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Abstract
We analyse the impact of various pension regimes, as shaped by recent Italian
reforms, on retirement age, adequacy issues, and redistribution. We add to the
literature on microsimulation by accounting for individuals’ reactions to financial
incentives when deciding to retire. We find that shifting from a generous defined
benefit (DB) system to an actuarially fair notional defined contribution (NDC) system
induces

individuals,

particularly

men,

to

postpone

retirement.

Voluntary

postponement of retirement and, above all, participation in the second pillar would
grant a comprehensive replacement rate (first plus second pillars) comparable to that
obtained with the first pillar alone in the pre-reform DB regime.
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1. Introduction
Public pension systems raise sustainability and adequacy concerns that often
seem at odds. In particular, many reforms undertaken for recovering financial
sustainability reduce the generosity of pension benefits. In the EU15 countries, the
fraction of elderly at risk of poverty displays a generally increasing trend among
countries in which the social security system is under reform. In Italy, for example,
the poverty rate increased from 18 percent in 1996 to 22 percent in 2007 (Eurostat,
2009).
Italy has experimented with various solutions to reform its unsustainable
defined benefit (DB) public pension system. The first reform in 1992 set up a
modified DB system in which pension benefits were linked to lifetime average
earnings and eligibility requirements were tightened. The second major reform in
1995 designed a notional defined contribution (NDC) system whose main principles
were a pension benefit based on contributions paid and on life expectancy, with very
flexible eligibility requirements.

The third major reform in 2008 considerably

tightened the age requirements to claim a pension.
The Italian social security reform process constitutes a sort of natural
experiment for analysing the consequences of various pension regimes. Our paper
studies the different incentives to retirement implicit in the various pension systems,
as well as their redistributive and adequacy properties. Two different branches of the
economic literature analyse this topic. The first one focuses on the analysis of the
economic determinants of retirement behaviour, while the second focuses on the
simulation of the effects of pension reforms (on distribution, sustainability, etc.).
Usually the second line of research builds microsimulation models endowed with very
simple (and nonbehavioural) rules for retirement, for example, assuming that
individuals retire as soon as eligible (Borella and Coda Moscarola, 2006) or aligning
the exits to the observed patterns (Mazzaferro and Morciano, 2005; Dekkers et al.,
2009; Richiardi and Leombruni, 2006). Social security rules are, however, expected to
influence the optimal working and retirement paths by both constraining retirement
decisions into a specific range of possible retirement ages and generating financial
incentives to retire at later ages.
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The retirement behaviour literature accounts for the role played by financial
incentives embedded in the pension rule, reconciling the empirical evidence with lifecycle theory. Coile and Gruber (2000) for the United States, Baker et al. (2003) for
Canada, Blundell et al. (2002) for the United Kingdom, and Alessie and Belloni
(2009) for Italy, just to name a few, all find that individuals’ retirement choices do
respond to financial incentives embedded in the public pension system as well as to
social security wealth. In particular, the absence of age-related (dis)incentives in
defined contribution plans has been found to lead U.S. workers to retire almost two
years later compared with workers under DB plans (Friedberg and Webb, 2005).
Our study simulates the effects of the major social security reforms undertaken
in Italy during the last 20 years, adding to the literature on microsimulation by
accounting for individuals’ reactions to financial incentives when deciding to retire.
For this purpose we use a cohort microsimulation model in which retirement
behaviour is treated in a probabilistic way using the retirement decision rule estimated
by Alessie and Belloni (2009) for Italian workers. The inclusion of a behavioural rule
depending on financial incentives allows one to capture different retirement behaviour
under alternative pension systems, as well as investigate these systems’ adequacy and
distributive properties.
This paper is organised as follows. Section 2 reviews the main features of the
pension reforms that occurred between 1992 and 2009, focussing on the main three
reforms that deeply changed the financial incentives to prospective retirees. Section 3
describes our microsimulation model and specifies the main hypothesis underlying
our simulation exercise. Section 4 shows the simulated effects of the various pension
regimes on the average age of retirement, adequacy issues, and redistribution. Section
5 presents our conclusions.

2. The Italian Pension System
In the last two decades the Italian pension system has undergone a number of
major reforms, all directed to recover long-term sustainability. Indeed, the pre-reform
(pre-1992 in what follows) system was characterised by a DB pension formula based
on the last few years of earnings combined with soft eligibility rules, without any
actuarial correction for age at retirement (see Table 1).
3

The first reform, which took place in 1992, set new — and more stringent —
eligibility requirements while preserving the DB system. After the transition phase,
pensionable earnings were based on the entire worker’s earnings history and
revaluated at the nominal GDP growth rate. No actuarial correction for age at
retirement was provided for, but the pension indexation mechanism was downgraded
from wages to prices. Such an indexation mechanism has been since maintained by all
subsequent reforms.
The reform approved in 1995 rescheduled a new (and long) transition towards
an NDC formula. The NDC formula harks back to actuarial fairness principles.
Benefits are commensurate with the amount of payroll taxes paid capitalised at an
interest rate equal to GDP’s rate of growth of the and annuitised according to life
expectancy at retirement. Accessibility to retirement was made more flexible.
Individuals were entitled to retire from the age of 57 onwards, subject only to the
constraint of having a pension higher than 1.2 times the minimum old age allowance 1 .
Subsequently, adequacy concerns drove the introduction of incentives for private
sector employees and self-employed workers to start contributing to private pension
plans (Budget Law, December 2006).
Finally, the 2008 reform stepped in to modify the NDC regime. From 2008
onwards, the age requirement to claim a seniority pension has been gradually raised.
For younger cohorts of workers completely under the NDC regime — such as the
ones we consider in our study — the minimum retirement age was raised to 60 for
women and to 65 for men. At the same time, the possibility of claiming a seniority
benefit has been reintroduced by imposing a complex system of requirements of age
plus seniority (see Table 1).

Two additional minor reforms changed the eligibility rules set by the 1995 reform. The 1997 and 2004
reforms sought to shorten the transition period while preserving the NDC system and tightened the
eligibility requirements for seniority DB pensions. Meanwhile, a means-tested supplementary old-age
allowance was introduced in 2002 directed to the elderly poor.

