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Abstract: This study focuses on tax evasion within the framework of earmarking taxation, specifically
focusing on the evasion of car ownership taxes. We utilize a unique and extensive micro-database
that combines information on regular payments of the tax due, late payments following friendly
warnings, and non-payment of vehicle ownership taxes, integrated with fiscal data, individual
data, and municipal-level data. The empirical analysis examines individual, socio-economic, and
institutional factors related to this issue. Drawing a rich dataset from the 2014 Tuscany car tax, we
employ a multilevel logistic model for our empirical investigation. Our findings reveal that tax
evasion poses an equity problem, as the inclination to evade vehicle ownership taxes is concentrated
among specific demographic categories and types of vehicles. We also suggest that regional-level
policies, such as friendly warnings, could be more effective if implemented with greater rigour. Lastly,
our results indicate that reinforcing civic responsibility and enhancing institutional and political
quality could prove particularly beneficial in enhancing tax compliance.

Keywords: vehicle ownership tax; earmarking taxation; compliance; evasion; friendly warnings;
institutional quality; behaviour; regional taxation

JEL Classification: H26; H71; C2

1. Introduction

Vehicle ownership tax is a widespread form of taxation in many European countries.
This form of taxation is commonly used as an environmental and earmarked tax aimed
at internalizing externalities derived from transportation. In many countries, earmarked
taxes are collected to contribute to local governments’ revenues due to the increased
accountability in resource utilization, and a higher level of compliance for this type
of taxation.

The literature has shown increasing attention to earmarked taxation and its effect on
consumer behaviour and emission reduction. A growing number of studies are looking at
the effect of carbon taxation on passenger vehicle sales and usage, for example (see, e.g.,
Alberini et al. 2018; Alberini and Bareit 2019; Alberini and Horvath 2021; Cerruti et al. 2019).
Most of these studies show that modifying the vehicle registration tax and linking it directly
to carbon emissions has proven to be effective in switching individuals’ preferences toward
less polluting vehicles (e.g., Alberini and Bareit 2019; Cerruti et al. 2019). Furthermore,
in the context of durable goods, “new car registrations react to tax cuts and fee-bates
significantly more than to tax increases” (see Soldani and Ciccone 2019, p. 1).
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Other authors have also focused on the effect of earmarking taxation on tax compliance,
claiming that direct democracy, decentralization and earmarked taxation can foster tax
compliance (Schaltegger and Torgler 2008; Torgler et al. 2010). In a controlled lab experiment,
Brockmann et al. (2016) show that governments can increase tax compliance by rewarding
honest taxpayers, though the effect seems to affect only females, thus suggesting there
is no “one-size fits all” approach to boost tax compliance. Recent development in the
literature seems to suggest that earmarking taxation can increase taxpayers’ compliance by
enhancing the ‘procedural utility’ (see Frey and Stutzer 2005 for a discussion) of paying
taxes. According to Brockmann et al. (2016), this can be achieved via two different
mechanisms: (1) earmarking taxation raises taxpayers’ awareness of the potential usefulness
of their tax payment; and (2) this opportunity allows taxpayers to actively participate in
policy decisions by making them policy-makers rather than policy-takers1.

This paper gives a contribution to that part of the literature that analyses why
people choose to engage in tax evasion in the context of earmarking taxation that is
regionally administered. In this case, citizens’ involvement in policy choices is greater, and
non-payments can be promptly identified by the tax administration2. Our paper focuses on
car tax compliance in the Italian region of Tuscany, though vehicle ownership taxation in
Italy applies to all vehicles and motorcycles registered within the country’s borders. We use
a unique dataset collected in Tuscany over the fiscal year 2014 to identify factors affecting
tax dodgers’ behaviour. The dataset gathers car tax information, car characteristics and car
owners’ socio-demographics.

In Italy, vehicle taxation represents an important source of tax revenue. Indeed, the
tax applies to 52 million vehicles, of which more than 40 million are cars in 2022. The tax
has been introduced in 1953 to finance road construction and maintenance costs and it is
currently a pillar of local taxation. Italian regions administer the tax and are responsible
for enforcing compliance. The tax is levied annually based on the vehicles’ engine power
(measured in kW), age and pollution emissions.

Car ownership taxation in Italy is extremely unpopular among taxpayers. Although it
is easy to assess thanks to a national vehicle register, the level of tax evasion is significant
(13% at the national level in 2014)3. However, this figure is difficult to quantify with
certainty, given the high proportion of late payers and the ineffectiveness of enforcement
procedures, which varies from region to region. For example, in the region of Tuscany, with
3.7 million inhabitants, 3.8 million vehicles and 2.5 million cars, almost 20% of the tax due
was not paid on time in 2014, and this has not changed significantly to date (Baldaccini 2023).
In Emilia-Romagna, a region close to Tuscany in geographical and socio-economic terms,
tax evasion was estimated at 9% for 2015–2016, with late payers and evaders accounting
for more than 40% (Corte dei Conti 2022).

Whilst a vast amount of literature explores the impact of tax morale on individuals’
behaviour (Torgler 2007; Luttmer and Singhal 2014), and estimates the size of the shadow
economy (Ahumada et al. 2007; Schneider 2000; Schneider and Buehn 2013), to the best
of the authors’ knowledge, this is the first empirical study on taxpayers’ behaviour
in the context of vehicle ownership taxation, based on a large dataset on individuals’
characteristics and extensive information at municipal level.

The ‘economic’ analysis of the decision to evade taxes was pioneered in Allingham
and Sandmo’s (1972) paper on optimal tax declaration, where individuals consider the net
benefits of evading taxes to maximize their expected utility. However, for all the merits
of this approach, there are important limitations to the model. First, the model considers
the taxpayer as a rational individual, who makes decisions only to maximize their own
utility. However, according to Spicer and Lundstedt (1976), the decision to evade taxes
does not depend merely on the associated utility, but also on moral aspects and taxpayers’
attitudes towards illegal crimes. Erard and Feinstein (1994b), for example, suggest that
moral sentiments drive tax compliance. This indicates that the reasons for taxpayers’
compliance must be sought not only in the economic sphere, but also in the psychological
and moral spheres (Bott et al. 2020). Recent developments in neuroscience also provide
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a foundation of the relevance of moral sentiments for tax compliance (Dulleck et al. 2016).
Alongside individual attitude, the social environment and moreover the governance and
institutional quality also have importance (Torgler and Schneider 2007). Trust in institutions
and transparency regarding the direct use of taxation may encourage compliance, thereby
enhancing the provision of public services (Marien and Hooghe 2011).

