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Abstract: The environmental Kuznets curve has received widespread attention from scholars for
its ability to vividly capture the dynamics between economic growth and waste generation. The
so-called waste Kuznets curve (KWC) has been used in different fields (e.g., municipal waste, e-waste,
construction waste, tourism waste, etc.); nonetheless, WKC studies into agricultural waste remain
relatively scarce. Due to the impact of agriculture on socio-economic development and environmental
protection, this study applied KWC to the Italian agricultural sector. The aim was to investigate
whether a “decoupling effect” exists between agricultural production and waste generation and assess
the effects of certain socio-economic variables. The analysis was based on a panel dataset, including
geographical observations at a regional level and a time series of 14 years (2002–2015). Empirical
results show that the delinking point has not yet been reached, but can be reached if specific policy
instruments are applied. Our evidence suggests that public expenditure for environmental protection
or the promotion of organic farming could help to achieve this goal. Future studies are recommended
to further validate the waste Kuznets curve for agriculture using a wider set of economies and longer
panel data.

Keywords: agricultural waste; GDP–waste decoupling; waste Kuznets curve (WKC); Italian
agricultural sector

1. Introduction

According to the most recent World Bank report, waste generation is estimated to
grow from 2.24 billion tons in 2020 to 3.88 billion tons in 2050 [1] given the relation between
economic growth and waste production. In the European Union (EU), between 2010 and
2020, waste generation decreased slightly, with the total annual waste generation per capita
reducing from 5.0 to 4.8 tons/capita. A relatively small decrease (4.2%) was produced due
to the slowing down of the global economy during the pandemic period [2]. In 2020, more
than 2 billion tons of waste (4815 kg per capita) were produced in EU, and 4.4% of the total
amount was classified as hazardous, which means that it represents an elevated risk to
human health and the environment if not managed and disposed safely [3].

Prevention and recycling are the best practices to minimize waste generation and
improve the efficient use of resources (Directive 2008/98/EC), while disposal is the last
solution for managing waste [4]. According to this trajectory, the European Package for
the Circular Economy underlines that the transition to a more circular economy also
depends on the minimization of waste generation [5]. With the awareness that prevention
is the best strategy to reduce the environmental and economic impact of waste, it is
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fundamental to forecast the effects of economic growth on the environment and assess its
impact on ecosystems.

Since 1990, the relationship between gross domestic product (GDP) and environmental
quality has been assessed by a set of empirical studies [6,7], and the functional form is
described by an inverted U-shaped relationship between economic growth and different
pollution indicators used as proxies of environmental quality. This functional form, called
the environmental Kuznets curve (EKC) and taken from a study by Kuznets (1955) [8],
predicts that pollution emissions increase and environmental quality declines in the early
stages of economic growth, but that from a certain moment onward (the so-called turning
point) the trend reverses so that the production of pollution no longer follows the trend of
economic growth [6]. According to the EKC, given an increase in the per capita income,
there is an initial increase in pollution due to resource usage, followed by its eventual
decline due to an increase in consumers’ willingness to pay for environmental quality [9]
or improvement in clean technologies [10,11].

As highlighted by a recent literature review [7], the EKC is undoubtedly a starting-
point tool to use when investigating evidence of a relationship between growth and effects
on environmental changes. However, what needs to be better investigated are the variables
that consider the effects linked to the following areas: an effective energy transition;
consumer behavior changes due to rises in income; the consequences of an even faster
technological progress dynamic; and the relocation of pollutant industries and the related
climate financing systems. Adding these elements, whose in-depth analysis refers to the
cited literature review, to the EKC should improve the description of the decoupling and
coupling dynamics evident in the majority of the studied conducted.

The use of waste as a proxy of environmental degradation allows scholars to investi-
gate the existence of a waste Kuznets curve (WKC), which predicts an inverted U-shaped
dependence of waste production on economic development [12–20]. The concept that
waste production decreases while economic growth increases is usually referred to as the
“decoupling effect” [1,6,21]. Decoupling occurs when the growth rate of an environmental
pressure is less than that of its economic driving force (e.g., GDP) over a given period [22].
An absolute decoupling of waste generation from GDP occurs when waste quantities are
stable or decrease while GDP increases. We refer to a relative decoupling when waste
quantities still increase but do so at a slower rate than economic growth (Figure 1).
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Some projections of future quantities of waste in the EU are indicative of the relative
decoupling of waste generation from GDP and household consumption [24,25]; others,
however, find no evidence for absolute or relative decoupling [17].

To accelerate the decoupling effect, reducing waste and preventing waste generation,
the EU has laid down the Waste Framework Directive 2018/851, which amends Directive
2008/98/EC, and the zero-pollution action plan [26] to drive European countries to zero
pollution across various fields (e.g., health impacts, air pollution, and nutrient losses).

The contribution of the EU agricultural sector to waste generation is diminishing
every year, with a 66.7% reduction between 2004 and 2020 [27]. This positive trend also
depends on the increasing relevance of the circular economy approach in agriculture, in
which targets such as the reuse of wastewaters, reductions in plastic litter, and the reduction
in and enhancement of agri-food waste are included as objectives of different programs
and strategies [28]. Moreover, agricultural wastes are recognized as having a “hidden”
economic value [29]. In fact, with their management through bioeconomic strategies, it is
possible to prevent the underutilization of livestock excrement, valorize waste to generate
value-added products, and create job opportunities [30].

Studies investigating the agricultural sector under the lens of the WKC are rela-
tively scarce, with studies usually focusing on GHG emissions related to waste manage-
ment [16,18,20]. The review conducted by Leal and Marques [7] asserts that the relationship
between growth and environmental degradation is described by different variables and
indicators, of which none are directly linked with the role of agricultural waste. In fact,
the contribution of the agricultural sector is mainly described (i.e., 59 authors) by CO2
emissions due to the production process. Scholars have mainly focused their attention
on municipal waste [17,19], e-waste [15], and waste generated by the tourism [13] or
construction sectors [14].

