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Abstract

This paper provides a specific application of the Environmental Kuznets Curve (EKC) theory in
order to explain the correlation between income and household waste generation. The main
purpose is contributing to enhance the connection between theoretical and empirical analysis. We
develop a theoretical model that highlights a U-shaped path of income-refuse relationship
depending on the environmental effort of households in recycling and consumption. The existence
of delinking also depends on other socio economic variables that affect the shape of the curve. The
econometric analysis finds evidence supporting the existence of EKC relationship using Italian data
at the municipality level.
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1. Introduction

Post consumption environmental impact has becomenpartant issue all over the world. Waste

volumes are predicted to continue rising unles®maas taken in order to keep down the problem.

There is a need to take appropriate measures ier aodreduce the amount of waste for final

disposal. Further, in the last two decades refudleation and waste disposal industry have been
affected by some important changes. On the one,htlred increasing amount of refuses in

developed countries could generate a collapseisfsector, by engendering a landfill crisis and

decreasing of environmental quality. On the otlrerd) the structure of landfill has recently moved

from local sites to regional ones, such that nggatxternalities of refuse disposal could be

reduced. The attention over landfills and recyclimgncreased a lot, encouraging households to
separate refuses and opening a market of recychdrias (an example of this attention is that
many countries begin to make 'per bag' price ppli&g a consequence, many economists were
induced to pay their attention to this sector.

This paper focuses on environmental aspects oéeefollection and disposal by drawing on
delinking literature between income and pollutidviany theoretical and empirical economists
argued the evidence of relationship between thesefindamental economic variables. Instead,
there is empirical evidence that some pollutantiovio an inverse-U-shaped pattern relative to
countries income. This type of relationship is @all"Environmental Kuznets Curve", EKC.
Kuznets [21] was the first economist that studiked particular relationship between economic
growth and unemployment. He showed that unemployimeneases until a some level of income
after which level it begins to decrease.

As a consequence of his work, many economists meaddithe original formulation by
analyzing the relationship between economic growaid pollution of a country arguing the
existence of delinking between growth and enviromi@equality. However, many researchers
think that delinking can not be automatically showizonomic growth can be only a part of the
environmental problem solution.

The contribute of this paper is to deepen the wtdeding of EKC with a specific application
to the municipal solid waste sector. The causdb@felationship between income and refuses are
defined in a theoretical framework considering etéint type of wastes: total, non separated and
separated refuses. The second step is to implatrenpirically.

The paper is structured as follows. Section 2 angresent the theoretical and empirical
literature about EKC, respectively. Section 4 déss the theoretical model in order to define the

optimal refuse function as a function of income aider socio-economic variables. Section 5
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describes the dataset and Section 6 defines th&ieahpnodel and comments on the empirical
results regarding waste generation, comparing bogar and non linear specifications. Section 7

concludes.

2. Theoretical Literature

The EKC literature is connected to the delinkingg@upling) theory as indicator of environmental
effectiveness with respect the economic activitye Tntuition of these indicators is to separate the
economic activity trend from the pollution geneoati

Economists have proposed several reasons for thgorship of the income-pollution path
which can be classified into three categories:dasing economic scale, structural changed
increasing demand for environmental quality as bBbakl income increases. While the first
category provides an explanation for a positiveome-pollution relationship, the other two
categories can explain positive as well as negaéiksionships

The models in the literature that study inversehdped relationship between income and
pollution assume that pollution is a by-productedgher consumption or the capital stock and that
the consumer can affect the level of pollution @ithy choosing less productive technologies with
lower emission or through pollution abating envimental effort (see Highfill & McCasey 2001,
Huntala 1997).

At the present, theoretical studies of EKC are eatbcarce. These studies generally try to
explain dynamics in terms of type of technologicalestments, endogenous spill over, changing
preferences and policy factors. Other authors pew theoretical underpinning for EKC dealing
with dynamic optimal investments in waste managdrard waste disposal options.

One of the most interesting theoretical interpretats given by the model of Andreoni and
Levinson [1]. They develop a static model in whitle EKC can be derived directly from the
technological link between consumption of a desgedd and the abatement of its undesirable by-

product (generic pollution). The inverse-U-shapeldtronship does not depend on the dynamic of

! That is, changes in the output mix of the econ@myeriving from the economic growth of a countsych as the
transformation from agricultural to industrial ecomy and, at last, to industry of services have spositive effects on
the environment. The first change may generatee&sing pollution, while the second may generatedagation of
pollution. In other words, there is an effect of agoption of techniques and technologies that redeiss intensive
resources and generate less pollution for unitwput. By supporting this concept, free trade thieswggests that
developing countries would specialize in the prdigdincof goods that are intensive in the factorg thay are endowed
with relative abundance: labour and natural resir®©eveloped countries would specialize in humapital and
manufactured capital intensive activities. Parth# reduction in environmental degradation levalgthe developed
countries and increases in environmental degraadtiomiddle income countries may reflect this spkzation.
Moreover, environmental regulation in developedntdas might further encourage polluting activities gravitate
towards the developing countries.

2 Other additional explanations, such as technotdgibange can be due to the increasing civil ariiqad liberties,
and changes in environmental and trade policiessemnply the meaning through which changes in theated for
environmental quality are realized into changegaliution levels.
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growth, political institutions, or even externadj and can be consistent with a decentralized
economy as well as Pareto efficient policy.

An extension of the latest model is given by theerg paper of Khanna & Plassmann [23] in
which they use the agent model to analyze the nmesimaof EKC. They decompose the analysis in
two frameworks. On the one hand, the allocatiomegburces to consumption and environmental
effort, on the other hand, the relationship betw#en specific resources and the environmental
guality. Moreover, they use a simple model in whithy do not assume specific functional forms,
it permits to apply the model to a wide range ditytand pollution functions. The model recover
the model of Andreoni and Levinson that for its glicity makes easy to examine the driving forces
behind the EKC. Consumer preferences can eithéerf@s prevent a reduction in pollution. For
example, if consumers do not exercise enough emviental effort as they get richer, then the most
sophisticated and effective abatement technologgesot prevent pollution from increasing. But,
conversely, consumers do not need to have vergijnereferences for pollution to ultimately fall
with income if abatement is sufficiently effective.