Our paper contributes to the literature studying the drivers of tax compliance and
the relationship between taxpayers and institutions. In this work, we base our analysis on
a comprehensive micro-database, which allows us to clearly identify several characteristics
of tax evaders. We integrate this individual dataset with an extensive set of information at
the municipal level. Another advantage of our setting is that the micro-database collects
individual information on regular/late payments after friendly warning/non-payment of
vehicle ownership tax in Tuscany. This is particularly valuable when results in the literature
are mixed, as is the case for interventions appealing to friendly warning messages (Bott et al.
2020; De Neve et al. 2021). Moreover, there is growing interest on the use of “nudges” to
prevent tax evasion, being this seen as a more effective intervention than punishment. This
paper proceeds as follows. Section 2 presents some preliminary data analysis on individual
car ownership tax in Tuscany. Section 3 discusses some implications of the Allingham and
Sandmo (1972) model and compares expected and experienced car ownership tax evasion
in Tuscany. Section 4 presents empirical results. Section 5 briefly discusses the results
and concludes.

2. Car Ownership Tax in Italy: Trends and Perspective

Amongst the EU Member States with the highest motorization rates in 2022, Italy
ranks first, followed by Luxembourg, with 682 cars per thousand inhabitants (vs.
673 cars per thousand inhabitants in Luxembourg). The Italian motorization rate shows
a certain variability between geographical areas, but Tuscany stands out with a very
high motorization rate.

All EU countries levy taxes on vehicle ownership, which have increasingly been
used to influence driver behaviour and encourage the purchase of low-polluting or more
fuel-efficient vehicles. Although the tax base characteristics are quite homogeneous across
countries (and based on engine power and emissions), the tax rates vary widely. In Italy,
the tax is paid annually by anyone who owns a vehicle registered in the Vehicle Public
Registry (Pra). The tax due on cars is based on engine power, expressed in kW/m3,
and on environmental classes, so it is higher for cars with high environmental impact
and indirectly operates as an environmental levy4. The Italian vehicle ownership tax is
administered at a regional level, but with a limited degree of discretional power, which
means that the Italian regions can make only minor changes to the basic tax rate and
introduce specific exemptions. Tax collection is a regional task, so regional governments
are also responsible for strategies to encourage tax compliance. The vehicle ownership tax
in Italy was equivalent to more than EUR 7 billion in 2022, representing on average about
13% of total regional revenues.

Despite perfect information on vehicle ownership, there is a significant prevalence of
tax evasion for this earmarked taxation in Tuscany, similar to what can be found in other
Italian regions.

Car Ownership Tax in Tuscany: Descriptive Statistics and Context

Table 1 presents the vehicle distribution, based on tax due, regular and late payments,
and evaded tax for 2014, our year of analysis. We work with this specific year as it is
the only period in which we have availability of complete information about car tax and
taxpayers. The due revenue in 2014 was EUR 502 million, of which only 340 million was
collected in due time and 63 million as late payments. More than 98 million (19.6%) can
be classified as tax evasion. It is interesting to note that cars—72% of the vehicles in the
region—account for 86% of total tax evasion.
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Table 1. Evasion and compliance for vehicle type in Tuscany (2014), in EUR (millions).

Vehicle
Number %

Regular
Payment

(a)

Late
Payment

(b)

Tax
Evasion

(c)

Tax Evasion/Tax Due
%

c/(a + b + c)

Late Payment/Tax Due
%

b/(a + b + c)

Cars 2,202,730 72% 305.276 54.320 84.985 19.12% 17.79%
Motor vehicles 446,501 15% 14.483 4.673 5.508 22.13% 32.26%

Bus 5102 0.2% 1.298 0.075 0.085 5.85% 5.81%
Lorries 402,374 13% 19.683 4.339 8.031 25.06% 22.04%
Total 3,056,707 100% 340.740 63.408 98.611 19.61% 12.61%

We can categorize the taxpayers as follows:

• Regular: those who paid in due time.
• Late payers: those who have paid after a request for payment (friendly warning).
• Evaders: those who have not paid tax (starting from 6 months after the due date,

considered an unwanted delay).

In the same way, we can categorize the amounts of payments, with the sum of regular
payments, late payments and evaded amounts representing the total tax due.

Given the high level of tax evasion characterizing a specific subset of homogenous
taxpayers, i.e., car owners, we focus our analysis on taxpayers owning at least one car and
residing in Tuscany5. After excluding incomplete observations, our final dataset consists
of 1,485,283 individuals owning 1,693,083 cars. The dataset comprises information on car
features, individuals’ socio-economic and demographic characteristics (at individual and
aggregate levels), and economic and institutional aspects of the local municipality6.

The unpaid amount represents 18% of the tax due, for a total of 13% of tax evaders (see
Table 2). This shows how widespread the phenomenon is, despite available information
on car ownership taxation and specific nudges (such as friendly warning letters)7 put
in place by the local authorities. We also observe that this phenomenon is primarily
concentrated among individuals with the highest tax liabilities, many of whom own
high-performance vehicles.

Table 2. Breakdown of taxpayers and tax revenue (cars only, excluding incomplete observations).

Taxpayers Overall Car Tax Revenue Per Capita Car Tax Due

Frequencies % EUR
(Millions) % EUR

Regular 1,137,467 76% Regular 248.485 71% 218
Late 156,671 11% Late 40.761 11% 259

Evaders 191,145 13% Evaders 62.330 18% 322
Total 1,485,283 100% Total 351.577 100% 236

We therefore consider the relationship between tax evasion and income (see Figure 1)
and note that higher tax evasion is concentrated both in the first and in the last car tax
quintiles (24%). This seems to suggest a U-shaped relationship between the value of the car
and the car tax evaded.