1
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Table 1. Main characteristics of the pension reforms in Italy.
Private employees
Reform

Self-employed

Pension formula

Seniority pension

Old-age pension

Pension formula

Pre-1992

DB: average of last 5
years earnings × 0.02 ×
years of seniority

Men and women:
min 35 years; max
40 years; no age
requirements

Men: age 60+,
seniority 15 years
Women: age 55+,
seniority 15 years

DB: average of last 10
years income × 0.02 ×
years of seniority
(since the 1990 reform)

Same as private
employees

Men: age 65+,
seniority 15 years
Women: age 60+,
seniority 15 years

1992

DB: average of
indexed lifetime
earnings × 0.02 × years
of seniority

Same as pre-1992

Men: age 65+,
seniority 20 years
Women: age 60+,
seniority 20 years

DB: same as private
employees

Same as private
employees

Same as private
employees

1995

NDC: lifetime payroll
taxes capitalised at the
GDP rate of growth;
converted into annuity
with actuarially fair
coefficients

Men and women: possibility of
retirement between ages 57 and 65, with
a min of 5 years of seniority; accrued
pension > 1.2 times the minimum old
age allowance to claim pension before
65

NDC: same as private
employees

Same as private employees

NDC: same as 1995

Men and women:
min age 61+, min
seniority 35 years
+ sum(age;
seniority) >= 97

NDC: same as 1995

Men and Women:
min age 62+, min
seniority 35 years
+ sum(age;
seniority) >= 98

2008

Same as 1992
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Seniority pension

Old-age pension

Same as private
employees

3. The Microsimulation Model
Our analysis is conducted using CeRPSIM2, an updated and expanded version of
CeRPSIM (Borella and Coda Moscarola, 2006). According to the taxonomy proposed by
Bourguignon and Spadaro (2006), CeRPSIM2 is a dynamic partial-equilibrium
microsimulation model of the social security system which relies on a behavioural rule
for modelling retirement decisions 2 . It is designed to analyse the distributional features
embedded in the Italian pension system during its transition from a DB to an NDC
system. It is composed of three main modules: the population module, the pension
module, and the retirement module 3 .
The population module is designed to support a cohort population and is able to
simulate lifetime patterns for individuals born since 1950. In this study, however, we
focus on a single cohort born between 1991 and 2000 (with median year of birth 1995)
and analyse its behaviour through subsequent reforms of the pension system. The
advantage of this methodology is that different pension rules are applied to the same
group of individuals, with the same working history, so that the outcomes vary only in
response to the pension reforms. The simulated population evolves in accordance with a
set of deterministic and stochastic elements conditional on individual socioeconomic
characteristics. Particular attention has been devoted to modelling individuals’ earnings
paths as the sum of a group-specific deterministic component and an individual-specific
stochastic component estimated from a panel of administrative data.
The pension module computes pension benefits according to the various pension
regimes set up by Italian legislation up to 2008. This is a very detailed module able to
compute pensionable earnings and contributions paid, check eligibility requirements, and
compute the pension benefits for a number of schemes and different regimes. Pension
benefits are computed for individuals who retire from the year 2000 onwards. The
program is able to replicate the pre-1992-reform rules as well as each of the subsequent
reforms, up to 2008.

2
3

For a survey on microsimulation models see also Creedy and Kalb (2006),
A detailed description of the microsimulation model is provided in Appendix.
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The retirement module determines whether an eligible individual actually retires
according to two alternative criteria. First, individuals are assumed to claim their pension
benefit as soon as they are eligible: This requires not only that they meet the minimum
age and seniority eligibility requirement but also that they wait for an ‘exit window’ to
become active 4 . This nonbehavioural criterion depicts the ‘minimum age’ scenario that
we use as baseline.
Second, we model retirement behaviour in a probabilistic way using the
retirement decision rule estimated by Alessie and Belloni (2009) on a sample of Italian
workers during the period 1985-2000. Their probit estimates highlight the key role played
by the economic incentives to retirement implicit in the pension scheme, in line with
previous research for the United States (Gruber and Wise, 2004; Coile and Gruber, 2000;
Baker et al., 2003). Including this retirement behavioural equation in our microsimulation
model allows us to define an ‘optimal age’ scenario to be compared with the ‘minimum
age’ one.

3.1. Cohort definition and parameters
We simulate one cohort of individuals, born between 1991 and 2000 (hereafter
cohort 1995, from the median year of birth). We calculate the main life events relevant
for the retirement of about 12,000 heterogeneous individuals, about 6,000 of which are
employed in the private sector or self-employed. We restrict our attention to these two
categories of workers, as public sector employees and other minor schemes are not
covered by our retirement behavioural equation. We then study the retirement outcome of
this cohort under different retirement rules, as defined in our retirement module, and
under different pension legislation.
To study the impact of the reforms on retirement behaviour, we show the results
as if the pre-1992 system were still in place and then implement the main subsequent
reforms one at a time. Therefore our results show, for the same population, the effects of
Since 1992, workers eligible to claim a pension can retire only in predetermined periods during the year, the
so-called exit windows. With this mechanism, retirement is delayed by 6 to 18 months, depending on seniority,
scheme, and pension reform.

4

7

the DB system (pre-1992 system), the less generous modified DB system (the 1992
reform), the actuarially fair NDC system (the 1995 reform), and the NDC system with
tighter minimum age requirements (the 2008 reform).
When we simulate the 2008 reform, we assume that all workers participate in the
second pillar. Workers belonging to the private sector are assumed to automatically
transfer their entire severance pay flows (6.91 percent of their gross wages) to pension
funds from 2007 on; self-employed workers are also hypothesised to participate in the
second pillar with a contribution rate equal to that of private employees.
Throughout all the calculations presented in this paper we use a discount rate
equal to 1.5 percent in real terms. As will be seen, this assumption helps in the evaluation
of the long-term convenience of participating in the social security system. The rate of
return of the pension fund is fixed at 2 percent in real terms, net of administrative costs.
The real GDP growth rate and future inflation rate are set equal to 1.5 and 1.6 percent,
respectively.
All the simulations are based on RG48 cohort mortality tables (see Appendix for
a description) that are kept invariant over the projection horizon. The annuity rates for the
computation of the pension benefits under the NDC rule are calculated accordingly.
Minimum pensions, minimum contributions, and ceilings are indexed to nominal GDP
growth.

3.2. Measures for adequacy and distribution analysis
We wish to study the effects of the introduction of a behavioural rule on
individual retirement age, on the adequacy of the pension benefits received at that age,
and on the distributive impact of the pension rules.
As a measure of adequacy we use the replacement rate (RR) calculated as the
ratio between the first pension benefit and the average of the last three wages received by
an individual. It is a measure of the level of benefits and of the ability to preserve
purchasing power during retirement. While certainly not exhaustive, the RR can be a
good starting point for exploring the adequacy of the pension system. In particular, low8

income individuals, who would not have accumulated wealth, would need nearly a 100
percent net RR to avoid a drop in consumption after retirement (see Smith, 2003).
As in Feldstein and Liebman (2002), we interpret social security as an insurance
provision against longevity risk and attribute any departure from actuarial neutrality to
redistribution. The intergenerational distributive impact of the pension system is
investigated by using the present value ratio (PVR), while the intragenerational one is
explored through the so-called RS index proposed by Reynolds and Smolensky (1977).
The PVR is the benefit-to-tax ratio, that is, the ratio between the present value of the
pension benefits to be received and the present value of payroll taxes paid, both valued at
retirement. If greater than 1 when calculated at an interest rate equal to the GDP’s growth
rate, then the system is granting to retired individuals more than would be justified in a
pension system in financial equilibrium. The system is redistributing resources from
(future) generations active in the labour market to currently retired ones.
The RS index is defined as the difference between the Gini coefficients of lifetime
income under an hypothetical actuarially fair system and under the actual system. Since
an actuarially fair system perfectly preserves the original distribution of lifetime income,
the RS index measures the variation in the inequality of lifetime income induced by the
actual pension system. If this variation is positive, the actual pension system is benefiting
the less well off relative to the better off.

