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Essays on Differentiated
Pension Systems

Abstract

This thesis is composed by three chapters in the form of self-contained
works.
The first work builds up a model to analyse the interaction between flexi-
ble contracts and pension systems in interconnected environment which al-
lows obtaining heterogeneous labour careers featuring life cycle unemploy-
ment, flexible wage-tenure contracts. These are used as base to compare
performances of two standard pension regimes, a Defined-Benefit (DB) and
a Defined-Contribution (DC), in terms of financial sustainability and ade-
quacy (income maintenance, inequality and poverty in old age). It results
that a DC is more sustainable and adequate than a DB, despite the latter
delivers higher pensions. Two standard variants of DC are also presented, in
which the pension contribution rate is differentiated by worker’s age (DAC)
and tenure of contract (DTC). These differentiated designs outperforms the
standard DB and DC in all four dimensions.
The last two chapters are empirical works which focus on the Italian popu-
lation. They document a persistent and not decreasing heterogeneity in life
expectancy across geography and education, respectively, and update the
empirical evidence until recent years. Gender and age specificities are also
considered. Unlike previous works, these two contributions use available data
to cover also the last decade or so. The systematic dispersion of longevity,
interacting with a public pension system, triggers an implicit tax/subsidy
mechanism penalising/favoring tho who live less/more than commonly as-
sumed by the pension formula through a homogeneous factor for residual
life expectancy. These rates are estimated and a corrective policy based on
gender-differentiated is proposed. Application of gender-specific values for
life expectancy alleviates the intensity of the implicit transfer mechanism.
Overall, these works call for a differentiated design of public pension regimes
in the face of an increasing heterogeneity both before retirement, in terms
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of labour careers and, at retirement, in terms of residual life expectancy.
Differentiation of contribution formula, by worker’s age or by tenure of the
contract, and of pension formula, by worker’s gender, can be promising poli-
cies aimed at restoring the financial sustainability, adequacy, actuarial fair-
ness and progressivity of public pension systems in an ageing heterogeneous
society.
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Flexible Contracts, Pension Systems and
Differentiation of Contributions

Fabrizio Culotta∗

Abstract

This work builds an OLG model to highlight the interaction be-
tween flexible labour contracts and unfunded pension systems.
The model features life cycle unemployment in the short-run, wage-
tenure contracts and a public pension system. Model dynamics is able
to produce relevant demographic, labour market and pension statistics
in a unified modelling framework. It also reproduces some empirical
patterns observed in Europe and Italy over the last two decades. In
this environment, performances of Defined-Benefit (DB) and Defined-
Contribution (DC) pension regimes are compared in terms of finan-
cial sustainability and pension adequacy expressed as income mainte-
nance, inequality and poverty among retirees. A differentiated design
of DC is also presented, where the contribution rate is differentiated
by worker’s age the tenure of the contract.
DB offers higher pensions, it is less sustainable than DC. DC is asso-
ciated to lower pension inequality and poverty. Differentiated pension
regimes outperforms the standard DC in all dimensions but not in in-
equality. A sensitivity analysis to model paramters and to alternative
scenarios confirms these conclusions.
Despite the model is mechanical, a behavioural extensions regarding
a reservation strategy in the context of wage-tenure contracts is also
considered. Several extensions are identified and left to future re-
search.
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1 Introduction

Over the last quarter of century, labour markets and pension systems have
been deeply reformed. From one side, an increasing demand for labour flex-
ibility created new types of contracts, e.g. part-time and temporary, beside
the typical full-time and permanent relation (Atkinson, 1984; Wilthagen and
Tros, 2004; Corvers et al., 2012). Figure 1 shows the time series for each type
of contracts in EU-15 and, in particular, in Italy over the years 1997− 2015.
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Figure 1: Employment share (%) in full-time, part-time, permanent and tem-
porary contracts over 1997-2015 in EU-15 and in Italy. Source: author’s own
elaboration on OECD data.

