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Abstract

This paper investigates whether financial incentives may be used as an effective device to
induce workers to postpone retirement by evaluating the Italian so-called ‘super-bonus’
reform. The bonus consisted of economic incentives given for a limited period to private
sector workers who had reached the requirements for seniority pension but who chose to
postpone retirement. Using data from the Bank of Italy Survey on Household Income and
Wealth, this paper assesses the effect of the bonus on the decision to postpone retirement, by
comparing private and public workers before and after the reform. Results suggest a 30%
reduction in seniority retirement probability, despite the fact that, when changes in social
security wealth are taken into account, the bonus actually provided a negative incentive for
most workers. Results also suggest that the effect of the reform was driven by low-income
workers. Some evidence is presented showing that liquidity constraints and financial (il)
literacy may help to interpret these results.

JEL CODES: J26, H55, J21, J14
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1 Introduction

In recent years, there has been increasing interest among both economists and policy
makers in the possible consequences of population ageing, and in particular on how to
make social security systems more sustainable in light of this. The adequacy of pen-
sion systems has been largely called into question, and a number of works show that
there are strong implicit and explicit incentives to leave the labour market embedded
in the pension systems of most developed economies.
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Italy may be included amongst the countries where retirement behaviour is stretch-
ing most the sustainability of the social security system. D’Addio et al. (2010), for
example, show that in Organisation for Economic Co-operation and Development
(OECD) countries older workers (50–64) are less likely to be in employment than
their prime-aged counterparts (aged 25–50), with high cross-country variability. At
one extreme, there are countries like Japan and USA where older participation
rates are over 70%; at the other extreme, there are countries, including Italy, where
older participation rate is below 50%.
Besides, in most OECD countries workers tend to leave the labour market before the

pensionable age. Italy was the country with the lowest pensionable age for workers who
retired in 2006 (57 years) and one of the countries with the lowest average effective age
of labour-market exit in the period 2002–07 (60 years) (D’Addio et al., 2010). This also
implies a huge proportion of unused labour capacity of older workers, with Italy again
appearing among the countries where this proportion is highest1 (Gruber and Wise,
1998; Börsch-Supan et al., 2005). These challenges have been tackled in Italy, starting
from the nineties, through several major reforms as well as minor adjustments to the
social security system, with the main aim of increasing its financial sustainability.
There is now plenty of evidence explaining these retirement patterns and describing

the incentives to leave the labour market embedded in the pension system.
Researchers who have recently examined cross-national differences in pension incen-
tives generally find they have predictable and significant effects on labour force with-
drawal: countries with early pension ages, generous income replacement and heavy
implicit taxes on earnings in old age tend to have earlier exit from the labour force
than countries with pension systems that provide fewer work disincentives (Gruber
and Wise, 1999; Burtless, 2004).
Many of the studies that try to uncover the relationship between incentives and

retirement may be included in the literature of the reduced form of the option-value
model. This model aims at capturing the forward-looking behaviour of individuals by
comparing the value of retiring today with the value of retiring at any future date.
Results in this literature seem to suggest sizeable effects of social security incentives
on retirement.2 However, results are not so clear-cut for all countries,3 and in general,
this literature struggles in disentangling the effect of social security from individuals’
preferences heterogeneity, especially when there is not sufficient exogenous variation
in social security rules.

1 Gruber and Wise (1998) calculated that in Italy the proportion of unused productive capacity in the
55–65 age range was almost 60% in 1996, one of the highest among the countries considered by the
authors. The countries with the lowest and highest unused productive capacity were Japan (22%) and
Belgium (67%), respectively. More recent results from the Survey of Health, Ageing and Retirement
in Europe (Börsch-Supan et al., 2005) show that there is potentially huge unused labour capacity of
healthy individuals in some countries. In Italy, for example, 50% of Italian healthy respondents above
55 were not in the labour force. In particular, 21.5% of good health individuals in the 50–60 age
range are retired and not working; this percentage reaches 69.3% for individuals above 60 years.

2 See, among the others, the series of papers on within countries, micro-econometric analysis coordinated
by Gruber and Wise (2004).

3 Brugiavini and Peracchi (2003), Brugiavini and Peracchi (2004) and Ranzani (2006) find mixed results,
with sometimes unexpected signs or non-significance of the financial incentives measures. Belloni and
Alessie (2009) is a recent exception.
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Amore restricted strand of literature exists that looks instead at specific reforms of the
pension or social security system and uses policy evaluation strategies to identify their
causal effect on retirement decisions. The advantage with respect to the option-value lit-
erature is that the effect of interest is more reliably identified by an exogenous variation
of the incentives, which makes the causal interpretation of results more convincing.
Krueger and Pischke (1992) study the 1977 amendments to the Social Security Act

in the USA, which led to a downward change in social security benefits for one gen-
eration of workers while leaving benefits unchanged for previous generations.
Pencavel (2001) investigates severance pay in the employee buyout program imple-
mented by the University of California in the early 1990s,4 which offered additional
pension benefits to those older faculty who agreed to retire by a certain date.
Mastrobuoni (2009) studies the reduction in Social Security benefits due to an increase
in the Normal Retirement Age in the USA at the beginning of the 1980s. Hanel and
Riphahn (2012) study a Swiss pension reform and Atalay and Barrett (2015) investi-
gate the 1993 Australian Age Pension reform, which both increased eligibility age for
women. All of these studies, with the exception of Krueger and Pischke (1992), find
significant individuals’ responses to the reforms in the expected direction.
While this paper fits into this second strand of the literature, it studies a reform char-

acterized by unique features. The so-called ‘super-bonus’ reform was implemented in
Italy between 2004 and 2007 and consisted in the possibility for workers in the private
sector eligible to early retirement to continueworking without paying social security con-
tributions. The proclaimed intent of the reform was to induce these workers to delay
retirement in order to mitigate the sustainability problems of the social security system,
but it did not provide a straightforward positive incentive to do that. The reason for this
is that, by not paying social security contributions, any additional time spent working
while receiving the bonus did not contribute to increasing future pension benefits.
While previous studies have evaluated policies that decreased (increased) the gener-

osity of pensions, thus having the clear expected effect of increasing (decreasing) age
of retirement, the super-bonus reform has an a priori unclear effect on individuals’
behavior. On the one hand, it will be shown that, when taking into account all the
financial consequences of taking up the bonus, the reform provides a negative incen-
tive to delay retirement for most workers. On the other hand, the reform gave the
unique chance of increasing one’s income today in exchange for lower pension ben-
efits in the future. This can be interpreted as an opportunity of borrowing against
future social security benefits, which is normally not allowed by the Italian legislation.
As the reform was directed to private sector workers only, it provides a quasi-

natural experiment setting where public workers’ retirement behaviour can be used
as counterfactual. A difference-in-differences (DID) strategy will allow to interpret
the results causally. Besides the usual linear probability model (LPM), a new
approach to DID estimation in probit models, proposed by Blundell et al. (2004),
will be exploited as a robustness check of results. This approach accounts for the
fact that the marginal effects on interaction terms in non-linear models, differently
from linear models, cannot be interpreted as a DID estimator.

