towards new recycling processes leav-
ing increasingly less waste destined for landfill. Despite in Italy were created the ATOs 
(Ambiti Territoriali Ottimali, kind of waste union responsible for the waste disposal), at 
times they had not got the resources to guarantee proper waste management and had a 
proven ability to manage and run projects funded by European Regional Development 
funds (Agovino et al. 2016a). Thus, there are still many issues to overcome and prob-
lems to be faced before the municipalities can compare with their northern and central 
competitors. So, in some cases, it is not only important to consider intra-personal factors 
such as attitudes, norms and habits, but also contextual factors such as physical infra-
structure and technical facilities. This distortion is the result of the different investment 
capacities of territories, in part tied to differences in operational approaches of the insti-
tutions. In the South of Italy, for instance, in-sourcing of services prevails; these entities 
have more difficulties to manage the investment capacity, especially from a qualitative 
point of view. According to Expósito and Velasco (2018), regional governments should 
determine which separate waste collection policies are more suitable for implementation 
in their territories and according to the funds received, given their community’s stand-
ard of living. Southern municipalities were the regions with fewer facilities that have 
received the least funds. Increasing accessibility to separate collection facilities is the 
best means of promoting positive attitudes to solid waste separation activities.

Moreover, the significant positive effect of per capita income on regional efficiency 
suggests that the Northern area with better living conditions show better performances 
at developing their regional and separate waste collection market. Along these lines, as 
the degree of engagement with recycling activities depends on income and education 
level, emphasis should be placed on increasing environmental awareness and a sense of 
responsibility among citizens particularly in handling waste.

However, despite that the three macro-areas and municipality follow a similar hier-
archical structure of priorities with respect to the formulation and implementation of 
their waste management strategy (Rogge and De Jaeger 2012) also set by European tar-
gets, the environmental authorities have a mix of possible instruments at their disposal 
to reach this objective; local policy makers still enjoy a considerable degree of inde-
pendency regarding the separate waste collection policy. Therefore, the practical details 
of the management models adopted and the behavioural attitudes tend to differ from 
macro-areas and municipalities. In fact, not to separate adequately represents not only 
environmental costs, loss of competitiveness and increased operating costs, but also the 
risk of fines paid by the European Union Member States for failure to comply with the 
legislation landfills (Directive 1999/31/EC) and Southern areas has unfortunately sad 
primate in the number of infringement proceedings. Thus, environmental policy and 
separate collection, indeed, need to be conducted within the spirit of properly func-
tioning multilevel governance, combined with an effective set-up for responding to the 
requests of the public, European objectives, and with transparent and innovative public 
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procurement, all of which is crucial to enhancing the policy’s impact; stresses, in this 
regard, that, notwithstanding the importance of decisions taken at EU and Member State 
levels, local and regional authorities often have primary administrative responsibility 
for public investment and that cohesion policy is a vital tool enabling these authorities 
to play a key role in the EU (Agovino et al. 2016a).

Appendix

See Fig. 5 and Tables 8, 9 and 10.

Fig. 5   Explanatory variables at municipal level, 2012. a Overall surface area, b elevation above sea, c 
population density, d Metropolitan area, e education rate, f unemployment rate, g couples with children, h 
value added per capita, i institutional quality index. Source: Our elaboration on ISTAT data
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