The resulting coexistence of different contracts has contributed to lower
the average employment tenure through less costly layoffs and more frequent
terminations. In some countries, the proliferation of flexible contracts has
actively contributed to the raise of inequality especially for middle-aged and
old workers.
From the other side, population ageing urged politicians to reform the eli-
gibility requirements to access pension benefits. Common pension reforms
increased the minimum numbers of years of contributions required, tha in
case of interrupted careers make difficult for workers to be fully entitled to
old-age pensions Hinrichs and Jessoula (2012). The process of population
ageing is still a persistent phenomenon, as shown in figure 2. The most ex-
treme age groups, i.e. 15 − 24 and 65+, exhibit opposite trends. While the
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share of population aged 15 − 24 declined from 13.29% in 1997 to 11.25%
in 2016, that of age 65+ increased from 15.6% to 19.72%. All other age
groups steadily remain within the range of 5− 8%. Profiles for Italy, one of
the most longeve conutry in the world, show a similar pattern. Age group
15 − 24 reduces its share from 13.3% in 1997 to 9.8% in 2016. Those aged
65+ increases from 17.2% in 1997 to 22% in 2016.
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Figure 2: Population share (%) by 5-years age classes for EU-15 and for Italy
during 1997− 2016. Source: author’s own elaboration on Eurostat data.

From a dynamic perspective, figure 3 population ageing can also be de-
picted in terms of evolution of share of population by age classes.
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Figure 3: Distribution of population share (%) by 5-years age classes for the
averaged EU-15 and for Italy in 1997, 2006 and 2016. Source: author’s own
elaboration on Eurostat data.

As expected, the median class increases from 25− 35 in 1997 to 30− 40
in 2006 to 40− 50 in 2016.
In order to react to population ageing as well as to past fiscal imbalances,
governments have been forced to undertake pension reforms. Retrenchment
measures ranged from increases in mandatory retirement age to shifts from
DB to DC, to reductions in pension benefits, to tighter eligibility require-
ments, to penalties for early retirement. This notwithstanding, pension ex-
penditure remains a the biggest component of public expenditure among
Europeans countries, and old-age pension is even increasing since 2010 as
shown in figure 4.
Supplementary schemes in II (occupational) or III (private) pension pillars
have also been proposed and publicly incentivised but without satisfactory re-
sults, apart from those countries where participation has been set on manda-
tory basis1.

1Eurostat data for EU-12, show that all countries maintain a level of pension assets on
GDP below 15% throughout the period 2001-2016. Notable exceptions are the Netherlands
(above 100%), Denmark and Finland (both around 50%).
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Figure 4: Public pension expenditure (% GDP) over 1997 − 2016 distin-
guished as total public expenditure (TOT), social security (SOC), old-age
pension (OLD), sickness pension (SICK), survivorship pension (SURV) and
non elsewhere classified pension (N.E.C.). Source: author’s own elaboration
on Eurostat data.

In a context of unfunded pension systems, a falling job tenure weakens
the pension contribution inflow and, ceteris paribus, the associated fiscal bal-
ance. While the well-known population ageing implies an increase in the
pension outflow due to increased longevity, shorter and more interrupted ca-
reers directly lower resources withdrawn from currently employed workers to
finance currently retired workers. In such a scenario, contract flexibility is
likely to lower the extensive margin of pension contributions, i.e. the number
of contributors per unit of employment. If, as often the case, atypical jobs
are also associated to lower wages, contract flexibility also reduces the inten-
sive margin of pension contributions, i.e. the level of pension contributions
per unit of employment. Pension contribution margins are thus affected by
labour market institutions governing employment flows, i.e. the extensive
margin of pension contribution, and labour wealth, i.e. the intensive margin.
European countries differ not only in terms pension regimes, but also in
terms of labour market institutions. These differences are likely to have a
different impact on pension systems. Indeed, the same institution can have a
different impact depending on the specific pension regime in place. Following
this line of reasoning, the analysis of the relation between contract flexibility,
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from one side, and financial sustainability and adequacy of pension regimes,
from the other, can be a good reason to study the interplay between labour
markets and a more appropriate design of the public pension system2.
From a theoretical viewpoint, the connection of a life cycle model of un-
employment featuring wage-tenure contracts in order to analyse the labour-
pension nexus has not been proposed yet in the economic literature. This
work tries to fill this gap by building a simple OLG model featuring life cycle
unemployment, wage-tenure contracts and an explicit post-retirement period
in which performances of standard and differentiated pension regimes are
compared. In doing so, this work answers the following research question: in
an economy featuring unemployment and flexible contracts, how traditional
DB and DC public pension regime behave in terms of financial sustainability
and adequacy? Can a differentiated design lead to an improvement?
As byproduct, this work offers a modeling framework where labour careers
are endogeneously produced and performances of pension systems are explic-
itly interconnected. This integrated framework could help to have a more
transparent understanding of the interplay between labour markets and pen-
sion systems.