In such a context, given the scarce literature available related to the role of the agricul-
tural sector in waste management, our contribution stands as a novel analysis of Italian
agricultural waste production using the WKC model and provides relative considerations
about the decoupling point. In Italy, agriculture is an important sector contributing to the
national economy in terms of job creation and income generation, especially in rural areas.
Driven by “Made in Italy”, Italian agriculture contributed almost one-fifth to the added
value of the EU’s agricultural system [31] and 2.1% to the Italian added value [32] in 2022.
However, important imbalances exist between different geographical areas; despite half
the farms being in the south, the agriculture in northern Italy accounts for more than 50%
of national agricultural value. Italian regions have differences due to the characteristics
of farms (type, size, products, etc.) as a result of cultural identity associated with certain
agricultural products, and climate conditions vary due to differences in the orographic
characteristics of each region. This also reflects the environmental implications and amount
of waste generated in agricultural production.

Due to these differences and in order to broaden the capacity of our model to describe
the agricultural waste production curve, we included and tested the effects of some socio-
economic variables which, in our opinion, influence agricultural waste at a production level,
aiming to suggest strategies and policies for reducing and preventing waste production.
To accomplish these goals, our research questions aimed at the following statements:
(i) there is evidence of a WKC for the waste produced by the Italian agricultural sector;
(ii) the decoupling point has been reached; (iii) there are socio-demographic variables
that can influence production, but also prevent agricultural waste; and (iv) actions can be
implemented in order to direct waste management and prevention policies to achieve the
European target [26] and national objectives [33,34] of zero waste production.

The paper is structured as follows: Materials and Methods (econometric model and
data) are presented in Section 2; Section 3 presents the results of the decoupling effect
on agricultural waste production (Section 3.1) and the effects of socio-economic variables
affecting agricultural waste production (Section 3.2); policy suggestions are discussed in
Section 4, while final remarks and suggestions for future research are provided in Section 5.
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2. Materials and Methods
2.1. The Econometric Model of the Agricultural WKC

The performance of the Italian agricultural waste production function and the rele-
vance of the socio-economic variables considered are tested by employing an econometric
method using Stata 16.1, a statistical software package.

To model the agricultural waste production function according to the statement of
circular economy, we should assume that each industry minimizes its waste production
to achieve a hypothetical point of zero waste [35]. However, given actual technological
frontiers, industries cannot avoid waste when they vary in relation to the production level.
Waste production, in fact, can be defined, based on the Sjöström and Östblom model [36],
as a function of an initial production decision. For this reason, waste could be considered a
collateral output of a production function.

In our analysis, the production of agricultural waste was assumed to follow the
Cobb–Douglas production function:

Y = AKa Lb (1)

where Y = Qa × Wa, with Wa = agricultural waste and Qa = agricultural product.
Equation (1) can be estimated using a multi-regression analysis and panel data because

the observations have both a spatial dimension and a time-series dimension. The panel data
methodology has several advantages over cross-sectional or time-series data analysis [13,37]
and, for Italy in particular, it is important to consider the geographical differences among
regions given their different environmental and economic differences [38].

The amount of agricultural waste produced by different Italian regions is, indeed,
extremely varied, and garbage is managed at a local level according to the country’s
national legislation. Furthermore, the municipality is responsible for the disposal of trash,
resulting in different regional waste management strategies. Equation (1) can be written
as follows:

Y = Xβ + ε (2)

where Y represents the output vector, X is the vector of the independent variables influ-
encing the waste production (later explained in more detail), and β is the vector of the
coefficients, while ε represents the error term vector.

Therefore, Equation (2) can be written as

yit = β1Xit1 + β2Xit2 + · · · + βkXitk + εit (3)

where subscript i = 1,. . .,N, represents the Italian regions and subscript t = 1,. . .,T represents
the time period. Considering the possible presence of unobservable variables fixed in time
(sensitivity to environmental protection and cultural aspects), we defined a fixed-effect
regression model, and the error term was assumed to be: εit = αi + uit, with αi = individual
effect, a time constant (unobserved factors), and uit = time-varying error (independent and
identically distributed across i and t).

The estimation of the parameters requires a logarithm transformation of the Cobb–
Douglas production function, so that Equation (3) can be written as

ln(Yit) = α ln(Xit) + βln(Cit) + vi + εit (4)

where vi = ln(αi). The coefficients α and β reflect the output elasticity of the inputs (i.e.,
the % change in waste because of a 1% change in one of the other variables, ceteris paribus).
Fixed effects are often used in panel data analysis [39,40]. In order to remove the fixed-effect
terms, the estimation of Equation (4) uses a within-estimator and the autocorrelation ρ is
estimated using the Arellano–Bond estimator [41].

We introduced eight socio-economic variables related to the agricultural sector to
measure their impact on regional waste agricultural production, such as (i) the physical
and economic dimensions; (ii) productivity; (iii) the cost of waste (related to the regulation
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policy); and (iv) the response of consumer sensitivity to environmental degradation, which
represents socio-economic drivers related to waste generation [6,42].

First, we introduced the regional GDP as an economic driver. Then, we considered
(i) the agricultural surface, the number of animals kept and the annual work units (ULA)
as proxies for the dimensions of the agricultural system; (ii) the production and the added
value as proxies for the efficiency of the agricultural system; (iii) the public expenditure for
environmental protection as proxy for social investment in waste management; and finally,
(iv) the number of organic activities as a proxy for the interest in a higher environmental
quality. Equation (3) can be written as

Agricultural_wasteit = β0(surfaceit) + β1(productionit) + β2(regional_GDPit) +
β3(added_valueit) + β4(public_expenditure_for_environmental_protectionit)

+ β5(ULAit) + β6(n_organic_activitiesit) + β7 (n_animalsbreedit) + αi + uit

(5)

where i = 1. . .20, t = 2002. . .2015 and αi, represents the regional fixed effects. All depen-
dent variables are expressed in natural logarithms to ensure a positive domain. The null
hypothesis used to test the significance of the effect of the variables on agricultural waste is

H0: β0 = β1 = · · · = βK = 0 (6)

The coefficients indicate how much Y (waste) changes over time on average per
country when X increases by one unit.