Observing the car owners’ distribution of regular and late payers in relation to income
quintiles (see Figure 2), the data show that the share of car owners paying in due time
increases with income, while the percentage of evaders and late payers decreases with
income. However, it is worth noting that for most tax evaders, income data are not
available8. We hypothesize that this lack of information could stem from either a correlation
between undeclared income and evasion of car taxes or the possibility that many of these
taxpayers had no taxable income, being among the poorest segment of the population.
This being said, the share of car tax evaders in the group of ‘not-available’ income is much
higher than in the overall sample (28% vs. 13%; see Table 2).
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Considering the sample of ‘no-available-income’ taxpayers (i.e., those who are liable
for the car tax but are not reporting annual income), as expected, there seems to be a direct
link between the car tax due and tax evasion. That is, taxpayers who are due to pay the
highest car tax are also those who evade it the most. Presumably, some of these taxpayers
are also dodging their income tax and own the most expensive and high-performance
vehicles. Figure 3 shows that in the highest car tax decile, corresponding to an average
tax of EUR 498, tax evasion reaches a peak of 67%, which is the highest level across all car
tax deciles.
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This evidence highlights that further investigation is needed to better understand the
decision to participate in tax evasion in the context of earmarking taxation.
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3. Expected and Experienced Tax Evasion

The seminal Allingham and Sandmo (1972) model of tax evasion (hereafter ASY
model)9 describes the trade-offs a taxpayer faces when making the decision to evade taxes.
This approach requires for the taxpayer to know with certainty the probability of being
audited, p.

Based on our classification of compliance behaviour,10 we can consider different
expected loss functions, L(T), per type of taxpayer:

• Regular taxpayer: L(T) = T;
• Taxpayer with late payments: L(1 + DT);
• Evader: L(T + 0.3T) or L(1.3T) if caught; L(T) = 0 if not caught,

where T is the due tax and D the fine for late payments equal to 1% or 3,75% depending
on the delay (D = 0.01 or 0.0375); for tax evaders, there is a fine equal to 30% applicable to
the undeclared car tax, which in this context equals the tax due.11 For simplicity, we assume
a linear (or quasi-linear) relationship between L and T. This suggests that if the taxpayer
is not caught by the tax authority, L(T) = 0, i.e., the expected loss is equivalent to zero. By
contrast, if caught, the loss function will be given by L(1.3T), i.e., the loss is a function of
the tax that the individual has to pay, plus a fine (=30%*T). The expected loss E(L) of the
taxpayer will therefore depend on a probability p of being caught by the tax authority:

E(L) = p ∗ L(1.3T) + (1 − p) ∗ L(T) = p ∗ L(1.3T) (1)

If we compare Equation (1) with the expected loss of the honest taxpayer, E(L) = L(T) = T,
and under the standard assumption that an individual will pay taxes honestly if the
expected loss from paying taxes honestly is smaller than that expected loss by acting
dishonestly, we can then rewrite (1) as follows:

L(T) ≤ p ∗ L(1.3T) (2)

Rearranging (2) and solving for p, in our study, we find that for p ≥ 76.92%, it is convenient
to pay the fine on time, while for lower probabilities, it is convenient to evade. This is in line
with predictions of the ASY model, though it seems to suggest very high levels of tax evasion
than those found in the real world (for a discussion, see, e.g., Weber et al. 2014).

Second, the result discussed above reveals interesting insights on how people form
expectations on audit probability. For the car tax discussed here, on the one hand, the
probability of detection is almost 100%; thus, the conventional ASY tax evasion model
would suggest zero tax evasion. On the other hand, given that after receiving the friendly
warning letter, the fine increases up to 300 times, one would expect the vast majority of
taxpayers to comply within six months to one year from the missed deadline. Nevertheless,
only 38% of those who failed to meet the initial deadline paid after the friendly warning
(mostly just late payers), with the remaining 62% being tax evaders. Two important aspects
are worth noting here. First, even though the tax administration in Italy can promptly
identify the car owner, tax evaders appear perceiving the probability of detection and
actual prosecution as being very low (or equal to zero). Perhaps, taxpayers act under
the rooted assumption that they will not be prosecuted by law and think that they will
obtain greater benefit by evading taxes. Second, the use of a friendly warning message
in this context seems to be only partially effective. The letter, in fact, has the potential to
signal high probabilities of coercive procedures as it revealed that taxpayers’ liability can
be identified and monitored. In the case of further non-payment, additional punishments
are also applicable.12 However, our data seem to suggest that individuals who pay the car
tax after receiving an early warning are predominantly late payers (and might have paid
the tax regardless), raising questions about the efficacy of this intervention on tax evaders.

This result is in line with Galmarini et al. (2014), who find that receiving a notice from
the tax authority is not effective in reducing tax evasion, thus suggesting that more efficient
ways to enhance tax compliance would include reinforcing the strength of the warning,
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e.g., by making the names of those who refuse to pay publicly available13 (exploiting
reputational costs) or making it more difficult for those who evade taxes to access bank
loans (reporting tax evaders to banks).

Recent developments in behavioural public policy also suggest that a nudge (such as
a friendly warning letter) could become more effective and legitimate if incorporating an
element of reflection (the plus), potentially leading to long-term, consistent, and sustainable
behaviour change (Banerjee and John 2024). To give an example, in the context of earmarking
taxation, a nudge plus could be implemented by adding to the friendly warning message an
explanation of how taxpayers’ individual contributions will help finance specific projects.