4 As such, it studies job separations rather than retirement.
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Results suggest a reduction of 7 ppt (or 30%) in the proportion of private workers
who decided to retire among those qualifying for retirement, despite the fact that the
incentive was negative for most workers. The robustness of results is checked against
the use of different models and specifications. When investigating heterogeneity in
the response, DID results suggest that the effect of the reform is driven by low-
income workers (11–14 ppt reduction, depending on the model used). Even if it is
not possible to give a straightforward explanation of these results, it is argued
through some empirical evidence that liquidity constraints and financial (il)literacy
may help to interpret them. Low-income individuals may want to take advantage
of the opportunity of borrowing against future pension benefits, given that they
are more likely than high-income individuals to be liquidity constrained. At the
same time, however, it cannot be excluded that low-income individuals, who are
shown to be more likely financially illiterate, did not fully internalize the conse-
quences of the reform. Either explanation, or both, are compatible with the observed
results.
The structure of the paper is as follows. Section 2 describes the Italian institutional

setting and the characteristics of the ‘super-bonus’ reform. Section 3 introduces the
data and provide some descriptive statistics on retirement in Italy and on the charac-
teristics of the sample of workers. Section 4 describes the estimation strategy and pre-
sents the first results. In Section 5, a discussion and interpretation of results is
provided. Section 6 concludes.

2 The ‘super-bonus’ reform

Italy underwent three major reforms of the pension system in the nineties, with the
aim of increasing the financial sustainability of the system.5 The main features of
the reforms were an increase in the retirement age and minimum years of contribu-
tions for pension eligibility, a gradual shift from a defined benefit system towards a
contribution-based system, indexation of pension benefits to prices rather than to
wages and the introduction of complementary social security. Besides, they abolished
seniority retirement for all those who started working after 1995. Seniority retirement
is a form of early retirement which allowed to retire before the old-age retirement age
without adjustments of the pension benefits. The only requirement was to possess
either both a minimum number of contributions years and a minimum age or only
a (higher) minimum number of contribution years, independently from age.
The above mentioned major reforms were followed by other minor measures up

until the Maroni reform of 2004. The aim of this reform was twofold: first of all,
increasing the retirement age, mainly on a voluntary basis, and second the develop-
ment of complementary social security next to the usual public social security system.
It provided also for further increases in pensionable age and contribution require-
ments and was partly modified in 2007.6

5 These were: Amato reform in 1992, Dini reform in 1995 and Prodi reform in 1997.
6 It should be mentioned that in 2011, given the persistence of the Italian financial problems, a new reform
of the pension system (the so called ‘Fornero’ reform) intervened in order to accelerate the effects of pre-
vious reforms. In particular, it introduced the contribution-based system for everybody starting from
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The focus of this study will be on the evaluation of the effects on retirement deci-
sions of the so-called ‘super-bonus’, which was indeed part of the 2004 reform. The
bonus consisted in economic incentives directed to private sector workers who had
reached seniority pension requirements in between October 2004 and the end of
2007 (but who had not reached requirements for old age pension yet) and who
chose to delay retirement despite having reached eligibility. Crucially for this study,
public workers were not entitled to the bonus. The age and contribution requirements
in the reform years were similar for public and private workers and the same for men
and women and as mentioned above, amounted to either both an age and contribu-
tion requirement or only a (higher) contribution requirement (see Table A1 for
details). Old age eligibility was 65 years for men and 60 years for women for both
public and private workers. The effects of the bonus ceased when the worker decided
to retire, by reaching old age pension requirements or by the end of 2007. After this
date, the worker could decide to continue working with no incentives, thus going back
to the pre-bonus compensation net of social security contributions.
The amount of the incentive to postpone retirement corresponded to the social

security contributions that employers and employees7 normally pay to the social
security system, which amounted to 32.70% of gross salary for most workers
(33.70% on earnings above 37,884 Euro). The amount of the incentive relative to
gross income was thus the same for everyone.
However, as the extra salary was untaxed and due to the progressivity of labour

income taxes, the percentage increase with respect to net earnings was even bigger
than the nominal contributions value, as it was increasing more than proportionally
with net earnings. An example will help visualizing the implications of the incentive
on earnings (see Table 1): a worker earning a gross yearly salary of 20,000 Euro
would earn a net salary of 14,995 Euro with no incentive and of 21,535 Euro with
the incentive, while at the other extreme one individual earning a gross salary of
100,000 Euro would earn 58,206 Euro with no incentive and 90,906 Euro with the
incentive, meaning that for this individual the increase exceeded 56% of the net salary,
versus a 43.61% increase for the former worker.
As the worker was not paying contributions during the bonus period, the pension

she was entitled to remain fixed at the level accrued at the moment she joined the
super-bonus. Besides, it should be also taken into account that every working year
with no bonus determines a pension increase equal to 2% of the last working years
average salary, a percentage that progressively decreases to 0.90% for salaries
above the 37,884 Euro pensionable limit. This is an additional reason making the
incentive more convenient for high-income workers. It should be clear at this point
that understanding the ‘true’ amount of the incentive is a non-straightforward task
which involves a trade-off between a higher current salary and fixed future benefits.
In the spirit of Manoli and Weber (2016), the change in monetary incentives can

be calculated by comparing the financial incentives to retire in presence of the

2012, further tightened age requirements for old age pension and substituted seniority pension with early
retirement, with similar characteristics but stronger requirements in terms of years of contributions.

7 Around two thirds of the total contribution is paid directly by the employer and the remaining one third
is deducted from the employee’s salary.
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bonus to the incentives (embedded in the social security system) in absence of the
bonus.
In a dynamic framework, workers in each period evaluate the choice between con-

tinue working and retire by comparing current and future benefits from these two
choices. For this reason, the incentive measure should be a forward-looking measure
that takes into account the trade-off between labour income and changes in social
security wealth, net of taxes and benefits. This is the approach used, for example,
in the reduced-form literature on retirement decision (see, among others, Gruber
and Wise (2004)).
As in Manoli and Weber (2016), the incentive of retiring is measured using the con-

cept of ‘implicit tax rate’ on gross annual earnings τ, where τ is defined such that after-
tax income (left-hand side of (1)) is equated to gross earnings net of all taxes and
retirement benefits (right-hand side of (1)):

(1− τ)y = y(1− τSS)(1− τE) − b(1− τb) + ΔSSW (1)
where (1− τ) is commonly called ‘net-of-tax rate’. τSS and τE denotes social security
contribution and income taxes respectively. b and τb denotes annual pension benefits
and taxes on pension benefits respectively; benefits enter negatively as they represent
foregone income from postponing retirement. SSW denotes social security wealth,
defined as the expected present discounted value at age a of benefits received from
retirement age R:

SSWa,R =
∑Ω

s=R+1

βs−aπ(s|a)bR(s) (2)

where Ω is the maximum survival age (assumed here to be 110 years), β is the discount
factor (=0.97, corresponding to a 3% discount rate) and π(s|a) is the survival probabil-
ity (by gender) conditional to age a.8 ΔSSW in Equation (1) denotes the change in
social security wealth from postponing retirement of 1 year (from R= a to R= a+ 1),
that is: SSWa,a+1− SSWa,a. This corresponds to the concept of ‘accrual’ commonly

Table 1. The effect of the super-bonus on earnings

Gross
earnings

After tax earnings
with incentive

After tax earnings
without incentive Difference

Difference as proportion
of net earnings

20,000 21,535 14,995 6,540 43.61
30,000 30,567 20,757 9,810 47.26
40,000 39,521 26,441 13,080 49.47
50,000 48,120 31,770 16,350 51.46
60,000 56,926 37,306 19,620 52.59
70,000 65,733 42,843 22,890 53.43
80,000 74,382 48,222 26,160 54.25
100,000 90,906 58,206 32,700 56.18

Notes: Author’s calculations based on hypothetical earnings and 2004 tax rules.