We built a panel dataset comprising the measurement of agricultural waste and GDP
produced by each region and observed over a 14-year period (2002–2015).

Based on the above, we tested the functional form of the regression between waste and
GDP to provide preliminary evidence of the waste generation/economic driver relationship.
There is no agreed consensus among researchers on how to specify the WKC functional
relationship. In fact, some authors use a second-order polynomial, while others have
estimated third- and even fourth-order polynomials, comparing different specifications for
a relative robustness [12,43].

We tested linear, quadratic, and cubic regressions [17] to analyze the relationship
between GDP and waste production. A cubic regression implies that environmental degra-
dation will tend towards plus or minus infinity as income increases; a quadratic regression
implies that environmental degradation may eventually tend toward zero. Finally, use
of the GDP factor only, without quadratic and cubic terms expressing the linearity of
the relation between GDP and waste, would cause the WKC analysis to collapse to basic
decoupling analysis, and the decoupling effect would be measured via the GDP coefficient.

The hypotheses on delinking are thus tested by estimating a reduced form regression model:

Wit = β0i + β1i(GDP) + β2i(GDP)2 + β3i(GDP)3 + eit (7)

The null hypothesis testing the significance of the effect of GDP on agricultural waste is

H0: β0 = β1 = β2 = β3f = 0 (8)

According to the ISPRA (Institute for Environmental Protection and Research) method-
ology, the decoupling indicator is defined as the percentage variation of the agricultural
waste for GDP unit ( ∆Wa

∆GDP ), measured according to the following equation:

∆Wa
∆GDP

=
(Wan + 1/GDPn + 1)− (Wan/GDPn)

(Wan/GDPn)
(9)

where Wan+1
GDPn+1

represents the ratio between waste and the GDP of the following year, and
Wan

GDPn
is the ratio between waste and the GDP of the previous year.
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According to Equation (9), ∆Wa
∆GDP = 0 if Wan+1

GDPn+1
= Wan

GDPn
indicates no time variation;

∆Wa
∆GDP > 0 Wan+1

GDPn+1
> Wan

GDPn
means that the waste produced for a GDP unit increases with

time; and ∆Wa
∆GDP < 0 if Wan+1

GDPn+1
< Wan

GDPn
means that the waste produced for a GDP unit

decreases with time (decoupling).
In Italy, the national program for waste production, i.e., the Waste Framework Direc-

tive, establishes targets for waste reduction in relation to the GDP. The program set the
following targets to be achieved by 2020: hazardous industrial waste were required to be
reduced by 10% per GDP unit, while this was 5% for non-hazardous waste [33]. To observe
whether Italy is close to reaching the waste reduction target (−5% for non-hazardous
waste, as stated by the national program for waste production), the decoupling indicator
is measured by fixing the starting point (n) in 2010 and observing its variation during the
following years (i.e., 2011; 2012 to 2015).

To this extent, Equation (9) becomes

∆Wa
GDP

=
(Wa2010 + 1/GDP2010 + 1)− (Wa2010/GDP2010)

(Wa2010/GDP2010)
(10)

2.2. Data

The dataset used for the empirical analysis includes nine variables: (i) the amount of
agricultural waste produced; (ii) the number of animals kept; (iii) the area of agricultural
activities; (iv) production of agricultural activities; (v) unit of labor; (vi) added value of
production; (vii) regional GDP; (viii) regional expenditure for environmental protection;
and (ix) the number of organic agricultural operators.

The dataset used is a balanced panel of Italian local authorities observed over a
14-year period (2002–2015). For the analysis, we used the data collected in the annual
report on special waste published by ISPRA [44], while we referred to the National Institute
of Statistics (ISTAT) datasets for information related to national, regional, and sectoral
GDP [45].

The animals kept, regional production (million EUR), added value (million EUR), and
the ULA of the agricultural industry production are recorded by the National Institute of
Agricultural Statistics [46], while the total regional agricultural area (hectares), regional
GDP (EUR), and regional expenditure for environmental protection (EUR) are recorded by
ISTAT [45].

Finally, the number of organic agricultural activities at a regional level is reported by
the National Information System on Organic Agriculture [47].

Waste data, referring to non-hazardous agricultural waste production, are recorded by
ISPRA [44]. For each region, the amount of non-hazardous agricultural waste produced
(tons) was used and labelled with the European Classification Code CER 02, which includes
all wastes from agriculture, horticulture, aquaculture, forestry, hunting and fishing, and
food preparation and processing. Information relating to the period of 2006–2008 and 2011
was not available in the form needed (tons of waste codified CER 02 per region); hence, the
data used for the analysis were interpolated, using other years, for this period. Starting
from the total non-hazardous waste produced by each region, the annual variation was
calculated and then, hypothesizing the same variation, the amount of agricultural waste
was derived (CER 02).

3. Results

This section presents the results of the analysis relating to: (i) the time trend analysis
of Italian agricultural waste in relation to the sectoral GDP; (ii) the regression functional
form to observe how it fits the waste Kuznets curve; and (iii) the decoupling of agricultural
waste related to the GDP trend and the effects of the other socio-economic variables (in the
period of 2002–2015).
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3.1. Decoupling Effect in Agricultural Waste Production

Several studies have proven the existence of EKC in solid waste [48–50], showing
that, at a certain point, it is possible to achieve a reduction in waste production in a
growing economy.

