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Abstract: We study the impact of the introduction of a pay as you throw tariff in
Ferrara which presented a low status-quo level of waste recycling. We find that it
increased the waste recycling share by 40 % points and decreased the total waste
per capita by 30 % points. Our dataset allows the split of the overall effect on waste
recycling, finding that 63 % of recycling is due to organic material and 37 % to mul-
timaterial (paper, glass, and plastic). This result suggests that packaging does not
constitute the major waste recycling collection. Moreover, we find both an increase
in waste recycling and a decrease in total waste, contrary to other case studies with
a higher starting level of waste recycling. This leads to the important conclusion
that pricing waste is effective in reducing pollution if the waste recycling level is
sufficiently low.
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1 Introduction

The standard approach to waste tariffs envisages a fixed rate that is usually based
on the size of the household and\ or on the size of the house. Based on a Pigouvian
fees approach (Pigou 1920), a growing number of communities has adopted a vari-
able rate pricing model aiming at increasing the share of solid waste recycling.! In
the 80, this method was firstly introduced in many municipalities in the United

1 For a review of policy incentives to increase household waste recycling, see Halvorsen (2012).
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States? (Kinnaman 2006). Afterwards, this variable rate pricing, also known as pay
as you throw (PAYT) system was implemented in many European countries, partic-
ularly in Switzerland, in the Netherlands, in the northeastern area of Germany, in
Denmark, and in Italy (Reichenbach 2008).

1.1 Related Literature

The PAYT system can be of different kinds. The most common one is the bag-based
system (Allers and Hoeben 2010; Bucciol, Montinari, and Piovesan 2015; Bueno and
Valente 2019; Carattini, Baranzini, and Lalive 2018; Kinnaman and Fullerton 1996,
2000; Van Houtven and Morris 1999), where residents purchase special bags with
tags or labels that identify the owner of the bag, and the weight-based pricing sys-
tem (Allers and Hoeben 2010; Dahlén and Lagerkvist 2010; Dijkgraaf and Gradus
2004; Linderhof et al. 2001; Miranda et al. 1994; Picchio 2023; Sterner and Bartelings
1999; Wright, Halstead, and Huang 2019; Yang and Innes 2007) where the waste col-
lection vehicle weighs the bin and matches this information to the owner’s identity.
There are also frequency-based or per emptying schemes, where the PAYT tariff
is based on the frequency with which waste container is set out for collection,
and mixed systems, where usually the frequency-based system is combined with
volume and weight-based systems (Morlok et al. 2017).

Almost all the literature finds a decrease in total waste produced, although it
may take several years for citizens to adapt their behavior by reducing the amount
of waste generated (Cecere, Mancinelli, and Mazzanti 2014). Valente (2023) finds that
Italian municipalities reduce the total waste only after three years from the PAYT
tariff adoption. Moreover, there can also be the possibility of a rebound effect. Usui
(2009), for example, finds a rebound effect in Japan where the total waste reduction
effect due the PAYT tariff disappears after 20 years.

The impact on waste recycling is mixed, both in the short and in the long run.
This ambiguous results with respect to waste recycling is mostly found in studies
using cross-sectional data, which do not allow to perform a proper counterfactual
analysis. Other studies (Allers and Hoeben 2010; Bucciol, Montinari, and Piovesan
2015; Carattini, Baranzini, and Lalive 2018; Messina et al. 2023; Picchio 2023) use
datasets where they compare municipalities adopting the PAYT tariff with munici-
palities not adopting it, before and after the adoption. These studies find a decrease
in total waste and increase in waste recycling. Nonetheless, Bueno and Valente
(2019) by using the synthetic control method (SCM) applied to the municipality of

2 The example most known is that of the city of Marietta (US) in 1994 where two kinds of unit price
tariffs were introduced. According to the first, citizens paid by buying bags in which to throw their
mixed waste, with the other method citizens bought cans to fill with waste.
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Trento, having as counterfactual a pool of other similar Italian municipalities with-
out the PAYT tariff, find no evidence for waste recycling and a decrease in total
waste. The different result of Bueno and Valente (2019) can be due to the fact that
the treated municipality is Trento which already had a very a high level of waste
recycling before the introduction of the new tariff.

1.2 The Contribution of the Paper

We study the impact of the introduction in July 2017 of the PAYT tariff in the Munici-
pality of Ferrara. This is a town with 132,278 inhabitants in 2017, located in the Emilia
Romagna region, in the north-east of Italy. The case study of Ferrara is interest-
ing for three reasons: before the introduction of the PAYT tariff the level of waste
recycling was very low differently from other cases (Bueno and Valente 2019; Gel-
lynck and Verhelst 2007); the use of a unit price attached to the unsorted waste,
produced beyond a given threshold, very close to other comparable cases (Bueno
and Valente 2019; Valente 2023); available information for different types of waste
recycling collection.

By using a SCM approach, we find that after one year from the implementation
of the new tariff, Ferrara strongly increases waste recycling share by 40 % points
(p.p.) and decreased the total waste per capita by 30 p.p. The result relative to waste
recycling is due to the peculiarity of Ferrara which, differently from other cases,
generally using a similar unit price® for the unsorted waste beyond a given level,
have a low starting level of waste recycling* (Bueno and Valente 2019; Gellynck and
Verhelst 2007). This result, as also that of Valente (2023), is in line with Kinnaman
(2006) who suggests that the PAYT tariff generally fails to produce a relevant change
in disposal behavior if households’ waste recycling level on a voluntary basis was
already satisfactory before the fee implementation. However, the introduction of
the PAYT tariff implies a drop of total waste per capita in every context indepen-
dently from the initial level of waste recycling. This last result determines a cost
saving for Ferrara of 3.6 million euros.

Moreover, thanks to the detail of information on waste recycling, we also find
that the share of organic waste recycling increases by 30 p.p., while the share of
multimaterial waste (plastic, glass, and paper) recycling increase on average by 15

3 InFerrara the price per liter of unsorted waste was fixed with the introduction of the PAYT tariff
at 0.075, not very different from Trento (0.09) as reported in Bueno and Valente (2019), and from
other Italian municipalities that have adopted PAYT tariff over time (in a range from 0.073 to 0.088)
as said in Valente (2023).

4 In Ferrara the waste recycling share, before the introduction of the PAYT tariff, was 40 %, while
itwas 67 % in Trento (Bueno and Valente 2019), and 70 % in Flemish region municipalities (Gellynck
and Verhelst 2007).
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p-p- There are some reasonable motivations for this last finding. The first one is that
packaging (which is the great part of multimaterial waste) can decrease because of
the change in consumer behavior (people prefer to buy unpacked food because of
the recent larger sensibility on this issue). On the contrary it extremely difficult,
passing through consumer decision, to decrease the level of organic waste. Sec-
ondly, when we evaluate the impact on waste recycling of the PAYT tariff we should
also take into account that waste recycling is measured in kilos (kg) and plastics,
paper, and glass normally weight much less than organic material.

1.3 Policy Implications

The PAYT tariff seems to be an appropriate policy to reach the European targets of
separate collection (i.e. 55 % waste recycling share by 2025, 60 % by 2030, and 65 %
by 2035) for municipalities starting with low levels of waste recycling. Moreover, if
we simulate the adoption of the PAYT tariff for all Italian municipalities with more
of 50,000 inhabitants, now not adopting the PAYT tariff, we would have a decrease
in total waste cost of 723 million euros.

The paper is organized as follows: Section 2 describes the institutional settings
of waste management and the PAYT tariff adopted in Ferrara, Section 3 contains the
description of data, the empirical methodology, and the empirical analysis, Section 4
contains the results of the main specifications, Section 5 reports the analysis on
waste substreams, in Section 6 we carry out the placebo tests for the main speci-
fication, Section 7 checks for possible spillover, Section 8 discusses the results, and
Section 9 concludes.

2 Institutional Setting

In Italy regions are responsible for programming, adopting, and updating regional
waste plans and waste management regulatory activities (art. 196 D.Lgs. 152/2006).
Provinces, municipalities, and optimal territorial areas, the so called Ambiti Ter-
ritoriali Ottimali (ATO), also participate to the definition of these plans. Municipal
authorities have the legal obligation to provide collection systems and the corre-
sponding right to impose a local fee for cost recovery. The operators entrusted
by municipalities with the collection service become legally responsible for the
waste they collect and must dispose of it according to the prescriptions of regional
plans. In Ferrara, waste collection is managed by HERA.® Since 2004, and, before the

5 Agreement stipulated between the Optimal Territorial Area Authority of Ferrara and HERA
(2004). HERA is one of the largest utilities in Italy and operates mainly in the environment sector
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introduction of the PAYT tariff, waste collection was financed through the TARES,
which is a tariff fully covering the costs of collection and disposal services. The tariff
was mainly based on the square meters of the house and the family composition.

