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Abstract
Italian governments have frequently chosen tax amnesties or concessions, with the 
twofold purpose of creating new budget resources and cancelling irredeemable 
debts. Such course of action constitutes a “shortcut” policy in terms of fighting tax 
evasion, which is a matter less popular among voters and more demanding in terms 
of efficiency and political continuity. This paper investigates the effects of the 2016–
2019 tax concession, bringing empirical evidence based on the car tax paid to the 
Tuscany Region. The car tax is the main source of regional fiscal autonomy in Italy. 
In terms of revenue recovery, we found a net amount of only 1.6% of the unpaid 
taxes accrued. A difference-in-difference (DiD) analysis of the effects on compli-
ance showed that those who took advantage of the tax amnesty in the past, when 
cheating again, were more likely to default on their tax debts, as compared to those 
who did not join the amnesty program. Therefore, our analysis provides original evi-
dence of a very low budget recovery and confirms the results of literature according 
to which tax amnesties impact negatively on taxpayers’ behaviour.
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1  Introduction

Tax amnesty can be defined as a limited-time offer addressed to specified groups 
of taxpayers by public authorities, who ask for a reduced payment in exchange for 
the remission of previous tax obligations (including interests and penalties), at the 
same time granting immunity from legal action (Baer & La Borgne, 2008). Franzoni 
(1996) identifies three types of tax amnesty:

–Return amnesty: it allows taxpayers to adjust their tax returns and pay a reduced 
penalty on the due amount, without preventing subsequent audit and control activi-
ties from tax authorities;

–Investigation amnesty: it offers immunity from administrative actions in 
exchange for the payment of a determined amount (amnesty fee);

–Prosecution amnesty: it grants a total or partial reduction of penalties to already-
identified tax evaders in the aim of simplifying procedures and putting an end to 
judicial proceedings before tax authorities.

Among the main purposes for enforcing tax amnesty (Baer & Le Borgne, 2008) 
are certainly those related to the immediate revenue needs, the offshore capital repa-
triation, but also the encouragement of tax compliance, so to raise tax revenues in 
the medium-long term. Moreover, tax amnesty may help to ‘reset’ the system (i.e. 
reorganise the piling up of tax liability) before a tax reform. Recent national meas-
ures have repeatedly called attention to the clearance of debt collectors’ stock – for 
example, with the ‘full and final settlement agreement’ (saldo e stralcio) of tax bills 
– since the current legal framework requires twenty years to pass before debts are 
written off as irrecoverable.1

Notwithstanding their frequent use and supposed advantages, amnesty pro-
grammes still constitute a controversial issue: in fact, despite the immediate revenue 
increase and the return of part of tax evaders back into the system, their medium and 
long-term effects are debateable.

Scholars generally agree that tax amnesty alone negatively impacts on individ-
ual compliance, and that without the concurrent implementation of more stringent 
enforcement actions aimed at modifying the cost of evasion, it is very plausible that 
tax amnesty participants will still avoid taxes, and taxpayers will interpret the miti-
gating measure as a sign of weakness on the authorities’ part (Alm & Beck, 1990; 
Baer & Le Borgne, 2008). In addition, it is of paramount importance to prevent the 
taxpayer expectations of future interventions from reducing tax compliance in the 
long run (Luitel & Sobel, 2007); indeed, repeated tax amnesties weaken the psy-
chological costs of evasion – increasing a perceived sense of inequity among honest 
taxpayers, with the risk of ‘legitimising’ evasion (Nar, 2015).

1  The debt collector must take different formal steps for each tax liability to recover the due amount, 
even if small. The volume of tax bills, especially from long past due years, makes the collection task 
more difficult and inefficient because the older the debt, the harder it is to get it back. The Corte dei Conti 
(2021) shows that as for 2019 the value of total tax notice load, entrusted for all taxes by the various 
creditor entities to the Collection Agency-AdER since 1 January 2000, amounted to approximately one 
thousand billion euros.
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As to tax revenue, economic models confirm how, in the lack of subsequent 
enforcement actions, the possible positive impact of tax amnesty may be offset by 
more avoidance and less compliance in the long run (Andreoni, 1991; Fiorentini & 
Martina, 1997; Stella, 1989). Empirical research has sought to confirm the expected 
effects for different national and socio-economic contexts. By and large, these sur-
veys highlight how tax amnesties, without additional reforms or legislative-admin-
istrative measures aimed at strengthening the tax system, will probably have a nega-
tive impact in the long run (Alm & Beck, 1993; Alm & Malézieux, 2021; Alm et al., 
1990; Bernasconi & Lapecorella, 2006; López-Laborda & Rodrigo, 2003).

This paper analyses a database built on car tax bills2 issued in Tuscany, and inves-
tigates how the introduction of a prosecution amnesty (definizione agevolata) can 
impact on tax revenues, as well as on the compliance of defaulting taxpayers, i.e. 
those who had already received the payment notice and had been enrolled in the 
tax register. The revenue increase has been estimated in 11 million euros, a non-
negligible sum if referred to the ordinary annual revenue, but of very limited extent 
if compared to the 817 million euros of accrued tax bills (only 1.6% of the total 
unpaid amount). Regarding compliance, by using a difference-in-difference analysis, 
we estimate that those who participated in the amnesty reduce by 5.3% the payment 
of the post-amnesty tax bills. This is probably due to the fact that at least a part of 
these individuals chooses not to pay directly but wait in the expectation of future tax 
concessions. These estimates of the effects on revenue and compliance constitute 
an important empirical work because it analyses, on real micro data, the effects of 
the prosecution tax amnesty for the first time for Italy. Obviously, the results can 
be extended with caution due to the tax specificity, and the database built only for 
a single region and on those who received at least one tax notice in the observation 
period.

The paper is organised as follows: after this introduction, Sect. 2 describes the 
framework of car taxation, the related executive action rules set by the Revenue 
Agency, and the specific policy of prosecution amnesty under analysis. Section  3 
illustrates the dataset, whereas Sect. 4 analyses the revenue effect and Sect. 5 pro-
vides an estimation of the compliance effect, i.e. the likelihood that tax cheaters will 
settle their bills in the future. Section 6 draws some conclusions.

2 � Vehicle duty compliance in Italy

The vehicle duty (or car tax) in Italy is a compulsory annual tax due by all vehi-
cle owners (households, firms, and public entities). During the fiscal decentralisa-
tion process, started in the 1990s, the revenue from the vehicle duty was attributed 
to the regions and, with Law no. 449 of 1997, the assessment, collection, refunds, 
as well as the application of sanctions and administrative litigation were also dele-
gated to them. The tax base depends on the engine power, the pollution class and the 

2  The tax bill is a notice delivered to taxpayers by the Revenue Agency, ordering payment to creditors 
(the Agency itself, the Social Security Institute, municipalities, etc.).
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owner’s region of residence with some tax exemption valid in the whole country.3 
The tax rates are set by regional authorities in a limited range of variation (between 
90 and 110% of the base tax rate),4 so that for the less polluting class tax rates range 
between 2.32 and 4.26 euro per kW in different regions.5 Although the design of the 
tax is shared by State and regional bodies, it is nevertheless one of the most signifi-
cant tools of fiscal autonomy – accounting for an average of 14% of total regional 
taxes.