As to the literature concerning specifically thesteasector, Fullerton and Kinnaman [15] and
Podolsky and Spiegel [32] describe the substitugmssibilities between waste disposal and
recycling as part of household waste managemergy Tevelop models in which households
maximize utility subject to a budget constrainttthrecorporates a unit price for waste collection.
The models are the basis for a solid waste disgoshtecycling demand equatidns

There is an interesting part of the environmentatdture that studies costs and benefits of
municipal solid waste recycling. For example, Kipperg [24] tries to explain the heterogeneous
consumer behaviour in recycling some materialstandhlue the benefits in terms of cost of time
and money spent in this activity. The time andhbterogeneity of consumers are two key factors
for their behaviour since the choice of recyclinguld be due in part to voluntary behaviour
(independent to money incentives), in part of maneincentive. In fact, much people recycle even
without monetary incentive.

Moreover, even if recycling does not imply partanumonetary costs, it is also true that there
could be implicit costs for individuals in terms tihe spent to recycle and, for this reason, there
should be an adjunctive benefit in order to compnthis cost.

Recycling can be seen as a private or a public .gdbé private economic benefit for the

consumer is to reduce the marginal cost of munigpbd waste disposal, while the benefits of the

® These equations have three types of independeiables: characteristics of goods whose consumpiiemerates
waste (include the price of consumption goods &edaimount of waste generated per unit of good)rie®on of the
local waste management system (price per unit o$tevalisposal, a vector of recycling program feayre
socioeconomic factors (household size, income ahdatation). Instead each material has unique clarsiits that
could affect relationship between recycling andgexmus variables.
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public good on recycling are the environment pnestgsn and the reduction of landfill (public
bads).

Summarizing, the variables affecting recycling dexis can be grouped in three categories:
time variable, moral motivation and passive-use®al

In the first case, recycling is a “non market gaotifien, for analyzing the price of recycling,
the cost of opportunity of time is taken as a eogilve variable. Recycling is an activity of the
household production that requests an effort im$epf time spent to it. In the case of moral
motivation or incentive variables, many consumerveh a preference to behave in a
environmentally friendly way, that is, there exiatdesire to voluntary contribute to public good. |
this case, consumers take value from two factes:utility deriving by participation to recycling
programs (use-values) and the utility deriving bg teduction of negative externalities, associated
to an increasing of recycling. In fact, the bersefitf the environmental preservation are not
excludable and not rival (since they increase iedépntly on the recycling behaviour of a single
consumers).

This analysis about the consumer behaviour in tegyactivity denotes how motivational
aspects are important for the choice of recyclimgl @ understand how factors affects in a

significant way on the delinking.

3. Empirical Literature

The empirical assessments of the income-environmaationship usually are not based on a
specific theoretical model and the empirical papess different environmental indicators and
variables since there is not a general consensust étrem neither about the empirical regression
has to be used. The main hypothesis that supp®EKC are the following: first, the greater is the
income the higher are the emission of pollutantd same level; second, the increasing of income
has a positive effect on the composition of agtivit the gross domestic product (GDP) of a
country, that is, there is a technological andgyoéiffect on the market strategies.

At first, economists focused on some particulatytahts that could create damage to wealth of
the peoplé Then, they begun to analyze the empirical evidesmiout the existence of EKC in
refuse sectors and, in particular, for the municgodid waste.

The existence of delinking is supported by the ephoof 'positive’ (relative or absolute)

elasticity between income and environmental qualibstead, the consequences of economic

* Shafik [38] and Khanna & Plassmann [18] have pseploempirical models to provide the existence o€CH#r some
pollutants and, in particular, they showed thetexise of EKC for air pollution like sulphur dioxid&0, ), particular

matter (PM,,), carbon monoxide (CO), ground level ozor®,() and nitrogen oxides O, ). Moreover, they
identified the exact level of income, said turnpaint, at which the pollution begins to decrease.
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activity associated to increasing income are toegme structural changes on production and
consumption.

In some empirical analyses it is difficult to seggarthe impact of technological factors from
the influence of consumer preferences, since moalysts use GDP as a measure of country
incomé&. Changes in GDP reflect the effect of economiacstre as well as changes in income, and
many analyses provide information about the refstigp between economic growth and pollution
but do not analyze the consumer preferences. Sathera argue that, because of the greater local
benefits of abatement, local pollutants tend tdideavith income when countries reach the middle
income level, while global pollutants continue narease. However, all these models use aggregate
and multicountry panel data that combine the effettstructural change, technology and changes
in the demand for environmental quality [38].

Instead, the change of consumer behaviour withetgp higher income is an important aspect
of the EKC theory (i.e., [33], [10]). Consumptidike technology and population growth, is one of
the most important determinants of the environmedi@nges. If "environmental quality” is a
"normal good" such that the higher is the inconeehifgher is the demand of good, the structure of
preferences has a direct effect on the economygiwranarket behaviour and an indirect effect
through the pressure on governments in order ® raasures.

Khanna and Plassmann [23] analyze the impact ad¢n@and for environmental quality on the
income-pollution relationship. They focus on whetliteis possible for consumers to 'spatially
separate' themselves from the source of pollfitibhey find that, given consumer preferences and
technologies, the location of the turning pointhe tincome levels at which the reduced form
income-pollution relationship turns from positive hegative - does not depend on whether a
pollutant has deleterious local or global effeais dn the cost of reducing exposure to pollutiam, o
the ability to spatially separate the productiod aansumption of pollution-generating activities.