According to our data, non-hazardous agricultural waste decreased from 2002 to 2008,
and then increased from 2008 until 2013, followed by a rapid reduction up until now. On
the other hand, the sectoral GDP increased almost constantly over the same years. Starting
from 2013, the analysis of the time trend seems to show a certain delinking from the GDP
of the agricultural waste produced (Figure 2), and this trend is confirmed by other similar
European sectoral studies [34].
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Figure 2. Trend of agricultural waste and national GDP (%) (2010–2015). Source: our elaboration
on [44,45] datasets.

However, the decoupling effect should not be measured by observing the time trend in
absolute terms, but through specific decoupling indicators with an environmental pressure
variable for the numerator and an economic variable as the denominator [8].

Looking at the annual variation trend (Figure 3), we noticed that the waste/GDP ratio
is almost constantly equal to zero, indicating no variation in time, with the unique exception
of the 2008–2009 period. Here, there is a positive value, indicating a high difference between
the trend of the two variables.
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Between 2008 and 2009, the Italian GDP decreased in real terms by about 5% from
its average value recorded in 2008 [45] due to the financial crisis. However, at the same
time, the financial contraction did not affect the agricultural waste generated. This can
be explained by the fact that the Italian agro-food system was less exposed than other
productive sectors to the financial crisis [51].

A certain delinking between economic growth and waste production can be observed,
but the level is not enough to reach the target. Since 2013, the waste/GDP ratio has become
negative, but less than 1% negative. Additionally, measuring the decoupling indicator over
a longer period (2002–2015) shows that the trend is no better (Figure 4).
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Figure 4. Trend of the time variation of waste per unit of GDP. Source: our elaboration
on [44,45] datasets.

These results, as well as those of similar studies [17,52], show that the waste generation
decoupling process is extremely weak. Moreover, Wang and Lv [53] describe alternated
decoupling and coupling states for the relationship between grain production and agri-
cultural CO2 emissions. The decoupling phase is favored by environmental policies that
are not enough effective in the long run to support a stable U-shaped relationship. Long-
term incentives, such as an ecological compensation policy, could perhaps drive carbon
emission reduction.

For this reason, an empirical analysis is needed to better investigate the effect of GDP
variation on waste production [17]. Our results (Table 1) show no significant coefficient for
either the cubic or quadratic form, implying that the waste production does not follow a
U-shaped form (waste tends to zero WKC) or an N-shaped form (waste tends to plus or
minus infinity as the GDP increases). The functional form that better fits our data, with an
F-statistic of 321.616 *** (df = 1; 259), is linear form (1).

Following linear specification test delinking, the effect of this can be observed via the
GDP coefficient. In our analysis, the regional GDP was positively related to agricultural
waste. A unitary increase in the GDP rate leads to an increase of 92% of agricultural waste
produced (Table 1). These results confirm previous results, showing that countries with
a higher GDP produce a higher level of industrial waste [54]. However, the R2 of the
regression was relatively low (0.554) and the presence of other omitted variables affecting
waste production was very likely.
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Table 1. Different model specifications for testing the functional form of GDP and waste.

Dependent Variable: Waste

Regression (1)
Linear

(2)
Quadratic

(3)
Cubic

GDP 0.922 ***
(0.051)

0.933 ***
(0.066) 0.955 ***

GDP2 - −1.860 × 10−12

(0.000)
−1.139 × 10−11

(0.000)

GDP3 - - 2.862 × 10−17

(0.000)

Balanced Panel 280 279 279
R-Squared 0.554 0.554 0.554

Adj. R-Squared 0.519 0.517 0.515

F-statistic 321.616 ***
(df = 1; 259)

159.347 ***
(df = 2; 257)

105.897 ***
(df = 3; 256)

Note: *** p < 0.01.

3.2. Socio-Economic Variables Affecting Agricultural Waste Production

To improve the decoupling effect, we needed to understand other factors influencing
waste production in the agricultural sector.

The inclusion of socio-economic variables in our model (Table 2) significantly reduces
the GDP coefficient (0.22), which remains positive, showing that waste production increases
according to economic growth, but to a lower rate.

Table 2. Fixed-effect regression model.

Coefficient Estimate Std. Error t-Value Pr(>|t|)

GDP 0.219034 0.100516 2.1791 0.0302435 *
Production 2.447242 0.319285 7.6648 3.795 × 10−13 ***

Added Value −1.624414 0.324903 −4.9997 1.071 × 10−6 ***
Expenditure for

environmental protection −0.605167 0.134242 −4.5080 9.997 × 10−6 ***

ULA 0.748993 0.200615 3.7335 0.0002331 ***
Organic production −0.310188 0.081744 −3.7946 0.0001849 ***

Arellano–Bond
Estimated Coefficient Estimate Std. Error t-value Pr(>|t|)

GDP 0.219034 0.089251 2.4541 0.014794 *
Production 2.447242 0.266424 9.1855 <2.2 × 10−16 ***

Added value −1.624414 0.262606 −6.1857 2.458 × 10−9 ***
Expenditure for

environmental protection −0.605167 0.118421 −5.1103 6.328 × 10−7 ***

ULA 0.748993 0.269485 2.7794 0.005854 **
Organic production −0.310188 0.101226 −3.0643 0.002417 **

Residuals
Min 1Q Median 3Q Max

−0.663987 −0.198666 −0.025688 0.183119 0.823934
Balanced Panel n = 20 T = 14 N = 280

Total Sum of Square 94.891
Residual Sum of Squares 24.388

R-Squared 0.74299
Adj. R-Squared 0.71769

F-statistic 122.38 on 6 and 254 DF
p-value p-value: <2.22 × 10−16

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

A unitary increase in the GDP rate will lead to an increase of 21% in the waste
production rate. This analysis shows that, in each region, GDP growth leads to an increase
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in waste production, even if it is less than proportional. This result, in line with other
studies on waste production [48,55], explains that the amount of waste generated grows
slower than income and suggests the occurrence of a relative decoupling effect.