Unfortunately, this levy presents substantial levels of tax evasion in all regions, 
notwithstanding the relatively small average amounts due (on average less than 400 
euro) and the rather immediate identification of taxpayers.6 As far as Tuscany is con-
cerned, the burden of late taxpayers and tax dodgers can be appreciated by looking 
at official regional budget data on vehicle tax duty that show, during the second part 
of the last decade, an average difference of 10% (around 40 million euro) between 
tax due and tax actually paid within the same year.7 Moreover, a study for 2014 
conducted in Tuscany and concerning only private cars estimated that unpaid taxes 
accounted for 18% of the total due amount.8

In case taxpayers fail to pay within the prescribed deadline, they incur in a 30% 
penalty on the due amount, which can be reduced if they pay before the authority 
starts the tax audit. If this is not the case, the executive procedure begins with the 
Region sending the notification of the tax bill to the taxpayer9 and the transmission 
of the same bill to the Revenue Agency tax roll (or register, iscrizione a ruolo).10 
However, this complex procedure – shared by regional tax authority and the national 
collecting body – is far from being satisfying.

One of the measures aimed at stopping the accumulation of tax debt is con-
tained in article  6 of Decree-Law no. 193 of 22 October 2016, introducing a tax 
concession for the bills entrusted to debt collectors up to 2016.11 The new policy, 

3  The main general tax exemptions are: for historical vehicles over 30 years, for electric vehicles in the 
first 5 years (from the first registration) and for vehicles used by disabled persons.
4  Palumbo (2010).
5  Decree-Law of 6 July 2011 introduced a surcharge, known as ‘superbollo’, if the vehicle engine power 
exceeds 185 kW. For an analysis of the effect of the superbollo, see Bergantino et al. (2021).
6  According to the Ministry of Finance Report on underground economy (MEF 2021), in 2019 almost 
45% of regional revenue recovery came from unpaid vehicle duties.
7  See Regione Toscana, Rendiconto generale, several years. Indeed, the budget residuals from previous 
budgets accrued in only 5  years – from 2015 to 2019—sum to more than 400 million euros in 2020, 
highlighting a phenomenon which is far from being negligible.
8  See Diddi et al. (2018).
9  It is worth noting that the regional tax authority must send the notification within three years, other-
wise the whole procedure is null. For a detailed description of the car tax enforcement process and of the 
amnesty programme see Angeli et al. (2021).
10  The tax roll (or register) is a list compiled by the tax authority [Agenzia delle entrate riscossione 
(AdER)] acting as Revenue and Collection Agency for the specific purpose of collecting. Each record 
contains for every debtor the amounts due to the collection agent, including levies, penalties, default 
interests, incidental charges, and any further fees arising from failed (or delayed) payment. The enrol-
ment on the register takes place when a debtor’s name and amount are included in the record.
11  The adhesion of local authorities to the government’s amnesty plan is mandatory when the collection 
agent is AdER.
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allowing taxpayers to pay off the debt accrued without penalty or default interest, 
was extended by Decree-Law no. 148 of 16 October 2017 and later by Decree-Law 
no. 119 of 23 October 2018, the latter to cover all fiscal charges entrusted to the col-
lecting agent until 31 December 2017.12

In short, the tax concession introduced with the three measures mentioned above 
applies to the tax bills issued between 2000 and 2017, and it provides a tax rebate to 
eligible applicants.13 It thus falls under the typology of ‘prosecution amnesty’, since 
it is intended to rapidly increase revenues from the discounted repayments while 
reducing the costs of executive actions.

3 � The dataset

The dataset for the empirical analysis was built on the car tax notices issued in Tus-
cany in the 2000–2017 period, and on related payments in the 2004–2019 period.14 
Figure 1 illustrates the payment phases for car tax and notices, and the information 
recorded in the dataset.

To have an idea of the amount of money at stake, the tax bills issued between 
2004 and 2019 add up to more than 1175 million euros, 358 of which (namely 
30.5%) were collected while the remaining 817 million euros (equalling 69.5% of 
the total) are still uncashed.15 Table 1 shows the new tax notices issued each year, 
the collected amount (the yearly cashed amount, irrespective of the year of issue) 
and the residual amount due (the total sum to be raised considering the newly issued 
bills and the collected sums).

The amounts being collected seem to have grown fairly steadily over the observed 
period and have reached a stable level around 38 million euros in recent years. On 
the contrary, tax notices show considerable instability as result of an inconstant 

12  Article 4 of Decree-Law no. 119 of 23 October 2018 also introduces the ‘balance and excerpt’ of tax 
bills, which writes off ‘older’ uncollectible tax receivables up to 1000 euros, i.e. not yet paid and unlikely 
to be paid in the future. Next to mere political consensus, the aim of the legislator is to alleviate the bur-
dens of AdER by cutting several low-value tax bills, and correspondingly their operating costs. The end 
result is a revenue loss for the Region against an efficiency gain for the collection agency.
13  For empirical reasons, the tax concession measures will be treated here like a single unit covering the 
three-year period.
14  The dataset is restricted to car tax bills issued to households (non-firm and non-public entity) tax-
payers and specifically to those households for which is possible to find a valid tax code. The dataset 
includes many variables for each bill; the most relevant for our analysis are the date of issue, the amount 
due (i.e. the tax charge), the chosen number of instalments, the paid amount and the possible application 
for amnesty.
15  Interestingly, the share of tax dodgers or late payers is highly differentiated by geographical location 
and nationality. In line with the concept of ’power distance’ (Pukeliene and Kazemekaityte, 2016), i.e. 
the degree to which individuals perceive themselves as possessing or not possessing power in a society, 
tax evasion has a higher incidence in provinces further away from the regional capital and in those where 
there is a higher concentration of foreign residents.
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Paid before deadline

Paid before second deadline, 

following the payment notice

Tax notice issue (creation date: 2014-2018)

Tax amnesty (tax concession 2016-2018)

Payment/Non-payment

Dataset

Yes No

Yes No

Participation/Non-participation

Fig. 1   Stages of payment of car taxes and tax bill issue

Table 1   Totals of new tax notices issued for households, collected amount, and residual amount (in mil-
lions euro)

Source: Authors’ elaborations

Year Annual tax notices Collected amount Residual amount due

2004 11 1 10
2005 20 1 29
2006 12 5 36
2007 78 12 102
2008 60 15 147
2009 44 12 179
2010 63 18 225
2011 65 23 266
2012 113 30 349
2013 46 21 374
2014 88 29 433
2015 126 31 529
2016 131 38 622
2017 47 37 631
2018 118 39 710
2019 146 39 817
TOTAL 1,175 358 817
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administrative action over the years, with peculiar bottlenecks—including staff 
availability16—for some specific years (such as 2017).17

4 � The revenue effect

In order to determine the benefits of the tax concession measure, we need to com-
pare the revenue collected from tax amnesty applicants – an amount obviously 
affected by the tax rebate – and the revenue that would have been recovered in the 
event of a successful executive action. To this end, it is useful to refer to Fig.  2, 
which shows the ratio between the recovered revenue and the volume of tax notices 
issued, depending on the time lag from issue date.18 If t represents the year of regis-
tration of the new tax notice, it is easy to verify that the collecting agent (AdER) can 
recover 11.5% of this amount in year t, and 10.3% in the following year (t + 1); the 
percentage falls to 4.3% two years later (t + 2), and reduces to almost zero after ten 
years.