With the City Council Resolution n.6/2014, Ferrara decided to introduce the
PAYT tariff. This was a political decision following the electoral commitment on
environmental policy interventions to improve the low level of waste recycling in
Ferrara (Tagliani 2014). Starting from July 2017, traditional bins for unsorted waste
were replaced by bins with an electronic lock and citizens were provided with an
electronic card.® This card allows to open the cover of the bin where the unsorted
waste can be thrown. Each access to the electronic cover corresponds to 30 L of
unsorted waste. It is therefore possible to calculate the total amount of unsorted
waste produced by each household in a year.

The PAYT tariff is as follows:

Waste tariff = ff + buof + avf — A

where ff is a fixed fee, bvf is a basic variable fee. Both fees cover fixed costs based on
the number of family members and the square meters of the house. avf is a variable
fee computed using the PAYT system. Finally, A corresponds to allowances linked to
the socio-economic conditions of the household.” The part of the tariff linked to the
PAYT (avf) is applied to the unsorted waste exceeding a given threshold (i.e. for a
family with three members the threshold is 1560 L per year) times the unit cost of
the service (in 2019 it was 0.055 €/L). Notice that in the first year during which the
PAYT tariff was in place, only 10 % of households produced an amount of unsorted
waste above the threshold. This means that the introduction of the PAYT tariff was
effective in creating the incentive not to produce excessive unsorted waste and that
the threshold was realistically computed.

To avoid illegal dumping, such as mixing unsorted waste with recycling waste
or putting the garbage outside the bins, during the initial period of the PAYT tar-
iff controls were intensified by local authorities in the most touristic areas of the
municipality. Local police cars were equipped with a camera which can automati-
cally read vehicle license plates to identify those who leave waste outside the bins.
In addition, to control for waste discharging outside the bins away from the center
of the town, the number of hours of monitoring by ecological guard associations
were doubled.®

(waste management), in the water sector (aqueducts, sewers, and purification) and in the energy
sector (especially gas, distribution, and sale of electricity).

6 Each card is matched only with one user.

7 For a complete description of the waste tariff see Appendix A.

8 See https://www.comune.fe.it/6125/attach/presidente_cons/docs/5145_2018_ferri.pdf.
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3 Empirical Analysis

3.1 Preliminary Analysis

If we look at the mean of total waste per capita and waste recycling share, we
find that after the introduction of the PAYT tariff in Ferrara, total waste and waste
recycling are respectively lower and higher than before the introduction of it. The
mean of total waste per capita decreases from 41 to 23.8 kg after the introduction
of the PAYT tariff in July 2017, and the share of waste recycling increases from 38.2
to 58.9 %. On the other hand, all the other 36 municipalities served by the same
utility (HERA) in Emilia Romagna, not adopting the PAYT tariff, show a smaller aver-
age decrease in total waste after July 2017 (—7 kg per capita), and as well a smaller
average decrease in the waste recycling share (—10.4 %).

We do a first test of the impact of the introduction of the new tariff by estimating
the following equation:

Yem = B treated, + y post,, + 6 treated, X post., + 9.+ &y + €cm

where y,,,, is, according to the estimate we deal with, waste recycling share, total
waste per capita, organic waste recycling share or multimaterial waste recycling
share in municipality ¢ and month m; treated is a dummy equal to 1 for the Munic-
ipality of Ferrara, and post is a dummy equal to 1 for the months after July 2017;
9, and r,, are respectively municipality and monthly fixed effects (FE).

The coefficient of interest is 6 which accounts for the differential impact on
Yem due to the introduction of the PAYT tariff in Ferrara with respect to the tradi-
tional tariff applied by any other included municipality of the dataset. Namely, we
estimate a difference in differences model where the only treated municipality is
Ferrara and all the other 36 municipalities are not treated. The coefficient (6) of the
interaction between the treatment dummy and the dummy indicating the period
after the introduction of PAYT tariff is negative (—10.161) and statistically significant
at 1% for the total waste per capita and positive (0.311) and statistically significant
at 1% for the waste recycling share (Table 1). Moreover, § is positive and statisti-
cally at 1 % significant when the dependent variable is the organic waste recycling
share and the multimaterial waste recycling share. The former (0.210) increases
more than the latter (0.101).

These results are confirmed by applying the Synthetic Difference in Differences
(SDD) analysis, proposed by Arkhangelsky et al. (2021). The SDD adds to a difference
in differences model various weights for each single unit of the control group and
for each temporal unit under analysis. Unit weights are designed so that the aver-
age outcome for the treated units is approximately parallel to the weighted average
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Table 1: Difference in differences estimation results.

(1 (2) (3) 4)
Waste Total waste Organic waste  Multimaterial
recycling per capita recycling share waste recycling
share share

Treated X post 0.3112 (0.016) —10.161? (0.880)  0.2107 (0.006) 0.1012 (0.017)

Observations 1776 1776 1776 1776

R-squared 0.57 0.41 0.51 0.65

Number of municipalities 37 37 37 37

Municipal FE Yes Yes Yes Yes

Month FE Yes Yes Yes Yes

Notes: Robust standard errors clustered at municipal level are reported in parentheses @p < 0.01.

outcome for control units in the pretreatment period.’ The coefficient of the inter-
action between the treated dummy and the dummy indicating the period after the
introduction of PAYT tariff is positive (0.336) and statistically significant at 1 % for
waste recycling share, while the same interaction is negative (—8.272) and statisti-
cally significant at 1 % for total waste per capita (Table 2). Moreover, also in this case,
the coefficient of the interaction between treated and post is positive and statisti-
cally significant at 1 % when the dependent variable is the organic waste recycling
share and the multimaterial waste recycling share. The former (0.204) increases
more than the latter (0.125).

Notice that with only one treated unit a difference in differences approach can
lead to biased results. Conley and Taber (2011) show that in a two-way fixed effect
difference in differences setting with a very small number of treated units, the esti-
mated coefficient is not consistent, in fact, as the size of the sample increases, the
estimator does not converge to the true value of the coefficient. The use of an incon-
sistent estimator provides biased results, even with an infinite amount of sample
information (Wooldridge 2015).

3.2 The Synthetic Control Method

To overcome this potential bias, we use the SCM which was originally proposed by
Abadie and Gardeazabal (2003) and Abadie, Diamond, and Hainmueller (2010) with

9 Inour case the weights are built using these pretreatment variables: personal income per capita,
quota of population over 65, population density, quota of population with a high school diploma,
quota of volunteers, hotels per capita, quota of firms in the service sector, firms per capita, turnout
(referendum 2011).
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Table 2: Synthetic difference in differences estimation results.

(1) 2 (3) 4)

Waste Total waste Organic waste  Multimaterial
recycling per capita recycling share waste recycling
share share

Treated X post 0.336 (0.025) —8.2722(2.732) 0.204% (0.018) 0.125% (0.012)

Observations 1776 1776 1776 1776

Number of municipalities 37 37 37 37

Municipal FE Yes Yes Yes Yes

Month FE Yes Yes Yes Yes

Notes: Standard errors are calculated with the placebo procedures, as suggested in
Arkhangelsky et al. (2021) with single treated unit. 2p < 0.01.

the purpose of estimating the effect of any policy intervention when a small number
of treated units is available. In a framework, where only one unit is treated, the SCM
is shown to be the most suitable method to be used (Abadie 2021).

The SCM implies the construction of an “artificial counterfactual” (called syn-
thetic control), which is then used as a reference for comparison with the treated
unit, in our case the Municipality of Ferrara (Abadie, Diamond and Hainmueller
2015; and for a recent review, see Abadie 2021). The selection of the comparison units
isdone through a data driven procedure. Operatively, the synthetic controlis built as
a weighted average of the units in the so-called donor group. This group in our case
is composed by all other municipalities served by the same utility, used by Ferrara,
and in the same region of Ferrara. The weights are chosen so that the derived syn-
thetic control matches as closely as possible the treated unit in the period before the
treatment, for both the outcome variable and some predictors that are unaffected
by the outcome.