Considering the added value of the production, the decoupling effect is even stronger
in the regions in which the agricultural system has a good rate of economic develop-
ment [50]. The results of the multivariate regression also show that the relation between
the agricultural system production and the amount of waste is one of about three times
over (estimated coefficient + 2.5), underlining the inefficiency of a production system that
leads to great quantities of resources being wasted.

Considering the dimensions of farms, our results show that the only significant co-
efficient (positive) is the ULA. This means that a farm with more labor units produces
more waste. On the contrary, the other variables chosen as proxies of the dimension of the
agricultural sector (number of animals kept and area) are not significant, meaning that the
amount of waste produced by the agricultural sector does not depend on the hectares used
for production or the number of animals kept, but only on productivity.

Like other negative environmental externalities, agricultural waste generation is
strongly influenced by regulatory instruments. The econometric model describes a nega-
tive relationship between the waste produced and public expenditure for environmental
protection used as a proxy of the investment in waste management. In fact, ceteris paribus,
an increase in social expenditure leads to a waste reduction of about 60%.

Finally, considering organic production, our analysis shows that the coefficient is neg-
ative, demonstrating that organic farms produce less waste. The lower levels of fertilizer
and other chemical products used can explain the lower amount of waste produced. Even
though there is no specification about waste in organic farming regulation, organic produc-
ers may reduce their waste to achieve higher sensitivity for environmental protection.

4. Discussion

The environmental Kuznets curve (EKC) describes the damage that unsustainable
economic development can cause to the environment, and highlights the necessity to delink
economic driving factors, such as GDP, from environmental protection.

A recent contribution related to the study of decoupling effect dynamics in an agricul-
tural contest analyzed the effects of the Chinese economic green development, indicating
that a win-win result, described by a U-shaped EKC, can generate a better agricultural
income thanks to the investments in agricultural green total factor productivity [56].

The absolute decoupling condition is difficult to achieve because it occurs when the
pressure on environmental variables is stable or decreasing, but while economic forces are
growing. Different studies show that absolute decoupling is not that common given the
differences in economies, industrial sectors, environmental indicators, and regulations.

According to other studies conducted in European countries [33], our analysis confirms
that the decoupling effect is not absolute. In fact, a relative decoupling effect of waste
generation has been estimated (ascending part of an inverted U-shaped EKC), but no
evidence of absolute decoupling has been observed (descending side of an inverted U-
shaped EKC), and accomplishing the reduction target, −5% by 2020, set by the national
waste prevention program is far from reach.

To reinforce the goal of waste reduction, the regulatory system is fundamental to con-
trolling waste intensities linked to companies, and policy instruments should be oriented
toward waste-preventing tools such as raw material taxes. Targeting waste prevention at
the source through more effective waste management instruments can be a good strategy
for reducing waste generation, accelerating the decoupling effect [50] and finally reaching
more efficient ecosystem management.

As supported by the literature [6,7], we observed that the decoupling effect is stronger,
and the turning point can be reached faster, upon adopting new technologies that increase
the efficiency of the agricultural production system and have a positive effect on environ-
mental quality. Moreover, we argue that a higher expenditure for environmental protection
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and the promotion of a transition toward organic production can be a successful strategy to
reduce waste produced by companies. Furthermore, organic products have higher added
value on the market [57] and the demand for organic products is increasing worldwide. For
these reasons, promoting a transition toward organic production instead of conventional
production can lead to an increase in agricultural GDP, at the same time reducing the
amount of waste produced.

Much still needs to be improved in terms of waste prevention because the regulatory
framework is still a step behind the needs of society. In fact, the new European Waste
Prevention Program is under revision and waiting to be published in 2023 (expected
duration 2023–2030). It will be based on an approach of integrated programming to fund a
program to create coherence/blending among various funds related to waste management,
waste prevention, circular economy, and green economy (including regional funds).

This study presents some limitations that could be addressed in future analyses regard-
ing other European countries to compare the performance of different agricultural systems.
The time series could be wider, with the inclusion of data up until 2022 to analyze the pan-
demic effect on the WKC; furthermore, it is also recommended to expand the explanatory
power to include additional variables (e.g., regulatory changes) and sensitivity analysis.

5. Conclusions

This study delves into the waste Kuznets curve (WKC) and its application to the
agricultural sector in Italy by exploring the relationship between economic growth, as
represented by gross domestic product (GDP) and agricultural waste generation. The
analysis considers the period from 2002 to 2015 and employs a panel data econometric
model, incorporating socio-economic variables to better understand the factors influencing
waste production.

The findings suggest a relative decoupling effect in the agricultural sector, indicating
that waste generation increases with economic growth, but at a slower rate than the
former. The study emphasizes the importance of considering GDP and various socio-
economic variables in understanding waste production dynamics. Factors such as the size
of agricultural operations, productivity, public expenditure on environmental protection,
and the prevalence of organic farming are significant contributors to waste generation.

While the study acknowledges a certain degree of decoupling between economic
growth and waste production, it highlights that absolute decoupling, where waste quan-
tities stabilize or decrease while GDP increases, remains elusive. The observed trends
indicate a need for more effective waste management policies and a shift towards sus-
tainable practices, such as organic farming, to achieve the European target of zero waste
production. This research underscores the role of regulatory instruments in influencing
waste intensities and suggests policy instruments like raw material taxes as potential
strategies for waste prevention.

Despite shedding light on the dynamics of waste production in the Italian agricultural
sector, the study acknowledges certain limitations. Recommendations for future research
include expanding the analysis to encompass a more comprehensive time range, incorpo-
rating additional variables, and conducting comparative studies across different European
countries. Overall, the study contributes valuable insights into the complexities of waste
generation and the challenges associated with achieving a sustainable and circular economy
in the agricultural domain.