4. Results
Our results are based on the simulation of cohort 1995, to which we apply in turn
the different pension systems devised by the reforms in Italy. As previously described,
these reforms allow us to compare results under rather typical pension systems: a DB
system with a benefit based on the last few earnings (pre-1992), a DB system based on
average lifetime earnings (1992), an NDC system with a fair degree of flexibility in
retirement age (1995), and, finally, an NDC system with stricter eligibility rules (2008).
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4.1 The effect of the reforms on retirement age
Table 2 shows the average retirement age of our population for each reform.
Results are reported for both the nonbehavioural rule, which posits that each individual
retires as soon as possible, and the behavioural model, which adopts the behavioural rule
described above to assess whether an individual postpones retirement or not. The
nonbehavioural results are useful to assess the effects of the minimum age requirements
of each pension system considered, while the effect of the changing financial incentives
is observed by comparison with the behavioural results.
As reported in Table 2, the reform process unequivocally leads to a progressive rise in the
average retirement age of individuals because of both the increase in the minimum age
requirements to qualify for a pension (as can be seen in the nonbehavioural scenario) and
the annullment of the financial incentives to early retirement (the behavioural scenario).
According to the nonbehavioural results (first two columns in Table 2), the average
retirement age under the pre-1992 system would have been around 57.9 years for men
and around 55.4 years for women, whereas after the 2008 reform these numbers are about
62.2 years for men and about 61.4 years for women. These nonbehavioural results
represent the average of the minimum retirement age of our simulated workers.
When taking into account the choice of retirement (third and fourth columns in Table 2),
that is, the reaction of individuals to financial incentives and the role played by the
preferences for leisure during old age, the average retirement age of workers rises further
under each scenario: after the 2008 reform the average age reaches 62.8 years for men —
starting from 59 years under the pre-1992 system — and 61.5 years for women — instead
of 56.2 years under the pre-1992 scenario.
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Table 2. Average age of retirement by reform, gender, and retirement rule.
Nonbehavioural
Reform
Pre-1992

1992

1995

2008

Behavioural

Men

Women

Men

Women

Age

57.9

55.4

59.0

56.2

Freq.

3612

2216

3580

2214

Age

59.0

57.6

60.1

57.9

Freq.

3588

2208

3552

2207

Age

58.4

59.9

60.2

60.3

Freq.

3599

2196

3540

2194

Age

62.2

61.4

62.8

61.5

Freq.

3486

2186

3448

2185

Beyond the expected conclusions about the increase in the average retirement age, further
disentangling the results by working scheme reveals many interesting aspects that
account for the great heterogeneity in the career profiles and pension rules of the selfemployed and of employees. In particular, it is a common perception that under the pre1992 DB rule, the financial incentives to early retirement were so high that the retirement
age coincided mostly with the age of eligibility. Our simulation results only partially
support such a thesis. Under the pre-1992 scenario the difference between the average
optimal (behavioural) and minimum (nonbehavioural) retirement ages is about 0.8 year
for male and female private employees and 0.7 year for self-employed women, while it
reaches 2.5 years for self-employed men 5 . The minimum retirement age for the selfemployed does not substantially differ by gender and is about 57.4 years, while the
optimal retirement age is 58.1 years for women and 59.9 years for men. Among private
employees men display a minimum retirement age of about 58 years and an optimal one
of 58.8 years, while women have the lowest retirement ages, the minimum age being 55.1
years and the optimal one being 55.9 years.

These numbers are obtained by subtracting the minimum (nonbehavioural) age from the optimal
(behavioural) retirement age under the pre-1992 scenario reported in Table 3.

5
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Table 3. Average age of retirement by reform, gender, working scheme, and retirement
rule.
Nonbehavioural
Reform

Men

Pre-1992

1992

1995

2008

Behavioural

Women

Men

Women

Private

Self

Private

Self

Private

Self

Private

Self

Age

58.0

57.4

55.1

57.4

58.8

59.9

55.9

58.1

Freq.

2983

629

1888

328

2967

613

1886

328

Age

59.3

57.4

57.7

57.4

60.5

58.0

58.0

57.6

Freq.

2959

629

1880

328

2931

621

1879

328

Age

57.7

61.6

59.5

62.0

59.7

62.7

59.9

62.2

Freq.

2999

600

1868

328

2954

586

1866

328

Age

62.2

62.5

61.2

62.4

62.8

63.0

61.4

62.4

Freq.

2888

598

1858

328

2864

584

1857

328

The motivation for this evidence is easily found in the life-cycle theory
framework. Retirement decisions, in fact, depend on many factors, primarily individual
preferences for nonworking time (leisure and time devoted to household production),
marginal financial incentives to retire early, and expectations about future consumption
needs. While the first two factors encourage the individual to anticipate retirement, the
third one discourages it. The final outcome is a composite of these effects and, according
to the results presented, the third factor appears to more than compensate for the first two.
By tightening the eligibility requirements for employees, the 1992 reform raises
their minimum retirement age while, by confirming the previous requirements for the
self-employed, leaving their nonbehavioural retirement age unchanged 6 . Nevertheless, it
also changed the financial incentives to retirement, the direction and magnitude of such a
change depending on the shape of the earnings profile for each category of workers
considered. In particular, male employees seem to react by postponing their retirement on
average by 1.2 years — that is, 0.4 year more than in the pre-1992 system — reaching an
6