What clearly emerges is that the share of recovered tax is higher in the first two 
years from issue, presents a sharp drop in the third year, and a progressive, constant 
decrease in the following years. Probably, part of the individuals who receive a tax 
notice are late payers, others feel intimidated by AdER’s collection procedure and 
tend to settle their debt immediately: however, this effect weakens over the following 
years and payments gradually reduce. As a matter of fact, in ten years the regional 
Tax Office only cashes an average 36.7% of the total fiscal notices, so that almost 
70% of the amount due for the tax bills issued in the period 2004–2019 remains 
unpaid.

Our dataset provides information on what happens after the introduction of the 
measure by making available, from 2017 (when it came into effect) to 2019, the 
money collected thanks to the tax concession from the eligible tax bills, namely 
those issued in the period 2004–2017.19 However, in order to acknowledge the 
counterfactual effect of the measure, it is necessary to estimate for those same years 
(2017–2019) the amount that would have been collected if the measure had not been 
put in place, then calculate the difference between this value and the actual sum. In 
other words, while it is known how much was cashed from amnesty participants and 
non-participants, the hypothetical amount that would have been collected in case of 
no remission of interests and penalties remains to be estimated.

16  Indeed, it should be recalled that there have been frequent periods of turnover freezes for civil service 
staff since the financial crisis.
17  The irregular data trend is therefore neither due to a strategy of the regional authority nor is it possible 
to speculate on taxpayers’ waiting behaviour for the next tax amnesty, as these have always been continu-
ous over time, as pointed out by Bordignon and Zanardi (1997).
18  The graph presents the data referring only to the period 2006–2019 because the information on previ-
ous payments is incomplete.
19  For each record, the dataset provides information on the recovered sum with reference to the corre-
sponding amnesty plan.
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This information can be obtained using a regression model20 that predicts the 
average sum recovered starting with year t + 1 from the issue date (t). As it can be 
drawn from Fig. 3, the model’s estimates seem to provide an accurate representa-
tion of actual data – the dots in the graph – for both the “non-amnesty” revenue, i.e. 
cashed before the tax concession was introduced (2004–2016), and the “amnesty” 
revenue, i.e. collected after (2017–2019).

For each lag from the issue of tax notices, if we compare the average values of tax 
recovery with no measure (dotted line) and tax recovery in the tax amnesty period 
(solid line), a positive effect stands out. In particular, the tax concession had a posi-
tive impact on the recovery rate of older bills, issued at least three years before it 
came into effect (from t + 3 onwards); for more recent tax notices (at times t + 1 and 
t + 2) it had a weaker effect, in line with (if not lower than) tax recoveries of previ-
ous years. Therefore, those having a recent tax notice to pay took advantage of the 
remission of interests and penalties, but on a debt they would have paid anyway. In 
this case the revenue differential is zero, or even negative. In short, the tax conces-
sion seems to have a null effect on more recent tax notices, and a positive effect on 
older ones, for which it has increased taxpayers’ compliance and, accordingly, tax 
revenue.

Using the above-mentioned model, it is possible to estimate the expected revenue 
effect of the tax concession and compare it to the amount recoverable without its 

20  Specifically, we relied on a fractional response model estimated through a beta regression with logit 
link (Cribari-Neto & Zeileis, 2010). For a description of the model, see Appendix 1.

Fig. 2   Average recovery rate by time distance from the issue year. Source: Authors’ elaborations
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21  The estimate of the revenue that would have been received in the absence of tax concession was sub-
tracted from the estimate of the revenue actually raised thanks to the amnesty. The confidence intervals 
represent the 0.05 and 0.95 quantile predictions.
22  The estimates of the expected revenue were obtained multiplying, for each payment year and tax bill 
year, the percentage of collected taxes without amnesty – as predicted using the above-mentioned model 
– by the total number of tax bills issued each year (the annual charge of Table 1).

introduction. Figure 4 represents, for each period starting from the tax notice issuing 
year, the profile of the difference in tax collection between the incentivised and non-
incentivised periods, which is negative in terms of recovery rate at time t + 1, grows 
and reaches a peak at t + 6, and then gradually gets thinner.21

Table 2 shows the estimates of the procedure amnesty’s effect for the tax collec-
tion years 2017–2019. They are calculated, for each payment year (2017–2019) and 
tax notice issuing year (2004–2017), as the difference between the expected reve-
nues in a non-incentive situation22 and the amounts actually collected in those same 
years. In the period 2017–2019, the tax concession policy led to a revenue increase 
of approximately 13.4 million euros as compared to what the Region would have 
collected so far without any tax concession.

In addition to the revenue loss of previous years as calculated above, it is inter-
esting to determine how much could have been collected in the following years had 
there not been the fiscal measure (Andreoni et al., 1998). In fact, as already men-
tioned above, a share of tax amnesty participants who took advantage of the tax 

Fig. 3   Average recovery rate with and without tax concession (2006–2019). Source: Authors’ elabora-
tions. The dots represent the collected data, the continuous lines the model’s interpolation
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Fig. 4   Impact on revenue share by time lag from tax notice issuing year. Source: Authors’ elaborations

Table 2   Estimates of the differential revenue generated by prosecution tax amnesty

a Data for the years preceding 2010 are missing as a result of the ex-officio cancellation of outstanding 
liabilities for all tax bills below 1000 euros issued from 2000 to 2010 (Decree-Law no. 119 of 23 October 
2018)
Source: Authors’ elaborations

Tax notice year Total tax notices
(in millions Euro)

Payment year

2017 (000€) 2018 (000€) 2019a (000€) Total (000€)