Author Contributions: Conceptualization, A.V., M.V., V.G., S.R. and M.C.; methodology, A.V., M.V.
and V.G.; formal analysis, V.G.; data curation, V.G.; writing—original draft preparation, A.V., V.G.
and M.C.; writing—review and editing, A.V., M.V., S.R. and M.C.; supervision, A.V. and S.R.; project
administration, F.G. and M.C.; funding acquisition F.G. and M.C. All authors have read and agreed to
the published version of the manuscript.



Sustainability 2023, 15, 16596 12 of 14

Funding: This work was funded by the Next Generation EU-Italian NRRP, Mission 4, Component 2,
Investment 1.5, call for the creation and strengthening of ‘Innovation Ecosystems’, building ‘Territorial
R&D Leaders’ (Directorial Decree n. 2021/3277)—project Tech4You—Technologies for climate change
adaptation and quality of life improvement, n. ECS0000009, and it is part of the project “Sharing
Knowledge to increase Post-Harvest Efficiency—SKIPE”, which is funded by the financial assistance
of the European Union within the framework of the Operational Programme ERDF Basilicata,
2014–2020, n. C39J21035010002 This work reflects only the authors views and opinions, neither the
Ministry for University and Research nor the European Commission and/or Operational Programme
ERDF Basilicata 2014–2020 authorities can be considered responsible for them.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Kaza, S.; Shrikanth, S.; Chaudhary, S. More Growth, Less Garbage; Urban Development Series; World Bank: Washington, DC,

USA, 2021.
2. European Environment Agency. Waste Generation in Europe (8th EAP). 2023. Available online: https://www.eea.europa.eu/

ims/waste-generation-and-decoupling-in-europe (accessed on 15 July 2023).
3. Eurostat. Waste Statistics Datasets: Waste Generation. 2023. Available online: https://ec.europa.eu/eurostat/statistics-explained/

index.php/Waste_statistics-Total_waste_generation (accessed on 15 July 2023).
4. European Union. Decision No 1386/2013/EU of the European Parliament and of the Council of 20 November 2013 on a General

Union Environment Action Programme to 2020 ‘Living Well, within the Limits of Our Planet’. Off. J. Eur. Union 2023, L 354,
171–200.

5. European Commission. Report on Critical Raw Materials and the Circular Economy. Brussels. 2018. Available online: https://ec.europa.
eu/docsroom/documents/27327 (accessed on 13 September 2023).

6. Dinda, S. Environmental Kuznets Curve Hypothesis: A Survey. Ecol. Econ. 2004, 49, 431–455. [CrossRef]
7. Leal, P.H.; Marques, A.C. The evolution of the environmental Kuznets curve hypothesis assessment: A literature review under a

critical analysis perspective. Heliyon 2022, 8, e11521. [CrossRef] [PubMed]
8. Kuznets, P.; Simon, P. Economic growth and income in-equality. Am. Econ. Rev. 1955, 45, 1–28.
9. Khajuria, A.; Matsui, T.; Machimura, T.; Morioka, T. Decoupling and environmental Kuznets curve for municipal solid waste

generation: Evidence from India. Int. J. Environ. Sci. 2012, 2, 1670–1674.
10. Cole, M.A.; Rayner, A.J.; Bates, J.M. The environmental Kuznets curve: An empirical analysis. Environ. Dev. Econ. 1997, 2, 401–416.

[CrossRef]
11. Tsurumi, T.; Managi, S. Decomposition of the environmental Kuznets curve: Scale, technique, and composition effects. Environ.

Econ. Policy Stud. 2010, 11, 19–36. [CrossRef]
12. Stern, D.I. The rise and fall of the environmental Kuznets curve. World Dev. 2004, 32, 1419–1439. [CrossRef]
13. Arbulú, I.; Lozano, J.; Rey-Maquieira, J. Tourism and solid waste generation in Europe: A panel data assessment of the

Environmental Kuznets Curve. Waste Manag. 2015, 46, 628–636. [CrossRef]
14. Bao, Z.; Lu, W. Applicability of the environmental Kuznets curve to construction waste management: A panel analysis of

27 European economies. Resour. Conserv. Recycl. 2023, 188, 106667. [CrossRef]
15. Boubellouta, B.; Kusch-Brandt, S. Testing the environmental Kuznets Curve hypothesis for E-waste in the EU28+ 2 countries.

J. Clean. Prod. 2020, 277, 123371. [CrossRef]
16. Cetin, M.A.; Bakirtas, I.; Yildiz, N. Does agriculture-induced environmental Kuznets curve exist in developing countries? Environ.

Sci. Pollut. Res. 2022, 29, 34019–34037. [CrossRef]
17. Mazzanti, M.; Zoboli, R. Municipal waste Kuznets curves: Evidence on socio-economic drivers and policy effectiveness from the

EU. Environ. Resour. Econ. 2009, 44, 203. [CrossRef]
18. Moriwaki, S.; Shimizu, M. A simultaneous investigation of the environmental Kuznets curve for the agricultural and industrial

sectors in China. J. Asia Pac. Econ. 2023, 28, 133–155. [CrossRef]
19. Yilmaz, F. Is there a waste Kuznets curve for OECD? Some evidence from panel analysis. Environ. Sci. Pollut. 2022, 27, 40331–40345.

[CrossRef] [PubMed]
20. Yuzhen, S. Research on smart agricultural waste discharge supervision and prevention based on big data technology. Acta Agric.