Recall that the 1992 reform will never be applied, as it has been replaced by the 1995 reform.
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average behavioural retirement age of 60.5 years. On the other hand, female employees
and the self-employed (both men and women) postpone their retirement age on average
by at most 0.6 year, so that the incentive to postpone for them is less than under the
previous system (especially in the case of self-employed males).
The 1995 reform, together with a less generous pension benefit computed
according to an NDC system, introduced flexibility in the retirement age after the age of
57. Workers with pension benefits below a certain threshold (1.2 times the income
support for the elderly), however, cannot retire before turning 65. This rule explains the
average nonbehavioural retirement age displayed in Table 3: while for male employees it
is lower with respect to the previous DB systems (57.7 instead of 59.3 years under the
1992 reform), for all other categories the reverse is true, meaning that is more likely for
male employees to accrue a low pension benefit and be forced to postpone retirement 7 . In
particular, the minimum average retirement age reaches 59.5 years for female employees,
while that for self-employed men and women is 61.6 and 62.0 years, respectively.
As for the behavioural response, the relative strength (and eventually the
direction) of the forces driving retirement decisions are expected to change deeply under
the NDC system, which removes the financial disincentives to work typical of a DB
system. In particular, it is a common perception that under the more strictly defined
contribution rule of the 1995 reform individuals will tend to postpone retirement well
beyond the minimum retirement age (even more than before), despite the lower minimum
age requirement to access pensions. Our simulations confirm such a thesis for men but
find scant evidence for women. The average optimal age for men is in fact 2 years higher
than the minimum for private employees and 1 year higher for the self-employed, while
for women the gap reduces to less than half a year (0.5 year for employees, 0.2 year for
the self-employed) 8 .
Finally, Table 3 further allows us to understand if the constraints on the minimum
retirement ages imposed by the 2008 reform will result to be binding. To answer the
Payroll tax rates are much lower for the self-employed, hence pension benefits accrued are likely lower than
the minimum threshold to access retirement.
8 These results follow both from the different incentives faced by the different groups (e.g., because of the
different earning profiles) and from the coefficients of the behavioural rule, which highlight a greater response
by men (with respect to women) as far as marginal financial incentives are concerned.
7
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question we have to compare the behavioural average age under the 1995 reform with the
non-behavioural average age under the rules of the 2008 one 9 . According to our results,
the 2008 reform is expected to be binding for private employees, whose optimal
retirement age under the 1995 system is lower than the minimum retirement age required
after the 2008 reform. The average optimal retirement age expected under the 1995
regime is in fact 59.7 years for male employees and 59.9 years for female employees. The
minimum retirement age under the 2008 regime is higher and equal to 62.2 years for men
and 61.2 years for women.
In contrast, the 2008 reform does not seem to be binding for the self-employed,
especially men. The lower contribution rates of the self-employed coupled with the NDC
system (both the 1995 and 2008 systems) will lead these workers to accrue lower pension
benefits and adequacy concerns will push them to work longer. Indeed, the average
optimal retirement age expected under the 1995 regime is 62.7 years for males and 62.2
years for females, while the minimum age under the current regime is 62.5 years for men
and 62.4 years for women.
4.2 Adequacy
The debate on the effects of the NDC reforms is focussed on the question of the
adequacy of the pension benefits even more than on the average retirement age. The
common perception is that the Italian DB system is adequate from the point of view of
the level of the benefits provided, while the NDC system is not. In order to assess the
adequacy of the different pension systems, Table 4 shows the median and mean RRs
granted to our simulated workers under the different reforms, computed as the ratio of the
first pension benefit to the average of the last three years of earnings10 . We assume that
earnings and pension benefits are a good approximation of living standards before and
after retirement. While consumption would probably be a better proxy, it is not computed

Such a comparison cannot be extended to the evaluation of the impact of each one the previous reforms,
simply because those reforms not only changed the minimum age requirement, as did the 2008 reform, with
respect to the 1995 one, but also changed the rule for computing pension benefits and, with them, the financial
incentives to retirement.
10 All figures are gross and do not take into account income taxes or the payroll tax in the worker’s charge
unless otherwise stated.
9
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in our microsimulation model; for a detailed discussion of RR criticalities, see Borella
and Fornero (2009).
As shown in the nonbehavioural scenario in the left panel of Table 4, the pre-1992
system would grant our simulated workers an RR in the range of 63-70 percent, while in
the behavioural scenario, since the retirement age is higher, the RR would be greater and
would range from 65 to 73 percent. After the 1992 reform, the median nonbehavioural
(minimum) and behavioural (optimal) RRs tend to increase. This happens not only
because the minimum retirement age tends to increase but also because in the 1992
formula the revaluation coefficients of the lifetime earnings are higher than the ones
adopted in the previous system. Despite the longer reference period for the computation
of the pensionable earnings characterising the modified DB formula, flat-earnings careers
benefit more from the revaluation coefficients. As a consequence, female employees face
the highest increase in RR.
With the 1995 reform, that is, with the NDC system, the RR granted for each year
of contribution is lower, especially at younger ages. The median minimum RR for private
employees under the 1995 system ranges between 48 and 54 percent for men and women,
respectively, depending on the retirement scenario. Self-employed workers show a
greater reduction in their RRs, which fall to 37-41 percent. This reduction is due to their
lower payroll tax rate — 20 versus 33 percent for employees — which was unaccounted
for by the DB system, although it plays an important role in the NDC system.
By increasing the minimum retirement age, the 2008 reform raises the RR for all the
categories considered. The median behavioural RR for private employees reaches a value
equal to 66 percent for men and almost 60 percent for women. The change in the degree
of adequacy of pensions for private employees appears to be only partially threatened by
the less generously defined contribution rule: The median RR for men is almost equal to
that attained in the pre-reform system, while the one for women is about 5 percentage
points (pp) lower. As for the self-employed, the adoption of an NDC rule, coupled with
their lower contribution rate, results in median RRs close to 40 percent, that is, about 2030 pp lower than in the pre-1992 regime.
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Table 4. RR by reform, scheme, gender, and retirement rule.
Nonbehavioural
Men
Women
Private Self Private Self