2004 11 70 42 – 112
2005 20 57 33 – 90
2006 13 106 59 – 165
2007 78 610 323 – 933
2008 61 439 310 – 749
2009 45 259 131 – 390
2010 64 429 195 – 624
2011 65 610 269 470 1349
2012 113 1024 692 650 2366
2013 47 510 246 324 1080
2014 88 1335 295 454 2084
2015 127 1168 1377 358 2903
2016 132 − 958 1122 1093 1257
2017 47 Not available − 788 46 − 742
TOTAL 5.659 4.306 3.395 13.360
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23  The revenue lost due to the ex-officio cancellation procedure could also have been included in the cal-
culation of the revenue effect. However, we decided to disregard this element both because the estimate 
would have been inconsistent with what was done for the prosecution’s tax amnesty procedure outlined 
above and because we do not consider this very policy intervention in the regression analysis of the fol-
lowing paragraphs.

rebate to clear their debts would have still paid the amount owed in later years. Con-
sequently, due to such ‘discount’ effect on the late but diligent taxpayers, the imple-
mentation of the measure is likely to result in a fall of revenues. On the one hand, 
the payment data actually show that, during the prosecution tax amnesty period 
(2017–2019), there has been a revenue increase from tax amnesty applicants, but on 
the other hand, a 30% decrease compared to normal revenues deriving from taxpay-
ers who did not apply is evident. Using this information for the estimation of the 
three-year period 2020–2022, what emerges is that around 1.5 million euros out of 
the 13.4 million euros collected thanks to this measure would have been paid just the 
same and were only given ‘in advance’ through tax amnesty participation.

The net overall effect of the tax concession is therefore a revenue gain of about 
11.9 million euros23 over a three-year period. At first glance it seems an appreci-
able outcome, except that the unpaid car tax bills, representing the overall amount 
of missed payments the amnesty was intended to recoup, totals to more than 817 
million euros (column ‘Residual amount due’ in Table 1). Since the Region has only 
collected 1.6% of what was due, the tax amnesty policy has been seemingly ineffec-
tive in encouraging car tax defaulters to settle their arrears.

However, to have a full assessment we should have also considered the cost sav-
ings due to the simplification of executive actions introduced by the policy.24 Unfor-
tunately, it is not possible for us to estimate this saving, which, in any case, is not 
very high in this kind of amnesty discounting interests and fines. In contrast, the 
savings in administrative costs would have been much higher in the case of the 
ex-officio cancellation (also known as tax notice ‘scrapping’ measure), which are 
frequently promoted precisely on the basis of saving such costs, but whose conse-
quences in terms of revenue and taxpayer loyalty are much more problematic.

5 � The compliance effect. A difference‑in‑difference analysis 
of recurrent tax dodgers

The second part of our analysis aims at validating the widespread assumption 
according to which the introduction of some form of tax amnesty leads to decreased 
tax compliance in the medium-long term (Alm et  al., 1990; Baer & Le Borgne, 
2008). To this end, we compared the extent to which taxpayers meet their obliga-
tions after the enforcement of the prosecution tax amnesty (for the tax notices issued 

24  See Langenmayr (2017) for an analysis of the change in administrative costs in the case of a policy of 
voluntary disclosure. Langenmayr carried out a specific survey among regional tax offices in Germany, 
finding a remarkable decrease in administrative costs. However, in the case of voluntary disclosure the 
tax inspection activity is quite complex, very different from the case under study here, were the identity 
of taxpayers and the amount due is known with certainty.
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until 2017) against the pre-amnesty period. All other things being equal, the com-
parison of payment behaviour between the two periods – before and after the tax 
amnesty – allows us to estimate its impact on the propensity to pay new tax obliga-
tions, and consequently its expected future compliance effect. We took into account 
the payments of all tax notices issued in 2014, as the pre-amnesty year, and in 2018, 
as the post-amnesty year, when it was no more possible to avoid the payment of 
interest and penalties on the new tax notices.25 In this matching, we have kept the 
observation group unvaried and monitored the behaviour of the individuals who had 
received a tax notice in the two years (the ‘inveterate tax dodgers’) for the pre- and 
the post-period. The aim of our analysis is to find possible differences in the pro-
pensity to pay between individuals who did participate (treated group) and those 
who did not participate (control group) to the tax amnesty; we then estimate the 
difference-in-difference (DiD) effect over time for the treated observations.

For each taxpayer with tax notices issued in 2014 and in 2018, we calculate the 
fraction of actual tax payment, as follows:

where, for each taxpayer i, paidamountyear,i represents the sum of the payments 
made in 2018–201926 for bills issued in 2018 and in 2014–2015 for bills issued in 
2014; and dueamountyear,i represents the total sum of the tax notices issued in 2014 
and 2018, respectively. The frequency distribution of the variable thus obtained is 
presented in Fig. 5.

As it can be seen, we are dealing with a fractional response variable ranging 
between 0 and 1, with many 0-valued observations (zero-inflated), i.e. unpaid tax 
bills, and a lower, but still present, excess of 1-valued observations, i.e. totally paid 
tax bills.27

Choosing the same reference group of individuals for both the pre- and the post-
amnesty periods for the sake of simplification seems an acceptable method, given 
that the share of recurrent tax dodgers is particularly large (Table 3). In fact, 86% 
of the taxpayers with an outstanding tax debt for 2018 had already received a tax 
notice in previous years (see Fig. 6), especially in 2014 and in 2015 (65%), and with 
tax notices issued in 2014 as well as in 2018 (60%). The high degree of overlap in 
the observations used to build the panel seems to imply a low level of bias in using 
records present in both years, as they constitute a broad subsample of the whole 
population.

As already mentioned, the impact of the prosecution tax amnesty policy on tax-
payers with outstanding tax debt was estimated using a difference-in-difference 

percentage(year,i) =
paid amount(year,i)

due amount(year,i)

25  It should be recalled that the bills issued in 2018 relate to missing payments from previous years.
26  Payment in 2019 can be linked to the tax notice issued in 2018. Therefore, there is no interaction with 
the ex-officio cancellation measure.
27  The intermediate fractions between 0 and 1 are due to the possible payment/missed payment of single 
instalments in the years under survey, or to the preferred instalment plan.
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(DID) approach with the aim of accurately capturing the behavioural changes 
induced by the tax amnesty, with a limited loss in terms of external validity, given 
that the reiteration of non-compliance represents a high percentage of the overall 
population under analysis.

Fig. 5   Fraction of payment made in the two-year period 2018–2019 for tax notices issued in 2018. Fre-
quencies in absolute value. Source: Authors’ elaborations

Fig. 6   Percentage of taxpayers with a tax notice issued in 2018 as well as in 2013–2017. Source: 
Authors’ elaborations
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As a robustness check, we reiterated the analysis for the couples of years 
2013–2018 and 2015–2018, obtaining very similar results, and thus confirming the 
robustness of the estimates. In what follows, we focus on the comparison between 
2014 and 2018, while the results for the other years are shown in Appendix 2.