The trajectory of the outcome in the synthetic control must mimic what it
would have been the path of the outcome in the affected unit if the policy had
never occurred. Therefore, the causal effect of the intervention is estimated as
the difference between the observed outcome of the treated municipality and the
outcome of the synthetic municipality in the posttreatment period. The main key
assumptions of the SCM listed by Abadie (2021) are big difference between the post-
treatment and the pretreatment outcome differences between the treated unit and
the donor group in the descriptive statistics, low volatility of the outcome variable,
availability of a donor group necessary to pick up comparable units to build up
the synthetic counterfactual, no anticipation effect and, availability of units to be
used for the synthetic control which must not be affected by the policy to be tested.
This last assumption is called “no spillovers effect” or Stable Unit Treatment Value
Assumption (SUTVA).
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More formally, in line with Abadie, Diamond, and Hainmueller (2015), we take
a sample of K 4+ 1 units, indexed by k, where k = 11is the treated unit,and k=2...
K + 1are the units belonging to the donor pool. The units are observed at the same
time periods, t =1... T, ... T, with the pretreatment period T, when t < T, and
the posttreatment period T, when ¢ > T, where T is the time when the treatment
starts. We define X; = (s x 1) as the vector of the s variables (predictor variables)
accounting for the pretreatment characteristics of the treated unit, and X, = (s x K)
as the matrix collecting the values of the same s variables for all the other units in
the donor pool. When more than one time-unit in the pretreatment period is avail-
able, the mean value of the s variable along the pretreatment time-units is taken.
A vector of weights W is chosen to minimize the weighted mean square error (X;
— X, W) V (X; — X,W), where V is a diagonal of predictor weights, which reflects
the relative importance assigned to the predictor variables when the discrepancy
between X; and X, W is measured. We choose the predictor weights V, in line with
Abadie, Diamond, and Hainmueller (2010), by minimizing (Z; — ZOW(V))’ Z, -
Z,W(V)), where Z, is a vector and Z, is a matrix of the outcome variable before
the treatment for the treated and for the donor group, respectively. We then let
Y; = (T, X 1) be the vector of the posttreatment outcome for the treated unit and
Y, = (T, X K) be the matrix posttreatment outcome for all the units in the donor
pool. The synthetic control estimator of the effect of the treatment is given by (Y;
— Y,W). A discrepancy in the outcome variable in the posttreatment period is
interpreted as the causal effect of the treatment.

3.3 Data Used to Implement the Synthetic Control Method

To apply the SCM, we use all 36 municipalities served by HERA, which were not
affected by the introduction of any PAYT tariff.'® We use a panel dataset span-
ning from January 2015 to December 2018. Bueno and Valente (2019) use municipal
monthly data, which allows us to precisely define the effect of the policy that started
in July 2017.%

10 The list of the municipalities is reported in Appendix B. Using a sample only of municipal-
ities belonging to the same region guarantees more homogeneity in unobserved time-varying
heterogeneity like opportunistic behavior in waste collection, reactions to sanctions, and environ-
mental preferences. The SCM estimates are in this case more reliable than in case we had used
municipalities belonging to different regions.

11 With yearly data we would have missed the clear-cut impact of the policy, since, in year 2017
the waste recycling and total waste data include both the untreated and the treated period. More-
over, in absence of monthly data, we would end up with a panel with only three years before the
introduction of the policy, not enough to implement the SCM (Abadie, Diamond, and Hainmueller
2015).
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The application of the PAYT tariff starts on July 2017, so our dataset consists of
48 monthsin total, 18 months after the introduction of the PAYT tariff and 30 months
before it. We run four iterations of the SCM, using as outcome variables (Table 3)
the share of waste recycling, the total waste per capita, the share of organic waste
recycling (such as vegetable, food, and garden waste), and the share of multimate-
rial waste recycling (including paper, paperboard, plastic, metal, wood, and glass).
The share of waste recycling is the ratio between kilos of waste recycling and kilos
of total waste. The share of organic waste recycling is the ratio between kilos of
organic waste recycling and kilos of total waste. The share of multimaterial waste
recycling is the ratio between kilos of multimaterial waste recycling and kilos of
total waste. Data on the quantities of waste produced are provided by HERA through
the management platform of the supra-municipal waste disposal plants.

We use nine socio-economic variables as predictors of Ferrara’s pretreatment
characteristics, which are yearly variables (collected from ISTAT and Ministry of
Economy) coinciding with the years of the pretreatment, which, according to the
monthly waste data provided by HERA, are 2015 and 2016 (Table 3). When we use
data from the last Census or the last referendum regarding urban waste collection
before 2017, they refer to 2011. As Johnstone and Labonne (2004), we include as pre-
dictors different economic and demographic determinants of household municipal
solid waste, measured in the period 2015-2016, like the quota of population over
65 (ISTAT), quota of firms in the service sector (ISTAT), personal income per capita
(Ministry of Economy), number of firms per capita (ISTAT), and population density
(ISTAT). Kinnaman and Fullerton (2000) show that educated citizens have greater
preference for a clean environment, so we add as predictors the quota of popula-
tion with a high school diploma, coming from the 2011 Census (ISTAT). Tsai (2008)
shows higher social capital increases household waste recycling. For this reason, we
include in the predictors the quota of volunteers from the 2011 Census (ISTAT) and
the turnout in the 2011 referendum (Ministry of Interior),”? as a proxy of the munici-
pal social capital (Fiorino, Galli, and Pontarollo 2021). Finally, the tourist population
has lower propensity to separate waste collection (Mateu-Shert et al. 2013), so we
include in the predictors for 2015-2016 the number of per-capita hotels (ISTAT), as
a proxy for the municipal tourism level.

In addition, and in line with Abadie, Diamond and Hainmueller (2010), to
obtain a more accurate estimate of the synthetic Ferrara before treatment, we also
include four lags of the outcome variable, 6, 12, 18, and 24 months before the intro-
duction of the PAYT tariff. Once the synthetic control weights are obtained, they are
then applied to the outcome variables for the whole period of analysis to obtain

12 The 2011 referendum referred to local public services, such as urban waste collection.
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the synthetic Ferrara. Finally, the synthetic Ferrara outcome variable is compared
with the corresponding variable of Ferrara to correctly test the relevance of the
treatment.

4 Baseline Results

We first analyze the impact of the introduction of the PAYT tariff on the waste
recycling share and the total waste per capita.

4.1 Waste Recycling Share

When focusing on the waste recycling share, synthetic Ferrara emerges as a com-
bination of the municipalities of Faenza (weight = 64.7 %), Cesena (17.7 %), Lugo
(15 %), and Cervia (2.6 %). The predictors (socio-economics characteristics of the
pretreatment period) of Ferrara and the synthetic Ferrara are very similar, in fact
the differences between the mean values of each variable between the treated unit
and the synthetic control are very low (Table 4).

Graphically, before the introduction of the PAYT tariff, the waste recycling
share of the synthetic Ferrara and of Ferrara do not differ, while, after the introduc-
tion of the tariff, the waste recycling share of Ferrara is much higher than that of
synthetic Ferrara (Figure 1). The shaded area (Born et al. 2019) is built by adding and

Table 4: Predictors (Ferrara and synthetic Ferrara) for waste recycling share.

Ferrara Synthetic Ferrara-synthetic

Ferrara Ferrara

Firms per capita 0.088 0.090 —0.002
Hotels per capita 0.001 0.002 —0.001
Personal income per capita 16,408 14,575 1833
Population density 328 295 33
Quota of firms in the service sector 0.847 0.806 0.041
Quota of population over 65 0.278 0.249 0.029
Quota of population with a high school diploma 0.499 0.451 0.048
Quota of volunteers 0.117 0.130 —0.013
Turnout (referendum 2011) 0.634 0.646 —0.012
Waste recycling share (July 2015) 0.428 0.409 0.019
Waste recycling share (January 2016) 0.384 0.421 —0.037
Waste recycling share (July 2016) 0.375 0.383 —0.008

Waste recycling share (January 2017) 0.242 0.219 0.023
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Figure 1: Ferrara versus synthetic Ferrara, waste recycling share. Notes: The blue line represents the
waste recycling share of Ferrara, while the red line the waste recycling share of the syntethic Ferrara.
The shaded area (Born et al. 2019) is built by adding and subtracting to the waste recycling share of
the synthetic Ferrara one standard deviation of the difference between the waste recycling share of
Ferrara and synthetic Ferrara before the introduction of the PAYT tariff.

subtracting to the outcome of the synthetic Ferrara one standard deviation of the
difference between the outcome of Ferrara and synthetic Ferrara before the intro-
duction of the PAYT tariff. As such, this area gives an upper and a lower limit of
an interval within which Ferrara would fall on average in the pretreatment period.
From January 2015 to December 2016, the waste recycling share was around 45 %
for both Ferrara and the synthetic Ferrara. In January 2017, we observe a decrease
in waste recycling for Ferrara and the synthetic Ferrara, which is due to a change
in national legislation removing from the reporting duties the neutral fraction, a
particular type of waste. The waste recycling share was 25 % for Ferrara and the
synthetic Ferrara in 2017 before July, and, from July 2017, the month of the intro-
duction of the new tariff, the synthetic Ferrara stayed around 26—27 % while Ferrara
arrived at 70 % in one year. Moreover, notice that after July 2017 the waste recycling
share for Ferrara lies outside the shaded area, before defined.