Behavioural
Men
Women
Private Self Private Self

Pre-1992

Median
Mean
Freq

66.38
66.93
2983

69.85
69.4
629

63.25
66.97
1888

67.19
67.7
328

67.25
67.78
2967

72.67
72.82
613

64.59
68.54
1886

67.55
68.22
328

1992

Median
Mean
Freq

68.86
69.85
2959

72.98
72.44
629

69.05
72.67
1880

69.95
70.07
328

70.24
71.38
2931

73.48
74.04
621

69.21
73.05
1879

69.77
70.07
328

1995

Median
Mean
Freq

48.17
50.57
2999

38.81
38.19
600

53.92
58.68
1868

37.42
37.33
328

53.65
57.66
2954

41.04
40.56
586

54.64
60.09
1866

37.9
37.61
328

2008

Median
Mean
Freq

63.82
66.6
2888

41.98
41.43
598

59.67
65.65
1858

39.35
39.36
328

65.99
69.07
2864

43.26
43.02
584

59.82
66.31
1857

39.38
39.53
328

2008
Median
I+II pillar Mean
Freq

76.35
79.78
2888

55.35
54.79
598

70.92
77.90
1858

51.25
51.32
328

78.91
82.80
2864

57.16
56.96
584

71.11
78.68
1857

51.28
51.55
328

Right after the introduction of the NDC system, adequacy concerns induced legislation to
stimulate the contribution to a second pillar component. Adhesion to the second pillar
(that we apply to workers under the 2008 reform only) can help in maintaining adequate
pensions because of both the flows of additional contributions and the higher expected
rate of return granted by the pension funds with respect to the public system (2 percent
market rate versus 1.5 percent economic growth). Under the hypothesis of a contribution
rate of 6.91 percent of the working income, the additional RR granted is around 12-14 pp
of the last income. As reported in Table 4, the optimal comprehensive RR (first plus
second pillar, RR1 + RR2) would then attain a level of about 71-79 percent for female
and male private employees and 51-57 percent for the self-employed. Of course, this
comes at the price of renouncing the option of receiving severance pay as a lump sum at
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retirement and of being fully in charge of the financial risk characterising the second
pillar. The first official data after the reform, however, show that participation in the
second pillar has been quite limited: The adhesion rate of employees in 2007 was 24.9
percent and the total number of participants, including the self-employed, was only 4.5
million (Covip, 2008).
The RRs reported in Table 4 are gross of income and payroll taxes. The payroll
tax rate is, however, very different for the two categories of workers considered. As
already mentioned, private employees are subject to a payroll tax equal to 33 percent of
their gross wage; however, only one-third of the burden is in the worker’s charge since
the remaining two-thirds are paid by employers; that is, the payroll tax in the employer’s
charge constitutes a sort of extra payment, not accounted for in the gross wages 11 . Selfemployed workers are instead subject to a payroll tax rate of 20 percent of their income,
obviously fully in their charge.
If we compute the RRs on income net of the contributions paid by the worker
(that is, gross of income tax only), we then expect a general increase in their level and a
reduction in the difference between the RRs of private employees and the self-employed.
As reported in Table 5, the median comprehensive (first plus second pillar) minimum
RRs under the 2008 reforms become equal to 85.8 and 79.7 percent for male and female
private employees, respectively, and 68.3 and 63.3 percent for male and female selfemployed, respectively. The optimal RR depicted in the behavioural scenario rises to
88.7 and 79.9 percent for male and female private employees, respectively, and to 70.6
and 63.3 for male and female self-employed, respectively.

That is, given a gross wage of 100 euro, the labour cost to the firm is 122 while the wage net of payroll taxes
is 89 euro.
11
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Table 5. Net RRs (no payroll taxes).
Nonbehavioural
Men
Women
Private Self Private Self

Behavioural
Men
Women
Private Self Private Self

Pre-1992

Median
Mean
Freq

74.58
75.20
2983

86.23
85.68
629

71.06
75.24
1888

82.95
83.58
328

75.56
76.16
2967

89.72
89.90
613

72.57
77.01
1886

83.39
84.22
328

1992

Median
Mean
Freq

77.38
78.48
2959

90.10
89.43
629

77.58
81.65
1880

86.36
86.51
328

78.92
80.20
2931

90.72
91.41
621

77.77
82.08
1879

86.14
86.50
328

1995

Median
Mean
Freq

54.13
56.82
2999

47.91
47.15
600

60.59
65.94
1868

46.20
46.09
328

60.28
64.79
2954

50.67
50.08
586

61.40
67.52
1866

46.78
46.43
328

2008

Median
Mean
Freq

71.71
74.83
2888

51.83
51.15
598

67.04
73.77
1858

48.58
48.59
328

74.14
77.61
2864

53.41
53.11
584

67.22
74.51
1857

48.62
48.81
328

2008
(I+II pillar)

Median
Mean
Freq

85.79
89.64
2888

68.34
67.64
598

79.68
87.53
1858

63.27
63.36
328

88.67
93.03
2864

70.56
70.32
584

79.89
88.41
1857

63.31
63.65
328

4.3 Assessing the pension system’s distributive properties
To synthesise the pension systems’ distributive impact, Table 6 reports the PVR
and Table 7 shows the RS index.
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Table 6. Median PVR by gender, scheme, and income quartiles — behavioural scenario.
PVR
Men
Private
Self

Women
Private
Self

PVR(25)-PVR(75)
Men
Women
Private
Self
Private
Self

Pre-1992

1.595

3.192

1.856

3.559

0.181

0.333

0.234

0.047

1992

1.522

3.146

1.719

3.270

0.236

0.089

0.261

0.046

1995

0.999

1.057

1.032

1.086

0.016

0.004

0.017

0.006

2008
0.990
0.996
1.019
1.020
0.012
-0.006
0.013
0.008
Note: PVR is the present value ratio, the ratio between the present value of the benefits that the worker will
receive in the future and the present value of the contribution paid during his working life, both valued at
retirement. The income quartiles are determined on the basis of the lifetime labour income valued at birth.
The PVR for the lowest income quartile is PVR(25) while the PVR for the highest one is PVR(75).

The pre-1992 Italian pension system was highly generous and highly
redistributive. As shown in Borella and Coda Moscarola (2006), such a redistribution was
both good — that is, directed towards low-income individuals — and bad — that is,
directed towards high-income individuals. The NDC system will instead be almost
actuarially fair, granting an internal rate of return of about 1.5 percent in real terms 12 and
cancelling out almost all the redistribution. As shown in the left panel of Table 6, in the
pre-reform system the PVR of private employees is around 1.6-1.9 and that for the selfemployed is around 3.2-3.6. In other words, that DB system is granting benefits to
workers about two to three times higher than what they paid in terms of contributions.
Under the NDC systems (1995 and 2008) the PVR decreases instead for all categories to
values ranging between 0.99 and 1.2, that is, it is very close to the actuarial equality
between contributions paid and benefits received.
The second panel of Table 6 shows the difference between the average PVR in the
lowest and in the highest income quartile. In the pre-1992 system, such a difference for
private employees is about 23 pp for women and 18 pp for men. For self-employed men
this difference is even higher, at 33 pp, while for women, on the contrary, it is only about

The return equals the expected value of the long-term real GDP growth embedded in the annuity rates
formula stated by 1995 reform.
12
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5 pp. This is a consequence of the fact that in the pre-1992 system the PVR granted to
self-employed women was quite high at all lifetime income levels.
The 2008 system, despite the general reduction in redistributive impact, is also
slightly progressive thanks to the minimum old-age allowance to which low-income
pensioners are entitled. The gap in the PVR of employees in the lowest income quartile
with respect to that in the highest income quartile is 1.2-1.3 pp. For the self-employed it
is instead virtually equal to zero; more precisely, for men it is slightly negative, meaning
that the system becomes somewhat regressive for them.
Table 7 reports the RS index that measures the (eventual) reduction in the income
concentration index brought on by the pension system. A positive RS index indicates that
the pension system is redistributing from the rich to the poor, since it reduces lifetime
income inequality.

Table 7. Gini indexes under the current regime and in the absence of any regime and RS
index by reforms (*100) — behavioural scenario.
Reform

RS index (*100)

Pre-1992
2.33
1992
2.70
1995
0.34
2008
0.26
Note: The Gini index is computed on lifetime resources (earnings gross of income and payroll tax, plus
gross benefits), valued at time zero. ‘Gini, no social security’ is computed on permanent labour income
(gross of income and payroll taxes) only, also valued at birth.