The first empirical studies about refuses was Bohito some macroeconomic analysis. The
1997 study by Shafik [38] provides the existencamfincreasing monotonic relationship between
waste generation and income, while for other qualitdicators there exists a U-shaped

relationship.

> GDP per capita is the independent variable fomhgority of regressions that study the income-eiastationship.

® Instead, the possibility to spatially separatedpmtion and consumption plays a decisive role @ ¢bhnsumer's
decision to reduce his exposure to pollution aenme increases. So that, income-pollution relatigngirns negative at
lower income levels for goods which spatial sepanais possible. They use cross-sectional censgkdevel data for

the United States to isolate the effects of diffieas in consumer income from changes in the odwtoffs.

" He uses a panel database of 149 countries angHiméar model for the years between 1960-1990. fEselts of a

monotonic relationship between growth and wastegadion derive from both the difficulty to find sidicant dataset

on the urban solid refuse and from the intrinsitureof local environmental problem. According be tauthors the per
capita refuse disposal can be considered as apochlem, in particular in the areas where thera isw density or a
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A study of Johnstone and Labonne [20], that retsesy model of Fullerton and Kinnaman [17],
provides evidence on the economic and demogragherinants of generation rates of household
solid waste that are consistent with results foungrevious studies. Using a cross-sectional time-
series database of solid waste OECD countries, #stynate the burden of household waste
generation on the consume expenditure per capittheourbanization, on density of population and
on the share of children. They find positive elastj but lower than one. Waste generation rates
are anelastic with respect to the household consampexpenditure. Population density and
urbanization degree have a positive effect on tastevgeneration. Finally, they find children share
has a negative and significant effect on waste rg¢ioe’. They conclude that the composition and
size of the household seems to have an effect osefmld MSW generation with a significant
negative influence, that is, there are househokkatinomies of scale in waste generdtion
Population density and the degree of urbanizatgpear to have positive effect on household MSW
generation.

Many other empirical studies control the demogremnd income variables about assessment
of waste generation and waste recycled of housealdexample, real wage can have a positive
income effect if greater income involves greatenstone and waste, negative effect if major
income implies people goes to eat out or longeidhgs, then household waste can decrease with
income [32]. The effect of demographic variables estimated by Kinnaman [16] and Podolsky
and Spiegel [32] that provide empirical evidencat tihe greater is household size the lower is the
waste disposal. Moreover, an increasing of housemoédian age implies waste generation
decreases.

Some economists have estimated relationship betvegRication and household refuse.

Household with higher education can be more catefwaste sorting and have an higher attention

low income, therefore high income and generatedseefire not positively related. The local probleitihwow social
costs and higher private costs - in terms of custbamges - tend to increase with the increasedriaco

8 Their model considers the maximization of househatility function as a function of consumption, usehold
municipal solid waste collection services, averhgasehold size, number of children in a family, bemof working
age people in a household, proportion of populatidrich lives in urban areas. This function is suibedi to the
constraint of income, price of collection serviegsl consumption goods. The household maximizatioblem is the
following:

Max{C, hsc, hssize, child, workage, urban}
St.

Income = consumption* p (ctry, popdens)msw

where C is consumption, hsc is the household mpaliciolid waste collection service, hssize is aatgaphic variable
like the average household size, child is the nurobehildren in the household, workage is the nandif working age
people in the household and urban is the propodfgmopulation which lives in urban areas. The @ri¢ olid waste
collection service that depends on countries inctvhilousehold is located (ctry) and the density opypation
(popdens).

° This could be due to the tendency to conserveaskgming for consumer items such as food and bgesrahich are
purchased for larger family sizes.
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to environment and health. Hong (1993), Callan @hdmas (1997), Judge and Becker (1993),
Reschovsky and Stone (1994) and Duggal et al. (18&imate that education increases recycling,
while Fullerton and Kinnamann [17] estimate that$ehold with higher education generate lower
refuses. There are studies that on the one hargzanhe composition of household finding that
median age decreases waste generation, on thehahdrshow how rural households may have a
number of alternative management strategies (@mposting, burning, illegal disposal). Further,
there are some empirically evidences about howatdurclevels can have a positive effect on solid
waste generation rates and about how the pricerfaah affect solid waste generatidn

Concu [10] shows an other aspect of the environahgbblem. He find that there does not
exist complementarities between touristic spe@éilim and environmental preservation, that is, the
touristic specialization does not help to improeeraich the environmental quality

A recent study of municipal solid waste (MSW) in Iglgsia [30] shows some behavioural
factors affect the waste generation: lifestyleingghabit, housing characteristics (i.e. lengtlstafy
in a particular home, home cooking marital status$ family size) that tend to generate more wastes
and demographic background (i.e. the socioeconastaitis of the population and the solid wastes
handing practices, the use of rural drop off andnimg, or dumping into holes). Surprisingly,
income level does not influent the amount of wasteeration in this study area.

An interesting paper of Moraes et al. [7] highlighk and Brazilian consumers’ behaviour
with respect to the waste disposal. They explores laofew UK consumers dispose of their
unwanted goods and contend that consumers fromtroesirwith a distinct levels of economic
development will dispose of goods in different walgg comparing the varied paths to disposal
adopted by middle-class British and Brazilian consts and by examining any difference between
consumers' disposal attitudes and practices in tmiihtries. This qualitative study (they interview
UK and Brazilian people) shows how waste is seea asurce of economic opportunity for poor
people in Brazil, so that the upper classes rétiedomestic services of housekeepers and general
household consumption and disposal practices ackated by such employees: housekeepers and
scrap mongers collect the recyclable waste fronséloolds and public spaces. In UK, instead, the
policy about waste derives from the perceived nimedombat environmental issues rather than
from economic need, so that, UK consumers are amgehof their own disposal. This difference is
important since the perceived effort is a relewattitudinal component in the responsible disposal

decision making process. UK and Brazilian partiniggpresented divergent concerns about waste,

19 For example the "pay-as-you-throw" scheme mayltrésueduced waste generation and increased rieycl

™ In particular, the existence of Kuznets curvedasible both to the data-set and to the adoptedifigion. The
touristic specialization is not an environmentaddly strategy and, on the strength of its indicathe growth does not
contribute to solve the problem of environmentajrdedation.
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and articulated distinct symbolic roles for disgpgdiich emanate from their economically distinct
contexts. British participants see the disposallesyas burdensome, even if necessary and
responsible. Brazilian see them as a duty. Bothentla& connection between irresponsible disposal
and natural environment degradation. Brazilian aksp practices seem more intricate and geared
towards charity and non-wastefulness than UK ppeids. Conversely, UK participants avidly
reuse and purchase recycled and second-hand pspdureictices that are not adopted by the
Brazilian participants. Although Brazilian local tha embrace the waste-as-opportunity viewpoint,
this seem to reproduce the social inequalitiessidioratic of the country.