The quantitative results are shown in Table 5. Eighteen months before the
introduction of the PAYT tariff, the waste recycling share of Ferrara lies within the
upper/lower bound interval for the synthetic Ferrara, with some few exceptions. In
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Table 5: Waste recycling share: Ferrara versus synthetic Ferrara.

Pretreatement period Posttreatement period
Month/year Lower Upper Ferrara Month/year Lower Upper Ferrara
bound bound bound bound
1/2015 0.390 0.431 0.399 7/2017 0.219 0.260 0.246
2/2015 0.413 0.454 0.439 8/2017 0.200 0.241 0.273
3/2015 0.413 0.454 0.447 9/2017 0.219 0.261 0.318
4/2015 0.441 0.482 0.454 10/2017 0.224 0.265 0.362
5/2015 0.425 0.466 0.455 11/2017 0.217 0.259 0.465
6/2015 0.391 0.432 0.443 12/2017 0.209 0.250 0.556
7/2015 0.389 0.430 0.428 172018 0.219 0.260 0.642
8/2015 0.366 0.408 0.416 2/2018 0.224 0.265 0.648
9/2015 0.410 0.451 0.450 3/2018 0.233 0.274 0.653
10/2015 0.397 0.438 0.440 4/2018 0.236 0.277 0.662
11/2015 0.443 0.484 0.463 5/2018 0.232 0.274 0.661
12/2015 0.410 0.451 0.443 6/2018 0.242 0.284 0.671
1/2016 0.401 0.442 0.384 7/2018 0.234 0.275 0.696
2/2016 0.402 0.444 0.418 8/2018 0.238 0.280 0.709
3/2016 0.404 0.446 0.450 9/2018 0.254 0.295 0.692
4/2016 0.419 0.460 0.422 10/2018 0.248 0.289 0.677
5/2016 0.413 0.455 0.420 11/2018 0.243 0.284 0.671
6/2016 0.402 0.444 0.434 12/2018 0.235 0.277 0.658
7/2016 0.362 0.404 0.375
8/2016 0.365 0.407 0.362
9/2016 0.393 0.434 0.393
10/2016 0.406 0.448 0.397
11/2016 0.412 0.453 0.440
12/2016 0.415 0.457 0.387
1/2017 0.198 0.240 0.242
2/2017 0.202 0.243 0.250
3/2017 0.204 0.246 0.238
4/2017 0.201 0.242 0.225
5/2017 0.204 0.245 0.240
6/2017 0.233 0.274 0.244

Notes: The table shows for each month in the pretreatment and posttreatment period the waste
recycling share of Ferrara, the lower and the upper bound of the interval on which the waste recycling
share for Ferrara could fall on average in the pretreatment period. The eighteen months after the
introduction of the new tariff are highlighted in italics.

contrast, in the 18 months after the introduction of the new tariff, the waste recy-
cling share lies outside this interval (highlighted in italics in Table 5); specifically,
it lies above the upper bound, indicating that there is a meaningful increase in the
difference between the waste recycling share of Ferrara and that of the synthetic
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Ferrara with respect to the pretreatment difference. This positive impact remains
stable across all 2018.

In Table 6, we compare growth rates of waste recycling in Ferrara in each
month with respect to July 2017 (the date of the introduction of the PAYT tariff)
with the same growth rate of waste recycling of the synthetic Ferrara. The differ-
ence in the before computed growth rate of waste recycling between Ferrara and
the synthetic Ferrara is 5 p.p. in August 2017, and it reaches 30 p.p. in December 2017.
In January 2018 the difference is around 40 p.p., and it remains stable throughout
2018, reaching a peak of 44 p.p. in August 2018.

4.2 Total Waste Per Capita

The introduction of the PAYT tariff could also decrease the absolute level of waste
production, as already shown in Bueno and Valente (2019). Using the total waste per
capita, the synthetic Ferrara is built up with the municipalities of Imola (weight =
31.1 %), Faenza (23 %), Cesena (17.2 %), Sant’Agata sul Santerno (15.4 %), Premilcuore
(6.9 %), Gambettola (3.3 %), Santa Sofia (2.7 %), and Roncofreddo (0.5 %). The differ-
ences in the means of each predictor (Table 7) between Ferrara and the synthetic
Ferrara is very small, confirming the validity of the SCM procedure.

Table 6: Waste recycling growth rate with respect to July 2017 (date of the introduction of the PAYT
tariff).

Year/month Ferrara Synthetic Ferrara Ferrara-synthetic Ferrara
17-Aug 0.027 —-0.019 0.046
17-Sep 0.072 0.000 0.072
17-Oct 0.116 0.005 0.111
17-Nov 0.220 —0.002 0.221
17-Dec 0.310 —0.010 0.320
18-Jan 0.397 0.000 0.397
18-Feb 0.402 0.005 0.397
18-Mar 0.408 0.014 0.394
18-Apr 0.416 0.017 0.399
18-May 0.415 0.013 0.402
18-Jun 0.426 0.023 0.403
18-Jul 0.450 0.015 0.435
18-Aug 0.463 0.019 0.444
18-Sep 0.446 0.035 0.411
18-Oct 0.431 0.029 0.402
18-Nov 0.426 0.024 0.402

18-Dec 0.412 0.016 0.396
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Table 7: Predictors (Ferrara and synthetic Ferrara) for total waste per capita.

Ferrara Synthetic Ferrara-synthetic

Ferrara Ferrara

Firms per capita 0.088 0.083 0.005
Hotels per capita 0.001 0.003 —0.002
Personal income per capita 16,408 14,636 1772
Population density 328 329 -1
Quota of firms in the service sector 0.847 0.780 0.067
Quota of population over 65 0.278 0.247 0.031
Quota of population with a high school diploma 0.499 0.439 0.6
Quota of volunteers 0.117 0.123 —0.006
Turnout (referendum 2011) 0.634 0.640 —0.006
Total waste per capita (July 2015) 44.911 44.594 0.317
Total waste per capita (January 2016) 38.063 39.115 —1.052
Total waste per capita (July 2016) 39.420 40.306 —0.886
Total waste per capita (January 2017) 30.532 29.151 1.381

Before the introduction of the PAYT tariff the trend of total waste production is
very similar for Ferrara and the synthetic Ferrara (Figure 2). After the introduction
of the new tariff, the total waste per capita in Ferrara starts decreasing, while we
do not observe the same trend in the synthetic Ferrara. After the first two months
from July 2017, the line of Ferrara lies outside the shaded area, confirming that after
the introduction of the PAYT tariff, in Ferrara there is an important decrease in the
production of total waste with respect to the synthetic Ferrara.

To quantify the effect on the total waste, as before, we compare growth rates of
total waste per capita in Ferrara in each month with respect to July 2017 (the date
of the introduction of the PAYT tariff) with the same growth rate of total waste per
capita for the synthetic Ferrara (Table 8). We find that the difference in growth rates
between Ferrara and the synthetic Ferrara is either very small or equal to zero in the
first months after the introduction of the new tariff and it increases from October
2017 to January 2018 when the difference is more than 23 p.p. After this first peak,
the difference remains relatively large during the observed period, reaching a peak
of 32 p.p. in July 2018.

4.2.1 Evidence of No Illegal Dumping of Unsorted Waste

This result could be biased by the possibility that citizens of Ferrara may tempted
to export the unsorted waste into neighboring jurisdictions without the PAYT tariff
(Erhardt 2019). However, there seems not to be any significant change in unsorted
waste (Figure 3) after the introduction of PAYT in 2017 for municipalities bordering
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Figure 2: Ferrara versus synthetic Ferrara, total waste per capita. Notes: The blue line is the total per
capita waste of Ferrara, while the red line the total per capita waste of the syntethic Ferrara. The
shaded area (Born et al. 2019) is built by adding and subtracting to the total waste per capita of the
synthetic Ferrara one standard deviation of the difference between the total waste per capita of
Ferrara and synthetic Ferrara before the introduction of the PAYT tariff.

Ferrara (blue line) and municipalities bordering the neighboring municipalities of
Ferrara (red line).

Another possibility of illegal dumping is to throw unsorted waste by illegally
using the bulky waste channel, which would let not pay for the unsorted waste
above the allowed threshold. The bulky waste is a special type of unsorted urban
waste that is too large to be collected in bins and can be stored in waste collec-
tion centers. In the computation of the total waste, bulky waste is not included and
so this possible distorting behavior could explain the decrease in total waste per
capita. However, after the introduction of the PAYT tariff in July 2017, the level of
bulky waste in the waste collection centers of Ferrara did not show any increase in
the posttreatment period with respect to the pretreatment (Figure 4).

These two findings confirm that the introduction of the PAYT tariff really
induces citizensto a change in their consumption habits reducing total waste
production.
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Table 8: Total waste per capita growth rate with respect to July 2017 (date of the introduction of the
PAYT tariff).