Structure. This paper is organised as follows. Section 2 reviews the lit-
erature about unemployment and pension systems. Section 3 describes and
calibrate the model. Section 4 presents baseline results. Section 5 con-
cludes. Appendices A and B provide sensitivity analysis of model outcomes
to changes in model parameters and alternative scenarios, respectively. Ap-
pendix C reports the empirical validation of the model. Finally, appendix D
obtains an explicit formula for the reservation wage in the context of flexible
wage-tenure contracts.

2Note that since 2012, in EU, the Social Protection Committee through the Social
Protection Performance Monitor also poses attention on labour market exclusion, pension
adequacy and poverty. This seems to embrace a more integrated view between labour
markets and pension systems.
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2 Literature Review

The economic literature on labour markets and pension systems has been de-
veloped on two distinct branches. While equilibrium unemployment theory
has become the reference modeling framework for labour market dynam-
ics, almost all works explicitly dealing with pensions adopt a Neoclassical
framework where employment is assumed as an absorbing state and wage is
retrieved via a factor price equation3. Instead, labour market frictions mat-
ters when one approaches to the analysis of retirement and the dynamics of
pension systems De La Croix et al. (2013); Hairault et al. (2015).
The theory of equilibrium unemployment analyses the dynamics of workers
flows and wages, stressing the role of labour market institutions Pissarides
(2000). This framework has been extended along several directions. In par-
ticular, in a context of random search, the single-price wage offer has been
extended to a bi-dimensional wage-tenure structure to study the problem
of worker’s retention Burdett and Coles (2003, 2010); Stevens (2004); Fried-
berg et al. (2006)4 For models with directed search and wage-tenure contracts
(Shi, 2009; Rudanko, 2009; Tsuyuhara, 2016). Unfortunately, none of these
models considers a life cycle dimension, which is an essential feature to study
retirement and pension systems. Also works that focus on contract duality,
i.e. the coexistence of temporary and permanent contracts, abstract from life
cycle considerations (Smith, 2007; Berton and Garibaldi, 2012; Kahn, 2012;
Faccini, 2013; Berson and Ferrari, 2015; Di Cintio and Grassi, 2015; Osuna
and Garcia-Perez, 2015; Cahuc et al., 2016; Tejada, 2017).
On the contrary, life cycle models of frictional unemployment, introduced
by Cheron et al. (2013), are able to reproduce the U-shaped age-profile of
unemployment. Saint-Paul (2009) shows that presence of a mandatory age
for retirement makes workers less employable once they approach to retire-
ment, so called end-game effect. Hairault et al. (2010, 2015) investigate the
relation between employment status and early retirement choices to conclude

3Within the literature of macroeconomic growth, Corneo and Marquardt (2000);
Brauninger (2005); Ono (2007, 2010); Thøgersen (2010) add unemployment to the analysis
of pension systems but within a three-period OLG framework. Abstracting from unem-
ployment, see also Sommacal (2006) for a 2-period OLG model which introduces endo-
geneous labour supply to analyse the intergenerational distribution associated to pension
systems.