8 Conditional survival probabilities are derived from ISTAT (2015) mortality tables and refer to year 2004.
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used in retirement literature, which enters positively as a positive ΔSSW indicates an
incentive to delay retirement, while a negative ΔSSW indicates a disincentive.
Given that the super-bonus reform consisted in the suspension of due contributions,

the implicit tax rate on gross earnings with the bonus is given by τbonus such that:

(1− τbonus)y = y(1− τSS)(1− τE) + yτSS − b(1− τb) + ΔSSWbonus (3)

It should also be noticed that ΔSSWbonus is different from ΔSSW. The decision of
postponing retirement, in fact, entails two effects: the first one comes from the pension
rules and normally implies an increase of the pension benefits due to the increased
social security contributions. The second effect on SSW is due to the shorter retire-
ment period, and it is thus negative. As with the bonus, benefits were kept fixed at
the pre-reform level, the change in SSW with the bonus is only due to the shorter
retirement period and, thus, can only be negative.
The change in the net-of-tax rate would then be a measure of the change in the

incentive to postpone retirement of 1 year in the two scenarios, with and without
bonus. It may be written as:

Δ(1− τ)y = [(1− τbonus) − (1− τ)]y = yτSS + ΔSSWbonus − ΔSSW (4)

which makes clear that the change in the net-of-tax rate could be either a positive or
negative number. Here this value represents the change in the incentive of postponing
retirement from the end of 2004 (when the reform was implemented) to the following
year, for the private sector workers eligible to retire.9,10

The average implicit tax rate τ that is estimated in the normal case (i.e., without
bonus) amounts to 0.55, meaning that there is a huge disincentive to postpone retire-
ment of 1 year: on average, more than half of any extra Euro earned when postponing
retirement would be lost. With the bonus, the average implicit tax rate amounts to
0.84, meaning that the reform actually provided a (bigger) disincentive to retire.
In Figures 1 and 2, the relationship between earnings and the bonus is depicted: in

the former, the bonus is measured in absolute terms (as in Equation (4)), in the latter it
is measured relative to earnings. The graphs show that the bonus increases with earn-
ings, both in absolute and in relative terms, but slightly so. The reason is that the
majority of workers in the sample falls into the lowest tax brackets and below the

9 It is possible that the incentive to postpone retirement of more or less than 1 year is different than the
incentive of postponing retirement of exactly 1 year. As suggested in the option value theory of retire-
ment, the incentive of retiring today should be compared with the incentive of retiring at any future
date. This analysis, however, is beyond the scope of this work.

10 In order to obtain (4), the individuals’ pension benefits b must be calculated using the pension rules in
force at the time of the reform, which consisted in a defined benefit system where benefits are based on
the earnings of the last years of work. For this purpose, the Bank of Italy SHIW data are used (see next
paragraph). The cross-section nature of SHIW data does not allow a full reconstruction of workers’ car-
eer history, thus making the formulation of some assumptions necessary. First of all, wages must be
grossed up because the calculation of pension benefits is based on gross wages, but SHIW reports
only net wages. Wages are grossed up using information on tax rates, deductions due to family compos-
ition and social security contributions. Then, it is useful to assume that individuals who are observed
working did not experience unemployment spells and thus contributed continuously to social security.
Finally, the growth rate of earnings is estimated as in Bottazzi et al. (2006), by means of a median regres-
sion of log-earnings of 50–65 years old individuals (SHIW, years 2002–08) on sex, employment dummies
and full interaction of age with a college dummy.
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pensionable limit. More interestingly, they also show that the bonus is actually nega-
tive for the vast majority of workers.
It should be made clear that the aim of this exercise is not to provide a precise

evaluation of the actual individual gain or loss from taking up the bonus. In fact, it
is not possible to know who exactly took up the bonus and for how long. Rather,
two main messages are delivered, which will be important in the remaining of the
paper. First, the bonus provides a disincentive to retire which decreases with earnings;
second, a rather complicated calculation is necessary to fully understand the monetary
implications of the reform.

3 Data and descriptive analysis

The data used to investigate the effects of the super-bonus on retirement decisions are
taken from the Bank of Italy Survey on Household Income and Wealth (SHIW). The
SHIW started in the 1960s, with interviews conducted approximately every 2 years,
and microdata are available starting from the 1977 survey. Up to 1987, the survey
was conducted with time-independent samples (cross sections) of households but
since 1989 part of the sample has comprised also households interviewed in previous
surveys (panel households). Nevertheless, cross-sectional data will be used in this ana-
lysis for the sake of sample size. The questionnaire focuses on perceived well-being,
the situation of the household of origin, payment instruments and financial informa-
tion. It includes various pieces of information useful for the analysis of the
super-bonus, especially the possibility to distinguish between public and private work-
ers and the number of contribution years.

Figure 1. Monetary incentives by earnings.
Notes: This figure shows the relationship between the imputed incentive
(x-axis) and gross labour income (y-axis) for private workers in the first
reform year. The incentive is calculated based on 2004 tax and pension rules.
The sample is drawn from the 2004 SHIW. Monetary values in Euro 2010.
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In the empirical analysis, data from 2002 to 2008 will be exploited,11 as the interest
is in comparing retirement behaviour during reform years and in pre-reform years. As
said above, the reform took place in between October 2004 and the very end of 2007.
However, because of the peculiar exit mechanism in place, once individuals formally
apply for retirement, reform and pre-reform years need to be redefined. In particular,
individuals who reached pension requirements and ask to retire in a given quarter of
the year have then to wait for the first ‘exit window’ to actually retire. This window
falls two quarters after the time of the retirement request, thus the individuals who
are seen retiring in 2005 are individuals who became eligible at the end of 2004 or earl-
ier, and individuals who joined the reform up until the end of 2007 could retire only in
2008.12 For this reason, pooled data from 2002 and 2004 surveys will provide infor-
mation on pre-reform behaviour, while data gathered from the 2006 and 2008 surveys
will inform on individuals’ behaviour during the reform period.
The sample will be composed of individuals who reached the age and contributions

requirements necessary for seniority pension, and the outcome of interest will be the
percentage of these individuals retiring each year. These individuals can be identified
because the dataset contains information on contribution years and on the year when
retired individuals started drawing their pension. In the main analysis, also individuals

Figure 2. Relative monetary incentives by earnings.
Notes: This figure shows the relationship between the imputed relative (to
gross income) incentive (x-axis) and gross labour income (y-axis) for
private workers in the first reform year. The incentive is calculated based
on 2004 tax and pension rules. The sample is drawn from the 2004
SHIW. Monetary values in Euro 2010.