The overall effect of the first pillar pension system in reducing the income concentration
index ranges between 2.33 and 2.70 pp in the DB systems (i.e., pre-1992 and 1992
systems), while it is negligible under the NDC systems (0.34 and 0.26 in 1995 and 2008).
The second pillar, being actuarially fair, grants a PVR equal to 1 (and for this reason it is
not reported in the tables of this section) and, given the hypothesis about the equality of
the contribution rate among different schemes, does not change the overall redistributive
impact of the pension system. Finally, the results show that convenience in participation
and the redistributive impact of the pension systems do not change substantially between
20

the behavioural and nonbehavioural scenarios. Both the average PVR and the RS vary
only slightly when individuals optimally choose their retirement age instead of retiring as
soon as eligible.
5. Conclusions
This paper contributes to the literature on the adequacy and redistribution of
pension systems. We focus on the case of Italy, since it underwent three main pension
reforms during last 20 years with the aim of recovering long-term financial sustainability.
Italy shifted from a generous DB system — characterised by a short period for computing
pensionable earnings and very low age/seniority requirements to attain eligibility — to a
stricter DB — with a longer reference period for the computation of pensionable earnings
and higher age/seniority eligibility requirements. Italy then designed an actuarially fair
NDC system with flexible access to retirement — from the ages of 57 to 65 — and,
finally, shifted to a modified NDC with stricter age/seniority requirements. In particular,
the effects of this last, 2008 reform have not been studied much.
We approached the problem by adopting a microsimulation perspective. We built
CeRPSIM2, an upgrade of our previous cohort dynamic microsimulation model (Borella
and Coda Moscarola, 2006), in which we accounted for optimality in the individual
choice of retirement age by including a behavioural rule for retirement. We then
simulated the effects of different pension systems — as shaped by the various Italian
reforms — on a cohort of young individuals, born in 1995. We modelled retirement
according to two different rules: a non-behavioural approach, in which workers retire as
soon as they become eligible, and a behavioural approach, in which workers retire when
their utility is at a maximum.
The comparison between the behavioural and nonbehavioural approaches in
modelling retirement decisions allows us to better infer many consequences of the
various pension systems. It is a common perception that shifting from a generous DB
system to an NDC system induces individuals to postpone retirement in order to preserve
the adequacy of their pension benefits. Our research confirmed this but also highlighted
two additional and probably lesser known facts. Actually, the pre-reform scenario already
contained incentives for some categories to postpone retirement. This was the case, in
21

particular, for self-employed men who, despite the generosity of the pre-reform pension
rule, were entitled to low pensions and postponed retirement for adequacy reasons.
Second, women tend to always postpone less than men, demonstrating a higher
preference for nonworking time. The absence of any intervention policy to help women
in child care or adult care duties may be a cause. The ages around retirement are indeed
the ones where the risk of having to provide care to elderly parents or look after
grandchildren is highest.
By tightening eligibility requirements, the 2008 reform is expected to be binding
for private employees, whose optimal retirement age under the 1995 system is lower than
the minimum retirement age required after the 2008 reform. It is not binding, however,
for the self-employed, for whom it is convenient anyway to postpone retirement in order
to access to higher transfers. Concerning the adequacy of benefits, we found that
voluntary postponement of retirement and, above all, participation in the second pillar
would grant a comprehensive RR (first plus second pillars) comparable to the ones
obtained from the sole first pillar in the pre-reform regime. Of course, this comes at the
cost of renouncing severance pay and accepting the financial risk characterising pension
funds.
Finally, conclusions about the redistributive impact of the pension system change
only slightly when comparing the nonbehavioural and behavioural scenarios. The prereform DB system is far more generous and redistributive than the NDC one; however,
the pre-1992 social security system had a small impact in modifying the Gini
concentration index of lifetime income, indicating that the system was only moderately
progressive. The NDC system, being inspired to actuarial fairness, has instead almost no
effect on lifetime income distribution.
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Appendix - The microsimulation model
CeRPSIM2 is a microsimulation model designed to analyse the distributional features
embedded in the Italian pension system during its transition from a DB system to an NDC
system. It is composed of three main modules: the population, pension, and retirement modules 13.

A1.

The cohort population module

The module includes a demographic section and a labour market section, which simulate
all the main life events of individuals. Individuals’ transitions across different states (marital
status, labour status, etc.) are conditioned on individual socioeconomic characteristics and are
modelled throughout a Monte Carlo procedure, that is, they are evaluated by performing a
random draw from a uniform distribution and comparing it to the relevant probability taken from
available sociodemographic surveys or from national statistics data. If the value of the draw is
higher than the sample probability, the individual changes his status; if not, the individual remains
in the initial state.
Once individuals are born, their lives evolve according to various routines which
determine the day and month of birth, gender, region of residence, performance in the labour
market, family status, and survival. We illustrate these routines in turn after briefly describing the
data sources used.
A1.1.

Data sources

Transition probabilities are drawn from the national statistics (Istituto Nazionale di
Statistica, ISTAT) data and from two national micro datasets: the Bank of Italy’s Survey of
Households’ Income and Wealth (SHIW) and a sample of administrative data drawn from the
main social security scheme (Istituto Nazionale di Previdenza Sociale, INPS) archive.
The INPS archive officially records the complete earnings and contribution histories of
all participants, that is, employees in the private sector and some categories of self-employed
(craftsmen, tradesmen, and farmers). The available sample is formed by all individuals born on
March 5 — so that the theoretical sample frequency is 1:365 — and reports employment spells
from 1985 to 1998. The archive contains very rich information about the earnings histories of the
workers, recording spells of unemployment as well as labour income earned each year.
As typical with administrative data, demographic information is, on the other hand, less
rich: The sample records the date and province of birth of the worker, as well as gender. No
information about family status is available, or about the education level of the worker. For this
reason we complement it with information contained in the SHIW, which is run about every two
years since 1989 to 2006 on a representative sample of Italian households.
A1.2.

Life-invariant characteristics

At the beginning of the simulation of each cohort, a user-set number of individuals aged 0
are created. The life-invariant characteristics routine randomly assigns each individual a date of
birth, gender, and region of residence through a Monte Carlo procedure. In each cohort the date
of birth is uniformly distributed through the year: This feature of the program allows one to

13

This is an upgraded version of the appendix in Borella and Coda Moscarola (2006).
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accurately model the moment when a worker is eligible to claim a pension benefit according to
the so-called exit windows (which are indeed linked to the date of birth). Gender and region of
residence are randomly assigned according to the gender and the regional distribution of newborn
in the year 2002 (ISTAT, 2003a).

Table A1. Gender and region of residence incidence.
51.25%

Newborn males incidence
Dwelling place incidence
North

44.87%

Centre

19.15%

South

35.98%

Source: ISTAT, 2003a.
A1.3.

Mortality

In each time period every individual enters the mortality subroutine, which determines
whether that individual will survive or not in the simulated time period on the basis of genderspecific mortality tables. Individuals who are predicted to die in the simulated year still enter all
subsequent routines until the cycle for the year in progress is completed. Afterwards, they are
recorded as dead and are no longer taken into account in the population routines.
All our simulations are based on RG48 mortality tables. These are cohort mortality tables
elaborated by the State General Accounting Department (Ragioneria Generale dello Stato, RGS).
They originally refer to the cohort born in 1948 but can be extended to future cohorts by the
provided age-shifting formulas.
A1.4.