Scand. 2021, 71, 683–695. [CrossRef]
21. OECD. Waste Management and the Circular Economy in Selected OECD Countries: Evidence from Environmental Performance

Reviews. In OECD Environmental Performance Reviews; OECD Publishing: Paris, France, 2019.

https://www.eea.europa.eu/ims/waste-generation-and-decoupling-in-europe
https://www.eea.europa.eu/ims/waste-generation-and-decoupling-in-europe
https://ec.europa.eu/eurostat/statistics-explained/index.php/Waste_statistics-Total_waste_generation
https://ec.europa.eu/eurostat/statistics-explained/index.php/Waste_statistics-Total_waste_generation
https://ec.europa.eu/docsroom/documents/27327
https://ec.europa.eu/docsroom/documents/27327
https://doi.org/10.1016/j.ecolecon.2004.02.011
https://doi.org/10.1016/j.heliyon.2022.e11521
https://www.ncbi.nlm.nih.gov/pubmed/36406679
https://doi.org/10.1017/S1355770X97000211
https://doi.org/10.1007/s10018-009-0159-4
https://doi.org/10.1016/j.worlddev.2004.03.004
https://doi.org/10.1016/j.wasman.2015.04.014
https://doi.org/10.1016/j.resconrec.2022.106667
https://doi.org/10.1016/j.jclepro.2020.123371
https://doi.org/10.1007/s11356-021-18065-2
https://doi.org/10.1007/s10640-009-9280-x
https://doi.org/10.1080/13547860.2020.1870068
https://doi.org/10.1007/s11356-020-09109-0
https://www.ncbi.nlm.nih.gov/pubmed/32666443
https://doi.org/10.1080/09064710.2021.1939409


Sustainability 2023, 15, 16596 13 of 14

22. OECD. Indicators to Measure Decoupling of Environmental Pressure from Economic Growth. May 2002. Available online: http://
www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&amp;cote=sg/sd(2002)1/final (accessed on
13 September 2023).

23. Trujillo Lora, J.C.; Berdemudez, B.C.; Vizcaino, C.A.; Pinedo, W.J. The environmental Kuznets Curve (EKC): An analysis of
landfilled solid waste in Colombia. Rev. Fac. Cencias Econ. 2013, 21, 7–16. [CrossRef]

24. Mazzanti, M.; Zoboli, R. Waste generation, waste disposal and policy effectiveness: Evidence on decoupling from the European
Union. Resour. Conserv. Recycl. 2008, 52, 1221–1234. [CrossRef]

25. Mazzanti, M. Is waste generation de-linking from economic growth? Empirical evidence for Europe. Appl. Econ. Lett. 2008, 15,
287–291. [CrossRef]

26. European Commission. Zero Pollution Action Plan. 2021. Available online: https://environment.ec.europa.eu/strategy/zero-
pollution-action-plan_en (accessed on 13 July 2023).

27. Eurostat. Generation of Waste by Waste Category, Hazardousness and NACE rev.2 Activity. 2023. Available online: https://ec.europa.
eu/eurostat/statistics (accessed on 15 July 2023).

28. Vetroni Barros, M.; Rodrigors, S.; de Francisco, A.C.; Piekarski, C.M. Mapping of research lines on circular economy practices in
agriculture: From waste to energy. Renew. Sustain. Energy Rev. 2020, 131, 109958. [CrossRef]

29. Porter, R.C. The Economics of Waste; Routledge: London, UK, 2010.
30. Koul, B.; Yakoob, M.; Shah, M.P. Agricultural waste management strategies for environmental sustainability. Environ. Res. 2022,

206, 112285. [CrossRef] [PubMed]
31. Eurostat. Economic Accounts for Agriculture—Values at Current Prices. 2023. Available online: https://ec.europa.eu/eurostat/

databrowser/view/aact_eaa01/default/table?lang=en (accessed on 8 October 2023).
32. ISTAT. Produzione e Valore Aggiunto Per Branca di Attività. 2023. Available online: https://esploradati.istat.it/databrowser/

#/it/dw/categories/IT1,DATAWAREHOUSE,1.0/UP_ACC_ANNUAL/IT1,92_504_DF_DCCN_ANA_1,1.0 (accessed on
8 October 2023).

33. European Environment Agency. Overview of national waste prevention programmes in Europe. In Country Profile: Italy; European
Environment Agency: Copenhagen, Denmark, 2021.

34. European Environment Agency. Waste-Municipal Solid Waste Generation and Management, SOER Briefing, European Environ-
ment Agency. 2015. Available online: http://www.eea.europa.eu/soer-2015/countries-comparison/waste#note3 (accessed on
15 July 2023).

35. European Commission. Communication from the Commission to the Council, the European Parliament, the European Economic
and Social Committee and the Committee of the Regions ‘Taking Sustainable Use of Resources Forward: A Thematic Strategy on
the Prevention and Recycling of Waste’. COM, 2005, 666 Finals. 2005. Available online: http://eur-lex.europa.eu/legal-content/
EN/TXT/?uri=CELEX:52005DC0666 (accessed on 13 September 2023).

36. Sjöström, M.; Östblom, G. Decoupling waste generation from economic growth-A CGE analysis of the Swedish case. Ecol. Econ.
2010, 69, 1545–1552. [CrossRef]

37. Wooldridge, J.M. Econometric Analysis of Cross Section and Panel Data; MIT Press: Cambridge, MA, USA, 2010.
38. Mazzanti, M.; Montini, A.; Marin, G. Aggregation biases in environmental extended input output: Evidence from Italy and Spain.

Ecol. Econ. 2012, 74, 71–84.
39. Baltagi, B. Econometric Analysis of Panel Data; John Wiley & Sons: Hoboken, NJ, USA, 2008.
40. Hsiao, C. Analysis of Panel Data, 3rd ed.; Cambridge University Press: Cambridge, UK, 2014. [CrossRef]
41. Arellano, M.; Bond, S. Some tests of specification for panel data: Monte Carlo evidence and an application to employment

equations. Rev. Econ. Stud. 1991, 58, 277–297. [CrossRef]
42. Namlis, K.G.; Komilis, D. Influence of four socioeconomic indices and the impact of economic crisis on solid waste generation in

Europe. Waste Manag. 2019, 89, 190–200. [CrossRef]
43. De Bruyn, S.M.; Opschoor, J.B. Developments in the throughput-income relationship: Theoretical and empirical observations.