Going back to our study, an increase in the penalty rate above the current 30%
(which seems not to be a deterrent for tax evaders) may also be desirable. Cranor et al.
(2020), for example, using data from Colorado on the tax year 2015, show that sending
reminders with information about ‘progressive’ (and increasing with delays) financial
penalties14 to tax delinquents may have a stronger impact on tax compliance than
sending messages highlighting the relevance of social norms. The authors conclude
that ‘attention to seemingly minor decisions about the wording of notices’ might have
important consequences on taxpayers’ compliance behaviour (Cranor et al. 2020, p. 331).
Furthermore, a related recent study suggests that communication that manipulates the
taxpayers’ perception about the likelihood of an audit can also help in improving tax
compliance (see, e.g., Mazzolini et al. 2022; Carfora et al. 2018; Gangl et al. 2014; Castro
and Scartascini 2015; and, more recently, Bott et al. 2020). Under the ASY model, the
decision to evade taxes is modelled considering taxpayers’ payoffs, pondered with the
adverse event of a tax audit. This approach requires taxpayers to know their probability
of being audited. This is a very strong assumption considering that in real life, it is
widely expected that this probability is unknown to the taxpayer. Schmeidler (1989)
states that the formation of individual probabilities leads to an incorrect estimate of
the probability itself, which, instead of reflecting the frequency of the event, reflects
the subject’s confidence level, thus providing probability estimates that do not add up
to one. Similarly, Snow and Warren (2005a, 2005b) and Dhami and Al-Nowaihi (2007)
suggest that, under uncertainty, risk aversion leads individuals to severely overestimate
the probability of a tax audit, thus becoming more compliant. However, the opposite
is true for risk lovers (i.e., they become less compliant). Therefore, according to (Snow
and Warren 2005a, 2005b), given that governments cannot screen taxpayers based on
their risk aversion, it might be not advisable to foster uncertainty as a policy tool to
boost compliance.

Our findings imply that taxpayers’ confidence in evading taxes without facing legal
repercussions appears to be significant and likely reinforced over time. Indeed, tax evasion
tends to be recurrent (Angeli et al. 2023), suggesting that a more proactive policy in this
regard could prove effective in the Tuscany context.

4. Data and Empirical Strategy

Having established some interesting aspects of earmarking taxation and individuals’
tax compliance, this study seeks to understand the impact of some socio-economic and
environmental factors that affect the decision to evade earmarking taxation.

4.1. The Dataset

For the analysis, we consider a comprehensive dataset on car tax in 2014. The base unit
for the analysis is a single taxpayer who owns one or more vehicles. In total, our dataset
consists of 1,485,283 individuals for 2014. Motorbikes have been excluded from the sample.
We focus our analysis on cars as they represent a large proportion of the vehicles included
in the database. In addition, people may have different tax attitudes/behaviours when
considering different vehicles. We also excluded taxpayers who did exhibit ambiguous
behaviour toward vehicle taxation from the sample, e.g., paying the tax for one vehicle but
not for another. The dataset is built using a combination of different sources, including
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the Public Register of vehicles (PRA), which reports data on vehicles for which the car tax
is due; the Italian Automobile Club (ACI), which is the institution in charge of collecting
car tax; and the National Statistical Office and Regional data on taxpayers. Aside from the
binary variable describing taxpayer behaviour, we can distinguish four core macro areas,
covering the most common determinants of tax evasion that we collect at the individual,
fiscal and municipal levels. These include the following:

1. Socio-economic and demographic variables. An extended literature studies the effects of
individual characteristics on individual propensity to evade (see, e.g., Alm and Torgler
2006; Halla and Schneider 2008, 2014; Torgler and Valev 2010). Results are mixed, but
in general, variables such as age, gender, marital status and income can be crucial in
predicting taxpayers’ compliance and risk attitudes, under the standard assumption
that risk-loving individuals are also more inclined to commit fraudulent acts.

2. Variables associated with car characteristics (e.g., present car value, number of cars owned
by a taxpayer, car tax and age). These are used to investigate the relationship between
the car value and the tax due, and to test whether the car depreciation has a negative
impact on tax compliance. A proxy of the present value of the car is calculated
considering the linear link between the car tax, the value of the car, and the effective
tax rate (ratio between the car tax and the actual value of the car): the effective tax
rate increases as the car value depreciates. Therefore, we consider this effective tax
rate as the ratio between the nominal car tax and the depreciation factor for the car.
This is provided as follows:

ECT =
CT

(1 − i)n (3)

where CT is the car tax, ECT the effective car tax rate, i represents the car depreciation
rate, and n is the car age. This variable captures the individual’s lower propensity to
pay the tax due to the car depreciation. The car tax here is used as a proxy for the
present car value.

3. Economic environment variables. Collected at the municipal level, these variables proxy
the local economic situation faced by different taxpayers. The objective here is to
investigate whether wealthier areas of Tuscany are less likely to engage in tax evasion.
The literature shows that subjects with high tax compliance are also those who
receive benefits from the welfare system, e.g., elderly and most educated people
(Rodriguez-Justicia and Theilen 2018). Experimental and survey evidence support
the conclusion that citizens are more willing to pay taxes if they receive public goods
and services in return (see, e.g., Torgler 2002). More deprived areas may also offer
fewer public goods and services, which may lead individuals to evade more taxes. To
test whether tax evasion is concentrated in deprived areas of Tuscany, we consider
a set of variables as indicators of the local economy. These are the car owners’ income
source (taken from the car owner and fiscal datasets and captured by the percentage
of individuals with different occupational statuses on total residents), the number of
firms per capita and the percentage of firms in the tertiary sector. We finally include
the average taxpayer income (municipal statistics).

4. Institutional variables. These are included to capture the relationship between the
taxpayer and public (regional) administration and proxy the quality of the local
institution. Both aspects play an important role in increasing tax compliance (see, e.g.,
Nicolaides 2014; Hallsworth et al. 2017; Alstadsæter et al. 2018). Considering quality,
Torgler and Schneider (2007) show that lower levels of tax evasion are obtained
when citizens trust both central and local governments, and even more so when the
latter approves the choices in the field of public finance (Buehn et al. 2013). The
institutional approach suggests that high institutional quality and open government
initiatives enhance tax revenue and compliance by legitimizing tax burdens and
expenditures and encouraging open participation in policy and law-making processes
(Khaltar 2024). Earmarking taxation can strengthen the legitimacy of the tax burden
by providing transparency, ensuring accountability and demonstrating that tax
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revenues are being used effectively for specific purposes. This process can build and
maintain trust in governments, leading to greater tax compliance and a more positive
relationship between taxpayers and institutions (see, e.g., Torgler and Schneider
2007). However, the literature also suggests that the greater the (physical and
political) distance from the centre of power, the greater the level of tax evasion,
as taxpayers may feel they are not engaged with the decision-making process
(Pukeliene and Kažemekaityte 2016; Buehn et al. 2013). Moreover, complex tax
systems may lead to higher levels of tax evasion (Pukeliene and Kažemekaityte
2016; Daude et al. 2013). This suggests that the tax collection agency must work
in a transparent and cooperative manner with the taxpayer to boost taxpayers’
confidence in the government (Lisi 2014). Taxation transparency has proven to be
particularly important to enhance tax compliance (see, e.g., Johannesen and Larsen
2016), and might be particularly relevant for earmarking taxation given that people
may be more willing to pay taxes if they know how their money is being used (Seely
2011; Perez-Truglia 2020). We proxy the complexity of the regional administration
with the regional political fragmentation represented here by the number of parties
in the municipalities. In addition, we include variables such as the local municipal
tax burden (proxied by the per capita average tax burden per municipality), and
specific municipal budget items such as investments in transport and fixed public
expenditures to capture the flexibility/rigidity of local public expenditures, which
justifies earmarking taxation as a designated budget to finance specific public services.
We also use the geographical distance from Florence, the chief town of Tuscany, to
capture the perceived distance from the central decisional government.