5.1 � The compliance effect: methodology and results

5.1.1 � The matching procedure

The matching approach adopted here estimates the propensity score, P(W = 1), using 
a logistic model for the binary variable tax amnesty, the treatment variable W, which 
takes value 1 for participation and 0 otherwise. Each treated observation (participa-
tion in tax amnesty) is iteratively associated with a control observation (non-partici-
pation in tax amnesty) on the nearest propensity score (nearest neighbour propensity 
score matching) (Ho et al., 2007, 2011; Rosenbaum et al., 1985).

The linear predictor of the propensity score used in the logistic model is:

where male is a gender dummy; foreign is a dummy for the Italian/foreign national-
ity, age is a discrete variable representing age of the taxpayer; household_income 
represents the taxpayer’s household earnings, kilowatt represents the power of the 
car engine (in Kw); number of cars is the variable representing the number of vehi-
cles belonging to the taxpayer; age car is a variable representing the age of the vehi-
cle since the year of registration, family_status is a binary variable (family/single); 
work_status is a categorical variable that can be either ‘employee’, ‘self-employed’, 

� = � + �(1)male + �(2)foreigner + �(3)age + �(4)household_income

+ �(5)family_status + �(6)work_status + �(7)kilowatt

+ �(8)number_cars + �(9)age_car + �(10)unemployment

+ �(11)capital + �(12)province + �(13)log
(

fraction2014
)

Table 3   Percentage of inveterate 
tax dodgers

Source: Authors’ elaborations

Tax notice issuing year Percentage of invet-
erate tax dodgers
(with tax notices 
also in previous 
years)

2013 59
2014 82
2015 81
2016 81
2017 83
2018 86
2019 89
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‘retired’ or ‘other’; unemployment – a proxy for the local economic situation – is the 
unemployment rate in the province of residence; capital is a binary variable taking 
value 1 if the home residence is in one of the ten provincial capitals of Tuscany, 
and 0 otherwise; province embraces the pure localization effect of the taxpayer’s 
residence considering the 10 provinces, while fraction2014 is the (lagged) response 
variable for the pre-amnesty period. The matching procedure generated a database 
of more than 61 thousand rows (N = 30,562 observations by T = 2 time periods). The 
variables used for the matching procedure can be classified in three groups: the first 
variable tries to classify taxpayers by considering gender, age, nationality, family 
status, income level, and job-related characteristics. The following three variables 
describe the situation with respect to the vehicle being taxed (age and engine power, 
which influence the tax due) and the number of vehicles owned. The other three var-
iables, on the other hand, refer to the characteristics of the area of residence (unem-
ployment, capital, province), also recalling the theory of ’power distance’ discussed 
in footnote 16. Finally, the variable fraction2014 represents the behaviour of the agent 
before the implementation of the prosecution amnesty. In order to compare the two 
populations for two different periods (the pre- and the post-tax amnesty), we com-
puted some descriptive statistics of the DiD model’s variables. Table 4 illustrates 
some significant differences emerging from the comparison between the two popula-
tions of individuals, namely those who participated in the tax amnesty programme 
(the “treated” group) and those who did not. The initial group of subjects not 
involved in the tax amnesty is much larger and includes a larger share of foreigners 

Table 4   Pre- and post-matching descriptive statistics of populations by tax amnesty participation

Source: Authors’ elaborations

Variables Pre-matching 
non-amnesty 
population

Pre-matching 
amnesty popula-
tion

Post-matching 
non-amnesty 
sample

Post-matching 
amnesty 
sample

Number of observations 186,792 36,823 30,562 30,562
Percentage of males 62.7% 61.9% 61.8% 62.9%
Percentage of foreigners 20% 12.9% 9% 12%
Average age 51.3 51.5 51.8 51.7
Average household income 23,086 € 26,350 € 28,124€ 26,416 €
Family status (single) 46% 36% 28% 36%
Work status: employee 64% 55% 47% 55%
Work status: self-employed 18% 27% 34% 27%
Work status: retired 14% 11.5% 10% 11%
Work status: other 3% 6% 7% 6%
Average per capita number 

of cars
1.6 1.8 1.9 1.9

Average age of cars 9 8.5 8.2 8.6
Average per capita fiscal 

charge
314€ 362€ 369€ 363€

Average fraction of debt 
paid

15% 35% 21% 33%
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and singles, while the group of tax amnesty participants presents somewhat higher 
average incomes and tax liabilities, and an ampler share of self-employed workers. 
The last two columns report the data for the post-matching sample, which obviously 
has the same number of observations (30,562).

Table  5 compares the two populations with a tax notice issued in 2014 and in 
2018, respectively, using the same variables calculated for the individuals in the DiD 
analysis. Being the same individuals observed at two different times, their character-
istics are identical in 2014 and in 2018.28 What emerges from these comparisons is 
that the populations and the taxpayers with tax debt both in 2014 and 2018 present 
very similar characteristics among them and with the post-matching sample.

The results indicate that the matching brought about an improved balance of var-
iables, among both the time intervals, and the observations of amnesty and non-
amnesty individuals.

Table 5   Descriptive statistics for the 2014 and 2018 populations, and the post-matching sample

a Given the way it was built, the post-matching individuals have the same characteristics in 2014 and in 
2018, except for the averages of per capita fiscal charge and fraction of debt paid, which are separately 
calculated, first for the 2014 bills, and then for the 2018 bills
Source: Authors’ elaborations

Variables 2014 population 2018 population Post-matching 
samplea

2014 2018

Number of observations 105,744 117,871 30,562
Percentage of men 63.50% 61.80% 62%
Percentage of foreigners 17.80% 20.30% 11%
Average age 52 50.8 51.8
Amnesty participation 14.50% 18.20% 50%
Average household income 24,851 € 22,523 € 27,312 €
Family status (single) 43.40% 45.70% 48%
Work status: employee 62.50% 62.5 51.40%
Work status: self-employed 19% 20% 30.90%
Work status: retired 14% 13% 10.70%
Work status: other 4% 4% 6.90%
Average per capita number of cars 1.67 1.62 1.89
Average age of cars 8.96 8.95 8.4
Average per capita fiscal charge 283 € 357 € 325 € 407 €
Average fraction of debt paid 12,40% 25% 28% 26,90%

28  All the information on which the variables were calculated is referred to the year 2014, so that an indi-
vidual who, for example, had a specific income in 2014 presents the same level in 2018. The unchange-
ability of the dataset is not a problem for our analysis, because it concerns both groups.
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31  As mentioned above, although the binary logistic model is estimated from all the data, whereas the 
fractional logistic model is estimated only from data of fractions greater than zero, they can be expressed 
with a single formula having the same covariates.