4Indeed, the first model with bi-dimensional contract was that of McCall (1970), pre-
sented as (incomplete) extension of single-price reservation wage model.
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that they retire earlier if unemployed since being closer to retirement age re-
duces the probability of finding a job, so called distance-to-retirement effect.
Unfortunately, these works featuring life cycle unemployment focus either
on single-price wage posting, as Saint-Paul (2009); Hairault et al. (2010);
Sabatier and Legendre (2017), or wage bargaining, as Khaskhoussi (2009);
Cheron et al. (2013); De La Croix et al. (2013); Hairault et al. (2015); Batyra
et al. (2017)5. Instead, rigidities implied by wage-tenure contracts can help
to better understand unemployment dynamics Burdett and Coles (2003).
Moreover, these life cycle models do not consider a post-retirement, nor they
analyse the implied distribution of pension wealth. They focus on the un-
derstanding on the relation between labour market conditions in old age and
early retirement behaviour.
Overall, no model of frictional unemployment offers a life cycle framework
where firms post wage-tenure contracts, essential feature to analyse the in-
terplay between contract flexibility and the performances of pension systems.
Out the literature on frictional models, De Freitas et al. (2011) for France
and Bravo and Herce (2017) for Spain and Portugal are the first works that
explicitly focus on the impact of unemployment spells on pension entitle-
ments. For example, Bravo and Herce (2017) analyses the Portuguese and
the Spanish DB public pension systems to conclude that, unless occurring
within the time window adopted to compute the reference wage, unemploy-
ment breaks do not impact on pension entitlements. Accordingly, this can be
considered the first work which combines unemployment and flexible wage-
tenure contracts in a complete life cycle framework to generate individual
labour careers which, on their turn, are used to study performances of pen-
sion regimes in terms of financial sustainability and pension adequacy among
retirees. Implicitly, in doing so, for the first time, this work tests the design
of DC pension regime, as proposed by Castellino (1969), to a context of
frictional unemployment and flexible contracts and proposes a new variant
based on the differentiation of the pension contribution rate along worker’s
age and the tenure of the offered contract.

5In particular, Batyra et al. (2017) shows that a time-declining workers’ bargaining
power and matching efficiency are responsible for early retirement in France and Germany.
The argument of a weaker bargaining power can also justify the increase of contract
flexibility which increases unemployment among old workers and, thus, the incidence of
early retirees Hairault et al. (2010).
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3 Model

3.1 Life Cycle, Unemployment and Flexible Contracts

Consider an OLG economy populated by workers receiving flexible wage-
tenure contracts when unemployed and a public pension system run on an
unfunded basis. The economy is stationary since there are no aggregate
shocks. In each period a cohort composed by I workers indexed by i enter
the labour market aged a = amin as unemployed. The model abstracts from
labour market participation, so labourforce and population coincide. Workers
retire when aged aret and leave the economy when they reach amax > aret.
Workers who exit are replaced by new entries so there is not labourforce
growth.
Workers are heterogenous not only along the age dimension. Within the same
cohort they also differ with respect to their labour market careers. Workers
do not interact, they have no choices nor endowments and supply an indi-
visible amount of labour 6. When active, i.e. a < aret, workers can be either
unemployed, µi,a = 1, or employed, µi,a = 0.
If unemployed, the i-th worker aged a receives a wage-tenure contract (w, t)i,a
according to a random posting mechanism7. A wage-tenure contract is com-
posed by a wage wi,a ∈ [wmin, wmax] ⊂ R++ and a tenure ti,a ∈ [1, aret −
a − 1] ⊂ N ∗, where each component is independently drawn from its own
pdf fW (·) and fT,a(·) respectively8. This assumption of inter-independence
allows to distinguish between changes in the extensive and intensive margins
of pension contribution associated to changes in wage and tenure components

6In this baseline version, extensive and intensive margins of labour supply are excluded.
The extensive margin of labour supply is formulated in terms of reservation-wage strategy
in appendix D. While the intensive margin, modelled as a choice of search, is left to
further research. Aguiar et al. (2013), using MTUS data, reports that age profile of search
intensity varies across countries. In Italy such a profile is constant whereas elsewhere is
monotonically decreasing (France, Germany, Spain, UK) or hump-shaped (US).

7Regarding wage determination, Brenzel et al. (2013) finds for Germany concluding
that posting is about two-third of employment. This concerns employees in large firms,
public sectors, firms covered by collective agreements, part-time and fixed-term contract.
See also Hall and Krueger (2012) for the US labour market.

8In the literature of frictional unemployment, also Hairault et al. (2010) and Rendon
(2006) assume that wage draws come from an exogenous distribution (Log-Normal and
truncated Log-Normal, respectively), while Low et al. (2010); Lammers (2014); Michelacci
and Ruffo (2015) estimate the wage distribution from empirical data. But all these models
assume a unidimensional structure for single-price employment contracts.
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of contracts, respectively. On the other side, it does not allow to capture the
positive relation between wage level and contract duration. As in Rudanko
(2009), where offered contracts are specified as a collection of wage payments
conditional on continuation of the employment relation, a wage-tenure con-
tract (w, t)i,a drawn by i-th worker when unemployed and aged a is specified
as a sequence of ti,a payments of wage wi,a indexed by τ . The associated
wage schedule is defined as:

(w, t)i,a = {wi,a+1, ..., wi,a+ti,a} = {wi,a+τ}
ti,a
τ=1 (1)

where wi,a+τ = wi,a for any τ = 1, ..., ti,a since wage growth and severance
payments are excluded from the model. With probability φ, which represents
the hazard from unemployment, the i-th worker will be hired with contract
(w, t)i,a starting from next period when aged a+ 1, otherwise he will remain
unemployed also next period. This assumption of one period lag from unem-
ployment to employment status is justified by the fact that wages are paid
one month after the beginning of the employment relation. Moreover, as in
Cheron et al. (2013), this implies that for unemployed workers the last period
of a fruitful job search is two periods before retirement.
When the employment relation is ongoing, i.e. when τ < ti,a, the i-th worker
can be fired according to the tenure-specific probability λi,a = λi,a(λ, ti,a)
with λ representing the unconditional firing probability9. If not fired, he will
remain employed next period, i.e. µi,a+1 = 0. Instead, if the employment
relation is terminated, i.e. τ = ti,a, he will become unemployed next pe-
riod. Overall, the individual unemployment dynamics obeys to the following
non-homogenous first-order difference equation evolving in discrete time:

µi,a+1 = µi,a(1− φ) + (1− µi,a)[(1− εi,a)λi,a + εi,a]

= µi,a(1− φ) + (1− µi,a)
{[

1−
(
1− λi,a

)ti,a−1
]
λi,a +

(
1− λi,a

)ti,a−1
}

= µi,a(1− φ) + (1− µi,a)
[
λi,a +

(
1− λi,a

)ti,a]
(2)

where εi,a = 1 if the contract of worker i when aged a has arrived to the
last payment, i.e. it has terminated, and zero otherwise. The second line is

9Since workers cannot voluntarily quit the employment relation, job fires and separa-
tions are used as synonymous. An ad hoc is to include voluntary quits. This is left to
future research
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obtained by noting that εi,a expresses the probability of arriving at the end
of the contract, i.e. not being fired before. In symbols:

εi,a = Pr[τ = ti,a] =

ti,a∏
ε=1

Pr[τ = ε] = (1− λi,a)ti,a−1

Under this form, the tenure of contract ti,a explicitly enters into the structural
equation for unemployment dynamics at individual level. Overall, workers
aged a will be unemployed if they do not receive a job offer when unemployed,
µi,a(1 − φ), if hey are fired when employed, (1 − µi,a)(1 − εi,a)λi,a or if the
employment contract terminates, (1 − µi,a)εi,a. Even if unemployment is
involuntary since workers have no choices, it is frictional due to the role of
probabilities of job arrival φ and separation λi,a as wella as the tenure of the
employed contract ti,a. Figure 5 provides a minimal example in the form of
a tree representation for the dynamics of a worker associated to a job offer
(w, t)i,a for ti,a = 2.

µi,a+2 = 0

µi,a+1 = 0 µi,a+3 = 1

µi,a = 1 µi,a+2 = 1

µi,a+1 = 1

(w,
2)i,a

φ

1− φ

wi,a+
1

= wi,a

1− λ
i,a

(λ,
2)

λ
i,a(λ, 2)

w
i,a+2 = w

i,aεi,a+3 = 1

Figure 5: Binomial tree associated to a wage-tenure contract (w, t)i,a of wage
wi,a and tenure ti,a = 2 drawn when worker i is aged a and unemployed.
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At aggregate level, the cohort-specific steady-state dynamics of unem-
ployment for workers aged a, µ∗

a, is given by:

µ∗
a =

(1− εa)λa + εa
φa + (1− εa)λa + εa

=
λa + (1− λa)ta

φa + λa + (1− λa)ta

(3)

where φa = φ
∑I

i µi,a
I

, εa =
∑I

i εi,a
I

=

I∑
i=1

(1−λi,a)ti,a−1

I
and λa =

∑I
i λi,a
I

repre-
sent hiring, termination and separation rates among workers aged a. In the