Karousakis [21], by using a panel data from 30 OE€Dntries over a period of 30 years,
analyses the main trends in MSW generation, didpasa recycling, by including waste policy
analysis. From the "generation" point of view, umization has a positive impact on the generation
of solid waste (and this is discouraging, sincetteed of population living in cities will grow ithe
future). On the side of disposal, urbanization aedl landfill tax imposed by the national
governments have negative impacts (this impliestti@ugh urbanization is associated with higher
amount of waste, the waste is managed in a mafieoemental friendly way, such as incineration
or recycling). On the side of recycling of papetdboard and glass, the main determinants are the
growth and the population density, with a negaéiffect.

A study of Jenkins et al. [19] concerns the analysditwo solid waste programs: residential
kerbside recycling and volume based pricing (ot pricing) in 20 metropolitan statistical areas in
US according to the recycled material. They stuglg fifferent materials: glass bottles, plastic
bottles, aluminium, newspaper and yard waste. Timelythat kerbside recycling has a positive and
significant effect on the share of the five recycteaterials, while the mandatory recycling has not
a significant effect (the effect of unit pricingnst clear).

A recent paper of Gellynck and Verhelst [18] idBes the factors of the policy mix that has
the greatest impact on the amount of mixed housebolid waste. They find that population
density is positively correlated with waste genieratind the higher is the annual average income
of people in a municipality the higher is the amioinwaste (positive income elasticity of demand
for waste collection services is around 0.326). Esv, the income variable is out of control of
local authorities. The authorities, instead, magrafe in the service level to lower the amount of
refuse, for example, a less frequently collectibmvaste, an implementation of kerbside collection
program for organic waste and collection of organa&ste have a significant impact. Pecuniary
incentives (i.e. the annual fee over unit-pricingtbe bag or price-per-bag systems, the weight-
based systems, the fixed annual fee for waste atmife services) are effective instruments in

reducing the amount of waste. The higher are thecticosts for waste service borne by
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households, the lower is amount of waste collecéeda consequence, an implementation of the
‘polluter pays' principle may be an effective instent. One of the major components of household
waste is organic material, therefore, an incentwvearticipate in composting yard and food waste is
likely to encourage waste reduction. Home compgshias the potential to make a significant
contribution to household waste minimization.

Mazzanti et al. ([26], [27]) show an empirical esicte about delinking and about existence of
an Environmental Kuznets Curve for the waste geiweran Italy. In particular, indicators of
delinking are used to measure improvements in enmiental/resource efficiency with respect to
economic activity. Instead, the generation of wastEU25 since 1980 is increased more than the
landfill because waste volume in the EU are growdnigen by the production and consumption
patterns ([28], [29]).

A general critique concerning empirical studiesedC, given by Arrow [3] and resumed in
Stern [39], is the lack of considering the feedbd&akn environmental damage to economic
production as income is assumed to be en exogerasiable. Instead, it is clear that the levels of
pollutants per unit of output in specific procesbase declined in developed countries over time
with increasingly stringent environmental regulaaand technical innovations, however, the mix
of effluents has shifted from sulphur and nitrogeides to carbon dioxide and solid waste so the
aggregate waste is still high and per capita wasd¢ not have decline. Economic activity is
inevitably environmentally disruptive in some wayioreover, satisfying the material needs of

people requires the use and the disturbance ofgfienvs and material stocks.

4. The Theoretical M odel

The purpose of this paper is to study the municgudild waste management by considering
how a representative household can be stimulateddycle. Instead, there are some factors like
local policy, presence of tax or tariff, degreeediucation and income that affect the behaviour of
the consumer in order to pay more attention toetmaronmental aspect derived by not recycling
urban solid waste. According the neoclassic thettwy effort of a household should be to maximize
its own utility function and, at the same time, tonimize the waste generation. We start by
assuming an economy with a single consumer or ol and with no externalities.

Literature on environmental economics evaluatesetfextiveness of the instruments used by

public authorities to reduce the amount of wastd ancouraging the amount being recycled.

2 The consideration about the different interpretatabout consumers and household can have sometampo
implications in the empirical tests, since the Bngpnsumer has a different behaviour with respet¢he household.
But, for now, it is not so important in order topéain the meaning of the simple model.
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Instruments of public authorities to reduce wasia be divided into three groupspecuniary
incentives (going from fixed annual fee over undkng by the bag to weight-based fees),
provided service level (availability if kerbsidecyeling or through a drop-off centre and organic
waste collection) and measurements to stimulateepten and waste reduction. Beside the policy
mix, the amount of generated waste depends onh@wacteristics of the community, as there are
income and population density.

Let consider an utility functiord (c,R, )s a function of consumption of a private good
(c>0) and of non recycled urban Waste/ref‘ﬁseRNS), such that it is increasing in and
decreasing iR .

Non recycled waste is a public "bad" and it canirtierpreted as a degree of environmental
pollution that generates disutility to the singlensumer, as in the model of Andreoni &
Levinsort1].