5. Moving to the relationship between citizens and the public authority, we include
variables related to civic participation, such as the presence of volunteers (i.e., the
percentage of individuals engaged in charity activities per municipality) and individuals’
participation in elections (municipal dataset) to capture citizens’ identification and
participation with the local governments. The literature suggests a positive relationship
between civic duty and moral attitudes to tax evasion (see, e.g., Orviska and Hudson
2003). Therefore, we expect that higher levels of participation in local government
activities are also associated with lower tax evasion, mediated by moral factors.15

All variables used in the empirical analysis are reported in Table A1 in Appendix A.

4.2. The Empirical Strategy

Our data involve different levels of aggregation (i.e., individual and municipal levels).
Therefore, we consider a simple random intercept logistic regression as our empirical strategy.
A multilevel model will allow us to simultaneously quantify the impact of individual
characteristics on tax compliance and better understand how groups’ heterogeneity in different
municipalities affects the decision to evade taxes. The model is described below:{

Yij = β0j + β1Xij + β2Zj + Rij
β0j = γ00 + U0j

, (4)

where Yij is the dependent variable, i represents the i-th individual of group j, β0j is
the intercept, Xij is a matrix of individual explanatory variables also called independent
first-level variables with the coefficient vector given by β1, Zj is a group or second-level
variable matrix with coefficient β2, and Rij are first-level residues or individual residues.
The randomly intercepting multilevel structure is given by the second system equation.
The intercept β0j is given by a γ00 constant, and a random U0j component that varies from
group to group and that is called the second-level or group residue.

The dependent variable is a dichotomous variable that takes on a value of 1 if the
individual has not paid the tax, and 0 otherwise. Table 3 below reports regression results.16

Calculations were performed in STATA14 using the milogit routine.
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Table 3. Results for logistic multilevel regression.

Variable Coef Std. P > z 95% Conf. Interval

Constant −1.186 0.441 0.007 *** −2.05 −0.32

Vehicle variables Car tax 0.244 0.003 0 *** 0.24 0.25

Average car tax per municipality −0.006 0.02 0.77 −0.05 0.03

Number of cars −0.052 0.003 0 *** −0.06 −0.05

Number of cars (per capita) −0.015 0.016 0.352 −0.05 0.02

Present car value −0.074 0.005 0 *** −0.08 −0.06

Average present car value per
municipality 0.032 0.036 0.37 −0.04 0.1

Car age 0.56 0.004 0 *** 0.55 0.57

Average car age per municipality −0.064 0.039 0.102 −0.14 0.01

Socio-economic and
demographic variables Taxpayer age −0.276 0.004 0 *** −0.28 −0.27

Average taxpayer age per municipality 0.003 0.031 0.932 −0.06 0.06

Taxpayer income −0.468 0.003 0 *** −0.47 −0.46

Foreigners 1.21 0.008 0 *** 1.19 1.23

% foreigners 0.627 0.959 0.513 −1.25 2.51

Chinese 2.371 0.026 0 *** 2.32 2.42

% Chinese −2.887 1.967 0.142 −6.74 0.97

Marital status 0.065 0.006 0 *** 0.05 0.08

Female −0.142 0.006 0 *** −0.15 −0.13

% female in municipality −0.92 0.582 0.114 −2.06 0.22

Self-employed 0.31 0.008 0 *** 0.29 0.33

Retired −0.653 0.011 0 *** −0.67 −0.63

Other source of income −0.403 0.012 0 *** −0.43 −0.38

“Not available” income 0.199 0.012 0 *** 0.18 0.22

Economic environment variables Number of firms per capita −2.655 0.826 0.001 *** −4.27 −1.04

% of firms in tertiary sector −0.038 0.013 0.003 *** −0.06 −0.01

Average taxpayer income
per municipality −0.02 0.024 0.404 −0.07 0.03

% employed −0.021 0.012 0.093 * −0.05 0

% unemployed 0.022 0.012 0.061 * 0 0.05

% retired 0.016 0.841 0.985 −1.63 1.66

% self-employed 0.177 0.727 0.807 −1.25 1.6

% other source of income 1.883 0.828 0.023 ** 0.26 3.51

Institutional variables % volunteers −1.123 0.208 0 *** −1.53 −0.71

Number of parties 0.037 0.019 0.049 ** 0 0.07

% voters −0.826 0.318 0.009 *** −1.45 −0.2

Distance from Florence 0.069 0.017 0 *** 0.04 0.1

Tax burden per municipality 0.013 0.011 0.211 −0.01 0.03

Investment in transports −0.031 0.008 0 *** −0.05 −0.02

% fixed public expenditure −0.017 0.01 0.093 * −0.04 0

Municipality 1.465 0.689 0.033 ** 0.11 2.81

McKelvey–Zavonia R2 R2 count (adjusted)

0.2833 0.3131

Note: *, **, and *** indicate respectively 10%, 5%, and 1% significant levels.
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The results provide us with a clear picture of tax compliance and evasion relating to
car ownership taxes in Tuscany. As expected, there are four key drivers of car tax evasion
grouped in the macro-areas listed below:

1. Car characteristics (at the individual and aggregate levels).
2. Economic environment variables (averaged at the municipal level).
3. Socio-economic and demographic variables (at the individual and aggregate levels).
4. Institutional variables (averaged at the municipal level).