Year/month Ferrara Synthetic Ferrara Ferrara-synthetic Ferrara
17-Aug —0.088 —0.027 —0.062
17-Sep —0.019 —0.019 0.000
17-Oct —0.059 —0.001 —0.058
17-Nov —0.171 —0.040 —0.131
17-Dec —0.254 —0.064 —0.190
18-Jan —0.282 —0.045 —0.237
18-Feb —-0.321 —0.175 —0.146
18-Mar —0.233 —0.033 —0.200
18-Apr —0.317 —0.029 —0.288
18-May —0.255 0.046 —0.301
18-Jun —0.296 0.018 —0.314
18-Jul —0.309 0.014 —0.323
18-Aug —0.325 —0.008 —0.316
18-Sep —0.336 —0.039 —0.297
18-Oct —0.237 0.065 —0.302
18-Nov —0.233 0.001 —0.235
18-Dec —0.231 —0.035 —0.196

5 Waste Substreams

It is interesting to see the impact of the introduction of the PAYT tariff on the share
of waste recycling split into the share of organic and multimaterial waste recycling.

5.1 Organic Waste Recycling

We apply the SCM using as outcome variable the organic waste recycling share.

The weights computed by the SCM are Lugo (38.5 %), Ravenna (34.8 %), Cesena
(12.5 %), Premilcuore (11 %), and Santa Sofia (3.2 %). Hence, the municipalities of
Lugo and Ravenna are those resembling more to Ferrara in terms organic waste
recycling share over the pretreatment period. Table 9 shows predictors for Ferrara
and the synthetic Ferrara. Also in this case, the differences between the means of
the predictors of Ferrara and the synthetic Ferrara are very small.

From Figure 5, it can be observed that the organic waste recycling share in
the synthetic Ferrara is about 13 % in the pretreatment period and 13-15 % in the
posttreatment period, conversely, while in the period before the introduction of
the PAYT tariff in Ferrara it was 13 %, then it reached more than 40 % after one year
from the introduction of the PAYT tariff.
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Figure 3: Municipal unsorted waste in Ferrara and in neighboring municipalities, 2010-2019, kg per
capita. Notes: The dashed green line represents the unsorted waste per capita of Ferrara that adopted
the PAYT in 2017. The blue line describes the average of unsorted waste per capita of municipalities
bordering Ferrara (first neighboring municipalities), and the red line the average of unsorted waste
per capita of the municipalities bordering the neighboring municipalities of Ferrara (second
neighboring municipalities). Data on unsorted waste are from Istituto Superiore per la Protezione e la
Ricerca Ambientale (ISPRA).

5.2 Multimaterial Waste Recycling

Finally, we use as outcome variable in the SCM the multimaterial waste recy-
cling share. In this case the synthetic Ferrara weights are: Sant’Agata sul Santerno
(32.7 %), Cesena (28 %), Faenza (13.3 %), Bagno di Romagna (8.7 %), Premilcuore
(6.5 %), Gambettola (4.6 %), Ravenna (2.9 %), Lugo (2.1 %), and Imola (1.5 %). Hence
the municipalities of Sant’Agata sul Santerno and Cesena are those more like Fer-
rara in terms of multimaterial waste recycling share over the pretreatment period.
Table 10 shows that the means of the predictors are very close between Ferrara and
the synthetic Ferrara.

From Figure 6, while in the pretreatment period the multimaterial waste recy-
cling share of the synthetic Ferrara mimics well Ferrara in the posttreatment period
it is much higher in Ferrara. In fact, the multimaterial waste recycling share for
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Figure 4: Bulky waste in the Municipality of Ferrara, 2016-2018, kg per capita. Notes: Data on bulky

waste are from HERA.

Table 9: Predictors (Ferrara and synthetic Ferrara) for organic waste recycling share.

Ferrara Synthetica Ferrara-synthetica

Ferrara Ferrara

Firms per capita 0.088 0.083 0.005
Hotels per capita 0.001 0.004 —0.003
Organic waste recycling share (July 2015) 0.086 0.099 —0.013
Organic waste recycling share (January 2016) 0.090 0.090 0
Organic waste recycling share (July 2016) 0.099 0.100 —0.001
Organic waste recycling share (January 2017) 0.124 0.124 0
Personal income per capita 16,408 14,418 1990
Population density 328 242 86
Quota of firms in the service sector 0.847 0.808 0.039
Quota of population over 65 0.278 0.267 0.011
Quota of population with a high school diploma 0.499 0.428 0.071
Quota of volunteers 0.117 0.140 -0.023
Turnout (referendum 2011) 0.634 0.635 —0.001
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Figure 5: Ferrara versus synthetic Ferrara, organic waste recycling share. Notes: The blue line is the
organic waste recycling share of Ferrara, while the red line is the organic waste recycling share of the
Syntethic Ferrara. The shaded area (Born et al. 2019) is built by adding and subtracting to the organic
waste recycling share of the synthetic Ferrara one standard deviation of the difference between the
organic waste recycling share of Ferrara and synthetic Ferrara before the introduction of the PAYT
tariff.

the synthetic Ferrara is about 13 % in both the pretreatment and the posttreatment
period while for Ferrara it goes from 13 % before the introduction of PAYT tariff to
30 % in September 2018.

In Table 11, we compare growth rates of organic and multimaterial waste recy-
cling share in Ferrara in each month with respect to July 2017 with the same growth
rates of organic and multimaterial waste recycling share for the synthetic Ferrara,
respectively (Table 11). When we look at the difference in growth rates between Fer-
rara and the synthetic Ferrara, we find a lower effect of the introduction of the new
tariff for multimaterial waste recycling than for organic waste recycling. In fact,
after six months, the difference between Ferrara and the synthetic Ferrara for the
multimaterial waste recycling share is between 15 and 18 p.p., while for the organic
waste recycling share is between 25 and 30 p.p.
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Table 10: Predictors (Ferrara and synthetic Ferrara) for multimaterial waste recycling share.

Ferraraa Synthetica Ferrara-synthetica

Ferrara Ferrara
Firms per capita 0.088 0.088 0
Hotels per capita 0.001 0.003 —0.002
Multimaterial waste recycling share (July 2015) 0.342 0.341 0.001
Multimaterial waste recycling share (January 2016) 0.118 0.118 0
Multimaterial waste recycling share (July 2016) 0.276 0.277 —0.001
Multimaterial waste recycling share (January 2017) 0.294 0.296 —0.002
Personal income per capita 16,408 14,060 2348
Population density 328 329 -1
Quota of firms in the service sector 0.847 0.761 0.086
Quota of population over 65 0.278 0.243 0.035
Quota of population with a high school diploma 0.499 0.429 0.07
Quota of volunteers 0.117 0.118 —0.001
Turnout (referendum 2011) 0.634 0.636 —0.002

6 Placebo Tests

In this section, we run a set of robustness tests to validate our main result on the
waste recycling share.

6.1 In Space Placebo

We first estimate the synthetic control for each of the municipalities in the sample,
exposing each of them to the treatment. The impact of the treatment when we use
as treated a fake municipality should be considerably smaller (or even null) than in
the case of Ferrara. We evaluate the results by using the ratio hetween the posttreat-
ment and the pretreatment of the Root Mean Squared Prediction Error (RMSPE),
where the higher the ratio, the greater the difference between treated and synthetic
units in the posttreatment case with respect to that of the pretreatment.!

We estimate how closely the municipal-specific synthetic controls follow the
posttreatment data relative to the pretreatment fit. Ferrara has a RMSPE ratio of
17.696 which is much larger than that of all the other municipalities (column 1 of
Table 12). The robustness of this result can be observed by the fact that if the PAYT

13 The RMSPE ratio is equal to the square root of the mean of the square of the difference between
the treated and the synthetic control.
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Figure 6: Ferrara versus synthetic Ferrara, multimaterial waste recycling share. Notes: The blue line is
the multimaterial waste recycling share of Ferrara, while the red line the multimaterial waste recycling
share of the syntethic Ferrara. The shaded area (Born et al. 2019) is built by adding and subtracting to
the multimaterial waste recycling share of the synthetic Ferrara one standard deviation of the
difference between the multimaterial waste recycling share of Ferrara and synthetic Ferrara before
the introduction of the PAYT tariff.

tariff were applied randomly to the municipalities of the dataset, the probability of
obtaining a ratio as large as Ferrara’s would be 1/36 = 0.027.