second line, ta =

I∑
i=1

ti,a

I
represents the average tenure of contracs among em-

ployed workers aged a. Note that, unlike the canonical search and matching
framework of equilibrium unemployment Pissarides (2000), a new friction is
considered, namely rigidities from wage-tenure lotteries. This adds a new
institution in the labour market, i.e. the contract termination rate, which
allows considering workers being unemployed because of the natural expi-
ration of the contract. Together, equations 1 and 2 produce heterogeneous
labour market careers at individual level, a novel feature in the literature of
frictional labour market models.
When employed with an ongoing contract with wage wi,a and tenure ti,a for
a current tenure 1 ≤ τ ≤ ti,a, the i-th worker pays pension contributions
pci,a,ps defined as the product between wage and the pension contribution
rate rpc,ps specific to each pension regime ps. When retired, i.e. a = aret,
each worker receives a pension benefit pi,aret,ps depending on his own labour
career10. A pension regime ps specifies a rule for pension contributions pci,a,ps
and a formula for pension benefits pi,aret,ps which will be defined next. When
workers reach age amax, they exit the economy.
Performances of each pension regime are evaluated in terms of financial sus-
tainability and adequacy. Financial sustainability Bps of each unfunded pen-
sion system are measured as the difference between current inflow of pension

10The model abstracts from inflation and pension benefits remain constant over time.
Also the relation between pension benefit and tax loading is not considered. Instead,
in real world, pension benefits are either back-loaded, i.e. pension contributions are not
deductible and pension income is tax-exempted, or, viceversa, front-loaded (e.g. in Italy).
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contributions pci,a,ps and current outflow of payments pi,a,ps:

Bps =
aret−1∑
a=amin

I∑
i=1

pci,a,ps −
amax−1∑
a=aret

I∑
i=1

pi,a,ps

=
aret−1∑
a=amin

I∑
i=1

(1− µi,a)rpc,pswi,a −
amax−1∑
a=aret

I∑
i=1

pi,a,ps

=
aret−1∑
a=amin

(
1− (1− εa)λa + εa

φa + (1− εa)λa + εa

)
︸ ︷︷ ︸

Extensive Margin

(
rpc,pswa

)
︸ ︷︷ ︸
Intensive Margin

−
amax−1∑
a=aret

pa,ps

(4)

where wa =
∑I

i wi,a

I
and pa,ps =

∑I
i pi,a,ps
I

denote the sum of employed wages
among workes aged a and the sum of pension received by retired workers,
respectively. Note that, for sake of simplificty, the balance equation for
the pension system excludes the existence of buffer fund (Holzmann and
Palmer (2006), ch. 7). The second line is obtained by considering that
pension contributions pci,a,ps only come from the pool of employed workers
whereas figurative contributions on unemployed workers are neglected, i.e.
pci,a,ps = (1 − µi,a)rpc,pswi,a. The third line is obtained by aggregating over
individuals and recalling equation 3 for steady-state dynamics of unemploy-
ment µ∗

a. More importantly, the third line explicit the contribution margins.
The extensive margin of pension contributions, measuring how many workers
contribute, negatively depends on the level of unemployment withing each
cohort aged a. The intensive margin, measuring how much employed workers
contribute, directly depends on the sum of wages wa received by each cohort
of workers aged a as well as on the level of the pension contribution rate rpc,ps.
Together, extensive and intensive margins represents the density of pension
contribution (Valdes-Prieto, 2008; Chavez-Bedoya, 2017). Indeed, a further
margin can be identified from the structural equation of the pension system
balance. This margin represents the length of the active period within which
workers contribute if employed and it is given by the difference between the
entry age amin and the statutory retirement age aret. I call this margin du-
rational. The lower amin, vel the higher aret, the longer it is. On this point,
see also Patriarca (2018) and the analysis therein on the balance sheet effect
of an unfunded DC pension regime when life expectancy, retirement age and
entry age in the labour market vary by cohort.
Adequacy of pension regimes is evaluated in terms of income maintenance,
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inequality and poverty among retirees. Income maintenance is measured
as the ratio between the average pension p̄ps and the average one-year-pre-
retirement wage among employed workers w̄pret:

rrps =
p̄ps
w̄pret

(5)

where p̄ps =

amax−1∑
a=aret

pi,a,ps

(amax−aret−1)I
. Despite this definition of replacement rate allows

to overcome some computational problem when the workers are unemployed
just prior to retirement, it is not exempt of criticism. See Borella and Fornero
(2009) and Chybalski and Marcinkiewicz (2016) for alternative measures of
income maintenance.
Inequality is expressed as income quintile ratio Qps given by the ratio between
the total pension received by the 20% of retirees with the highest pension,
P 80
ps , over the total amount received by the bottom 20%, P 20

ps :