On the other hand, let considBy as an indicator of reduction of pollution, thatiigepresents
the portion of recycled refuse with respect to th&al waste generation. We assume the refuse

function is the following linear function:

Ro = Rus * Rg (1)
so that, we consider the household utility functsrma function of consumption and refuse:
U(c, Rtot) =C- Ry, (2)

where z> Orepresents the constant marginal disutility ofisef

Since non recycled refuse has been considered @dlwion factor, it is a by-product of
consumption, so the greater is the consumption lodwsehold the higher is the pollution degree.
Moreover, suppose the consumer has a means by \Wbkidan alleviate pollution - non recycled
refuse by expending resources to clean it up preeent it from increasing. Let call these resosirce
environmental effort to recycl€). Refuse function is then a positive function ohsumption and
non recycled wastes, while it is a negative functbthe environmental effort.

As said before, the generation of waste is a fonatif two variablesR = f (c,E) , whereE is

the effort to abatement the quantity of refuse getiee from the consumption of a good.

Then, let suppose that the total amount of refgsgiven is only by a fractiory (with

0< y <1) of the total consumptidfi such thatR , = yc, while the quantity of separated waste can

13 As listed in a recent paper [18].

14 We take a definition of Municipal Solid Waste diamito the OECD questionnaire and reported in thpep of
Johnstone and Labonne [20].

15 See in Appendix of [39].

16 pallmer et al.(1996) say that the amount of waiposed, W, equals total consumption of the g@adminus the
amount that is recycled, R, that is W=Q-R. | sugpthst only a percentage of consumption generaastew
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be described like a Cobb-Douglas function, thatRs,=c“E”, where the effort to reduce the
pollution from the non separated refuse affectsy mm the portion of consumption that can be
appointed to be recycled. As a consequence, equdt)jaan be rewrite in the following way:
Rys = Ra ~Rs = yc—cE” 3)

with c,E>1and0O<a,8< 1

The variablec” represents the share of consumption that is “desligto recycling. In fact,
each good consumption is characterised by a teobimal component from which derive its own
possibility of recycling. Thea parameter represents this technology. The extrease in which

a =1, then Ry =cE”, implies that all consumption is differentiabledarepresents the maximum

of recycled good quantity, fixed consumption effowhile in the case ofa = QR =E”

represents the minimum of differentiable wastedeft® paribus), so that the effort on recycling
affects less than the previous case. The conclusithrat the higher i parameter the greater is the
separated refuse collection and the lower is theseparated waste (equal effort).

Similar intuition is for E#. In this case, wher3 parameter increases, separated collection

increases while the not separated waste decrelaseayse higher is the weigh of effort on the
separated refuses, equal differentiable consumption
Equation (3) shows the existence of duplex efféctamsumption on the refuse generation,
since, at the one side, consumption causes propattpollution in terms of non recycled waste
implying an increased of total waste while, on tlieer side, the resources spent on environmental
effort to abate pollution generates a reductiototd#l waste.
The household maximizes his utility function in fiodowing way:
MaxU (¢, R ) = Max{c - Z|yc - c“E” |}
st. (4)
W =cp, +Epe

where W is the stock of income of a representatmesumer,p, is the price of consumption and

pe is the price of effort (let assunvé > p.).

The budget constraint for household means the vealh be divided in cost of consumption
and cost of effort to recycle waste. The maxima@atroblem can be solved by computing the first

order conditions and substitutif®) andE’ in the utility function.

Case z=y=1

Let assumez = y = 1So that, the first order conditions are:
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The corner solutions ar€” = &dC” =M (but for C* = 0the consumption and the refuse
generation are zero, by definition).
Now let put the solution of (5) and (6) into theuatjon (4) and we get the optimal quantity of

non recycled refuse, that depends on the technptbgyrelative prices of the effort and mainly on

the income:
\ a a \'( B S VEAL
Ry = M -
a+p a+pB)\a+p)
a B a+
=4 M_(”Mﬂjl\ﬂ *(pe)’ ")
a+ a+ a+ -
B B B Z(@ Pe )&
i=1
where M Eﬂ Is the relative income andE& is the relative price of effort (this function is
P. Pc

called “refuse function”).

As a consequence, let compute the following redyadlefuse function (see Figure 4 in

Appendix A):
o (a Y[ B YwmE
RS'(cHﬁj (awj ° ©

(note that the separated refuse generation isaifumnpositive in income and effort).

In particular, the path of income changes accordiaghe values of the parameters. In fact, if

a + £ >1 the function of not separated refuse is concaveonfirms the inverse U shaped path

described in the Environmental Kuznets Curve.
The turning point is computed by the first ordenditions of the new refuse function (equation
(7)) and it represents the maximum of this functio the case otr + 5> 1that is, the point of

income over which refuse generation begins to dsererhis point is:

1-a B a+1+—1
. 1 {a [7_7]] g (9)
a+Bla+B\ B

Equation (9) shows that also the turning point farection of the (relative) price of effort;.

Coherently with the idea of heterogeneity in consupreferences and habits, the intuition is that
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the price of effort can vary individually and atnomunity levels and may depend on socio-
economic and demographic factors. For instanceetheeational level, the life-style, household
composition (number of people in a family, average, etc.), demographic background, density of
population as well as environmental policies likeycling program in a region (i.e., volume-based
pricing, unit pricing) can cause a lower or a higbest of separated refuse. Thus, the shape of the
EKC and its turning point can be different for eacmmunity.

In order to account for this issue in the model,3e be a set of socio-economic, political and
environmental variables €1,...,n). Then, the value ofi can be written as a function of the latter

variables and this formulation can be tested ermgdly:

=P = 1(s) (10)

c

5. Data and variables.

The database is relative to 547 Italian municipditwhich are observed from 2004 to 2006.
Publicly available data from ISTAT were used as dgraphic and socio-economic indicators,
while the information concerning the amount of wasbllected were gathered from Ecocerlfed.
The presence of some missing data makes the panstrictly balanced and the total number of
observation equal to 1554. The geographical logatim of our sample is uniformly distributed
over the national area, with 171 municipalitiegshe Northern regions, 158 in the Centre and the
remaining 218 in the South. More than one thirdh@ Italian population is represented in the
sample.