Education

In the program, individuals are forced into school until they turn 17 (that is, they
complete compulsory education). As recorded in the SHIW, the fraction of individuals who do
not complete compulsory education for cohorts born after 1950 is low and tends to 0 for younger
cohorts. In addition, according to Italian legislation, individuals cannot work before reaching the
age of 16, which means that they cannot start contributing into the pension system before then.
After completion of compulsory schooling, the individual decides whether to continue
studying or not. The routine models this decision as a random process and the probabilities of
getting a higher degree or a university degree are derived from the SHIW data. We assume that
the 1995 cohort, whose behaviour is currently unobservable, will reproduce the same education
shares of cohorts born between 1960 and 1979. Frequencies are allowed to vary according to
gender and region of residence (north, centre, or south).
We do not account for school dropouts and once an individual decides to start a cycle of
study, he or she completes it. This hypothesis is forced by SHIW data, which only report the
highest educational degree achieved by each individual. Individuals who choose not to continue
studying and individuals who complete their college enter the participation routine 14 .

14

Postgraduate education in Italy is still quite limited and is not modelled.
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Table A2. Education level by gender, region, and cohort (percentage).
North
Cohort 1960-1979
Compulsory school
38.4
High school
48.0
College
13.6
Source: SHIW, 2004-2006.
A1.5.

Males
Centre

South

North

Females
Centre

South

38.1
48.6
13.3

49.1
39.2
11.7

32.9
51.0
16.1

33.9
50.3
15.7

47.5
36.5
16.0

Participation

When individuals choose to no longer be students (or are forced to quit school by the
program because they are university graduates), they decide whether or not to enter the labour
force. This decision is modelled as a once and for all choice: if an individual decides to enter the
labour force, that individual will remain active in the labour market until retirement (or death),
possibly facing spells of unemployment. On the other hand, if an individual decides not to enter
the labour force, he or she will remain forever out of it.
Participation rates are specific for cohorts (born before and after 1968), gender, and
region and refer to the year 2002 (ISTAT, 2003b).

Table A3. Participation rates by cohort, gender, and region (percentage).
Men

Women

North Centre South

North Centre South

Cohorts born in 1968 or before 0.95 0.94

0.91

0.68

0.63

0.43

0.95 0.94

0.91

0.79

0.68

0.46

Cohorts born after 1968
Source: ISTAT, 2003b.
A1.6.

First job

An individual joining the labour force for the first time enters the first-job routine.
According to the observed probabilities, the individual can succeed in finding a first job in the
current year. If a job is not found, the individual is recorded as not employed and will re-enter this
routine in the following time periods. The probability of finding a first occupation is drawn from
SHIW data for the only cohort for which this kind of information is available (individuals born
between 1970 and 1979). We assume the same probabilities apply to the 1995 cohort. The
probabilities also vary according to age class (younger or older than 24 years), gender, and region
of residence (north, centre, and south). As the probabilities vary according to age class, we
implicitly take into account the education level (college graduates enter the labour force after they
turn 24).
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Table A4. Probability of unemployment conditional on looking for a first job (percentage).
Males
Cohort 70-79
North
Centre
South

Younger than
24 years

24 years or
older

9.2
24.9
51.2

5.3
13.3
32.2

Younger than
24 years

24 years or
older

Females
Cohort 70-79
North
18.0
Centre
27.9
South
66.5
Source: SHIW, various years.
A1.7.

6.8
16.5
47.8

Kind of employment and social security scheme

Once an individual finds an occupation, he or she is randomly assigned to a social
security scheme and a professional qualification. These characteristics do not change throughout
the individual’s lifetime.
The assignment of the social security scheme proceeds in two steps: A first random draw
determines to which of three main schemes the worker belongs: private sector employees), public
sector employees, or self-employed. The relevant probabilities, computed from the SHIW data,
vary according to region of residence (north, centre, or south), education level (mandatory school,
high school, or university degree), gender, and cohort (born before or after 1960).
A second random draw determines the social security sub-scheme to which the worker
belongs, when relevant: ‘regular’ private sector employee (86.7 percent or agricultural worker
(13.3 percent) if the main scheme is private sector employee and craftsman (40 percent),
tradesman (40 percent), or farmer (20 percent) if the main scheme is self-employed. The
appropriate frequencies are computed from our administrative data sample. Although a variety of
different social security sub-schemes also exist in the public sector, all public workers are
modelled as belonging to the main sub-scheme 15 .
A third random draw determines, where relevant, whether the individual is white collar or
blue collar, conditional on the individual’s scheme. Individuals who start working before age 18
are registered as blue collar, individuals who start working after that age have a probability of 35
percent of being blue collar in the private sector and of 10 percent of being blue collar in the
public one 16 . These frequencies are computed from the administrative data (SHIW for public
sector workers) without any further sub-grouping, since the number of observations at this level
of disaggregation is limited.

That is, the sub-scheme for local government employees (CPDEL).
According to both administrative data and the SHIW sample, blue collar workers are about 70 percent of all
workers employed in the private sector, irrespective of their age at entry into the labour market. As for the
public sector, according to the SHIW sample, blue collar workers comprise about 20 percent.
15
16
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A1.8.

Number of weeks

Conditional on having a job and on the number of weeks worked in the previous year,
this routine determines the number of weeks worked.
We compute sample frequencies separately for private employees and employees in the
agricultural sector. To do so, we take two steps: We first discretise the number of weeks worked
each year in our administrative panel into six classes (0, 1-13, 14-26, 27-39, 40-47, 48-52) and
then we compute transition probabilities for each age class (16-24, 25-34 and 35-64) and for each
region (north, centre, and south).
For the self-employed, we assume that, conditional on working, they work 52 weeks per
year 17 . Using our administrative sample, we compute the probabilities of being unemployed
conditional on the past year’s employment status. These probabilities vary according to age (in
classes), gender, and region of residence 18 .
Public sector employees do not face unemployment spells: on the one hand, we lack data
to compute unemployment probabilities for this group of workers; on the other, it seems a
reasonable assumption given the stability of work relationships in the Italian public sector.
A1.9.

Earnings

Earnings profiles have been estimated on administrative data separately for private sector
and self-employed workers, men and women, white and blue collar19 .
The estimated equation is

ln y it = xit β + γ i + ε it

ε it = ρε it −1 + η it
2
γi ~ (0, σ γ ) ;

2
ηit ~ (0, σ η )

where xit is a vector of individual characteristics, including a constant, a polynomial in age (third
degree for self-employed, fourth degree for employees), cohort dummies (cohorts 1935, 1945,
1955, 1965, 1975), regional dummies (north, centre, south), and time dummies, which are
assumed to sum to zero and be orthogonal to a time trend.
The unobserved component is assumed to be the sum of a random effect (γi) which does
not vary over time and is uncorrelated with the explanatory variables included in the equation,
plus an AR(1) component with parameter ρ. The AR(1) process plus an individual random effect
has been found to be a good characterisation of the unobserved component of earnings in Italy in
previous work (Borella, 2004).

