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Abstract: Sustainable development is increasingly recognized for its reliance on grassroots, bottom-up
practices embedded in local communities. The economic literature has tested various influencing
factors on household behaviors, such as culture or social cohesion, often considering proxies of
so-called “intangible capitals” separately. This article aims to jointly consider the pivotal role of
three of these potential capitals that could have a trigger effect on pro-environmental behaviors,
specifically, social capital (sc), human capital (hc), and institutional quality (iq). In particular, our study,
by adopting a PVAR approach, analyzes if and to what extent sc, hc, and iq influence the priority
goal of increasing waste-sorting practices in the 20 Italian regions. Additionally, rooted in a robust
theoretical framework, we present an in-depth analysis, with the trend of impulses from statistically
significant variables—having observed the important roles played by hc, sc, and particularly iq, as
well as the control variables GDP per capita and population density—in increasing the percentage of
waste sorting. This impulse analysis suggests for policy interventions that there would be immediate
effects (1–2 years) due to the improvement of our intangible capitals, but also a short duration. This
suggests the need for lasting and structural interventions.

Keywords: waste sorting; social capital; human capital; institutional quality; sustainable development;
PVAR

1. Introduction

In the current global context, characterized by growing environmental alarms and
concerns about the potential consequences of climate disruptions, responsible waste man-
agement emerges as a fundamental pillar for building a sustainable development path [1,2].
Among the multiple strategies (also included in Agenda 2030 [3]) adopted to address this
challenge, waste separation stands out as a crucial element capable of transforming the
approach to waste management. This practice, far from being a mere disposal operation,
represents a form of collective commitment involving citizens, institutions, and businesses
on a concrete path towards a healthier environment and improved quality of life [4].

In the last two decades, the global population has grown rapidly, doubling in size,
while waste production has tripled [5]. This exponential demographic expansion, espe-
cially in urban areas, along with the lack of sustainable consumption patterns and the
increased use of polluting packaging materials like plastic [6], represents significant chal-
lenges for sustainable development. One critical aspect of these challenges is solid waste
management [7,8].

These challenges have led to integrated approaches, in which engineering and new
waste management models are advanced approaches studied globally and integrated into
local and municipal management [9].
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Clearly, waste management is closely linked to factors such as production, collection
methods, transportation, disposal, and potentially recycling, all of which presuppose the
collaboration of various institutions and economic agents, with the goal of ensuring effective
execution towards the promotion of sustainable development. It is increasingly evident that
the growing complexity and size achieved in such a complex system requires a management
approach that cannot rely solely on conservative and traditional methods; on the contrary,
it necessitates advanced executive approaches. Therefore, strategic management emerges
as the only viable solution [10].

In this context, alongside increasing awareness and active grassroots participation,
efficient waste management systems are necessary to improve the current situation and
protect human health and the environment, especially considering that many materials
found in household waste can be recycled, thus contributing to energy and resource
conservation [11].

To achieve this goal, it is necessary to encourage public participation, including that of
consumer households, since individuals can have a direct impact by making waste sorting
part of their daily routines [12].

Separating waste is seen as an effective solution to address issues related to solid waste
production. It helps promote a circular economy, enhances community well-being, and
protects the environment [13].

Although there is a general trend toward environmental awareness and conservation
action, driven by education [14], the sectoral literature presents conflicting results.

Empirical studies have demonstrated the positive impact of education on participation
in waste separation, suggesting that a higher level of education facilitates access to in-depth
environmental knowledge [15,16]. In this context, some authors have noted a greater
propensity for waste separation among more educated individuals, including women [17],
compared to males and older individuals [18]. Other research has found that education
level, along with income [17], has a significant impact on the intention and behavior of
waste separation [19–22]. Indeed, the higher these two factors, the stronger the residents’
intention to differentiate waste. Similarly, a higher level of education also entails a greater
sensitivity towards the environment, enough to actively participate in daily actions that
contribute to creating a better environment [23]. In contrast to the studies mentioned above,
Zakianis and Djaja [24] highlighted how less educated individuals tend to separate waste
more frequently compared to those with a higher level of education. Similarly, albeit less
rigorously, Zhang et al. [15] found that in developing countries, the level of education does
not have a significant effect on citizens’ engagement in waste separation, as among the more
educated, attention towards economic gain and social status prevails over sustainable waste
management [16]. Another aspect that cannot be ignored when addressing environmental
protection is the role of social capital within a society, which seems to have various positive
effects. It reduces the costs of cooperation [25], determines the state of trust and interaction
between groups [26], and facilitates the learning of knowledge and waste separation
behavior by promoting cooperation [27]. This process is facilitated by the adoption of
effective regulatory systems and shared social norms [28], which have a far greater effect on
waste management actions in men compared to women, while social networks have a more
positive impact on promoting such actions among women [29]. Wan and Du [30] observe
that social capital is a promoter of pro-environmental behavior both in public and private
contexts. Specifically, if the public is more inclined to respect social norms, there will be a
higher degree of social participation, which will generate more pro-environment actions.
However, the same authors state that while social trust has a significant impact only on
private environmental behaviors, the social network particularly affects public ones.