11 Data for previous and subsequent years will be used as well in some robustness checks.
12 It should also be noticed that the survey defines as retired those for which retirement was the main con-

dition during the year, thus presumably individuals who retired in the first semester of the year.
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who had reached the contribution requirements but not the age requirements for seni-
ority pension will be included. The reason is twofold: first, very specific eligibility rules
apply to many minor categories of workers, which cannot be clearly identified given
the information contained in the survey.13 As special rules are always more generous
than the general ones, using this sample definition guarantees that workers who are
actually eligible are not excluded from the sample. Second, even if some of these indi-
viduals are not currently eligible, they will become eligible in later reform years.14 As
the reform is less salient for these individuals, a robustness check will be performed
using a reduced sample which excludes them.
Figure 3 shows employment frequencies averaged over pre-reform years (1998–

2004), separately for males and females and for public and private workers. It is
apparent from this figure that employment decreases fast at all ages, and it is possible
also to notice a clear tendency towards retirement before old age (60 years for women
and 65 years for men). The average age of retirement was 58 years for women and 59
for men. Figure 4 shows instead the hazard rate by age,15 separately for males and
females. Red bars represent the median age of retirement, which are again below
old age eligibility. This figure clearly shows the presence of spikes in retirement per-
centages at specific ages, which usually correspond to eligibility ages.16

In Tables 2 and 3 the results of two questions that appeared only in 2002 survey are
shown. Specifically, the questions asked to those who retired before maximum retire-
ment age (Table 2) and to those expecting to retire before maximum pensionable age
(Table 3) if they would have worked longer, or would work longer, under certain con-
ditions. These comprise economic incentives, part-time or more flexible work and the
possibility of cumulating pension and earned income. Results are also split by sex and
work sector (public, private or self-employed). The percentage of retired who claim
they would not have worked longer is higher than the same percentage among work-
ers who expect to retire early. However, for both categories, economic incentives seem
to be the most appealing condition for postponing retirement, followed by the possi-
bility of cumulating pension and earned income and by part-time or more flexible
work. Males are more prone to continue working under certain conditions than
females. Finally, while economic incentives and part-time are preferred by private
and public workers and retired relatively to self-employed, the possibility of cumulat-
ing pension and earned income seems relatively more appealing to the self-employed.
Table 4 reports descriptive statistics for the sample of individuals, separately for

public and private workers (respectively, the control and the treatment group) and

13 For example, from 1998 to 2008 more generous eligibility rules in terms of age requirements for seniority
pension applied to some categories of blue collar workers.

14 The individuals who reached contributions requirements may retire before the age of eligibility and start
drawing benefits at eligibility. These workers may still be induced to postpone retirement in order to take
advantage of the bonus and thus must be considered treated individuals.

15 The hazard rate of retirement is defined as the percentage that retires at a specific age conditional on not
being retired at any prior age.

16 This is a recurrent empirical fact, which cannot be fully explained by financial incentives alone. Among
the possible explanations of this phenomenon, the emergence of social norms has been proposed, as well
as the presence of liquidity constraints: individuals did not save enough to retire without receiving ben-
efits, and in fact in virtually no country workers retire before benefits are available (Gruber and Wise,
2004).
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pre- and post-reform periods (2002–04 and 2006–08 respectively). The share of
women is higher in the public sector than in the private sector. The distribution of
workers among educational levels seems quite different, with a higher share of indivi-
duals with at least high school diploma in the public sector than in the private one.
Despite the small sample size, there seems to be a larger presence of public workers
and pensioners in the Centre-South of Italy and of private workers and pensioners
in the North of Italy. The years of contributions are evenly distributed among sectors,
while retirement age is slightly higher for public workers. As regards working categor-
ies, most private workers are blue collars (more than 60%), a smaller fraction is com-
posed by office workers (around 25%) and the remaining consists of junior and senior
manager or similar positions. As for public workers, the biggest share is composed of
office workers (more than 40%), followed by school teachers, blue collars and man-
agers. Finally, at the bottom of the table retirement percentages of public and private
workers, before and after the reform, are presented. These show that while the average
percentage of retired among public workers qualifying for seniority pension increases
of something more than 1 pps (percentage points) in the post-reform period, the same
percentage decreases of almost 7 pps for private workers.
To better analyze the characteristics related to retirement, Table 5 shows the results

of a linear model regression for the probability of seniority retirement on the pre-
reform sample of individuals. The probability of seniority retirement is 6 pps higher

Figure 3. Employment frequencies by sector and gender, 1998–2004.
Notes: Author’s calculations based on SHIW data. Each dot represents the ratio of the
employed to the non-unemployed working age individuals at a specific age, by gender
and sector of employment. Averages over years 1998–2004.
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for private than for public workers and, as expected, it is positively and decreasingly
correlated with age. It is also negatively correlated with having at least high school
diploma, while it is not correlated with sex, geographical area, with being married
or with having no children living in the household.

Figure 4. Hazard rates of retirement by sector and gender, 1998–2004.
Notes: Author’s calculations based on SHIW data. Each bar represents the percentage
of individuals that retire at a specific age conditional on not being retired at any prior
age, by gender and sector of employment. Light gray bars represent sample medians.
Averages over years 1998–2004.

Table 2. Early pensioners (retired before maximum retirement age): at what conditions
would he/she have worked longer?

All Males Females Public Private Self-employed

Economic incentives 8.03 9.75 6.21 9.91 8.48 4.76
Part-time or more flexible work 4.10 3.52 4.70 8.04 3.42 1.79
Possibility of cumulating pension
and earned income

5.08 7.19 2.85 2.62 5.35 6.94

Other 4.00 4.96 5.04 5.98 4.70 4.76
None 78.34 75.14 81.70 74.77 78.47 81.75
Total 2,442 1,251 1,191 535 1,403 504

Notes: The table shows the percentage responses of individuals who retired before the max-
imum retirement age to the question ‘At what conditions would he/she have worked longer?’,
by different categories of individuals. The data are drawn from SHIW 2002.
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4 Empirical analysis

4.1 Estimation strategies

Under certain assumptions, it will be possible to compare the behaviour of Italian
workers regarding seniority pension before and after the reform, so to study the
efficacy of the reform in delaying the retirement decision of private workers, as one
would expect given the sizeable economic incentive involved. As individuals who

Table 3. If expect to retire before maximum retirement age: at what conditions would he/
she have worked longer?

All Males Females Public Private Self-employed

Economic Incentives 14.89 17.67 10.45 16.73 16.67 10.64
Part-time or more flexible work 6.30 6.71 5.65 6.08 8.06 4.26
Possibility of cumulating pension
and earned income

10.33 11.31 8.76 9.51 8.06 14.18

Other 7.07 7.95 5.65 6.08 3.76 12.41
None 62.72 57.95 70.34 63.88 64.52 59.22
Total 920 566 354 263 372 282

Notes: The table shows the percentage responses of individuals who expect to retire before the
maximum retirement age to the question ‘At what conditions would he/she have worked
longer?’, by different categories of individuals. The data are drawn from SHIW 2002.