5.1.2 � Models, probability, and payment effects

In this section, we compare the compliance of individuals who did versus did not 
participate in the tax amnesty before and after the prosecution amnesty (Imbens 
et  al., 2015). As we have a zero-inflated fractional response variable, we adopted 
a two-part fractional model (Ramalho, 2019; Ramalho et  al, 2011): one for 
P(fraction > 0) – probability of the fraction being greater than zero (following 
the binary model ‘I pay at least one instalment’ vs ‘I pay nothing’) – and one for 
E(fraction|(fraction > 0)) – expected value of the fractions greater than zero, that is 
the payment rate for the observations with at least one instalment paid.29 The two 
models are combined using the following formula:

where xib and xif are the explanatory variables used in the binary and fractional parts 
of the model, θb and θf the corresponding vectors of the parameter coefficients, and 
Gb(.) and Gf(.) two link functions: (0,1) → R, both with a logistic link in this case. 
The two components are assumed to be independent, and therefore separately esti-
mated: while the binary component is estimated by Maximum Likelihood (ML) 
using the whole sample, the fractional component is estimated by Quasi Maximum 
Likelihood (QML), using only the values of the non-zero observation subsample 
and robust standard errors.30

The linear predictors used in the two models, ηm, can be expressed as:

where the index m designates the (binary or fractional) model and the correspond-
ing data31. Time is a dummy that takes value 0 in 2014 and 1 in 2018. In this case, 
the parameters of interest are β4,m, the treatment effect, β5,m, the year variable 2014 
or 2018 (pre- and post-amnesty) and – particularly meaningful – β15,m, the inter-
action between the variables time and tax amnesty, which indicates the post-tax 
amnesty effect on the treated observations (Average Treatment Effect on the Treated 
– ATET).

E
(

yi;xi
)

= P
(

yi > 0; x(ib)
)

E
(

yi; x(if ), yi > 0
)

= Gb

(

x(ib)𝜃b
)

Gf

(

x(if )𝜃f
)

𝜂(m) = 𝛼(m) + 𝛽(1,m)male + 𝛽(2,m)foreigner + 𝛽(3,m)age

+ 𝛽(4,m)amnesty + 𝛽(5,m)time + 𝛽(6,m)log(household_income)

+ 𝛽(7,m)family_status +
��������⃗𝛽(8,m)

��������������������⃗work_status + 𝛽(9,m)kilowatt

+ 𝛽(10,m)number_cars + 𝛽(11,m)age_car + 𝛽(12,m)capital

+ 𝛽(13,m)province + 𝛽(14,m)log
(

fraction2014
)

+ 𝛽(15,m)time ∗ amnesty

30  We have used the Generalized Variance Inflation Factor (GVIF) for detecting multicollinearity and we 
did not detect the high values of the inflation factor, suggesting low level of multicollinearity for the vari-
ables used in the model. See Fox (1997).

29  In other words, we estimate the percentage of taxes paid for the observations with at least one instal-
ment paid.
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The results of the binary model presented in Table  6 describe the effect of tax 
amnesty on the probability to pay (at least, in part) or to not pay at all one’s tax debt. 
What emerges is that applying or not for the tax concession (variable ‘Amnesty par-
ticipation’) positively impacts on the probability to pay at least one part of the debt, 
P(fraction > 0), arising from the bills issued both before (2014) and after (2018) tax 
amnesty participation. In other words, the taxpayers participating in the programme 
would have most likely paid their debt even without the prosecution amnesty and, 
conversely, the individuals who never pay their bills did not adhere to the tax amnesty 
regime.

Another significant result concerns the negative effects of both variables ‘Time’, 
considering the overall decrease of payments made in 2018 as compared to 2014, and 
‘Time-amnesty interaction’. The latter is particularly interesting for our analysis: in fact, 
although we have already seen that individuals applying for tax amnesty have a higher 
probability of paying their bills, the opposite comes true in the interaction between 
time and amnesty, since taxpayers who have taken advantage of the reduced interest 
and penalties option are unlikely to pay the new 2018 tax notice within the deadline 
(the interaction effect on odds is exp(-0.607821) = 0.5445361). Therefore, as claimed in 
literature, tax amnesty participation negatively affects the probability to pay future tax 
notices in the lack of additional facilitating measures, presumably because who takes 
advantage of tax amnesties waits for new concessions before paying off other debts.

Table 6   Effect on the probability to pay (binary logistic component – difference-in-difference)

a Employees are the reference group for the categorical variable Work status
Source: Authors’ elaborations

Estimate Std. Error t value Pr( >|t|)

Intercept − 0.536866 0.134840 − 3.981 0.000***
Male 0.048711 0.018577 2.622 0.009***
Foreigner 0.233759 0.028973 8.068 0.000***
Age − 0.006662 0.000968 − 6.884 0.000***
Amnesty participation 1.477153 0.025360 58.247 0.000***
Time − 0.489631 0.024592 − 19.911 0.000***
Log. household income 0.022813 0.008859 2.575 0.010**
Family status (single) 0.137732 0.020169 9.013 0.000***
Work statusa: other 0.181783 0.037808 − 8.892 0.000***
Work statusa: self-employed − 0.336173 0.020674 − 15.796 0.000***
Work statusa: retired − 0.027707 0.036738 − 0.754 0.451
Car’s Kw − 0.002558 0.000317 − 8.067 0.000***
Average per capita number of cars − 0.054663 0.005968 − 9.159 0.000***
Average age of cars − 0.021146 0.002179 − 9.703 0.000***
Province’s unemployment rate 0.002000 0.004746 0.421 0.674
Provincial capital 0.017567 0.019625 0.895 0.371
Log. per capita fiscal charge 0.140420 0.017286 8.123 0.000***
Time-amnesty interaction − 0.607821 0.034887 − 17.423 0.000***
Number of observations: 61,124 R− squared: 0.127
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Table 7 presents the results for the fractional model, in which the dependent vari-
able is not binary (I pay/I do not to pay), but continuous within the values of the share 
of payment. This analysis shows a negative effect of amnesty participation on the 
debt repayment share E(fraction|fraction > 0), and a positive effect of the time dummy 
and of the time-amnesty interaction. This means that, when making at least one pay-
ment, tax amnesty participants are generally inclined to disburse smaller fractions of 
their debt compared to other individuals (i.e. they do not pay all the instalments, or 
choose instalment plans spread out over a longer time span), whereas after adher-
ing to tax amnesty they pay a higher share of the amounts due; in other words, tax 
amnesty participation leads the individuals who usually pay to become more faith-
ful payers for future tax bill instalments or to choose an instalment plan with closer 
deadlines. The estimate of the interaction effect on E(fraction|fraction > 0) is thus 
exp(0.197654) = 1.218541, i.e. 21% higher amounts from individuals making at least 
one payment. This shows that the expected higher compliance effect once the pre-
vious debts are closed (often recalled as a motivation for amnesties in the political 
debate), seems very limited as far as observable in this study.