In the context of separate waste collection, it would be desirable for individual cit-
izens to commit themselves [31], so that local institutions provide all the resources, the
processes, technologies, and policies needed to recycle for the community and the specific
place in question. In this regard, various studies have focused on the role of institutions
in waste management. Indeed, some authors emphasize that environmental governance
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should be interpreted as the management by institutions of environmental problems [32],
highlighting their responsibility in cases of inadequate waste organization [33–35]. Au-
thors like Agovino et al. [36] have found that institutional quality is a crucial factor in
reducing landfill disposal and, consequently, in the amount of waste sorting. In a more
recent study, Agovino et al. [37] identified three key factors of institutional quality that
underpin the implementation of effective waste sorting: “Rule of Law” (regulatory quality),
“Regulatory Quality” (state of law), and “Voice and Accountability.” These factors are
especially pertinent for the efficient collection of organic waste, paper, glass, and plastic.
Regarding the relationship between citizens and institutions, Tonglet et al. [38] believe
that if individuals have good opportunities, knowledge, and structures, they are more
motivated to adopt pro-environment behaviors. In this case, programs managed by public,
economic, or sociodemographic agents also play a significant role. For example, if the costs
of waste separation increase, the chances of implementing recyclable material collection
behaviors decrease. Consider the discomfort costs, such as monetary investment [39] or
extra household expenses [40], the need for new spaces, and giving up time to engage in
recycling activities [41,42]. One reason could be the lack of economic resources provided
by public agents who are unable to implement collection programs accessible to all citi-
zens, etc., potentially compensated for only by a high level of individual participation and
commitment to environmental sustainability.

The socio-economic literature has investigated the individual behaviors responsible
for consumption that generates waste and for the attention—and deliberate intention—to
reducing the same waste, such as the belief that the individual can make a difference to
solve the waste problem, norms, and attitudes [11,43,44]. In this article, we explore the
dynamics underlying waste separation, with reference to the indicator “sorted waste” as a
percentage of total municipal waste, outlining its conceptual roots, the tangible impacts
on the community, and its strategic importance in the current environmental context. The
analysis will be conducted through a Panel Vector Autoregression Model (PVAR) to assess
the effect of three forms of intangible capital—human, social, and institutional—on the
selection of waste separation and, secondly, to assess the impact of other variables on the
practice of waste management.

Our work aims to fill a critical gap in sustainability literature by jointly examining
individual behaviors, sustainable policies, and the role of institutions, which are often stud-
ied separately [45–47]. By focusing on the unique characteristics that differentiate a local
community from an economic–institutional perspective, we analyze the regional effects of
human capital (HC) and social capital (SC). We consider the influence of local institutions,
particularly the institutional quality index (IQ), and control for various demographic and
economic factors.

This study specifically targets Italian regions over the period 2004–2019, aiming to
identify intrinsic strengths that significantly influence waste-sorting behavior. This ap-
proach distinguishes our research from previous studies that focus mainly on economic
specialization [48] or predict behavior through individual actions [28], as, according to the
writer, sustainable practices, especially those related to waste separation, are the result of
joint actions of all the actors in society, as only through a commonality of purpose and in-
creased awareness of our surroundings is it possible to strive for economic and sustainable
growth. By integrating these variables, we provide a comprehensive understanding of the
dynamics at play, helping to make a valuable contribution to sustainable development and
regional policymaking.

2. Materials and Methods
2.1. Data

The purpose of this paper is to investigate the effect of human capital (hc), social
capital (sc), and institutional quality (iq) on waste sorting behaviors in 20 Italian regions,
controlling for other known determinants by using panel data from 2004 to 2019.
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The dependent variable (wsperc) refers to the percentage of separate collection from
total collection. We use this variable because household waste separation is a relevant
aspect in building a sustainable development path [1,2].

hc represents the average level of regional human capital; the positive impact of
education on participation in waste separation suggests that a higher level of education
facilitates access to in-depth environmental knowledge [15,16].

sc is a composite index generated by the implementation of Principal Component Anal-
ysis (PCA) based on seven variables from the ISTAT (Italian National Institute of Statistics)
BES (well-being and sustainability) report in the ISTAT data set, including leisure satisfac-
tion, security, family and peer relationships, social engagement, volunteering, and support
to associations. The institutional quality index elaborated by Nifo and Vecchione [49] is a
composite indicator that assesses institutional quality (iq) in Italy based on five groups of
elementary indexes (voice and accountability, government effectiveness, regulatory quality,
rule of law, and corruption) and measures the value and efficiency of institutions at a
regional level [37].