As discussed in Section 2, the car tax has a negative effect on tax compliance with
higher levels of taxation corresponding to increased willingness to evade. Similarly, the
effective car taxation plays an important role on the decision to evade the tax: when the car
depreciates and/or becomes older, tax compliance decreases. It is interesting to note that as
taxpayers with several cars tend to be more compliant, probably because of a higher ability
to pay.

Civic duty is a significant element in explaining taxpayers’ compliance since municipalities
with a higher level of volunteers and participation in elections are less likely to evade.
The political fragmentation of the city council, proxied by the number of parties, is
also significant: scarce identification with political parties and local government leads
to a greater aversion to paying car tax. This is particularly relevant when considering the
nature of earmarking taxation. Tax earmarking can mitigate agency problems in public
provision, fostering accountability and creating a more direct linkage between private
monitoring choices and taxes paid (Dhillon and Perroni 2001). Losing this direct link
due to lack of identification with the local government may lead to higher resistance to
earmarking taxation.

The effect of individual characteristic emerges clearly from the results, with the
elderly, women, and families not surprisingly complying more often than others with
their obligations (see, e.g., Barile et al. 2022; Halla and Schneider 2008, 2014).

Among the socio-economic and demographics variables, households’ income and
occupational status play a significant role on the willingness to evade taxes (at the individual
level). According to the literature, as per other types of income taxation (see, e.g., Torgler
and Valev 2010), higher levels of car tax evasion are present among the self-employed,
while, as expected, retired people and employees have higher levels of tax compliance.
Moreover, in line with what was discussed in Section 2, higher income levels correspond
to lower evasion (see Figure 2), while ceteris paribus, no-available-income taxpayers are
significantly more likely to engage in tax evasion (by approximately 20%).

A greater propensity to evade taxes is found among foreigners, possibly attributed to
their lower incomes, or less familiarity with the tax system.

Looking at the aggregate economic environment variables, industrial areas seem to
be less likely to engage in tax evasion. However, different occupational statuses and
average household incomes have limited influence on tax compliance, with the percentage
of employed and unemployed individuals per municipality only being significant at the
10% level (with income and all other occupational variables remaining insignificant).

The results also suggest that public infrastructures play a role in determining taxpayers’
behaviour, with higher investments in public transport being positively correlated with
higher levels of tax compliance. This confirms previous findings in the literature (see, e.g.,
Buehn et al. 2013): when taxpayers see a return on the amount of taxes paid, they are
also more likely to contribute to the public budget. Interestingly, local taxes do not seem
to have a significant effect on the willingness to evade the car tax. Note that this result
may also be due to the high level of correlation between higher tax burden and public
transport investments, with the former being the strongest predictor for tax compliance.
In fact, the higher the public revenue (collected via taxation), the greater the investments
in infrastructure.

In addition, the distance from the regional capital, Florence, significantly and positively
affects the willingness to evade. Further investigation of the data shows that the areas
that appear to be distant from Florence, and, in particular, those in the coastal area
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have a higher level of evasion (see also Section 2). This is in line with the work by
Pukeliene and Kažemekaityte (2016), who assert that those living at a greater (geographical
or psychological) distance from central governments tend to be reflected less often in
government choices, and thus tend to evade more.

In general, many of these factors can be traced back to the concept of institutional
quality, understood as civic virtue, and the ability of the administration to respond to
citizens and politics’ linkage with citizens. This is an interesting result of our work, which
suggests that besides socio-economic and demographic variables collected at the individual
level, in the context of earmarking taxation and regional administration—the focus of
this analysis—proximity to the political and administrative centre and civic participation
are important factors for individuals’ willingness to evade tax. Finally, institutional
quality of local administration is found to be a boost towards a collective awareness
and civic participation.

4.3. Predicted Probabilities and Car Tax Evasion

We consider predicted probabilities to evaluate the effect of different factors on the
decision to evade car tax. For comparison, we consider 12.9% as the average probability of
evading car tax (see Section 2).

To account for differences in risk attitudes, we compare four different groups of
taxpayers, who, according to the literature and the results described in Section 4.2, may
exhibit different attitudes towards tax evasion.

These taxpayers differ by gender and age. In particular, we compare women and men
aged 35 or 65 years old. The literature indicates (for example, Borghans et al. 2009) that
women exhibit greater levels of risk aversion compared to men, while older individuals
tend to opt for less risky decisions when contrasting their life cycle choices with those of
younger generations (Tymula et al. 2013). We compare the expected probability to evade
the car tax for all four groups. The results are reported below.

Young Woman Young Man Av. Probability Aged Woman Aged Man

19.38% 23.50% 12.89% 5.47% 5.01%

As expected, the results show that a risk-loving person (i.e., a taxpayer in their younger
years) is more likely to engage in tax evasion (differences vary between 14 and 18 percentage
points for women and men, respectively)17. This pattern is exacerbated with age. Women
are more risk averse than men, but only when in their younger years. In fact, among the
elderly, we find a higher level of tax compliance for males. As per Tymula et al. (2013), this
phenomenon could stem from either increased risk aversion among older individuals or
a heightened sense of civic duty, which may grow with age as individuals gain wisdom.

As discussed in Section 4.2, civic duty, captured by individuals’ engagement with
the local administration, plays an important role in our analysis. Communities actively
engaged in public life tend to align more closely with political decisions and consequently
adhere to taxation principles, actively contributing to public goods. Spatial clustering
further supports the perspective of Erard and Feinstein (1994a, 1994b) regarding the
contextual significance in shaping individual evasion behaviours, heavily influenced by
imitative tendencies. We consider the predicted probabilities of those with high/low civic
participation. Our results confirm that taxpayers belonging to municipalities with lower
civic participation (first quartile of the distribution) have a 5.3% higher chance of not paying
car tax.

High Civic Virtue Av. Probability Low Civic Virtue

11.02% 12.89% 16.32%
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The literature indicates that a stronger sense of civic duty may be associated with
higher quality of local or central institutions (for example, Torgler 2003) fostering a trusting
relationship between the government and citizens, who may feel represented in their
preferences. Likewise, living near the central administration may positively influence
tax compliance, as citizens may feel more involved in the decision-making process (see,
e.g., Pukeliene and Kažemekaityte 2016). We therefore analyze different levels of evasion
in municipalities with different institutional quality and consider comparing the 25%
of municipalities with high institutional quality against the 25% with low institutional
quality. To rank municipalities by institutional quality, we take into account investments in
transport, and the distance from the regional capital, as the analysis in Section 4.2 shows
a greater propensity to evade taxation in municipalities not in the proximity of Florence
(referred to in the literature as a measure of “power distance”, i.e., the perceived distance
from decisional centres). The results confirm that areas closer to central administration and
with better infrastructures show a lower level of evasion than those in peripheral areas.