Table 7   Effect on the fraction of payment (difference-in-difference zero-inflated model)

a Employees are the reference group for the categorical variable Work status
Source: Authors’ elaborations

Estimate Std. Error t value Pr( >|t|)

Intercept 1.487376 0.134805 11.034 0.000 ***
Male 0.050627 0.018050 2.805 0.005 ***
Foreigner 0.040373 0.026128 1.545 0.122
Age 0.001455 0.000944 1.541 0.123
Amnesty participation − 0.362511 0.021247 − 17.062 0.000 ***
Time 0.572646 0.031732 18.046 0.000 ***
Log. household income 0.102308 0.009259 11.050 0.000 ***
Family status (single) 0.215719 0.019353 11.146 0.000 ***
Work statusa: other − 0.075269 0.040467 − 1.860 0.063 *
Work statusa: self-employed − 0.327610 0.021011 − 15.592 0.000 ***
Work statusa: retired − 0.036437 0.035275 − 1.033 0.302
Car’s Kw 0.000139 0.000317 0.439 0.661
Average per capita number of cars − 0.050087 0.006303 − 7.947 0.000 ***
Average age of cars − 0.020808 0.002145 − 9.701 0.000 ***
Province’s unemployment rate − 0.031715 0.004656 − 6.812 0.000 ***
Provincial capital − 0.008724 0.019015 − 0.459 0.646
Log. per capita fiscal charge − 0.333050 0.016726 − 19.912 0.000 ***
Time-amnesty interaction 0.197654 0.038472 5.138 0.000 ***
Number of observations: 30,735 R− squared: 0.1
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5.1.3 � The average effect

Previous estimation results have shown that the coefficients of the relevant variables 
have opposite signs in the two models (binary 0/1 and payment share), so that it is 
not possible to directly infer an ‘overall’ effect of the policy. However, it is possible 
to calculate the partial effect32 of the j-th variable as follows (Ramalho, 2019):

where yi is the response variable, i.e.the payment fraction for the i-th observation, 
xi  f the corresponding set of covariates, and xij the j-th variable. Since the partial 
effects depend on the value of the other response variables, the average partial effect 
could be calculated using all the observations and averaging the estimate effects. 
Hence, the partial effect allows us to estimate the policy’s impact on the outcome 
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Table 8   Average partial effects (difference-in-difference zero-inflated model)

a Employees are the reference group for the categorical variable Work status
Source: Authors’ elaborations

Estimate Std. Error t value Pr( >|t|)

Male 0.0121 0.0032 3.827 0.000 ***
Foreigner 0.0342 0.0048 7.177 0.000 ***
Age − 0.0007 0.0002 − 4.056 0.000 ***
Amnesty participation 0.1434 0.0038 38.001 0.000 ***
Time 0.0057 0.0047 1.196 0.232
Log. household income 0.0149 0.0016 9.576 0.000 ***
Family status (single) 0.0483 0.0034 14.201 0.000 ***
Work statusa: other − 0.0512 0.0067 − 7.619 0.000 ***
Work statusa: self-employed − 0.0797 0.0036 − 22.402 0.000 ***
Work statusa: retired − 0.0078 0.0062 − 1.251 0.211
Car’s Kw − 0.0003 0.0001 − 5.601 0.000 ***
Average per capita number of cars − 0.0128 0.0011 − 12.124 0.000 ***
Average age of cars − 0.0051 0.0004 − 13.752 0.000 ***
Province’s unemployment rate − 0.0035 0.0008 − 4.293 0.000 ***
Provincial capital 0.0012 0.0033 0.356 0.722
Log. per capita fiscal charge − 0.0215 0.0029 − 7.370 0.000 ***
Time-amnesty interaction − 0.0533 0.0063 − 8.450 0.000 ***
Number of observations: 61,124 R-squared: 0.051

32  It is important to note that the interpretation of the partial effect coefficients is additive, + (βx) rather 
than exponential/multiplicative, *exp(βx). Consequently, the binary treatment for partial effects repre-
sents the variation of the expected fraction of payment for the treated observations.
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variable while taking full account of the other response variables. Given the covari-
ates, E (y/x) is the conditional estimate of the payment fraction obtained by combin-
ing the estimates of the two partial models described above, thus using the same set 
of covariates already introduced.

Table  8 presents the results for the average partial effects. The ‘overall’ effect 
of participation in the tax amnesty on the expected value of the payment fraction, 
E(fraction), is therefore positive, thus confirming that those who adhere to this pol-
icy are the same individuals who would have paid their own debt anyway.

Instead, the effect of time is not significant, while the time-amnesty interaction 
appears to negatively impact on the probability to pay. Specifically, the ATET is 
-0.0533, which indicates that those benefiting from the tax incentive will reduce by 
5.3% the payment fraction of post-amnesty bills. This confirms that the ‘overall’ 
effect of amnesty on payments (considering both the payment of tax notice and the 
fraction of payment) is negative, which means that tax amnesties encourage behav-
iours leading to pay smaller amounts than due in the expected time span.

6 � Conclusions

The vehicle tax, a property tax on the ownership of vehicles levied by regional gov-
ernments, has surprisingly low levels of compliance (about 13% of owners don’t 
pay, accounting for 18% of the total tax amount33), also considering that compulsory 
motor vehicle registration makes it utterly straightforward to identify who should 
be subject to the tax, and that the car tax corresponds, on average, to a rather small 
amount. As it happens in many other contexts, however, the propensity to pay late 
or to not pay at all produced a stockpile of tax arrears that national policy makers 
have traditionally dealt with through tax amnesties or concessions, rather than by 
measures against tax evasion or policies aimed at encouraging, or even nudging, vol-
untary payment.34 The manifold typologies of tax amnesty or rebate put in place did 
not seem to produce any remarkable effect, either on revenue or on payment, in the 
following years (Luitel & Sobel, 2007).

This work analyses the effects of the tax concession policy adopted for the tax 
notices issued from 2000 to 2017. This measure was applicable for local taxes as 
well, and among them the car taxes levied by regional authorities. We referred to 
a database containing the tax roll recording and payment of the car tax due in the 
years from 2004 to 2019 and provided an estimation of the post-intervention effects 
on revenue and payment behaviours. The tax concession measure has produced in 
a three-year period a revenue increase of 13.4 million euros, corresponding to 21% 
of ordinary tax collection; this sum must be reduced by the estimated revenue from 
taxpayers who would have paid even without the tax reduction, which amounts to 
about 1.5 million euros. There has been a revenue increase, then, but of very limited 

33  Diddi et al. (2018).
34  For an analysis of political cycle and tax amnesties see Raitano and Fantozzi (2015).
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extent: compared to the 817 million euros of accrued tax bills, it only represents 
1.6% of the total unpaid amount.

Regarding compliance, instead, the theoretical models underline how turning to 
forms of tax amnesty or concession produces negative effects in the medium-long 
term. In this work, a difference-in-difference analysis was carried out on a panel of 
individuals with tax notices issued both before (2014) and after (2018) the introduc-
tion of the measure. The analysis reveals that those who participated in the amnesty 
reduce the payment of the post-amnesty tax bills by 5.3%. This is probably because 
at least a part of these individuals chooses not to pay directly in the expectation of 
future tax concessions. Besides, it is estimated that a part of amnesty participants 
would have paid their debts in any case, even without the cancellation of penalties 
and interests. These results have been estimated just for one region and we need to 
be cautious in extending these conclusions to other Italian regions or other coun-
tries. However, almost all other Italian regions complain about high evasion rates of 
the vehicle tax, so the topic certainly deserves further investigation and we hope that 
our analysis can be replicated on new data.