Table 1 presents the summary statistics of thealibas used for our empirical analysis. The per-

capita production of wasteR(,) is on average around 470 kilograms per year (sirh8 kg per

day), with a share of separated waste collectitifbsiow the 20 percent. There is however a high
variability in the sample both in terms of the totéamount collected and in the waste sorting
policies. While some municipalities have not evaarted a serious recycling program (more than
100 municipalities below 5 percent of separatedtevasllection in 2006, mainly distributed in the
South), others have reached very important targeth, a maximum value of more than 76.5

percent.

" EcoCerved is an Italian company that, among diirestions, organizes and collects data on wasteagement from
municipalities.
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Table 1. Summary statistics

Variable Variable description Mean Standard dewrati Min Max
R, Total amount of solid
o waste collected (Kg/year 467.83 142.71 138.65 1427.06
per-capita)
Rys Total amount of non-
separated waste collected 383.54 153.45 60.36 1409.64
(Kg/year per-capita)
R Total amount of separated
s waste collected (Kg/year 84.29 71.62 0.21 391.06
per-capita)
M Per-capita real income (€) 9749.23 3750.38 3000.08 21596.55
Sat Altitude 193.02 185.22 0 1093
Srop Population 40,484 139,971 992 2,711,491
Soens Population density 891.93 1230.04 23 9442
Sis Household size 2.56 0.28 1.93 3.56
So Share of adult population
with high-school degree 31.91 7.36 14.86 53.96
(%)

The per-capita municipality incomlj is expressed in real term (base = year 2006)jsabdsed on
fiscal data of the Ministry of Internal Affair8.The average in the sample is less than 10.000sEuro
It is worth noting, as a term of comparison, thas imeasure of personal income is lower than the
gross domestic productGDP), which is often used in other EKC empirical saglibut is not
available at the municipality level. The other ahies included in the study are time-invariant and
are useful to capture spatial characteristics whiely affect the amount of waste collected, such as
the altitude $a.7), the municipality size measured in terms of papah (Sop), the population
density Goeng) and the average household sizg($® A particular interest is devoted to the effect
of education (&). We used a proxy represented by the share ot adpulation holding a high-
school degree, which on average is equal to 3Zperc

6. Empirical analysis
In the following we test the EKC relationship inncection with the theoretical model developed in
Section 4. Our empirical strategy is based on tmeparison of two alternative approach. First, we

develop a linear regression model, coherently hih existing literature; second, we provide a

18 Data were accessed from the website of the ecanoenispaper “Il sole 24 ore”.
19 Information on the dynamic of such indicators wasavailable.
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direct estimate of the theoretical relationshipivdet in Section 4, by means of non-linear least
squares. All estimations were obtained using tagssical package STATA (version 10.0), and the
significance of the parameters was tested at éifidevels (p<.01; p<.05; p<.10).

6.1. Thelinear regression model
Each type of waste collected (separated, non-sigolrtotal) has been putted in relation with the

income and the other explanatory variables. Theahcah be written as follows:

R,=a+BuM+B,M*+> BS +> BM 5 (11)

with @={TOT,NS, S} and i, j ={ALT,POP, DENS, HS, ED} .

As usual in EKC empirical studies, the specificatiacludes a linear and squared term for the
income variable and the additional time-invariamtariates (grouped in the vector S). A peculiarity
is the inclusion of the interactions between thetmeof municipality characteristics S and the
income. This implies that the (eventual) turningnpaan be heterogeneous across the sample,
depending on the municipality characteristics. Sachassumption is coherent with the theoretical
model, which suggests that the turning point depend the (heterogeneous) price of the
environmental “effort”. Thus, the idea is that mzipality characteristics can affect the total antoun
of collected waste in two ways: first, they can éavdirect explanatory power of waste production
via the coefficient(s)si; second, they can make it more (or less) costlyniplement certain
environmental policies related to delinking, movihg turning point at a higher (or lower) level of
income via the coefficient(g);.

All variables in the vector S have been normalipgdr the sample geometric mean, so that the
coefficients have more immediate interpretation aad be used to derive the turning point for a
hypothetical municipality with “average” characstits. Equation [11] has been estimated using
ordinary least squares (OLS), adding two dummiesorder to identify more homogeneous
territorial areas (North, Centre and South). The ak pooled data has been preferred to panel
techniques given the strong prevalence of crosseset variability and the focus on the impact of
time-invariant factors. Table 3 shows the resultisamed using both the linear and log-linear
specification. In all cases, a stepwise procedues wmployed to gradually delete the least
significant covariates from the full model, stoppionly when all the estimated coefficients for
retained regressors were significant at leasteal @96 level.

A turning point within the range of observation westimated both for the total amount of solid
waste collected and for the non-separated wastbelfinear case, the value of 15,561 € falls & th
upper decile of income distribution, indicating ttheery few municipalities has reached a point
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where the increasing trend of total waste generdims come to an end. This result is in line with
Mazzanti et al. [27], who found evidence of EKCle provincial level. Differently, the log-linear
specification provides a lower estimate correspogdo slightly more than the average income.
Results are more encouraging when looking at tmeseparated waste, which shows a more clear
decreasing trend thanks to the strong impulse giwercycling and waste sorting in the last years.
One might see the EKC as decomposed in two envieotah “delinking” levels: with a certain
level of income the amount of non-separated waisted decreasing because it is substituted by
separated waste; a remarkable additional levelnobme is necessary in order to register a
reduction of waste generation.