However, there are also 19 municipalities whose RMSPE ratio is higher than
one.* A priori, this could be evidence of a spill-over effect (Born et al. 2019). Tech-
nically the assumption that the donor pool municipalities are unaffected by the
treatment is potentially violated. To test the reliability of our results, we therefore
restrict the sample to those municipalities with a RMSPE ratio below one. Using only
this restricted sample, we show that the waste recycling share of the “restricted”
synthetic Ferrara mimics well that of Ferrara before the introduction of the tariff

14 As arule of thumb, a RMSPE ratio higher than 1 implies that the difference in waste recycling
share between the fake municipality and the synthetic control is higher after the treatment than
before the treatment. The 19 municipalities whose RMSPE ratio is higher than one are: Faenza,
Castel Bolognese, Bagnacavallo, Imola, Gatteo, Conselice, Brisighella, Cesena, Santa Sofia, Cotig-
nola, Bagno di Romagna, Ravenna, Cesenatico, Alfonsine, Russi Savignano del Rubicone, Bagnara
di Romagna, Lugo, Verghereto, and Gambettola.
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Table 11: Organic and multimaterial waste recycling share growth rate with respect to July 2017 (date
of the introduction of the PAYT tariff).

Organic waste recycling share Multimaterial waste recycling share

Year/month Ferrara Synthetic Ferrara-synthetic Ferrara Synthetic  Ferrara-synthetic

Ferrara Ferrara Ferrara Ferrara
17-Aug 0.013 —0.015 0.028 0.014 —0.009 0.023
17-Sep 0.015 —0.015 0.030 0.058 0.0m 0.047
17-Oct 0.052 —0.003 0.055 0.064 0.0m 0.053
17-Nov 0.114 —0.008 0.122 0.106 0.025 0.081
17-Dec 0.180 —0.015 0.195 0.130 0.0m 0.119
18-Jan 0.247 —0.006 0.253 0.149 0.032 0.118
18-Feb 0.249 —0.008 0.257 0.153 0.034 0.120
18-Mar 0.237 —0.014 0.251 0171 0.023 0.147
18-Apr 0.257 —0.001 0.258 0.160 0.022 0.138
18-May 0.257 —0.006 0.262 0.158 0.018 0.140
18-Jun 0.262 0.006 0.256 0.164 0.024 0.140
18-Jul 0.295 0.012 0.283 0.155 0.014 0141
18-Aug 0.309 0.024 0.285 0.155 0.002 0.153
18-Sep 0.263 0.014 0.249 0.183 0.027 0.156
18-Oct 0.252 0.005 0.247 0.179 0.016 0.163
18-Nov 0.256 0.007 0.249 0.170 0.020 0.150
18-Dec 0.253 —0.006 0.259 0.160 0.020 0.139

and it differs from that of Ferrara after the introduction of the tariff (Figure 7). The
waste recycling share was almost 25 % in 2017 before the introduction of the tar-
iff for both Ferrara and the “restricted” synthetic Ferrara. After the introduction of
the PAYT tariff it was almost 70 % in one year, while for the “restricted” synthetic
Ferrara remained stable around 25 %. This test confirms the results obtained in the
main analysis.

In Figure 8, we plot the results of the difference between Ferrara and the syn-
thetic Ferrara versus spatial placebos. That is, we consider the possibility that each
municipality is a treated municipality and take the difference with its correspond-
ing synthetic. This figure sheds light on the sign of the difference between the real
and synthetic municipality. The bold line corresponds to the difference between
Ferrara and the synthetic Ferrara. The estimated trend for Ferrara is clearly pos-
itive after the treatment, and much higher than the estimated trend for other
municipalities. Before the treatment, the line of Ferrara is around zero and, in
any case, does not show any relevant different trend from the rest of the other
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Table 12: Municipal-placebo tests for waste recycling share.

Municipality RMSPE ratio RMSPE pretreatment RMSPE posttreatment
Ferrara 17.696 0.020 0.362
Faenza 8.152 0.015 0.123
Castel Bolognese 3.317 0.028 0.094
Bagnacavallo 2.743 0.016 0.043
Imola 2.463 0.054 0.133
Gatteo 1.915 0.046 0.088
Conselice 1.913 0.032 0.061
Brisighella 1.757 0.033 0.059
Cesena 1714 0.048 0.083
Santa Sofia 1.703 0.040 0.068
Cotignola 1.661 0.013 0.021
Bagno di Romagna 1.649 0.028 0.047
Ravenna 1.587 0.032 0.051
Cesenatico 1.514 0.017 0.025
Alfonsine 1.502 0.018 0.027
Russi 1.499 0.036 0.053
Savignano sul Rubicone 1.440 0.024 0.034
Bagnara di Romagna 1.338 0.042 0.056
Lugo 1.335 0.018 0.024
Verghereto 1.283 0.031 0.039
Gambettola 1134 0.051 0.057
Solarolo 0.991 0.023 0.023
Fusignano 0.981 0.034 0.033
Longiano 0.952 0.030 0.029
Sogliano al Rubicone 0.948 0.031 0.030
Massa Lombarda 0.922 0.032 0.029
San Mauro Pascoli 0.912 0.042 0.038
Sarsina 0.883 0.019 0.017
Roncofreddo 0.824 0.021 0.017
Mercato Saraceno 0.750 0.023 0.017
Sant’Agata sul Santerno 0.670 0.056 0.038
Casola Valsenio 0.639 0.036 0.023
Premilcuore 0.614 0.068 0.042
Riolo Terme 0.537 0.041 0.022
Borghi 0.437 0.036 0.016
Montiano 0.309 0.053 0.016
Cervia 0.252 0.079 0.020
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Figure 7: Ferrara versus “restricted” synthetic Ferrara. Notes: The blue line is the waste recycling
share of Ferrara, while the red line the waste recycling share of the “restricted” Syntethic Ferrara, that
is composed by municipalities with a RMSPE ratio below one. The shaded area (Born et al. 2019) is
built by adding and subtracting to the waste recycling share of the “restricted” synthetic Ferrara one
standard deviation of the difference between the waste recycling share of Ferrara and the “restricted”
synthetic Ferrara before the introduction of the PAYT tariff.

municipalities. Only in the first months of the introduction of the PAYT tariff there
are some placebo differences that are higher than Ferrara, but from January, 2018,
onwards the difference for the Ferrara case is always the largest.

6.2 In Time Placebo

We investigate the robustness of our result checking that it holds only for the true
start of the treatment. To do so, we change the month from which the treatment
started to a month before. We redo the SCM procedure only on the pretreatment
period, using each of the 17 months before June 2017 as the starting month of the
PAYT tariff. From Table 13 we can see that assuming a fake month of the tariff intro-
duction, the ratio between the posttreatment and the pretreatment of the RMSPE is
always lower than 1, showing that the using a fake start of the treatment does not
have any significant impact on the level of waste recycling share in Ferrara with
respect to the synthetic Ferrara.
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Figure 8: Difference between Ferrara and synthetic Ferrara versus spatial placebos. Waste recycling
share.

Table 13: Fake month/year implementation for waste recycling share.

Fake month/year RMPSE ratio RMSPE pretreatment RMSPE posttreatment
1/2016 0.135 0.260 0.035
2/2016 0.144 0.275 0.040
3/2016 0.152 0.259 0.039
4/2016 0.146 0.263 0.038
5/2016 0.159 0.235 0.037
6/2016 0.126 0.266 0.034
7/2016 0.112 0.256 0.029
8/2016 0.120 0.253 0.030
9/2016 0.126 0.259 0.033
10/2016 0.121 0.253 0.031
11/2016 0131 0.250 0.033
12/2016 0.087 0.232 0.020
1/2017 0.128 0.247 0.032
2/2017 0.083 0.239 0.020
3/2017 0.044 0.218 0.010
4/2017 0.055 0.226 0.012
5/2017 0.032 0.224 0.007
Main specification 17.696 0.020 0.362
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6.3 Leave-One-Out Test

Finally, we repeat the SCM estimate by excluding one municipality at a time from
the sample and we find that the difference between Ferrara and the synthetic Fer-
rara remains the same as in the main specification (Figure 9).

7 Spillover Effect

The presence of spillover effects on waste recycling behavior collection in the
municipalities of the donor pool could lead to a bias in the SCM results.

First, we use the results from the municipal-placebo tests, to explore the pres-
ence of a leakage/spillover effect because neighboring municipalities can mimic
Ferrara in increasing waste recycling even if they did not adopt a PAYT tariff. To do
so, for a given municipality we explore a possible relationship between the RMPSE
ratio for the waste recycling share and the distance (in kilometers) between the
considered municipality and Ferrara (Figure 10). If a leakage/spillover effect holds,

Waste recycling share
o 1 2 3 4
1 1 1 1 1 1

-1

-2

Figure 9: Difference between Ferrara and the synthetic Ferrara, excluding one municipality for each
specification.
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Figure 10: RMPSE ratio and distance from Ferrara.

we should find that the higher the RMPSE ratio® in each municipality, the lower
the distance from Ferrara. We do not find any significant correlation'® between the
RMPSE ratio and the distance of a given municipality from Ferrara.