Our control variables are the per capita Gross Domestic Product (gdppro) [50] as a mea-
sure of local economic well-being, and the population density per square kilometer (dens),
as an increase in population also leads to an increase in waste concentration, hindering its
differentiation [51] (Table 1).

Table 1. Variable descriptions and sources.

Variable Definition Source

wsperc
Waste sorted (% of total urban waste). Percentage of
urban waste subjected to separate collection out of the
total urban waste collected.

ISTAT

gdppro Per capita gross domestic product at current prices. ISTAT

dens Population density. Persons per square kilometer. ISTAT

hc
Human capital. Population aged 25–64 who have
achieved at most a lower secondary level of
education (percentage).

ISTAT

sc

Social capital. To represent social capital, we employed a
Principal Component Analysis (PCA). A composite
index was derived from various BES (economic and
social indicators) variables, encompassing leisure time
satisfaction, safety, family and peer relationships, social
engagement, volunteering activities, and support
for associations.

ISTAT

iq Institutional quality index. ISTAT

2.2. Method

Drawing from recent empirical studies [52–54], we apply the Panel Vector Autore-
gression (PVAR) methodology, which merges the Vector Autoregression (VAR) approach
with panel data analysis, to explore the dynamic interplay among % of sorted collection
of urban waste of total urban waste and other variables, without imposing any initial
assumptions. The PVAR model treats each variable as dependent on its own past values
and those of all other variables in the study. By estimating the coefficients of the panel VAR
through the system Generalized Method of Moments (GMM), we delve into the variance
decomposition and impulse response functions, shedding light on the reaction of waste
sorted to an unexpected change in any variable and the duration of this impact.

This method leverages the advantages of both cross-sectional and time series data.
Our specific PVAR model is encapsulated in a system of equations:

Xit = fi + Γ(L)Xit + εit, (1)
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where Xit is the vector of our stationary variables; fi is a vector of region-specific effects;
Γ(L)Xit is a square matrix polynomial in the lag operator; and εt is a vector of idiosyn-
cratic errors.

The Panel Vector Autoregression (PVAR) model [55] is extensively employed in a
broad range of macroeconomic research areas. This includes investigations into the dy-
namics of the business cycle, as detailed in studies by Canova and Pappa [56], Canova and
Ciccarelli [57], and Magazzino [58]. It also encompasses the examination of global repercus-
sions stemming from financial and economic disturbances, highlighted by research from
Abrigo and Love [59]. Further applications are observed in the analysis of human capital’s
(notably education and workforce’s) role in fostering economic growth, as demonstrated
in the works of Seetanah and Teeroovengadum [60] and Sun [61]. Additionally, the PVAR
approach has been instrumental in assessing the effects of government spending within
developed economies, with significant contributions from Bénétrix and Lane [62], Beetsma
and Giuliodori [63], and Özdoğan Özbal [64].

The panel data encompass annual macroeconomic indicators across 20 Italian regions
from 2004 to 2019. The descriptive statistics are presented in Table 2.

Table 2. Statistics.

Variable Mean St Dev Min Max

wsperc 38.37471 19.38475 3.571228 74.69832
gdppro 26518.4 7070.653 15233.12 43965.46
dens 184.3927 111.8221 37.7 439.2
hc 43.77956 7.465327 28.80432 61.21517
sc 6.25 × 10−7 0.9999987 −1.9897 3.6166
iq 0.5725667 0.2379466 0.0547838 0.982487

Macroeconomic indicators often exhibit nonstationary characteristics. Thus, adapting
a time series analysis for panel data allows us to examine nonstationarity and assess coin-
tegration relationships [65,66]. The initial phase of our analysis involves determining the
stationarity of the variables, as nonstationary variables may lead to misleading conclusions.
When variables prove to be nonstationary, we resort to using their first differences. Our
approach includes conducting both a first and second unit root test, specifically employing
the IPS test [67–70]. The outcomes of the initial second-generation unit root tests for the
leveled variables are documented in Table 3. According to standard significance levels,
most variables appear to be nonstationary at their levels, given the non-rejection of the null
hypothesis; nevertheless, they become stationary when differentiated first, as indicated
in Table 4. The first difference transformation allows us to remove the fixed effects fi in
Equation (1). More precisely, we use forward mean-differencing, also referred to as the
Helmert transformation [55,71] to avoid the so-called Nickell bias [72], due to the corre-
lation between the first-differenced lag and the first-differenced error term, which both
depend on εit−1.

Table 3. Unit root test: variables in level.

Variable IPS W-t-Bar Maddala and Wu Pesaran
Z (t-Bar)

wsperc 1.0000 0.382 0.958
gdppro 0.9287 0.996 0.612
dens 0.4600 0.092 * 1.000
hc 0.7856 0.302 0.115
sc 0.0000 *** 0.000 *** 0.000 ***
iq 0.0079 *** 0.000 *** 0.000 ***

Our elaboration based on ISTAT data. ***, *: 1, 10%.
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Table 4. Unit root test: variables in first differences.