The coefficients of the other covariates usuallgvgltonsistent signs across the models and also the
interactions with the income are in most casesifsignt. The most important effects have to be
ascribed to the family size and the education lelieé first is associated with lower level of waste
generation and with lower delinking levels. Thisi true for the education variable, which shows
a controversial effect. For a given level of incomaste generation is lower — and the separated
waste collection is more developed — in municipadit with higher degree of education.
Nevertheless, municipalities with higher degreeedfication are also the ones achieving the EKC

turning point at a higher level of income.

6.2. The non-linear model

The second step of our empirical analysis has Ileenmplementation of the theoretical model
derived in equation [7]. The aim is to strengthbe bridge between theoretical and empirical
analysis, by focusing on non-sorted waste as thernpallutant. One common issue when using
nonlinear least squares is related to the convesgehthe model, the existence of local maxima to
the assignment of appropriate initial values to pagameters [34]. In order to circumvent these
problems, which increases with the number of patarado be estimated, we further simplify the
model by imposing. = 1. Given the interpretation of this parametiee, &ssumption is basically that
all consumption can be recycled. Virtuous casesnohicipalities with share of collected waste
around 80 percent supports such a simplificatfon.

Table 4 presents the findings, which are quiteria With those obtained with linear regressions. In
particular, when estimating the model using thérersiet of observations the average turning point
is equal to 9,427 €, but it is lower in the Nortidanigher in the South due to the impact of rediona

dummies on the estimated price of effort. Howewdren using the regional sub-samples, the North

% getting the parameter to 0.9 does not changeutiéng point computation, even if it does impacttba values of
single parameters.
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highlights the highest turning point (10,345 €)lldaved by the Centre (9,724 €) and the South
(8,251 €). This inconsistency is due to the faat tilso the parameter B significantly differs asros
regional areas; the model using sub-samples seemsvier the most powerful in explaining the
data (see Table 5}.As to the socio-demographic characteristics, tbedehconfirms the significant
impact of family size and education on the priceéhef environmental effort. The first has negative
sign and indicates that the effort of reducing separated waste is less costly when the number of
family components is higher, as an evidence of “detm” scale economies. The education has
instead an opposite impact, which moves the turpioigt to higher levels of income. The result
can be explained in light of an increase of the opportunity of time and is significant in all sub
samples but the South. The other demographic ddattors show significant effects only in some
sub-samples. The negative and significant signcast®sal with altitude in the South and to less
extent in the Centre might probably be due to tlessive presence of coastal tourism in these
regions, which can increase the cost of environaiesffort?> Conversely, the population density
has a negative and significant impact only in tleegthern area, where there is a higher urbanization
degree. Finally, the size of the municipality, mead in terms of total inhabitants, was never
significant.

Table 5 shows the consistency of fitted values scdifferent models with respect to the real data.
The correlation with real data achieves a targeteaarly 70% and the correlation across models is

quite encouraging for future empirical applications

2L Further investigation is needed in order to cjarégional differences. In particular, in future @irical analysis we
plan to explicitly include data accounting for ttarial differentials in the price of consumptign.),
22 An explicit consideration of tourist flows is imoresearch agenda.
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Table 3. Results of the linear regressions

Dependent
vapriable Rror Rns Ro In(Rror) In(Rys) In(Ro)
Coefficients (standard errorsin brackets)
a 686.9915 ***  666.5739 *** 39.9006 ** -8.1366 *** -46.6482 ***  179.7851 ***
(123.0999) (120.5143) (19.4381) (5.3299) (7.3000) (17.1985)
Bwm 0.0685 *** 0.0649 *** n.s. 3.0860 *** 11.8958 ***  -40.6727 ***
(0.0148) (0.0145) (1.1755) (1.6100) (3.7959)
Bvm -2.20e-06 ***  -2.75e-06 ***  6.98e-07 ***  -0.1661 *** -0.6709 *** 2.3422 ***
(4.26€07) (4.21e07) (1.28e07) (0.0648) (0.0888) (0.2095)
BaT -41.3644 ***  -42.6574 *** n.s. -0.7672 *** -0.7218 *** -1.6076 ***
(4.5691) (4.4760) (0.1127) (0.1543) (0.3552)
B rop n.s. 0.9132 ** n.s. 1.0252 *** 1.0207 *** n.s.
(0.4614) (0.1651) (0.2262)
B DENs n.s. n.s. n.s. n.s. n.s. n.s.
BEam -213.8853 **  -164.5701*  -68.5077 *** -4.4882 ** -14.7535 ***  -21.4653 ***
(100.9518) (98.9768) (18.8131) (1.7940) (2.4571) (5.7425)
Bep -153.4046 *** -179.2156 ***  42.6267 ** -2.1493 ** -5.3865 *** 26.5826 ***
(55.2209) (54.5943) (20.7632) (0.8509) (1.1654) (2.6433)
BMALT 0.0021 *** 0.0027 *** -0.0005 *** 0.0777 *** 0.0732 *** 0.1625 ***
(0.0005) (0.0005) (0.0001) (0.0123) (0.0169) (0.0389)
B mpop n.s. n.s. n.s. -0.1091 ***  -0.1058 *** n.s.
’ (0.0123) (0.0247)
B M.DENS -0.0004 *** -0.0003 *** -0.00015 *** -0.0025 *** -0.0035 *** -0.0045 *
(0.0001) (0.0001) (0.00004) (0.0008) (0.0010) (0.0024)
BMEAM -0.0389 *** -0.0487 *** 0.0121 *** -0.6249 *** -1.8205 *** 2.3497 ***
(0.0106) (0.0104) (0.0016) (0.1980) (0.2712) (0.6334)
BmEeD 0.0161*** 0.0252*** -0.0110%** 0.2379 ** 0.6089*** -2.9823***
(0.0052) (0.0051) (0.0019) (0.0932) (0.1276) (0.2891)
ONORTH -132.5709 *** -160.4162 ***  30.4733 *** -0.2905 *** -0.5462 *** 0.3832 ***
(9.2803) (9.1726) (3.5223) (0.0199) (0.0272) (0.0635)
OSOUTH 58.2865 *** 64.1881 *** -7.0785 0.0724 *** 0.0827 ** -0.0083 ***
(12.3829) (12.1209) (4.5970) (0.0243) (0.0333) (0.0780)
F-Satistic 75.74 *** 110.97 *** 285.16 *** 74.32 *** 127.17 *= 204.93 ***
Adjusted R- 0.3461 0.4594 0.6222 0.3812 0.5146 0.5919
squared
Turning point 15,561 11,797 10,799 7,085