Table 4. Descriptive statistics

Public
pre-reform

Public
post-reform

Private
pre-reform

Private
post-reform

Variable Mean Mean Mean Mean

Women 30.30 38.80 20.99 22.30
Age 56.04 56.89 55.43 55.64
High education (high school or higher) 52.65 58.68 22.43 21.24
Centre-south 58.33 53.63 37.86 36.28
Married 83.33 82.65 86.21 88.50
Years of contributions 36.45 36.85 36.75 36.97
Blue collars 20.83 17.67 62.35 67.08
Office workers 44.32 39.75 27.37 22.65
School teachers 20.83 26.50 0.00 0.00
Junior manager/cadre 6.06 8.52 6.38 5.84
Manager, senior official, principal,
headmaster, university teacher or
magistrate

7.95 7.57 3.91 4.42

Observations 264 317 486 565
Percentage retired 14.02 15.46 23.66 16.81

Notes: The table reports descriptive statistics by employment sector and pre/post treatment per-
iod for the sample used in the estimations. The sample is drawn from the 2002 to 2008 SHIW
for a total of 1,632 observations.

Irene Ferrari232

https://doi.org/10.1017/S1474747217000452  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1474747217000452


were affected by the reform (private workers) and the individual who was not affected
(public workers) may be clearly identified, one can rely on a DID technique. A similar
strategy has been used by Bottazzi et al. (2006), in order to identify the effect of a ser-
ies of Italian pension reforms on expected retirement age and replacement rate of
workers, using old private employees – who were unaffected by the reforms – as a con-
trol group.
The classical linear DID is based on an additive structure for potential outcomes in

the no-treatment state: in this case, this means assuming that in the absence of the
super-bonus, retirement decisions are determined by the sum of a time-invariant effect
specific to each category of workers (public/private) and a time effect capturing the
common trend. The common trend assumption may be expressed as:

E[Y 0
i2 − Y 0

i1|X ,T] = E[Y 0
i2 − Y 0

i1|X ]

whereY 0
it is the outcome in the no-treatment case, i is the individual, t is time (t= 2 in

the post-treatment period, t= 1 in the pre-treatment period), X is a set of covariates
and T a treatment dummy.
The common trend is not directly testable, but some insight can be gained by look-

ing at seniority retirement percentages through time for public and private workers.
These are shown in Figure 5, which shows seniority pension percentages for private
and public workers between 2002 and 2010. As explained above, 2002 and 2004
are pre-reform years while 2006 and 2008 are reform years. Although this graph can-
not be interpreted as evidence that the common trend assumption is valid, it seems to
support it. It is interesting to notice the large jump in the percentage of retired private
sector individuals in (post-reform) year 2010, while the percentage of retired public
workers remains on similar levels. This seems to further support the presence of an
effect of the reform in treatment years, as the distance between the percentage of
retired private and public sector workers goes back to pre-treatment levels. As a

Table 5. Linear probability model for retirement, pre-reform period

Variables Retired

Private worker 0.0643** (0.0310)
Age 0.3342*** (0.0944)
Age squared −0.0028*** (0.0009)
Male 0.0370 (0.0331)
High education level −0.1134*** (0.0337)
Centre-south −0.0412 (0.0293)
Married 0.0522 (0.0383)
No children living in the household 0.0344 (0.0305)
Constant −9.8301*** (2.6141)
R2 0.08
N 750

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors in parentheses.
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further check, a LPM of retirement including treated-year interactions is run on pre-
reform years (see Table A3 in the Appendix), including years from 1998 to 2004. This
leads to the conclusion that there were no significant changes in trend between private
and public workers retirement behaviours in pre-reform years.
Another potential threat to identification in a DID setting is endogenous compos-

itional changes, that could, for example, arise if public workers moved to the private
sector because of the reform. Even if it is not possible to test the absence of such com-
positional changes, it can be argued that they are at least unlikely. First of all, chan-
ging sector is not convenient because public sector pensions are in general more
generous than private ones and because the public sector has a higher level of job
security. Besides, changing job is more costly for older workers and, in fact, uncom-
mon. Overall, being only a temporary measure, it is not likely that the super-bonus
had induced public workers to move to the private sector.
Finally, the possibility that the super-bonus was anticipated can be safely ruled out.

As explained above, the super-bonus had unique and unprecedented features, espe-
cially with respect to the three major reforms of the 1990s.17 Besides, the law regulat-
ing the bonus was discussed and approved at the end of August 200418 and
implemented only slightly more than a month later.
A general model of retirement decision of individual i at time t may be written as:

Y
∗
it = β′Xit + τ′dt + εit (5)

where Y ∗
it can be interpreted as a latent variable measuring the utility from retiring

once seniority pension requirements have been reached. This utility depends on a

Figure 5. Percentage retiring among workers qualifying for seniority pension.
Notes: The dots in the figure represent the percentage of individuals who retire in that
specific year among those who qualify for retirement, by employment sector. The sample
is drawn from the 2002 to 2010 SHIW.

17 The fact that the reform affected only private sector workers was also peculiar. The declared intent of the
reform was to induce workers to retire later in order to alleviate the sustainability problems of the social
security system. Had this measure included also public workers, it would have been costly for the state
(which pay the salaries to public sector workers), thus nullifying the very objective of the reform.

18 Law 23 August 2004, n. 243
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set of individual characteristics X like age, years of contributions, working sector,
earnings, career history and on a vector of time dummies dt to capture trends over
time.
Following Wooldridge (2009),19 in order to estimate the effect of the reform on the

treated when using a sample of pooled independent cross-sections, both a treatment
and a post-reform variable must be defined. The former will be a dummy variable
Ti equal to one for treated individuals, that is private workers and equal to zero for
public workers. The latter will be a dummy variable Pt equal to one for post-
treatment observations, that is those observed in years 2006 and 2008, and equal to
zero for the year 2002 and 2004 observations. If Y ∗

it were known, one could estimate
the effect of the reform by estimating the coefficient α of the interaction between treat-
ment and post-reform dummies, known as DID estimator:

Y
∗
it = β′Xit + τ′dt + φTi + αTiPt + εit (6)

while Y ∗
it is not observed, a dichotomous variable taking up value one if the eligible

individual decides to retire in year t (whenY ∗
it ≥ 0) or value zero if the individual post-

poned retirement (when Y ∗
it ≤ 0) may be observed. Even if this naturally leads to a

non-linear model, the strategy will be first of all to estimate an ordinary least squares,
including the interaction between treatment and post-reform dummies, on the pooled
cross-sectional data:

Yit = β′Xit + γ′Pt + φTi + αTiPt + εit (7)

In fact, the LPM has often proved to be a very good approximation of probit and
logit models and it usually works well for values of the independent variables that
are near the averages in the sample (see Wooldridge, 2009). The reason why it may
be sometimes problematic is that one may get predictions outside the unit interval,
as a linear relationship is assumed to hold between the probability and the independ-
ent variables. For this reason, as a further robustness check, a DID analysis based on
the probit model is provided.
Using probit (or logit) models in place of a LPM, however, it is not a straightfor-

ward solution in a DID framework. The issue is that the marginal effects calculated
on interaction terms in non-linear models do not allow the DID interpretation that
characterizes the coefficient of interaction terms in linear models. Besides, the com-
mon trend assumption may not hold for the expectations of Yit (the retirement prob-
abilities) since these may move at different rates depending on baseline probabilities
(Blundell et al., 2004; Disney et al., 2010).20 However, this problem can be avoided
by assuming that the common trend assumption holds for a transformation of the
expectations (retirement probabilities), rather than for the expectations themselves
(see Appendix A.3 for a technical discussion of the DID-Probit method and its
implementation).