Variable IPS W-t-Bar Maddala and Wu Pesaran
Z (t-Bar)

Dwsperc 0.0002 *** 0.000 *** 0.121
Dgdppro 0.0000 *** 0.000 *** 0.000 ***
Ddens 0.0000 *** 0.000 *** 0.433
Dhc 0.0000 *** 0.000 *** 0.000 ***
Dsc 0.0000 *** 0.000 *** 0.000 ***
Diq 0.0000 *** 0.000 *** 0.000 ***

Our elaboration based on ISTAT data. ***: 1%.

In other words, the Gα and Gτ statistics check whether cointegration is present in at
least one panel unit; the Pα and Pτ statistics check whether cointegration is present in the
entire panel.

The second step is to verify the cointegration relationships. Macroeconomic models
posit a long-term equilibrium relationship between variables, which can be examined
through the study of cointegration among them. To this end, the four cointegration tests
proposed by Westerlund [73] have been employed to check for potential cross-sectional
dependence. The first two tests (Gτ and Gα) assess the alternative hypothesis that at least
one unit in the panel is cointegrated, while the latter two tests (Pτ and Pα) evaluate the
null hypothesis of no cointegration within the panel as a whole. The findings presented
in Table 5 support the use of first-difference estimates, as the level variables are non-
cointegrated and non-stationary across both panels.

Table 5. Cointegration tests.

Statistic Value Robust p-Value

Gτ −2.124 0.900 ***
Gα −3.535 0.770 ***
Pτ −7.577 0.960 ***
Pα −2.906 0.940 ***

p-values are robust critical values obtained through bootstrapping with 1000 replications. ***: 1%.

Since there is no cointegration relationship between the (nonstationary) level variables,
we proceed with the estimation of the PVAR model in first differences.

A crucial phase in the analysis involves assessing the presence of collinearity and
multicollinearity issues; subsequently, an examination of the correlation matrix and the
variance inflation factor (VIF) is conducted. The dependent variable, Dwsperc, is utilized
for this purpose (refer to Table 6).

Table 6. Correlation matrix and variance inflation.

Dwsperc Dgdppro Ddens Dhc Dsc Diq

Dwsperc 1.0000
Dgdppro −0.0375 1.0000
Ddens −0.0192 −0.0299 1.0000
Dhc −0.0172 0.0041 −0.0786 1.0000
Dsc −0.0001 0.0421 0.1293 0.0619 1.0000
Diq 0.0359 0.1229 0.1584 −0.1166 0.1070 1.0000
VIF 1.06 1.05 1.03 1.02 1.02

Mean VIF 1.04

The analysis reveals minimal correlation coefficients, alongside low values for both
individual and mean variance inflation factors (VIFs), suggesting a lack of collinearity and
multicollinearity problems.
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In the context of the Panel Vector Autoregression (PVAR) model, a critical aspect of
the methodology is the determination of the optimal lag length. To address this, we employ
Hansen’s J statistic [74,75], a robust diagnostic tool designed to test the null hypothesis
asserting that the model is overidentified in terms of its specification. This involves
scrutinizing whether the selected instruments or variables are excessively numerous
relative to the requirements of the model. The outcomes of this assessment are detailed in
Table 7, providing insight into the adequacy of the model’s specification through the lens
of overidentification.

Table 7. Lag order selection criteria.

Lag CD J J p-Value MBIC MAIC MQIC

1 −16.67224 109.356 0.4454306 −462.8623 −106.644 −250.8001
2 −0.2636119 72.48962 0.4616529 −308.9892 −71.51038 −167.6144

For PVAR estimation, therefore, we use one lag (Lag 1 because J p-value > 1).
The test of an overidentifying restriction (Hansen’s J chi2) is equal to 109.33951

(p = 0.446); this confirms the goodness of the model fit, since the null hypothesis that
the overidentifying restrictions are valid is verified (p > 0.1).

Subsequently, the stability of the model is verified through the analysis of the eigen-
values, which are all strictly less than one (see Table 8 and Figure 1).

Table 8. Eigenvalue stability condition.

Eigenvalue
Modulus

Real Imaginary

0.657948 0.2576906 0.7066116
0.657948 −0.2579906 0.7066116

0.2335079 0.5636754 0.6101277
0.2335079 −0.5636754 0.6101277
−0.2189205 0 0.2189205
0.1592612 0 0.1592612
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Figure 1. Roots of companion matrix. Figure 1. Roots of companion matrix.

In fact, as it is possible to deduce from Figure 1, all the roots are located inside the
unit circle, thus confirming both the stability of the PVAR model and the stability of the
estimated model [76].
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Another step in the analysis is to perform a Granger stability test to verify the presence
of endogeneity (see Table 9). A block exogeneity analysis (ALL) confirms the presence
of endogeneity.