Therefore, even in the field of local taxation, tax amnesties and concessions seem 
to represent more of a method to lighten the bureaucratic burden of administration 
– the piling up of tax bills – than a successful way of increasing revenue as well as 
the compliance of taxpayers. Basically, this analysis confirms the existing literature 
on the revenue effect of tax amnesty, according to which immediate positive effects 
are counterbalanced by subsequent negative effects deriving from the behaviours 
of defaulting taxpayers, who wait for further concessions to be granted. When con-
sidering vehicle taxation in Italy, a tax aversion component seems to prevail: the 
amount of tax is limited, the probability of being discovered is almost one, and yet 
the level of evasion remains high. The results show that the greater the distance—
kilometric or perceived—from the decision-making centre, the higher the level of 
evasion. The policies that need to be put in place to encourage spontaneous compli-
ance are diverse: from those that can reduce compliance costs to information cam-
paigns that foster awareness of the destination of revenue, to those that stimulate the 
idea of influencing the allocation of resources. Laboratory experiments (see Casal 
et al., 2016) highlight that reducing the social distance between taxpayers and tax 
authorities boosts taxpayers’ acceptance of tax load and tax compliance. All in all, 
the strengthening of anti-avoidance and nudging policies – aimed at voluntary tax 
payment35 – should then be considered the most promising strategy to gain greater 
loyalty from taxpayers and mark a turning point in the accumulation of tax debts.

35  In this regard, we can recall initiatives such as the direct debit payment of car tax activated by 
Regione Lombardia – which allows for a 15% reduction on the amount due – or the courtesy text mes-
sages sent by Regione Toscana to remind the payment deadlines.
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Appendix

Appendix 1: fractional beta model for payment fractions – referred 
to paragraph 4

We have chosen a specific model for the estimation of average recovery rate over 
time (that is a variable ranging between zero and 1), considering two periods, with 
and without amnesty.

This model is useful for a fractional response variable and can be estimated using 
beta regression with a link logit, through the formula:

where time indicates how many years have passed since the tax notice was issued, 
amnesty specifies whether the tax was or was not paid when the amnesty was in 
force, first is a dummy that takes value 1 at the first year of payment, thus taking into 
account the consistently greater fraction of payment in the year following debt crea-
tion discussed in paragraph 3, and finally time*amnesty is an interaction term.

As expected, time has a negative and significant coefficient, and first a positive 
one. The interaction term has a positive significant sign, which suggests an increase 
of recovery rate for older debts during the amnesty period compared to the no-
amnesty period.

See Table 9 and Fig. 7

fraction ∼ time + amnesty + first + time ∗ amnesty

Table 9   Fractional model – beta regression

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1
Source: Authors’ elaborations

Estimate Std. Error z value p value

Intercept − 2.45218 0.07584 − 32.335  < 2e-16 ***
Time − 0.31355 0.01837 − 17.065  < 2e-16 ***
Amnesty − 0.16706 0.09976 − 1.675 0.094
First 0.52176 0.06936 7.523 5.36e-14 ***
Time:amnesty 0.11525 0.02209 5.217 1.82e-07 ***
Phi (precision) 479.90 64.57 7.433 1.06e-13 ***
Log-likelihood: 412.6 6 Df Pseudo 

R-squared: 
0.9236

Number of iterations: 172 (BFGS) + 6 
(Fisher scoring)
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Appendix 2: a robustness check. DiD analysis for the periods 
2013‑2018 and 2015‑2018

In order to evaluate the robustness of the conclusions outlined by the analysis, the 
estimates of average partial effects were repeated by comparing different models for 
the pre-amnesty years 2013, 2014 and 2015 matched against the only post-amnesty 
year with available data, 2018.

As it can be seen from Table A2, the estimates of the time-amnesty interaction 
– the main parameter of interest – are consistent. The same holds true for the esti-
mates of the other parameters in the model, which on the whole present very similar 
results. The stability of the coefficients show that our results are not sensitive to the 
pre-amnesty year of reference.

See Table 10

Fig. 7   Recovering share according to years from notice issue. Source: Authors’ elaborations
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directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​
ses/​by/4.​0/.

Table 10   Average partial effects – difference-in-difference zero-inflated model (pre-amnesty years 2013, 
2014, 2015)

Source: Authors’ elaborations

2013–2018 2014–2018 2015–2018

Male 0.0073 * (0.0043) 0.0121 *** (0.0032) 0.0087 *** (0.0031)
Foreigner 0.0371 *** (0.0065) 0.0342 *** (0.0048) 0.0263 *** (0.0046)
Age − 0.0004 “*” (0.0002) − 0.0007 *** (0.0002) − 0.0005 *** (0.0002)
Amnesty participation 0.1318 *** (0.0051) 0.1434 *** 0.0038 0.1675 *** (0.0038)
Time − 0.0032 *** (0.0066) 0.0057 *** (0.0047) − 0.016 *** (0.0045)
Log. household income 0.0088 *** (0.0021) 0.0149 (0.0016) 0.0142 *** (0.0015)
Family status (single) 0.0426 *** (0.0046) 0.0483 *** (0.0034) 0.0525 *** 0.0033
Work status: other − 0.0505 *** (0.0091) − 0.0512 *** (0.0067) − 0.0829 *** (0.0065)
Work status: self-employed − 0.0836 “*” (0.0047) − 0.0797 *** (0.0036) − 0.1079 *** (0.0034)
Work status: retired − 0.0161 *** (0.0085) − 0.0078 (0.0062) 0.0077 (0.0061)
Car’s Kw − 0.0004 *** (0.0001) − 0.0003 *** (0.0001) − 0.0005 *** (0.0001)
Number_cars − 0.0093 *** (0.0012) − 0.0128 *** (0.0011) − 0.0172 *** (0.0011)
Age_cars − 0.0056 *** (0.0005) − 0.0051 *** (0.0004) − 0.0071 *** (0.0004)
Unemp − 0.0012 (0.0011) − 0.0035 *** (0.0008) − 0.0056 *** (0.0008)
Provincial capitalTRUE − 0.0058 (0.0045) 0.0012 (0.0033) 0.003 (0.0033)
Log due amount − 0.0134 *** (0.0031) − 0.0215 *** (0.0029) − 0.0055 ** (0.0026)
Time-amnesty interaction − 0.0236 *** (0.0085) − 0.0533 *** (0.0063) − 0.1088 *** (0.0063)
R-squared 0.053 0.051 0.065
Number of observations 31,772 61,124 66,750
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