19 See Wooldridge (2009), chapter 13.2: ‘Policy analysis with pooled cross sections’.
20 Besides, it is worth remembering that commonly used software packages like Stata do not give a true

measure of interaction effects (Ai and Norton, 2003).
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4.2 Results

Table 6 reports the results for the DID LPM specification. In column (1) the most
basic result is shown. This is obtained by regressing the dichotomous variable for
retirement on a set of dummy variables, as explained above. The results indicate
that, if assumptions are correct, the super-bonus reform determined a 8 pps reduction
in the proportion of private workers who decided to retire among those qualifying for
retirement. In column (2), a specification which includes controls for age, age squared,
sex, education, area and marital status is presented. A significant reduction in retire-
ment probability of 7 pps is obtained, only slightly smaller than when no controls are
included. Table A5 in the Appendix show robustness of the results to the use of a
reduced sample, which excludes treated individuals who have reached the contribu-
tions requirement, but who have not yet reached seniority pension age (see Section 3).
Table 7 reports DID Probit results. Results from row (1) and (2) are in line

with LPM results and indicate an even bigger estimated impact of the super-bonus
(−9 pps) when no controls are included, and the same reduction when controls are
included, even if bootstrapping, in this case, delivers an insignificant result. Overall,
these results indicate that the retirement probability of private workers decreased of
around 30%, depending on the specification, due to the super-bonus reform.
In light of the finding that the bonus is increasing with income (see Section 2), it

might be interesting to look at the heterogeneity of results in terms of income.

Table 6. DID linear probability model

(1) (2) (3) (4)
Variables Retired Retired Retired Retired

Post reform dummy 0.0144
(0.0295)

−0.0090
(0.0289)

0.0185
(0.0402)

−0.0131
(0.0391)

Private sector worker 0.0965***
(0.0288)

0.0811***
(0.0295)

0.0913**
(0.0377)

0.0693*
(0.0378)

Post × Private −0.0829**
(0.0386)

−0.0719*
(0.0377)

−0.1328***
(0.0506)

−0.1075**
(0.0490)

High income −0.0650
(0.0420)

−0.0565
(0.0443)

Post ×High income 0.0022
(0.0579)

0.0205
(0.0575)

Private ×High income 0.0185
(0.0574)

0.0341
(0.0566)

Post × Private ×High income 0.1303*
(0.0784)

0.0970
(0.0770)

Controls NO YES NO YES
R2 0.01 0.07 0.02 0.08
N 1,632 1,632 1,632 1,632

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors in parentheses. The included
pre-treatment years are 2002 and 2004; 2006 and 2008 are treatment years. Regressions include
controls for age, age squared, gender, education, geographic area, marital status.
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Given the cross-sectional nature of SHIW data, it is not possible to know the
pre-retirement labour income of individuals who are already retired at the time of
interview. However, SHIW reports the individuals’ current (for workers) and
pre-retirement (for pensioners) occupation, which will be used as a proxy of income.
Using the information on individuals who are not yet retired, Table A2 in the
Appendix shows in fact that individuals’ occupations can be ranked in terms of
both mean and median income. In the following, low-income individuals will be
defined as blue-collar workers in the private sector and blue-collar and office workers
in the public sector. This definition allows to maximize the size of the high- and low-
income groups in both sectors, which is important for the precision of estimates as the
sample size is small. Most importantly, with this definition the proportion of low- and
high-income individuals in the control and treated group is the same,21 so that the
definition of low- and high-income is consistent across sectors.22

Results are shown in column (3) and (4) of Table 6, where a full set of interaction
dummies for time, sector and economic condition are included. When no controls are
included, a 13 pps reduction in retirement probabilities is estimated for low-income
workers, versus a significant-zero reduction for high-income workers. When controls
are included, a slightly smaller reduction of 11 pps is observed for low-income work-
ers. DID Probit estimates in Table 7, row (3) and (4), confirm these results.
Overall, these estimations show that the effect of the reform was driven by low-

income workers, while the reform was ineffective for high-income workers. This is

Table 7. DID probit

(1) Without controls
Predicted level after treatment Estimated impact of the reform
17% −9 ppt* (0.0487)
(2) With controls
Predicted level after treatment Estimated impact of the reform
16% −7 ppt (0.0509)
(3) Low-income individuals
Predicted level after treatment Estimated impact of the reform
14% −14 ppt** (0.064)
(4) High-income individuals
Predicted level after treatment Estimated impact of the reform
23% −2 ppt (0.0884)

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Statistical significance estimated using bootstrapping
with 500 repetitions. Regressions include controls for age, age squared, gender, education, geo-
graphic area, marital status.

21 In both sectors, around 40% of individuals are defined as high-income and the remaining 60% as
low-income.

22 In Table A6 robustness to the use of a different definition is shown. Here occupations are divided into
high- and low-income depending on their mean income, so that occupations with a mean yearly income
below around 20,000 Euro are defined as low-income. However, as the distribution of income is different
in the two sectors, in this way the size of the private sector high-income group is much reduced.
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surprising given that, as shown in details in the next section, the bonus clearly
increases with income.
Even if including a shorter pre-treatment period may be preferred in order to more

credibly justify the common-trend assumption, Table A4 in the Appendix shows a
specification of the DID LPM which includes also 1998 and 2000 as pre-treatment
years. Results are between 1 and 2 pps lower in absolute terms than in the main ana-
lysis, and still statistically significant.

5 Discussion

In the previous section it was shown that the super-bonus had a sizeable effect on
workers’ retirement decisions and that this effect was driven by low-income workers.
The latter finding has been found recently for other countries too. Euwals and
Trevisan (2014) show that low wage earners are more sensitive to financial incentives
than high wage earners using changes in early retirement conditions of workers in the
Netherlands. Mastrobuoni (2009) and Hanel and Riphahn (2012) find stronger
responses to retirement incentives for low educated men in the USA and low educated
females in Switzerland, respectively: individuals with low education may be expected
to also have lower human capital and thus lower wages. Even if it is not possible to
give a univocal explanation of these results, a few possibilities may be investigated
here.
In general, a reason why higher income workers eligible for seniority retirement

might have responded mildly to the reform is that their participation rate was high
before the reform (38%) as compared with that of low-income workers (21%). As
regards the reasons why low-income workers responded to a small or even negative
bonus, liquidity constraints and financial illiteracy are two likely candidates. The intu-
ition for the former is that liquidity constrained individuals may see in the (negative)
incentive an opportunity for borrowing against future pension. The intuition for the
latter is that financially illiterate individuals may not understand what is the actual
incentive offered by the super-bonus, as this involves also detailed knowledge of social
security rules.
Liquidity constraints can be measured using different definitions, as in Deidda