Table 9. Granger causality test.

Equation Variable Excluded Variables Chi2 p-Value

Dwsperc

Dgdppro 7.157 0.007
Ddens 8.853 0.003
Dhc 16.341 0.000
Dsc 11.954 0.001
Diq 7.687 0.006
ALL 68.107 0.000

3. Results and Discussion

We present the results for Italy (all regions) in Table 10.

Table 10. PVAR results (2004–2019).

Independent Variable: Dwsperc PVAR

Dwsperc 0.2472835 ***
(0.000)

Dgdppro 0.00037 ***
(0.007)

Ddens −0.0815843 ***
(0.003)

Dhc 0.5209061 ***
(0.000)

Dsc 0.9789447 ***
(0.062)

Diq 6.978644 ***
(0.006)

Test of overidentifying restriction: Hansen’s J chi2(147) = 109.33951 (p = 0.446). Note: *** p < 0.01.

The statistical significance of variables associated with waste separation suggests
an adequate selection of regressors to explain the phenomenon of consumer households’
tendency to differentiate waste in Italian regions.

First, we observe a path dependence for the phenomenon under study, suggesting
the importance of entrenched trends and habits persisting over time. Such an effect
could stem from awareness-raising campaigns present in Italy for years and practices that
spread awareness of achievable common benefits, as highlighted in the literature [37].
Specifically, this result is among the outcomes of increasingly widespread policy actions
aimed at changing behaviors towards more environmentally friendly actions, which are
still under scrutiny by scholars, as well as in bridging the gaps between intentions and
actual subsequent behaviors [77,78].

Second, considering the three forms of intangible capital foundational to socio-economic
local characteristics, human, social, and institutional capitals exhibit statistical significance
and the expected signs.

The positive relationship between education level and pro-environmental practices
is widely demonstrated in the literature [79], as is the more specific connection between
education and willingness to engage in waste separation [80]. A higher average level of ed-
ucation is confirmed to be connected to sustainable and pro-environmental behaviors [81],
and in turn, higher education is useful in developing and implementing these sustainability-
related processes [82]. Our findings suggest that, although a level of human capital without
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specific environmental training (including individuals with secondary education) is con-
sidered, it plays an active role in the Italian context. Italy is indeed characterized by a
historically low social focus on human capital development, additionally less incentivized
by economic activity compared to other advanced economies, leading to an average level
of human capital-related variables (e.g., tertiary education attainment) worse than many
other comparable countries [83]. However, this weakness in economic and productive
fields does not seem to undermine the potential role of education in other areas, such
as environmental preservation and sustainability. Of course, this effect could be further
strengthened by providing specific pro-environmental training, which would highlight the
risks and consequences of economic agents’ behaviors that impact the environment [84,85].

The role of social capital also emerges as hypothesized, and it confirms that common
goals in society that would benefit all its members, such as the commitment to recycling
in Italy, depend on the civic engagement of its members [45]. The functioning of social
capital could influence recycling through the impetus of trust and social networks, as well
as the role played by local social norms (for example, Teng et al. [86] on China). Our results
therefore highlight its relevance even in the presence, for the Italian case, of the historical
backwardness of this social endogenous strength in various regions of the country [87].
In our analysis, the proxy for social capital, represented through the PCA, demonstrates
the predominant role of the components explaining it (see Section 2.1), confirming both
the heterogeneity of social capital measures (in our case containing information from
seven variables) and its predominance in explaining waste separation behaviors [88]. The
mechanism of adherence to pro-environmental practices, as examined in our study, must
indeed be based on social contexts, which affect social–contextual influences on public
participation [89], and which is also confirmed in the functioning of social cohesion in the
Italian context [90]. In addition, it should be considered that personal norms and attitudes
play a mediating role between social capital and actual pro-environmental behaviors [91],
and this can be integrated into future research.

In addition, the capacity and efficiency of institutional quality prove to be the
major strength in the Italian case. The quality of local institutions—setting laws and
regulations—covers the waste management sector and affects individuals’ attitudes and
subjective norms related to waste separation [92]. In addition, in a general context of
increasing waste production, better management involving recycling (i.e., separation
at the source) can only occur when there is cooperation among stakeholders, especially
where public resources are limited [93]. In this desirable collaboration, the previously
discussed social capital would also play a crucial role [94]. Our results confirm the
findings of Agovino et al. [37] on Italy, which suggest that local resources, processes, and
controls, among other factors, are crucial in waste management and in achieving the aim
of our research question. Moreover, our results may be linked to Italy’s commitment to
the circular economy, confirming the responsibilities of local institutions in regulating
specific legislation involving the efficiency of the waste management process [95].