According to our administrative data, the fraction of self-employed working less than a full year is negligible
and we do not model it.
18 Due to sample size, the probability of being employed conditional on being unemployed in the previous year
varies only according to age class and gender.
19 The self-employed are further differentiated into craftsmen and tradesmen, excluding farmers. In our
administrative sample farmers who do not report zero income are fewer than 5 percent, resulting in a sample
size too small to estimate the income profile. The zero-income report is mainly due to the pension legislation
which requires a minimum payroll tax to be paid up to a threshold. All farmers with incomes below that
threshold (i.e., the vast majority) report zero income and pay the minimum payroll tax.
17
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In the microsimulation model, each individual is given an average log earnings profile for
his or her age and group (defined by cohort, gender, region, and occupation) plus an error term
formed by the sum of the two unobserved components. The first one is drawn from a normal
2
distribution with variance σ γ at the beginning of active life and it permanently shifts up or down
the average profile for the individual to whom it refers. The second component, which is also
individual specific and varies over time, is formed by the shock from the previous period times
the autoregressive parameter ρ plus an error term drawn from a normal distribution with variance
σ η2 .

Table A5. Estimates for unobserved error components.

ρ

Blu
collar
0.432

Males
White
collar
0.529

ση

0.126

σγ

0.242
A1.10.

Selfemployed
0.165

Blu
collar
0.419

Females
White
Selfcollar
employed
0.440
0.070

0.110

0.313

0.175

0.162

0.309

0.335

0.263

0.332

0.360

0.229

Marital status

In this routine individuals are recorded as children (as opposed to heads of households)
until they finish their schooling years. When they are between 14 and 50 years of age, provided
they are no longer students, they may get married according to the gender- and age-specific
probabilities available from the 1991 census data. Conditional on being married, an individual
faces the possibility of becoming divorced (probabilities also available from 1991 census data) or
widowed according to the mortality table used in the program. It should be noted that we do not
explicitly model the spouse or his or her income. Marital status becomes relevant, however, when
computing individual social security wealth.

A2.

The pension module

The pension module is a very detailed module able to compute pensionable earnings and
contributions paid, check the eligibility requirements, and compute the pension benefit for a
number of schemes and for different regimes. Pension benefits of the first and second pillars are
computed for individuals who retire from the year 2000 onwards.
The program is able to replicate the pre-1992-reform regime as well as each of the
subsequent reforms, up to 2008. As described in the main text, the most important ones are (1) the
1992 reform, which modified the DB regime, (2) the 1995 reform, which introduced the NDC
scheme, and (3) the 2008 reform, which tightened eligibility requirements. In addition, the same
module computes the minimum pension — applying to retirees in the DB system — and old-age
income maintenance — applying to nonretirees in the DB system and to all individuals in the
NDC scheme.
The schemes covered, as already mentioned, are private sector employees, employees in
the agricultural sector, public sector employees, and the self-employed, the latter categorized into
craftsmen, tradesmen, farmers, and farmers in disadvantaged regions. All these schemes greatly
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differed in eligibility rules, payroll taxes and the computation of benefits until the 1995 reform
imposed uniformity. The equalising process, which has been gradual, is at present almost
complete. Differences in the definition of pensionable earnings (or income) and in payroll tax
rates are nonetheless also maintained in the future.
This module further computes for each individual the present value of payroll taxes paid
during the whole working life and the present value of the pension benefits to be received. These
two quantities are the building blocks for various money’s worth measures used in both the
retirement module and our analysis. Finally, this module computes a measure of permanent
income, defined as the present value at birth of lifetime working incomes.

A3.

The retirement module

This module is able to simulate the retirement decisions of individuals according to two
alternative criteria.
According to what we named the nonbehavioural scenario, individuals are assumed to
claim their pension benefits as soon as they are eligible. This requires not only that they meet the
minimum eligibility requirement but also that they wait for an exit window to become active 20 .
Second, we model retirement behaviour in a probabilistic way using the coefficients of
the probit estimates by Alessie and Belloni (2009). Their estimates are based on a sample of
Italian administrative data (such as the one we use to estimate earnings profiles) which includes
complementary files. The strength of their work lies in the availability in their data of actual
seniority at retirement: This information allows one to precisely estimate the effect of money’s
worth measures on the probability of retirement. The authors use data covering the period 19852000 and provide separate estimates for males and females. The main money’s worth measures
used in these estimates are the present value of pension benefits (PVB) and the peak value (PV),
defined as the maximum forecasted accrual at each age. In particular, the present value of pension
benefits for an individual of age a evaluating retirement at the same age a is defined as

PVBa ,a =

T

∑ ρ (s)B

s = a +1

a

(s)

where T is the life span, ρ is the discount factor at age s (which includes the real interest rate, the
conditional survival probability, and accounts for survivor benefits), and B(s) is the pension
benefit received at age s. The present value of benefits for a worker of age a who evaluates
retirement at a subsequent age h takes into account the contributions that are still to be paid:

PVBa ,h =

T

∑ ρ (s)Bh (s) −

s = h +1

h

∑ ρ ' ( s ) c( s)

s = a +1

where the discount factor used for contributions ρ ' includes the real interest rate and the
conditional survival probability. The peak value, used as a measure of marginal incentive in the
probit specification, is defined as

PV a = max (PVB a ,h − PVB a ,a )

h = a + 1, ..., R

Workers eligible to claim a pension can retire only in certain predetermined periods during the year (the socalled exit windows).
20
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that is, the maximum accrual forecast at age a up to the maximum age of retirement R — assumed
to be 70 years both in Alessie and Belloni (2009) and in our simulations.
Since Alessie and Belloni’s (2009) estimates are based on PVB and PV evaluated in
2006, while our workers are born in 1995 and retire after 2030, we scale back to 2006 our PVB
and PV measures (as well as other monetary variables) in order to take into account inflation and
economic growth. Other covariates include occupation and geographical area; the coefficients we
use are reported in the next table.
Table A6. Probit estimates for the probability of retirement.
Variable
PVB
PV
Earnings
Age
PVB_0
PV_0
White collar
Manager
North-east
Centre
South
Cohort (average)
Industry (average)
Constant
σα

Males
0.0201566
-0.1804432
-0.5205978
0.1084939
0.0158636
0.0263811
-0.0399982
-0.2653279
-0.1028228
-0.2145893
-0.2573966
0.1752371
-0.23174075
-6.635366
0.187

Females
-0.0169801
-0.2360941
-0.506908
0.2555567
0.0451497
0.0562307
-0.0858914
-0.065222
-0.1451506
-0.162346
-0.1344933
0.133720814
0.011557756
-14.26158
0.209

Note: Probit coefficients from Alessie and Belloni (2009): dependent variable =1 if a worker decides to
retire, =0 otherwise; specification with PV and no age dummies. We use the average of the coefficients for
the cohort as we have only a single cohort (not covered in the estimates) and we specify no industry in our
artificial population. Here PVB_0 and PV_0 are the present value of benefits and the peak value in the first
year of eligibility, respectively, and are included to account for the correlation between unobserved
heterogeneity and explanatory variables (i.e., a quasi-fixed effect approach is used). The uncorrelated part
of the unobserved heterogeneity is α with standard deviation σα reported in the table.
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