Second, we perform the Cao and Dowd (2019) robustness test to check for the
presence of spillover effects in the SCM results, as in Bluszcz and Valente (2022).
Assuming that the spillover structure is fixed and follow a linear pattern, the SCM
procedure proposed in Cao and Dowd (2019) considers spillover effects on the donor
pool. We consider as the potentially affected units all municipalities up to 50 km
away from Ferrara.

For all the observed months, after the introduction of the PAYT tariff, we
see that the gap between Ferrara and the synthetic Ferrara computed with the
“traditional” synthetic control method (red dashed line in Figure 11) is not statis-
tically different from the gap between Ferrara and the synthetic Ferrara calculated

15 Notice that the higher the RMSPE ratio is, the higher is the difference in waste recycling share
between the municipality and the control group after the introduction of the PAYT tariff than the
same difference before the introduction of the new tariff.

16 The pairwise correlation coefficient equal to —0.23 with a p-value of 0.25.

17 We thank an anonymous referee for suggesting this test.
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month/year

Figure 11: Waste recycling share gap with “traditional” synthetic control method (SCM) and the
spillover synthetic control method (SP). Notes: The red dashed line (SCM) is the waste recycling share
gap between Ferrara and the synthetic Ferrara not taking into account the spillover effect, while the
blue line (SP) is the waste recycling share gap between Ferrara and the synthetic Ferrara taking
account spillover effect with the Cao and Dowd (2019) procedure. The error bars are built using the
inference procedure of Cao and Dowd (2019).

with the Cao and Dowd (2019) procedure (blue line in Figure 11). This corroborates
the absence of spillover effects.

This result confirms Valente (2023) showing that in Italian municipalities it is
difficult to observe spillover effects after the introduction of the PAYT tariff because
waste tourism in surrounding municipalities is a rare and short-lived phenomenon,
and enforcement and monitoring systems are effective to decrease illegal dump-
ing episodes. The same result is also found in similar frameworks in Sterner and
Bartelings (1999) and Dijkgraaf and Gradus (2004).

8 Discussion

The PAYT system seems to be an appropriate policy to reach the European targets
of separate collection (i.e. 55 % waste recycling share by 2025, 60 % by 2030, and
65 % by 2035), for municipalities starting with low levels of waste recycling like Fer-
rara (40 %). In fact, in the case of Trento and municipalities of the Flemish region,
starting from a high level of waste recycling (respectively 67 % and 70 %), the intro-
duction of the PAYT tariff did not affect waste recycling (Bueno and Valente 2019;
Gellynck and Verhelst 2007).
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Moreover, it is important to note that the application of the PAYT tariff in Fer-
rara leading to a reduction in total amount of waste produced, implies a significant
reduction in the costs of waste collection, transport, and disposal. The cost saving
amounts to 3.6 million euro of savings. This is computed by using the total kilos
reduction of unsorted waste after the first year of the introduction of the PAYT tar-
iff (—12,217,527 kg). We obtain this reduction by applying to the annual total waste
in the year before the adoption of the PAYT tariff (65,160,143 kg) the average per-
centage decrease of total waste in the first year of the application of the new tariff
(—18.75 %). We then multiply this last result by the unit cost (0.2966 kg/€) in 2017,
provided by ISPRA. Hence, we find that the total waste cost reduction is —12,217,527
X 0.2966 = —3,623,719 euros. Finally, we compute the per capita savings (27.39)
dividing the total amount (3.6 million euros) by the population of Ferrara in 2017
(132,278).

An interesting exercise is to assume the introduction of a PAYT tariff in Italian
municipalities with more of 50,000 inhabitants without a PAYT tariff and follow the
procedure we previously described. If the introduction of the PAYT tariff generates
the same percentage of waste reduction that we found for Ferrara (—18.75 %) we
would have a decrease in the total waste cost of 723 million euros, which is equal to
39.59 euro per capita.

9 Conclusions

Waste recycling is a very hot issue in the political agenda. The PAYT system is a
worldwide method used to collect waste and generate incentive to recycle. We study
the effectiveness of the bag-based PAYT tariff introduced in July 2017 in the Munic-
ipality of Ferrara, in which before the introduction of the PAYT, the level of waste
recycling was on average 40 % lower than other case studies previously analyzed as
Trento (Bueno and Valente 2019) and the municipalities of the Flemish region (Gel-
lynck and Verhelst 2007). We use a monthly municipal panel data with all munici-
palities of the same region served by the same utility and adopt the synthetic control
method.

We find that the recycling waste share of Ferrara increased with respect to
the synthetic Ferrara by 40 p.p. The result is due 25 % to organic waste and 15 % to
multimaterial (glass, plastic, and paper) waste. This lower result on multimaterial
waste recycling, which mostly includes packaging, can interestingly reflect a change
in consumer behavior associated to the fact that people started preferring buying
unpacked food. Secondly waste recycling is measured in kilos and plastics, paper
and glass normally weight much less than organic waste.
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Moreover, we find an important decrease of 30 p.p. of the difference between
Ferrara and the synthetic Ferrara in the production of total waste after the intro-
duction of the new tariff.

Indeed, we find both an increase in waste recycling and a decrease in total
waste, contrary to other studies (Bueno and Valente 2019; Gellynck and Verhelst
2007) with high starting of waste recycling levels where the introduction of the PAYT
tariff had no effect on waste recycling. This drives to the important conclusion that
pricing waste is effective in reducing pollution by increasing the waste recycling, if
this is initially sufficiently low, confirming Kinnaman (2006) findings.
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Appendix

Appendix A: Description of the Tariff Including the PAYT
System

The PAYT tariff adopted by the Municipality of Ferrara is the following:
Waste tariff = ff + buf +avf —A

where the fixed fee (ff) is computed according to the area in square meters of the
house, valued differently (column 2, Table A1), according to the number of family
members (column 1, Table Al). The basic variable fee (bvf) is also computed with
reference to the number of family members (column 1, Table A1) which is associ-
ated to a minimum annual supply of liters of unsorted waste (column 3, Table A1).
Namely, the bvf is equal to the product of the minimum annual liters times the price
per liter (0.055 €/L). The minimum annual liters is also the threshold after which an
additional variable fee (avf) is added. This fee is computed by multiplying the dif-
ference between the actual liters produced minus the minimum annual liters times
the price per liter (0.055 €/L).

There are also some allowances (A). In particular, there one allowance affect-
ing the incentive to produce waste recycling which is linked to the use of specialized
waste collection centers. For each deposit of a specific waste recycling (Table A2) at
a collection center, users can deduct from the waste tariff a certain fee based on
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Table A1: Components of the waste tariff with the PAYT system in Ferrara, year 2019.

Number household members Fixed fee (€/square meter) Minimum annual liters
(1 (2) (3)
1 1.021 1080
2 1.357 1380
3 1.555 1560
4 1.647 1740
5 1.906 1920
6 or more 2.058 2100

Source: Municipality of Ferrara (2019).

Table A2: Incentive allowance for deposits to a waste collection center.

Type of waste Unit deduction (€/kg)
Batteries and accumulators 0.20
Medicines 0.30
Edible oils 0.20
Paper and cardboard, plastic, wood, metal, glass, textile, and mixed 0.05
packaging

Electrical and electronic equipment 0.05
Mixed waste from small construction and demolition activities 0.01

Source: Municipality of Ferrara (2019).

the type and weight of the deposited waste. There are also several other allowances
for domestic users. For example, if there is a baby in the family unit, or if the fam-
ily usually uses medical-health devices under medical prescription, the family are
allowed to produce unsorted waste for 7680 additional liters per year (Ferrara City
Council Resolution n.6/2014).

Appendix B: Municipalities Sample

Alfonsine, Bagnacavallo, Bagnara di Romagna, Bagno di Romagna, Borghi,
Brisighella, Casola Valsenio, Castel Bolognese, Cervia, Cesena, Cesenatico, Conselice,
Cotignola, Faenza, Fusignano, Gambettola, Gatteo, Imola, Longiano, Lugo, Massa
Lombarda, Mercato Saraceno, Montiano, Premilcuore, Ravenna, Riolo Terme, Ron-
cofreddo, Russi, San Mauro Pascoli, Santa Sofia, Sant’Agata sul Santerno, Sarsina,
Savignano sul Rubicone, Sogliano al Rubicone, Solarolo, and Verghereto.



34 = | Rizzoand R.Secomandi DE GRUYTER

References

Abadie, A. 2021. “Using Synthetic Controls: Feasibility, Data Requirements, and Methodological
Aspects.” Journal of Economic Literature 59 (2): 391—425.

Abadie, A., A. Diamond, and J. Hainmueller. 2010. “Synthetic Control Methods for Comparative Case
Studies: Estimating the Effect of California’s Tobacco Control Program.” Journal of the American
Statistical Association 105: 493 —505.