Finally, the two control variables of local socio-economic contexts show the expected
signals. Our findings prove that sustainable municipal solid waste management is a
complex practice influenced by demographic growth and the level of economic devel-
opment [96]. In particular, average income, a proxy for local development, suggests a
favorable role towards better waste management practices, improving the associated fa-
cilities and enhancing environmental awareness [97]. The sign for population density is
opposite, as it can lead to problems as it increases, related to the complexity of management
or congestion in waste services [98].

In addition to the effects of our regressors on the trend of Italian regions towards
recycling—for which the empirical evidence shows the magnitude of the effects
(Table 10)—with the aim of supporting discussions and desirable policies, we provide
graphs that display the trend of the impulse (Figure 2), i.e., how the dependent variable
responds to changes in each independent variable over the years.
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More specifically, the response over time and the strength of any interventions on the
regressors can be observed in Table 11.

Table 11. Summary of results.

Function Effect on wsperc Duration

gdppro Positive Max value: within 1st year
Depletion: within 3rd year

dens Negative Max value: within 2nd year
Depletion: within 3rd year

hc Positive Max value: within 2nd year
Depletion: over time

sc Positive Max value: within 1st year
Depletion: within 2nd year

iq Positive Max value: within 1st year
Depletion: within 3rd year

The information obtained on the timing of effects, aimed at increasing the percentage
of separate waste collection, reveals two contrasting sides of the coin. On the one hand, the
effort to strengthen the average education, social cohesion, or institutional quality would
show its effects on pro-environmental behavior in 1 (sc and iq) or 2 (hc) years. On the other
hand, the downside is that such efforts would have short-lived results.

These results are expected and foreshadow the need for prolonged support interven-
tions, which often contrast with the duration of political interests and governance aims.
Considering the three intangible capitals, the need to strengthen the average level of educa-
tion, particularly towards tertiary education (which is not yet sufficiently widespread), is
an objective that many supranational institutions remind Italy of. Furthermore, the already
discussed weakness of social capital in various Italian regions has historical roots. This
implies a challenging response that should be structural and change habits and behaviors
that are currently more in line with a “bonding” type of social capital (closed and defined
within close family or kinship relationships) rather than a “bridging” type useful for socio-
economic cooperation. Of course, our proxy for social capital, being the result of a Principal
Component Analysis, captures the broader characteristics of this valuable endogenous
strength within the system.
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The quality of institutions similarly suffers from regional disparities between the
north and south, which can lead to differences in the provision of services or infrastructure
accessible to citizens across the country [99]. This suggests that the ongoing pursuit of
greater efficiency in institutions must continue and address territorial disparities, to avoid
having points of vulnerability in the economic system. In this sense, the strengthening of
institutional quality at the local level has proven to be a fundamental point in Italian regions,
especially those less virtuous (such as some in the southern areas) [90]. Furthermore, the
ability of institutions to increase individuals’ sense of responsibility [100] would also act as
a kind of reinforcement to social capital.

We must also consider that the effectiveness of the three intangible capitals is not
limited to the tested “green” behavior (for example, by strengthening relationships within
individuals’ communities [101]). These resources allow for the improvement of various
sustainability efforts by consumer households, among the most important ones being
the reduction of electricity and water waste [102–106], which are integrated into broader
phenomena aimed at reducing society’s ecological footprint, promoting a circular economy,
reuse, and overall sustainability of development [107–110].

Future research will need to address these issues in light of the availability of mi-
croeconomic data on pro-environmental behaviors and the efficiency of local institutions,
specifically those responsible for waste management services. In addition, it will be nec-
essary to consider the persistence of effects stemming from both human capital (general
education and environmental training) and the diverse types of social capital.

4. Conclusions

Guiding behaviors that impact the environment towards sustainable practices are
crucial, given the rapid decline in natural conditions. Our study focuses on one such
behavior: household waste sorting among Italian consumers. We employ a method that
tackles endogeneity issues within the dependency relationship and permits an observation
of the impact of each independent variable over time.

Our PVAR model highlights two key findings. First, the quality of institutions is the
most crucial factor in driving the behaviors in question. This is clear given the multiple
influences institutions exert: they represent the “rules of the game” that society imposes
on itself and are the entities that enforce regulations and provide the necessary infrastruc-
ture for waste separation. Second, all our independent variables (which are statistically
significant) show the most significant impact after 1 and 2 years. This suggests that a strong
intervention by policymakers can have a relatively rapid effect.