High Institutional Quality Av. Probability Low Institutional Quality

10.58% 12.89% 15.03%

We finally consider the impact of tax due on the probability of evading taxes. Our
analysis in Section 4.3 suggests that higher taxation is associated with more tax evasion. We
compare here the highest tax quintile, with amounts of tax due exceeding EUR 665, and the
second quintile, with amounts between EUR 93 and 255.18 The findings indicate a higher
likelihood of evasion for exceptionally large tax amounts, with taxpayers evading at more
than double the average rate. Conversely, the second quintile of tax amounts, representing
the majority of taxpayers, exhibits a non-compliance rate slightly below the average.

Low Tax Amount Av. Probability High Tax Amount

11.01% 12.89% 26.48%

5. Conclusions

Despite the fact that car ownership non-compliance is easily identifiable by the local
government, a significant proportion of the tax continues to be evaded by taxpayers
in the Italian region of Tuscany. This paper identifies and discusses important factors
affecting the decision to engage in vehicle tax evasion, an earmarked levy financing
regional governments. These factors encompass socio-economic demographic attributes
of taxpayers, characteristics of vehicles, and economic environmental factors, as well as
the quality of local institutions and citizens’ sense of civic responsibility. The empirical
analysis corroborates some existing results in the literature showing that tax evasion varies
within different groups. Those who are typically characterized by high risk aversion
exhibit greater reluctance towards tax evasion, notably the elderly and women. Along
with individual socio-economic demographic characteristics, our analysis also indicates
that institutional quality and a sense of city duty play an important role in increasing tax
compliance (Allam et al. 2023). In addition, our findings suggest that tangible returns in
the form of public services and investments from the administration, coupled with the
perception of having a greater influence on decision-making processes, can enhance citizen
compliance. In future studies of this line of research, it would be very interesting to replicate
the estimated model in other Italian areas, as the car ownership tax is very unpopular and
the level of evasion of this tax is estimated to be very high in all areas of the country. At
present, however, data on evasion and enforcement are very limited, both at the national
level and for individual regions.

In this paper, we also consider the fact that the regional administration regularly
sends friendly warning letters aimed at promoting tax compliance within the context of
the analyzed earmarking taxation. While a comprehensive analysis of friendly warning
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policies is not within the scope of our paper, we find evidence that the approach has been
effective in encouraging a portion of the population to pay the tax. However, a significant
portion of individuals did not perceive themselves at risk of enforcement and did not
view the fine as a deterrent to complying with the law. The literature acknowledges the
need for a more rigorous and resolute enforcement policy to overcome resistance to policy
implementation. While some strategies, particularly nudging policies, and friendly warning
communications, are being explored, finding a balance between political consent and public
budget constraints may prove challenging for decentralized administrations due to their
close proximity to citizens. In future research, it would be interesting to explore whether
a nudge plus intervention (involving both a subtle prompt to pay the tax, the nudge, and
an additional element of reflection, the plus) may prove more effective in encouraging tax
compliance. Moreover, we plan to extend the present research if information over multiple
years becomes available.

Our findings emphasize the importance for local (and central) governments to promote
initiatives that cultivate a positive social environment and foster the perception of individual
engagement in public decision-making, thereby facilitating the effectiveness of policy
implementation. From this standpoint, although earmarking taxation and decentralization
may not serve as sole remedies for ensuring compliance, they prove effective in encouraging it.
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Appendix A

Table A1. Descriptive statistics of the dataset.

Macro Area Ariable Name Description of the Variable Mean SD Min Max

Willingness to
evade car tax

1 = if taxpayer evades taxes (on all vehicles);
0 = otherwise * 0.13 0.34 0 1

Vehicle variables Car tax Car tax due per individual taxpayer 216.1 122.8 18.6 5658

Average car tax
per municipality Average car tax per municipality 216.2 7.19 193.9 257.9

Number of cars No. of cars owned by taxpayer (individual) 1.14 0.38 1 4

Number of cars
(per capita)

Total no. of cars owned by taxpayers/total
residents (per municipality) 1.14 0.02 1.1 1.23

Present car value Present car value (individual) ** 40.58 56.3 0 1600

Average present car
value per

municipality
Average present car value per municipality 40.56 3.91 21.62 51.95

Car age Car age (individual) 7.19 4.46 0 62

Average car age per
municipality Average car age per municipality 7.19 0.46 5.99 9.5
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Table A1. Cont.

Macro Area Ariable Name Description of the Variable Mean SD Min Max

Socio-economic
and demographic

variables
Taxpayer age Taxpayer age (individual) 52.47 15.01 0 99

Average taxpayer
age per

municipality
Average taxpayer age per municipality 52.45 1.31 48.92 58.53

Taxpayer income Taxpayer income (individual) 25,399 31,869 −73,659 10,000,000

Foreigners
1 = if taxpayer is not Italian

(excluding Chinese); 0 = otherwise
(base category: Italian)

0.07 0.02 0.03 0.21

% foreigners % foreigners in the municipality on
total residents 0.07 0.02 0.03 0.21

Chinese 1 = if taxpayer is Chinese; 0 = otherwise 0.01 0.01 0 0.06

% Chinese % chinese in the municipality on total
residents 0.01 0.01 0.00 0.06

Marital status 1 = if taxpayer lives as a couple or married;
0 = otherwise 0.32 0.46 0 1

Female 1 = if taxpayer is female; 0 = otherwise 0.57 0.50 0 1.00

% female in
municipality

% of females in the municipality on
total residents 0.43 0.02 0.31 0.50

Employee 1 = if taxpayer is an employee;
0 = otherwise 0.50 0.50 0.00 1.00

Self-employed 1 = if taxpayer is self-employed;
0 = otherwise 0.11 0.31 0.00 1.00