(2014). Following this work, a first definition can be used which exploits a survey
measure of liquidity constraints included in the SHIW. Specifically, individuals are
asked if anyone in the household contacted a bank or financial company to obtain
a loan or mortgage, and in case of affirmative answer, they are asked if the request
was granted in full, granted in part or refused. Individuals are also asked if any mem-
ber of the household considered applying for a mortgage or a loan but later changed
his/her mind thinking the request would be refused. This last question allows to iden-
tify discouraged households. Under the first definition, an individual is liquidity con-
strained if a loan was totally or partially rejected, or if belonging to a discouraged
household. Under the second definition, individuals are constrained if their wealth
is lower than 2 months income. Under the third definition, individuals are constrained
if the ratio of financial liabilities and (the sum of real and financial) assets is higher
than 0.5. Under the fourth and final definition, individuals are constrained if they
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may be defined constrained using at least one of the previous three definitions and
non-constrained if they do not result constrained under any of the previous defini-
tions. Results (obtained using a sample comprising only private workers and using
years up to 2004, as the super-bonus reform could affect liquidity constraints) are pre-
sented in column (1) to (4) of Table 8. Three over four definitions of liquidity con-
strained individuals deliver a positive and significant relationship between income
and liquidity constraints. In particular, low-income individuals have up to 9 pps
higher probability of being liquidity constrained.
As regards financial illiteracy, some evidence in the literature points to the fact that

this could undermine individuals’ ability to internalize new rules in a correct way
when affected by reforms of the social security system. Bottazzi et al. (2006) show
that the revision in expectations of retirement age and replacement rate in Italy
after the reforms process in the 1900s is limited, and claim that some workers may
lack information to fully understand pension rules. Fornero and Monticone (2011),
using information on individuals’ financial literacy elicited in the SHIW, show that
most individuals lack knowledge of basic financial concepts and that financial literacy
has a positive and significant impact on the probability of pension plan participation.
Their results also show that women, less educated individuals and individuals living in
the South of Italy have worse performances.
As in Fornero and Monticone (2011), some questions about financial literacy first

introduced in the SHIW in 2006 are exploited here. These questions are partly similar
to those introduced in the Health and Retirement Study and assess knowledge related
to concepts like inflation, interest rates, stock market and risk diversification. As the
question on inflation is the only one common to all three survey years from 2006 to
2010, only answers to this question are exploited.23 In this case, post-reform years may

Table 8. Income, liquidity constraints and financial literacy

(1) (2) (3) (4) (5)
Variables Liq. Constr. Liq. Constr. Liq. Constr. Liq. Constr. Fin. Lit.

Low income 0.0259*
(0.0141)

0.0513*
(0.0302)

0.0256
(0.0240)

0.0901**
(0.0353)

−0.0900**
(0.0443)

R2 0.01 0.04 0.02 0.04 0.06
N 666 462 462 469 362

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors in parentheses. The outcome in
column (1) to (4) is a binary variable indicating liquidity constrained individuals. The outcome
in column (5) is a binary variable indicating financially literate individuals. Regressions include
controls for age, age squared, gender, education, geographic area, marital status. The sample
includes private workers in column (1) to (4); private workers and pensioners in column (5).
Years 1998 to 2004.

23 The exact wording of the question is: ‘Imagine leaving 1,000 euros in a current account that pays 1%
interest and has no charges. Imagine also that inflation is running at 2%. Do you think that if you with-
draw the money in a year’s time you will be able to buy the same amount of goods as if you spent the
1,000 Euros today? (1) Yes (2) No, I will be able to buy less (3) No, I will be able to buy more (4) Don’t
know’. The question is answered by the household head.
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be used as it can be argued that the super-bonus does not affect financial literacy.24 An
individual is defined as ‘financially literate’ if she responds correctly to the question.
Results are presented in column (5) of Table 8 and show that low-income individuals
have 9 pps lower probability of being financially literate.

6 Conclusion

Policymakers are often interested in policies that are able to delay retirement and/or
increase labour income at older ages. Only very recently, however, taxes have been
started to be thought as a possible instrument to do that. This interest, however, is
relegated to the economic literature, as in practice younger and older individuals
are treated in a similar manner. Social security contributions are an example of a
tax that could be used for this purpose; however, there is limited causal evidence
on the effect of income tax incentives on retirement behaviour.
This paper contributes to the literature that uses policy evaluation strategies to iden-

tify the causal effect of reforms of the pension or social security system on retirement
decisions by evaluating the effectiveness of the Italian so-called ‘super-bonus’ reform.
This reform was characterized by unique features: it offered to older workers eligible
for seniority pensions the possibility to continue working without paying social secur-
ity contributions but keeping their accrued pension benefits fixed. For this reason, the
reform did not have a clear expected effect on individuals’ retirement behaviour: the
incentive offered by the super-bonus was negative for most workers, but the reform
offered the chance of a higher income today in exchange for lower pension benefits
in the future.
As the reform was directed to private workers only, it is possible to use public work-

ers as a counter-factual group. Thus, a DID approach may be exploited and retire-
ment rates of private and public workers before and after the reform may be
compared to assess the effect of the reform. A problem with interaction terms in pro-
bit models is that, differently from linear models, cannot be interpreted as DID esti-
mators. Thus, a DID estimation strategy proposed by Blundell et al. (2004),
appropriate for dichotomous outcome variables, is also employed.
Results suggest that old workers responded to the incentives offered by the reform,

as retirement rates among those eligible decreased by around 7 ppt depending on the
specification and method used. If assumptions are correct, this means around 30% of
those who would have retired chose not to because of the reform. Despite the fact that
the true incentive offered by the reform was negative for most workers and increasing
with income, regression results also show that the effect of the reform is basically dri-
ven by low-income workers (11–14 ppt reduction, depending on the model used).
Some evidence on the relationship between income, liquidity constraints and financial
literacy of individuals is presented in order to provide some potential, although not
definitive nor exhaustive, interpretations of these results. At a minimum, a role for
liquidity constraints and financial illiteracy cannot be excluded when interpreting
the estimated individuals’ response to the super-bonus reform.

24 Besides, the super-bonus does not affect the definition of high- and low-income as this is defined over job
occupations.
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Finally, it should be mentioned that, despite the sizeable causal effect of the
super-bonus reform on retirement behaviour found in this paper, it is not possible
to claim anything on the efficiency of the reform from this partial analyzes. In fact,
it is possible that the cost to the social security system in terms of lost contributions
from the workers who would have continued working even in the absence of reform
exceeds the gain from those who delay retirement because of the reform. The fiscal
cost of the super-bonus, however, may have been offset also by other factors, like
taxes paid on labour income and taxes generated by the additional spending of
those who postponed retirement.
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Appendix A

A.1 Seniority pension eligibility requirements

Table A1. Seniority pension eligibility requirements

Private sector Public sector

Year
Age and years
of contributions OR

Years of
contributions

Age and years
of contributions OR

Years of
contributions

1998 54 & 35 36 53 & 35 36
1999 55 & 35 37 53 & 35 37
2000 55 & 35 37 54 & 35 37
2001 56 & 35 37 55 & 35 37
2002 57 & 35 37 55 & 35 37
2003 57 & 35 37 56 & 35 37
2004 57 & 35 38 57 & 35 38
2005 57 & 35 38 57 & 35 38
2006 57 & 35 39 57 & 35 39
2007 57 & 35 39 57 & 35 39
2008 58 & 35 40 58 & 35 40

Notes: Based on several years of Italian pension legislation.
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A.2 Individual labour income by occupation

A.3 The DID-probit model

Table A2. Income statistics by sector and occupation

Private sector Mean Median Stand. Err. N

Blue-collar worker or similar 16,008.28 16,258.51 235.78 552
Office worker 21,762.7 20,411.70 523.4009 205
School teacher in any type of school
Junior manager/cadre 30,473.74 28,646.80 1,655.57 47
Manager, senior official, principal, headmaster,
university teacher, magistrate

58,520.61 44,576.00 5,882.964 37

Public sector Mean Median Stand. Err. N

Blue-collar worker or similar 15,970.83 15,876.79 425.67 87
Office worker 19,827.43 18,936.08 426.8364 206
School teacher in any type of school 22,010.46 21,486.00 551.5836 123
Junior manager/cadre 26,696.51 24,201.93 1,903.366 36
Manager, senior official, principal, headmaster,
university teacher, magistrate

47,771.29 42,972.00 4,827.8 43

Notes: Author’s calculations based on SHIW data, years 2002 to 2004. Monetary values in
Euro 2010.