Our “intangible capitals” can be suitable for fostering an awareness and consciousness
of environmental responsibilities, but they cannot impose specific behavior, and directing
behaviors towards beliefs in such practices remains a challenging subject of study. Human
capital and social capital, through the awareness derived from education and social cohe-
sion, can contribute to reducing the well-known gap between pro-environmental intentions
and actual behaviors. This effect would occur because there would be a different attention
to pro-social and pro-environmental issues in an automatic and constant way, leading to a
real change in lifestyle. Instead, the role of institutions is to regulate and direct everyday life,
making waste treatment practices, which represent a cost at various levels for those who
must carry them out, more convenient. Institutional interventions can vary widely, from
separation facilities to enforcement and incentives. In practice, in addition to knowledge
and respect for the community and the environment (e.g., moral obligations), institutions
influence citizens’ awareness of consequences, and they can increase the sense of adverse
consequences associated with inappropriate behaviors such as the failure to differentiate
individuals’ waste. Indeed, institutions must not overlook the importance of nurturing a
positive image regarding environmental activities being carried out, in a self-reinforcing
process of enhancing their image based on their actions (i.e., individuals’ trust in institu-
tions depends on their policies and past efficiency, how they have behaved), as well as



Sustainability 2024, 16, 5386 12 of 15

enhancing the knowledge of these issues, even where specialized training (an alternative
aspect that reinforces general education) could be costly or challenging to disseminate.
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64. Özdoğan Özbal, E. Dynamic effects of higher education expenditures on human capital and economic growth: An evaluation of

OECD countries. Policy Rev. High. Educ. 2021, 5, 174–196. [CrossRef]
65. Kao, C.; Chiang, M.H. On the estimation and inference of a cointegrated regression in panel data. In Nonstationary Panels, Panel

Cointegration, and Dynamic Panels; Baltagi, B.H., Fomby, T.B., Carter Hill, R., Eds.; Emerald Group Publishing Limited: Leeds, UK,
2001; pp. 179–222.

66. Pedroni, P. Fully modified OLS for heterogeneous cointegrated panels. In Nonstationary Panels, Panel Cointegration, and Dynamic
Panels; Baltagi, B.H., Fomby, T.B., Carter Hill, R., Eds.; Emerald Group Publishing Limited: Leeds, UK, 2001; pp. 93–130.

67. Im, K.S.; Pesaran, M.H. On the panel unit root tests using nonlinear instrumental variables. SSRN Electron. J. 2003, 482463.
[CrossRef]

68. Im, K.S.; Pesaran, M.H.; Shin, Y. Testing for unit roots in heterogeneous panels. J. Econom. 2003, 115, 53–74. [CrossRef]
69. Maddala, G.; Wu, S. A comparative study of unit root tests with panel data and a new simple test. Oxf. B Econ. Stat. 1999, 61

(Suppl. S1), 631–652. [CrossRef]
70. Pesaran, H. A simple panel unit root test in the presence of cross-section dependence. J. Appl. Econ. 2007, 22, 265–312. [CrossRef]
71. Arellano, M.; Bover, O. Another look at the instrumental variable estimation of error components. J. Econom. 1995, 68, 29–51.

[CrossRef]
72. Nickell, S. Biases in dynamic models with fixed effects. Econometrica 1981, 49, 1417–1426. [CrossRef]
73. Westerlund, J. Testing for error correction in panel data. Oxf. B Econ. Stat. 2007, 69, 709–748. [CrossRef]
74. Hansen, L.P. Large sample properties of Generalized Method of Moments estimators. Econometrica 1982, 50, 1029–1054. [CrossRef]
75. Andrews DW, K.; Lu, B. Consistent model and moment selection procedures for GMM estimation with application to dynamic

panel data models. J. Econom. 2001, 101, 123–164. [CrossRef]
76. Lutkepohl, H. New Introduction to Multiple Time Series Analysis; Springer: Berlin/Heidelberg, Germany, 2005.
77. Whitmarsh, L.; O’Neill, S. Green identity, green living? The role of pro-environmental self-identity in determining consistency

across diverse pro-environmental behaviours. J. Environ. Psychol. 2010, 30, 305–314. [CrossRef]
78. Derdowski, L.A.; Grahn, Å.H.; Hansen, H.; Skeiseid, H. The new ecological paradigm, pro-environmental behaviour, and the

moderating effects of locus of control and self-construal. Sustainability 2020, 12, 7728. [CrossRef]
79. Meyer, A. Does education increase pro-environmental behavior? Evidence from Europe. Ecol. Econ. 2015, 116, 108–121. [CrossRef]
80. Yang, X.; Chen, X.; Xiao, X.; Xi, H.; Liu, S. College students’ willingness to separate municipal waste and its influencing factors: A

case study in Chongqing, China. Sustainability 2021, 13, 12914. [CrossRef]
81. Piao, X.; Managi, S. The international role of education in sustainable lifestyles and economic development. Sci. Rep. 2023, 13, 8733.

[CrossRef] [PubMed]
82. Neves, S.A.; Marques, A.C.; Silva, I.P. Promoting the circular economy in the EU: How can the recycling of e-waste be increased?