Ecol. Econ. 1997, 20, 255–268. [CrossRef]
44. ISPRA. Rapporto Rifiuti Speciali—Edizioni 2002–2015. 2023. Available online: https://www.isprambiente.gov.it/it/

pubblicazioni/rapporti (accessed on 8 October 2023).
45. ISTAT. Categorie. 2023. Available online: https://esploradati.istat.it/databrowser/#/it/dw/categories (accessed on

8 October 2023).
46. Agri.Istat. 2023. Available online: http://agri.istat.it/sag_is_pdwout/jsp/NewDownload.jsp?id=68A%7C15A%7C99A%7C4

6A%7C8A%7C9A (accessed on 8 October 2023).
47. SINAB. Sistema D’informazione Nazionale Sull’Agricoltura Biologica. 2023. Available online: http://www.sinab.it/content/bio-

statistiche (accessed on 8 October 2023).
48. Johnstone, N.; Labonne, J. Generation of household solid waste in OECD countries: An empirical analysis using macroeconomic

data. Land Econ. 2004, 80, 529–538. [CrossRef]
49. Berrens, R.P.; Bohara, A.K.; Gawande, K.; Wang, P. Testing the inverted-U hypothesis for US hazardous waste: An application of

the generalized gamma model. Econ. Lett. 1997, 55, 435–440. [CrossRef]
50. Mazzanti, M.; Montini, A.; Zoboli, R. Municipal waste generation and the EKC hypothesis new evidence exploiting province-based

panel data. Appl. Econ. Lett. 2009, 16, 719–725. [CrossRef]

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&amp;cote=sg/sd(2002)1/final
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&amp;cote=sg/sd(2002)1/final
https://doi.org/10.18359/rfce.653
https://doi.org/10.1016/j.resconrec.2008.07.003
https://doi.org/10.1080/13504850500407640
https://environment.ec.europa.eu/strategy/zero-pollution-action-plan_en
https://environment.ec.europa.eu/strategy/zero-pollution-action-plan_en
https://ec.europa.eu/eurostat/statistics
https://ec.europa.eu/eurostat/statistics
https://doi.org/10.1016/j.rser.2020.109958
https://doi.org/10.1016/j.envres.2021.112285
https://www.ncbi.nlm.nih.gov/pubmed/34710442
https://ec.europa.eu/eurostat/databrowser/view/aact_eaa01/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/aact_eaa01/default/table?lang=en
https://esploradati.istat.it/databrowser/#/it/dw/categories/IT1,DATAWAREHOUSE,1.0/UP_ACC_ANNUAL/IT1,92_504_DF_DCCN_ANA_1,1.0
https://esploradati.istat.it/databrowser/#/it/dw/categories/IT1,DATAWAREHOUSE,1.0/UP_ACC_ANNUAL/IT1,92_504_DF_DCCN_ANA_1,1.0
http://www.eea.europa.eu/soer-2015/countries-comparison/waste#note3
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52005DC0666
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52005DC0666
https://doi.org/10.1016/j.ecolecon.2010.02.014
https://doi.org/10.1017/CBO9781139839327
https://doi.org/10.2307/2297968
https://doi.org/10.1016/j.wasman.2019.04.012
https://doi.org/10.1016/S0921-8009(96)00086-9
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti
https://esploradati.istat.it/databrowser/#/it/dw/categories
http://agri.istat.it/sag_is_pdwout/jsp/NewDownload.jsp?id=68A%7C15A%7C99A%7C46A%7C8A%7C9A
http://agri.istat.it/sag_is_pdwout/jsp/NewDownload.jsp?id=68A%7C15A%7C99A%7C46A%7C8A%7C9A
http://www.sinab.it/content/bio-statistiche
http://www.sinab.it/content/bio-statistiche
https://doi.org/10.2307/3655808
https://doi.org/10.1016/S0165-1765(97)00088-8
https://doi.org/10.1080/13504850701221824


Sustainability 2023, 15, 16596 14 of 14

51. Crescimanno, M.; Galati, A.; Bal, T. The role of the economic crisis on the competitiveness of the agri-food sector in the main
Mediterranean countries. Agric. Econ. 2014, 60, 49–64. [CrossRef]

52. Montevecchi, F. Policy mixes to achieve absolute decoupling: A case study of municipal waste management. Sustainability 2016,
8, 442. [CrossRef]

53. Wang, Z.; Lv, D. Analysis of agricultural CO2 emissions in henan province, China, based on EKC and decoupling. Sustainability
2022, 14, 1931. [CrossRef]

54. Hoornweg, D.; Bhada-Tata, P. What a Waste: A Global Review of Solid Waste Management; Urban Development Series; World Bank’s
Urban Development and Local Government Unit, No. 15; World Bank: Washington, DC, USA, 2012.

55. Mazzanti, M.; Zoboli, R. Delinking and environmental Kuznets curves for waste indicators in Europe. Environ. Sci. 2005, 2,
409–425. [CrossRef]

56. Chi, Y.; Xu, Y.; Wang, X.; Jin, F.; Li, J. A Win–Win Scenario for Agricultural Green Development and Farmers’ Agricultural Income:
An Empirical Analysis Based on the EKC Hypothesis. Sustainability 2021, 13, 8278. [CrossRef]

57. Sanders, J.; Gambelli, D.; Lernoud, J.; Orsini, S.; Padel, S.; Stolze, M.; Willer, H.; Zanoli, R. Distribution of the Added Value of the
Organic Food Chain; Thünen Institute of Farm Economics: Braunschweig, Germany, 2016.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.17221/59/2013-AGRICECON
https://doi.org/10.3390/su8050442
https://doi.org/10.3390/su14031931
https://doi.org/10.1080/15693430500364707
https://doi.org/10.3390/su13158278

	Introduction 
	Materials and Methods 
	The Econometric Model of the Agricultural WKC 
	Data 

	Results 
	Decoupling Effect in Agricultural Waste Production 
	Socio-Economic Variables Affecting Agricultural Waste Production 

	Discussion 
	Conclusions 
	References