Abadie, A., A. Diamond, and J. Hainmueller. 2015. “Comparative Politics and Synthetic Control.”
American Journal of Political Science 59: 495—510.

Abadie, A., and ). Gardeazabal. 2003. “The Economic Costs of Conflict: A Case Study of the Basque
Country.” American Economic Review 93: 112—32.

Allers, M. A, and C. Hoeben. 2010. “Effects of Unit Based Garbage Pricing: A
Differences-in-Differences Approach.” Environmental and Resource Economics 45: 405—28.

Arkhangelsky, D., S. Athey, D. A. Hirshberg, G. W Imbens, and S. Wager. 2021. “Synthetic
Difference-in-Differences.” American Economic Review 111 (12): 4088 —118.

Bluszcz, J., and M. Valente. 2022. “The Economic Costs of Hybrid Wars: The Case of Ukraine.” Defence
and Peace Economics 33 (1): 1—25.

Born, B., G. . Miiller, M. Schularick, and P. Sedlacek. 2019. “The Costs of Economic Nationalism:
Evidence from the Brexit Experiment.” Economic Journal 129: 2722 —44.

Bucciol, A., N. Montinari, and M. Piovesan. 2015. “Do Not Trash the Incentive! Monetary, Incentives
and Waste Sorting.” The Scandinavian Journal of Economics 117 (4): 1204—29.

Bueno, M., and M. Valente. 2019. “The Effects of Pricing Waste Generation: A Synthetic Control
Approach.” Journal of Environmental Economics and Management 96: 274 —85.

Cao, J., and C. Dowd. 2019. Estimation and Inference for Synthetic Control Methods with Spillover Effects,
Working Paper arXiv, 1902.07343.

Carattini, S., A. Baranzini, and R. Lalive. 2018. “Is Taxing Waste a Waste of Time? Evidence from a
Supreme Court Decision.” Ecological Economics 148:131—51.

Cecere, G., S. Mancinelli, and M. Mazzanti. 2014. “Waste Prevention and Social Preferences: The Role
of Intrinsic and Extrinsic Motivations.” Ecological Economics 107: 163—76.

Conley, T. G., and C. R. Taber. 2011. “Inference with “Difference in Differences” with a Small Number
of Policy Changes.” The Review of Economics and Statistics 93: 113 —25.

Dahlén, L., and A. Lagerkvist. 2010. “Pay as You Throw Strengths and Weaknesses of Weight-Based
Billing in Household Waste Collection Systems in Sweden.” Waste Management 30: 23 —31.

Dijkgraaf, E., and R. H. ). M. Gradus. 2004. “Cost Savings in Unit-Based Pricing of Household Waste:
The Case of The Netherlands.” Resource and Energy Economics 26 (4): 353—71.

Erhardt, T. 2019. “Garbage in and Garbage Out? On Waste Havens in Switzerland.” Environmental and
Resource Economics 73 (1): 251—82.

Fiorino, N., E. Galli, and N. Pontarollo. 2021. “Does Social Capital Affect Voter Turnout? Evidence from
Italy.” Social Indicator Research 156: 289 —309.

Gellynck, X. X., and P. Verhelst. 2007. “Assessing Instruments for Mixed Household Solid Waste
Collection Services in the Flemish Region of Belgium.” Resources, Conservation and Recycling 49
(4):372-87.

Halvorsen, B. 2012. “Effects of Norms and Policy Incentives on Household Recycling: An International
Comparison.” Resources, Conservation and Recycling 67: 18 —26.

Johnstone, N., and J. Labonne. 2004. “Generation of Household Solid Waste in OECD Countries: An
Empirical Analysis Using Macroeconomic Data.” Land Economics 80: 529—38.



DE GRUYTER PAYT: Evidence on the Incentive to Recycle === 35

Kinnaman, T. C. 2006. “Policy Watch: Examining the Justification for Residential Recycling.” Journal of
Economic Perspectives 20: 219—32.

Kinnaman, T. C., and D. Fullerton. 1996. “Household Responses to Pricing Garbage by the Bag.” The
American Economic Review 86 (4): 971—84.

Kinnaman, T. C., and D. Fullerton. 2000. “Garbage and Recycling with Endogenous Local Policy.”
Journal of Urban Economics 48: 419—42.

Linderhof, V., P. Kooreman, M. Allers, and D. Wiersma. 2001. “Weight-Based Pricing in the Collection
of Household Waste: The Oostzaan Case.” Resource and Energy Economics 23: 359—71.

Mateu-Sbert, J., I. Ricci-Cabello, E. Villalonga-Olives, and E. Cabeza-Irigoyen. 2013. “The Impact of
Tourism on Municipal Solid Waste Generation: The Case of Menorca Island (Spain).” Waste
Management 33 (12): 2589—93.

Messina, G., A. Tomasi, G. Ivaldi, and F. Vidoli. 2023. “Pay as You Own’ or ‘Pay as You Throw’? A
Counterfactual Evaluation of Alternative Financing Schemes for Waste Services.” fournal of
Cleaner Production 412: 137363.

Miranda, M. L., J. W. Everett, D. Blume, and B. A. Roy. 1994. “Market-Based Incentives and Residential
Municipal Solid Waste.” Journal of Policy Analysis and Management 13 (4): 681—98.

Morlok, J., H. Schoenberger, D. Styles, ). L. Galvez-Martos, and B. Zeschmar-Lahl. 2017. “The Impact of
Pay-as-You-Throw Schemes on Municipal Solid Waste Management: The Exemplar Case of the
County of Aschaffenburg, Germany.” Resources 6 (1): 8.

Municipality of Ferrara. 2019. City Council Resolution n.5, Ferrara.

Picchio, M. 2023. “Microchipped Bags and Waste Sorting.” Environmental Economics and Policy Studies
25:1-30.

Pigou, A. C. 1920. The Economics of Welfare. United Kingdom: Palgrave Macmillan.

Reichenbach, J. 2008. “Status and Prospects of Pay-as-You-Throw in Europe: A Review of Pilot
Research and Implementation Studies.” Waste Management 12 (28): 2809—14.

Sterner, T., and H. Bartelings. 1999. “Household Waste Management in a Swedish Municipality:
Determinants of Waste Disposal, Recycling and Composting.” Environmental and Resource
Economics 13 (4): 473—91. .

Tagliani, T. 2014. Electoral Programme for the Municipal Elections of 25th May 2014. https://servizi
.comune.fe.it/attach/elettorale/docs/programma_tagliani.pdf (accessed December 30, 2023).

Tsai, T. H. 2008. “The Impact of Social Capital on Regional Waste Recycling.” Sustainable Development
16: 44—55.

Usui, T. 2009. “Does a Rebound Effect Exist in Solid Waste Management?” Critical Issues in
Environmental Taxation 7: 413—22.

Valente, M. 2023. “Policy Evaluation of Waste Pricing Programs Using Heterogeneous Causal Effect
Estimation.” Journal of Environmental Economics and Management 117: 102755.

Van Houtven, G. L., and G. E. Morris. 1999. “Household Behavior Under Alternative Pay-as-You-Throw
Systems for Solid Waste Disposal.” Land Economics 75 (4): 515—37.

Wooldridge, J. M. 2015. Introductory Econometrics: A Modern Approach. New York: Nelson Education.

Wright, C., J. M. Halstead, and . C. Huang. 2019. “Estimating Treatment Effects of Unit-Based Pricing
of Household Solid Waste Disposal.” Agricultural and Resource Economics Review 48 (1): 21—43.

Yang, H. L., and R. Innes. 2007. “Economic Incentives and Residential Waste Management in Taiwan:
An Empirical Investigation.” Enviromental and Resource Economics 37: 489—519.


https://servizi.comune.fe.it/attach/elettorale/docs/programma_tagliani.pdf
https://servizi.comune.fe.it/attach/elettorale/docs/programma_tagliani.pdf

	1 Introduction
	1.1 Related Literature
	1.2 The Contribution of the Paper
	1.3 Policy Implications

	2 Institutional Setting
	3 Empirical Analysis
	3.1 Preliminary Analysis
	3.2 The Synthetic Control Method
	3.3 Data Used to Implement the Synthetic Control Method

	4 Baseline Results
	4.1 Waste Recycling Share
	4.2 Total Waste Per Capita
	4.2.1  Evidence of No Illegal Dumping of Unsorted Waste


	5 Waste Substreams
	5.1 Organic Waste Recycling
	5.2 Multimaterial Waste Recycling

	6 Placebo Tests
	6.1 In Space Placebo
	6.2 In Time Placebo
	6.3 Leave-One-Out Test

	7 Spillover Effect
	8 Discussion
	9 Conclusions
	Appendix
	Appendix A: Description of the Tariff Including the PAYT System
	Appendix B: Municipalities Sample

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