Qps =
P 80
ps

P 20
ps

(6)

Lastly, the incidence of poverty is measured by the head-count ratio Hps given
by the share of retirees whose pension below the poverty line Lps defined as
60% of the median value:

Hps =

amax−1∑
a=aret

I∑
i=1

1(pi,a,ps < Lps)

(amax − aret − 1)I
(7)
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Figure 6 depicts the flow diagram associated to model dynamics.

Figure 6: Flow diagram of the OLG model featuring frictional unemployment,
flexible wage-tenure contracts and an unfunded pension system.

3.2 Pension Regimes

A pension regime ps identifies a rule for pension contributions pci,a,ps and a
formula for pension benefits pi,aret,ps. In what follows, each pension regime
ps is described in a stylised form, skipping institutional details in order to
highlights the main properties. Of course, over decades, their design has
been structurally and parametrically reformed in order to cope with ad hoc
political and financial needs11.

3.2.1 Standard Pension Regimes: DB and DC

DB and DC pension regimes represent the two main designs for public pen-
sion systems. In a DB pension regime, i.e. ps = DB, the contribution rule

11In this sense, the Italian case is an extraordinary example since pension reforms have
been promulgated in almost any legislations. Precisely, out of eighteen legislations (1948-
2018), only in the seventh (1976-1979) and in the ninth (1983-1987) the architecture of
the Italian pension system had not been reformed.
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pci,a,DB multiplies the current wage wi,a by a homogeneous pension contri-
bution rate rpc, i.e. rpc,DB = rpc. In symbols:

pci,a,DB = wi,arpc,DB = wi,arpc (8)

Note that the whole wage is pensionable, coherently with the focus of the
analysis on not-high skilled dependent workers. Instead, national pension
systems usually set a yearly ceiling for the pensionable wage beyond which
pension contributions are not due (e.g. 101 427 EUR in Italy in 2018). On
the other side, DB pension formula computes pension pi,aret,DB as the prod-
uct between the wage averaged over the last N years and a homogeneous
transformation rate r(rDB) resulting from accruing each employment year at
rate rDB:

pi,aret,DB = r(rDB)

(
N−1

aret−1∑
a=aret−N

wi,a

)
(9)

Indeed, in some countries, accrual rates are not homogeneous but differenti-
ated by age as in Finland or by income as in Portugal. Besides Finland and
Portugal, other countries having a DB pension regime are Austria, Belgium,
the Netherlands, Spain, and bureaucrats of the European Commission.
In DC pension regime, i.e. ps = DC, firstly described in Castellino (1969),
the pension contribution is the same as in DB, that is pci,a,DC = pci,a,DB.
About the pension formula, DC pension is commensurated to the amount
of pension contributions cumulated prior to retirement and converted into
an annuity. Precisely, DC pension annuity pi,aret,DC is given by the prod-
uct between accumulated12 pension system contributions pci,a,DC and the
transformation rate expressing the value of life expectancy at retirement
amax − aret − 1:

pi,aret,DC =
1

amax − aret − 1

(
aret−1∑
a=amin

pci,a,DC

)
(10)

12Indeed, in an unfunded DC, pension contributions are not only accumulated but also
(notionally) capitalised at a given notional rate. In his seminal work, Castellino (1969)
proposes the average rate of wage growth as indexation variable. Nowadays, different
countries have chosen different variables. In Italy, for example, the growth rate of five-
year average of nominal GDP is adopted as notional rate together with a one-period-lag
in the capitalisation mechanism. Since the indexation mechanism varies across countries,
for sake of simplicity, this rate is assumed to be null.
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The yearly amount pi,aret,DC needs then to be divided by the numbers of
payments in a year, e.g. 12 in case of monthly frequency or 13.5 as in Italy.
Besides Italy, countries having a DC pension regime are Sweden, Latvia,
Poland and Norway.