Struct. Change Econ. D 2024, 70, 192–201. [CrossRef]
83. OECD. Education at a Glance 2022: OECD Indicators; OECD Publishing: Paris, France, 2022.
84. Estrada-Araoz, E.G.; Gallegos Ramos, N.A.; Paredes Valverde, Y.; Quispe Herrera, R.; Mori Bazán, J. Examining the Relationship

between Environmental Education and Pro-Environmental Behavior in Regular Basic Education Students: A Cross-Sectional
Study. Soc. Sci. 2023, 12, 307. [CrossRef]

85. Zeng, Z.; Zhong, W.; Naz, S. Can Environmental Knowledge and Risk Perception Make a Difference? The Role of Environmental
Concern and Pro-Environmental Behavior in Fostering Sustainable Consumption Behavior. Sustainability 2023, 15, 4791. [CrossRef]

86. Teng, Y.; Li, N.; Yang, J.; Liu, Y.; Liu, C. Study on the impact of social capital on the rural residents’ conscious interpersonal waste
separation behavior: Evidence from Jiangxi province, China. Front. Environ. Sci. 2024, 12, 1363240. [CrossRef]

https://doi.org/10.1007/s40888-019-00156-6
https://doi.org/10.1016/j.seps.2020.100958
https://doi.org/10.1016/j.qref.2005.11.007
https://doi.org/10.1111/j.1468-0297.2007.02047.x
https://doi.org/10.1016/j.jinteco.2012.03.007
https://doi.org/10.1177/1536867X1601600314
https://doi.org/10.1080/23322969.2019.1610977
https://doi.org/10.1155/2021/6052182
https://doi.org/10.1111/j.1468-0297.2010.02413.x
https://doi.org/10.1080/23322969.2021.1893125
https://doi.org/10.2139/ssrn.482463
https://doi.org/10.1016/S0304-4076(03)00092-7
https://doi.org/10.1111/1468-0084.0610s1631
https://doi.org/10.1002/jae.951
https://doi.org/10.1016/0304-4076(94)01642-D
https://doi.org/10.2307/1911408
https://doi.org/10.1111/j.1468-0084.2007.00477.x
https://doi.org/10.2307/1912775
https://doi.org/10.1016/S0304-4076(00)00077-4
https://doi.org/10.1016/j.jenvp.2010.01.003
https://doi.org/10.3390/su12187728
https://doi.org/10.1016/j.ecolecon.2015.04.018
https://doi.org/10.3390/su132212914
https://doi.org/10.1038/s41598-023-35173-w
https://www.ncbi.nlm.nih.gov/pubmed/37253822
https://doi.org/10.1016/j.strueco.2024.02.006
https://doi.org/10.3390/socsci12050307
https://doi.org/10.3390/su15064791
https://doi.org/10.3389/fenvs.2024.1363240


Sustainability 2024, 16, 5386 15 of 15

87. Banfield, E.G. The Moral Basis of a Backward Society; Free Press: New York, NY, USA, 1958.
88. Zhou, Y.; Song, H.; Huang, X.; Chen, H.; Wei, W. How does social capital affect residents’ waste-separation behavior? Evidence

from China. Int. J. Environ. Res. Public Health 2022, 19, 3469. [CrossRef] [PubMed]
89. Ling, M.; Xu, L.; Xiang, L. Social-contextual influences on public participation in incentive programs of household waste

separation. J. Environ. Manag. 2021, 281, 111914. [CrossRef] [PubMed]
90. Argentiero, A.; Chiarini, B.; Marzano, E. Do social capital and the quality of institutions affect waste recycling? Waste Manag.

2023, 155, 240–251. [CrossRef]
91. Liao, Y.; Xing, Y. Social capital and residents’ plastic recycling behaviors in China. J. Environ. Plann. Manag. 2023, 66, 955–976.

[CrossRef]
92. Li, W.; Jin, Z.; Liu, X.; Li, G.; Wang, L. The impact of mandatory policies on residents’ willingness to separate household waste: A

moderated mediation model. J. Environ. Manag. 2020, 275, 111226. [CrossRef] [PubMed]
93. Zhuo, Q.; Liu, C.; Wang, B.; Yan, W. Bridging Local Governments and Residents for Household Waste Source Separation Using a

Business-Driven, Multi-Stakeholder Cooperative Partnership Model—A Case Study of HUGE Recycling in Yuhang, Hang-zhou,
China. Sustainability 2023, 15, 11727. [CrossRef]

94. Koiwanit, J.; Filimonau, V. Stakeholder collaboration for solid waste management in a small tourism island. PLoS ONE
2023, 18, e0288839. [CrossRef] [PubMed]

95. Agovino, M.; Cerciello, M.; Javed, A.; Rapposelli, A. Environmental legislation and waste management efficiency in Italian
regions in view of circular economy goals. Util. Policy 2023, 85, 101675. [CrossRef]

96. Lu, D.; Iqbal, A.; Zan, F.; Liu, X.; Chen, G. Life-Cycle-Based Greenhouse Gas, Energy, and Economic Analysis of Municipal Solid
Waste Management Using System Dynamics Model. Sustainability 2021, 13, 1641. [CrossRef]
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