Table A3. Test of the common trend assumption

(1) (2)
Variables Retired Retired

2000 dummy 0.0579 (0.0494) 0.0463 (0.0498)
2002 dummy 0.0263 (0.0466) 0.0162 (0.0457)
2004 dummy −0.0244 (0.0426) −0.0358 (0.0426)
Private sector worker 0.0949** (0.0474) 0.0822* (0.0494)
Private × 2000 dummy −0.0808 (0.0661) −0.0678 (0.0661)
Private × 2002 dummy 0.0088 (0.0649) 0.0037 (0.0639)
Private × 2004 dummy −0.0054 (0.0604) −0.0113 (0.0600)
Controls NO YES
R2 0.01 0.05
N 1,359 1,359

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors in parentheses. The regression
includes 1998, 2000, 2002 and 2004 as pre-treatment years. Omitted year: 1998.
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The DID-Probit model proposed by Blundell et al. (2004) assumes that the common
trend assumption holds for the inverse of the probability function (which is assumed
here to be the Normal function Φ( · )) or, in other words, for the index rather than for
the probability. Thus, in the absence of treatment, the following equivalence holds:

Φ−1[E(Yit|Xit;Ti = 1,Pt = 1)] − Φ−1[E(Yit|Xit;Ti = 1,Pt = 0)]
= Φ−1[E(Yit|Xit;Ti = 0,Pt = 1)] − Φ−1[E(Yit|Xit;Ti = 0,Pt = 0)] (8)

where Yit is a binary outcome variable, Ti is a binary indicator that measures whether
an individual was affected by the reform and Pt is a binary indicator that measures
whether the individual was observed before or after the implementation of the reform.
Given the above common trend assumption, the impact of the reform can be evalu-
ated as:

I (X ) = E(Yit|Xit;Ti = 1,Pt = 1) − Φ{Φ−1[E(Yit|Xit;Ti = 1,Pt = 0)]
+Φ−1[E(Yit|Xit;Ti = 0,Pt = 1)] − Φ−1[E(Yit|Xit;Ti = 0,Pt = 0)]} (9)

Blundell et al. (2004) suggest to implement this estimator of the effect of a policy by
estimating four different probit regressions for each of the four groups defined by the
interactions of time and treatment. Doing so, it is possible to get an estimate of the
behavioural patterns of the four groups, included that triggered by the reform.
Then, by predicting the outcome for the treated using the untreated behavioural equa-
tions, it is possible to know how the treated would have behaved without the treat-
ment, conditional on their observable characteristics. Finally, plugging these
estimates in Equation (5) one can get the estimate of the average impact of the treat-
ment on the treated. This procedure is less restrictive than the usual DID in that it
allows for the effect of the treatment to depend on observable characteristics of
individuals.25

25 Blundell et al. (2004), however, underlines that ‘Despite the similarity to the linear case, the non-linear
assumption stated above entails two additional restrictions on the nature of the error terms: only group-
effects are allowed for and between groups homoscedasticity is required’.

Irene Ferrari244

https://doi.org/10.1017/S1474747217000452  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1474747217000452


A.4 Tests and robustness checks

Table A4. Robustness to the introduction of more pre-treatment years

(1) (2) (3) (4)
Variables Retired Retired Retired Retired

Post reform dummy 0.0007
(0.0260)

−0.0188
(0.0257)

−0.0030
(0.0365)

−0.0337
(0.0361)

Private sector worker 0.0762***
(0.0217)

0.0695***
(0.0232)

0.0630**
(0.0291)

0.0523*
(0.0298)

Post × Private −0.0626*
(0.0336)

−0.0593*
(0.0330)

−0.1045**
(0.0446)

−0.0866**
(0.0437)

High income −0.0748**
(0.0316)

−0.0922***
(0.0342)

Post ×High income 0.0120
(0.0510)

0.0354
(0.0504)

Private ×High income 0.0262
(0.0431)

0.0540
(0.0429)

Post × Private ×High income 0.1225*
(0.0687)

0.0888
(0.0675)

Controls NO YES NO YES
R2 0.01 0.05 0.01 0.06
N 2,241 2,241 2,241 2,241

Notes: * p < 0.1; ** p < 0.05; *** p < 0.01. Robust standard errors in parentheses. The regres-
sion includes 1998, 2000, 2002 and 2004 as pre-treatment years. Omitted year: 1998.

Table A5. Robustness to the use of a different sample

(1) (2) (3) (4)
Variables Retired Retired Retired Retired

Post reform dummy 0.0115
(0.0272)

−0.0123
(0.0264)

−0.0039
(0.0370)

−0.0347
(0.0360)

Private sector worker 0.0774***
(0.0269)

0.0718***
(0.0276)

0.0744**
(0.0359)

0.0624*
(0.0357)

Post × Private −0.0781**
(0.0358)

−0.0602*
(0.0343)

−0.1081**
(0.0469)

−0.0771*
(0.0448)

High income −0.0659*
(0.0376)

−0.0828**
(0.0389)

Post ×High income 0.0484
(0.0532)

0.0660
(0.0520)

Private ×High income 0.0120
(0.0526)

0.0368
(0.0509)

Post × Private ×High income 0.0821
(0.0725)

0.0475
(0.0701)

Controls NO YES NO YES
R2 0.01 0.10 0.02 0.10
N 1,540 1,540 1,540 1,540

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors in parentheses. The included
pre-treatment years are 2002 and 2004; 2006 and 2008 are treatment years. Regressions include
controls for age, age squared, gender, education, geographic area, marital status.
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Table A6. Robustness to the use of a different high/low- income definition

(1) (2) (3) (4)
Variables Retired Retired Retired Retired

Post reform dummy 0.0144
(0.0295)

−0.0090
(0.0289)

0.0185
(0.0402)

−0.0142
(0.0392)

Private sector worker 0.0965***
(0.0288)

0.0811***
(0.0295)

0.0734**
(0.0348)

0.0621*
(0.0342)

Post × Private −0.0829**
(0.0386)

−0.0719*
(0.0377)

−0.0911*
(0.0480)

−0.0723
(0.0466)

High income −0.0650
(0.0420)

−0.0653
(0.0443)

Post ×High income 0.0022
(0.0579)

0.0213
(0.0575)

Private ×High income 0.0687
(0.0764)

0.0600
(0.0753)

Post × Private ×High income 0.0373
(0.1027)

0.0324
(0.1011)

Controls NO YES NO YES
R2 0.01 0.07 0.01 0.07
N 1,632 1,632 1,632 1,632

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors in parentheses. The included
pre-treatment years are 2002 and 2004; 2006 and 2008 are treatment years. Regressions include
controls for age, age squared, gender, education, geographic area, marital status.
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