(€)

*** significant at 1% level; ** significant at 5%elvel; ** significant at 10% level
n.s.: not significant (and dropped in the stepwiseedure)
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Table 4. Results of the non-linear regressions

Dependent variable is R

[1]

[2]

[3]

[4]

Italy North Centre South
Number of observations 1554 476 447 631
A 1 1 1 1
B 1.1246%* 0.8579%** 1.1488 *** 1.5257%**
(0.0148) (0.0499) (0.0268) (0.0685)
Deter minants of Pg
Constant 8.0532 *** 9.0690 *** 6.8320 *** 12.2227 ***
(0.4297) (0.7194) (0.7729) (1.6446)
ALT -0.0278 * 0.0056 -0.0910 * -0.2036 ***
(0.0158) (0.0198) (0.0308) (0.0405)
POP 0.0451 0.0045 0.0017 -0.0183
(0.0034) (0.0056) (0.0034) (0.0273)
DENS -0.0134* -0.0392* 0.0474 0.0383
(0.0082) (0.0101) (0.0350) (0.0273)
FAM -4.5061%* -6.9063*** -2.4722%% -6.0203***
(0.4076) (0.7003) (0.7726) (1.0827)
ED 1.3872%** 1.1947%** 0.7725%** -0.0343
(0.1083) (0.1574) (0.2166) (0.0405)
NORTH -0.8939 ***
(0.0776)
SOUTH 2.8991 *x*
(0.5342)
Turning point (€) 9,427 10,345 9,724 8,251

Table 5. Correlation between fitted value of R from different models

Real data

Fitted value with Fitted value with

Fitted value with Fitted value with

non-linear model non-linear model

linear model log-linear model (entire sample)  (by macroarea)
Real data 1
Fitted value with
linear model 0.6801 1

Fitted value with

log-linear model 0.6653 0.9368

Fitteq value with
non-linear model 0.5823 0.8343 0.7876 1

(entire sample)

Fitteq value with
non-linear model g 6779 0.9165 0.8575 0.91

(by macroarea)
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7. Conclusions and futureresearch
This paper represents a particular applicationhef Environmental Kuznets Curve theory, that
highlights the relationship between income path poltution.

In the model, we take this theory in order to weaf pattern of a particular polluter, that is,
refuse generation. With respect to other empincatlels, we use the not separated refuses as an
indicator of environmental pollution. The assumptis that welfare improves by recycling and for
this reason the effort of recycling is a key indicdo verify the effectiveness of delinking.

The contribute of this paper is to define a thecattfunctional form of EKC in the refuse
sector, starting from the theory of Andreoni andibhson [1] and to implement it empirically.

The model takes a non linear form, that has beenauetrically tested using data from Italian
municipalities during the years 2004-2006. Reshi#tge been compared with the more traditional
linear and log-linear EKC relationships, showingisarities across the results.

In our view, this represents a preliminary attergptreate a more strict connection between
theoretical and empirical applications in the fjedohd future research will go in the direction of
refining this link.

Findings highlight the existence of a turning pdmt the production of non-separated waste,
especially thanks to the increasing attention deonh last years to recycling and waste sorting
policies. However, the level of turning point is@laffected by socio-demographic municipality
characteristics, since the latter may impact onpiaeeived costs of implementing environmental
friendly policies.

In recent empirical approach [27], the separatddsee variable is included as dependent
variable, in order to verify if recycling growth wlal imply also a reduction of the total refuse
generation (and not only of not separated refuSag future objective of this research is to follow
also this direction, in the sense of finding evickerboth in the theory and in the empirical teits,

there is a negative correlation between separatedctal waste, when income increases.
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Appendix A

Equation (7) describes the refuse function. Theshand concavity change accordingao and

S parameters and the price of effort. In particullae, income — refuse pattern follows an inverse U

shaped (EKC) if there are the following conditiofiged income, the higher is the price of effort,

the higher is the turning point since the refusecfion shifts upward. The slope of the curve is

increasing since first derivatives is positive $ome value otr and 5

Ry _ a _ a \'(_ B\ mme
M a+p (C”ﬂ)(aw] (aw] 7’

The second derivatives, instead, are importanthi@definition of convexity:

0 it a+p=1
9°R’ v VR .
= ‘(“[")(‘”ﬂ_l)(aiﬁj (afﬂ] a0 it aep<
a B a+pB-2
I s S

In the first case, the function is linear and igiag (see Figure 1 in Appendix B). In the second

case, the function is convex and does not reprekenEKC (see Figure 2 in Appendix B). In the

last case, when the technology of separated refbhagement has increasing return on scale, the

derivative is negative, sufficient condition fornmavity of the function, so that, it represents an

inverse U shaped curve (EKC) and has a turningtpoimputed by the equation (10).

Appendice B
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Figure 1: Optimal Refuse Function for different values
of mg, and for @ + 5 = 1. Solid line for 75, = §;
Dot line for 7z, = 10; Dash line for mg, = 50.
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Figure 2: Optimal Refuse Function for different values

of Tg,, and

for & + 5 < 1. Seclid line for 75, = 5;

Dot line for wg,, = 10; Dash line for 75, = 50.
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Figure 3: Optimal Refuse Function for different values
of Tz, and for o+ 5 = 1. Solid line for 7z, = 30;
Dot line for mz, = 30; Dash line for 7z, = 100.
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Figure 4: Optimal Refuse Function for recycled

waste function (7 = 30)
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