Retired 1 = if taxpayer is retired; 0 = otherwise 0.28 0.45 0.00 1.00

Other source of
income

1 = if taxpayer has “other” sources of
income; 0 = otherwise 0.06 0.24 0.00 1.00

“Not available”
income

1 = if taxpayer has no source of income;
0 = otherwise 0.05 0.21 0.00 1.00

Economic
environment

variables

Number of firms
per capita Total number of firms/total residents 0.09 0.02 0.03 0.18

% of firms in
tertiary sector % firms in tertiary sector on total firms 0.10 0.04 0.02 0.29

Average taxpayer
income per

municipality

Average taxpayers’ income
per municipality 36,358 5115 22,247 57,413

% employed % employed taxpayers on total residents 47.98 3.45 30.83 56.84

% self-employed % unemployed on total residents 7.89 1.84 3.06 14.93

% retired % employed taxpayers on total residents 0.29 0.03 0.20 0.49

% self-employed % self-employed taxpayers on
total residents 0.12 0.02 0.05 0.22

% other source
of income

% taxpayers with other source of income on
total residents 0.07 0.01 0.03 0.17

% unemployed % unemployed on total residents 0.08 0.02 0.03 0.15
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Table A1. Cont.

Macro Area Ariable Name Description of the Variable Mean SD Min Max

Institutional
variables % volunteers

% of taxpayers active in the third sector
and volunteer opportunities within

the municipality
0.11 0.04 0.02 0.41

Number of parties Number of political parties that
participated in the previous local elections 6.57 3.54 1 15

% voters % of voters in the previous local elections 0.79 0.03 0.52 0.85

Distance from
Florence Distance from the capital Florence (in km) 66.57 44.77 0 198.4

Tax burden per
municipality Tax burden pro capite per municipality 1026.00 338.1 452.00 3574

Investment in
transports

% of investments on transport
per municipality 45 50.99 0 1251

% Fixed public
expenditure

Fixed public expenditure/total
expenditures 29.64 5.76 5.63 50.91

Notes: * the terms taxpayers and tax due refer to the earmarking taxation considered in this paper. ** Details
provided in Equation (3).

Notes
1 Brockmann et al. (2016) also mention a third mechanism that reinforces these two, which is the “warm glow of giving” (see

Andreoni et al. 1998), which, given the direct influence over their use of money, makes individuals perceive themselves as
benefactors of society and makes them feeling kind.

2 There is a difference between identified and prosecuted, since it is often more difficult at the local scale to recover amounts due to
the economic, social and political cost of doing so.

3 Aci-Quattroruote report, Quattroruote, April 2014.
4 A specific tax surcharge is due for cars with an engine power exceeding 185 kW, depending on the car’s age.
5 Hereafter, the terms “car” and “vehicle” will be used interchangeably in the paper and refer to car ownership tax evasion.
6 We have considered in the dataset only those taxpayers on which relevant information was available and who either decided

to pay or not to pay the full tax. As shown in Table 2, among those who did not pay, we were also able to further distinguish
between late payers and tax evaders.

7 Once the payment due date has passed, and payment is not received by the local authority, the taxpayer receives a notice to
comply with the obligation, the so-called ‘friendly warning’.

8 In this case, a tax return was not present in the administrative archive.
9 The ASY model takes its name from further development to the Allingham and Sandmo (1972) model suggested by Yitzhaki

(1974). Hereafter, we will use the terms ‘ASY model’ or ‘traditional/conventional tax evasion model’ interchangeably.
10 In the first year after the due date, the penalty rate is very low and varies from 0.1% to a maximum of 0.375% (when payment is

received after six months to one year of delay). If the taxpayer is classified as a tax evader, a fixed amount of 30% of the tax value,
in addition to the tax itself, should be paid.

11 Unlike income taxation, ownership taxes do not allow people to evade part of the due tax. The taxpayer has only two options:
evade the tax or pay the tax honestly.

12 Evidence on the use of friendly warning messages on tax compliance is controversial. Using social norms and public service
messages, Hallsworth et al. (2017) found that reminder letters for overdue tax payments in the UK increased compliance.
Similarly, according to De Neve et al. (2021), simplifying the communication of the tax administration and deterrence messages
have a positive effect on tax compliance and are more efficient than invoking tax morale. However, other papers find no or
insignificant effects of friendly warning messages on tax compliance. Galmarini et al. (2014, p. 22), for example, empirically
find that receiving a tax notice (i.e., a friendly warning message) is “insufficient to correct the individual incentive to escape tax
authorities”. They suggest complementing letters with other policies in order to reinforce the deterrence, such as giving public
evidence of evaders and inhibiting loans and bank accounts.

13 In their study, Perez-Truglia and Troiano (2018) show for example that shaming tax delinquents and friendly warning reminders
(varying the salience of financial penalties) increase compliance. However, receiving information on other’s non-compliance did
not have any impact on tax compliance.
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14 In this field experiment, after 30 days of receiving the reminder, all taxpayers who did not comply with their tax liability on
property taxes received an additional penalty, which increased by 0.5 percentage points per month up to a maximum of 12%.

15 Many scholars suggest tax morale as being one of the main factors explaining individuals’ tax compliance (see (Torgler 2003)
and (Luttmer and Singhal 2014) for a taxonomy). Others stress stigma and reputation costs as possible deterrents to tax evasion
(see, e.g., Gordon 1989; and Blaufus et al. 2017). Spicer (1986) and Kirchler (2007) emphasized the relevance of ‘psychic costs’ to
determine whether individuals are willing to engage in tax evasion and, more recently, Barile et al. (2022) empirically showed the
impact of ‘moral hinterland’ variables on the willingness to engage in tax evasion and benefit fraud.

16 For each variable, we report the estimated coefficient, the associated standard errors, test statistic, p-value and 95% confidence
interval. Different measures of R-squared are also reported, indicating the explicative power of the model. The effect of group
effects is captured simultaneously with the effect of group-level predictors by the “municipality” variable using a multilevel
random effects model.

17 The difference is computed by subtracting the expected probabilities for women and men in different age groups.
18 In this case, we do not consider the lowest quintile, as the small amount of tax due by taxpayers is more likely to lead them to pay

late rather than evade the car tax.
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