3.2.2 Differentiated Pension Regimes: DAC and DTC

Differentiated pension regimes stem from the application of parameters dif-
ferentiation of an otherwise standard pension regime. In particular, this work
presents two variants of DC where the homogeneous contribution rate rpc,ps is
differentiated along some relevant dimensions. Differentiation of pension con-
tribution is experimented only within the DC regime since, if applied to DB,
it would only increase contribution inflow and so the financial sustainability
without affecting performances in terms of adequacy. As argued in Holz-
mann and Palmer (2006) (ch. 2, condition 2), the relaxation of homogeneity
of pension contribution rate for unfunded DC pension regimes is coherent
with the condition of constancy (and homogeneity) of contribution rate, that
is pension payments are not higher than contributions. As it shall be shown,
such a condition is not satisfied in a context of frictional unemployment and
flexible contracts. Moreover, the differentiation of pension contribution rate
represents an intervention occurring during the accumulation phase, i.e. af-
ter contributions are paid and before pensions are computed (Ayuso et al.,
2017a). At this regard, it is assumed that neither firms nor workers bear
the cost of this policy but the public pension system shoulders the burden
instead. The dimensions along which pension contributions are differentiated
are the age of the worker, called Defined-Age-Contribution (DAC), and the
tenure of the contract, called Defined-Tenure-Contribution (DTC).
DAC pension regime, i.e. ps = DAC, applies the idea of age specific taxation,
firstly proposed by Erosa and Gervais (2002), to the standard design of a DC
(Castellino, 1969). The idea of age-differentiated taxation has been applied
to labour income taxation (Gervais, 2012; Weinzierl, 2011), employment pro-
tection (Cheron et al., 2011) and unemployment subsidies (Michelacci and
Ruffo, 2015). Following this tradition, this work presents the first applica-
tion of an age-specific taxation by differencing pension contribution rate by
worker’s age. The rationale of this dimension relies on the fact that, not
only younger workers experience worse labour market conditions in terms of
contracts, but also age is a non-manipulable factor by individuals.
Indicating with δ > 0 the differentiation factor, the pension contribution rule
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in a DAC pension regime is given by:

pci,a,DAC = wi,arpc,DAC = wi,arpc(1 + δ)aret−a (11)

Thus, ceteris paribus, the longer the distance from retirement aret − a, the
higher the pension contribution rate rpc,DAC because of the magnitude of δ.
On the other side, DAC pension pi,aret,DAC shares its pension formula with
DC. Hence:

pi,aret,DAC =
1

amax − aret − 1

(
aret−1∑
α=a

pci,α,DAC

)
(12)

The structure of DTC pension regime, i.e. ps = DTC, closely mimics that
of DAC with the tenure of contract being now the differentiation variable for
the contribution rate. The rationale relies on the fact that workers employed
in contracts with shorter tenure experience a lower probabilities of moving
from temporary to permanent positions (Gagliarducci, 2005), receive less
employer-funded training than permanent workers (Fouarge et al., 2012) and
suffer from a wage penalty (Bosio, 2014). Overall, their conditions in the
labour market lower the internal rate of return associated to the pension
system compared to workers with a more stable career. Thus, their disad-
vantaged status in the labour market impact on their status after retirement.
Similar to DAC, pension contribution pci,a,DTC paid by the i−th worker when
aged a and employed with contract (w, t)i,a is defined as:

pci,a,DTC = wi,arpc,DTC = wi,arpc(1 + δ)ti,a (13)

Accordingly, the lower the contract tenure ti,a, the higher the pension con-
tribution accumulated by the worker during that employment spell.
As in DC and DAC pension regimes, DTC pension formula is expressed as:

pi,a,DTC =
1

amax − aret − 1

(
aret−1∑
α=a

pci,α,DTC

)
(14)

Concluding, it is worth noting that a standard DC is a special case with
δ = 0. Viceversa, the higher the value of δ, the more pronounced is the
impact of differentiation on pension contribution profiles.
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3.3 Model Calibration

A reasonable calibration of model parameters is obtained from external sources.
The model is simulated for 1200 ticks at monthly frequency, i.e. a century.
Size of each cohort I is set to 100. Initial age amin at which workers enter
the labour market is set to 25 so to consider workers whose human capital
is already formed (Antolin and Stewart, 2009; Antolin and Payet, 2011; Ol-
shansky et al., 2012; Belloni and Maccheroni, 2013). Retirement age aret is
set to 65, coherently with the literature on life expectancy heterogeneity and
pension systems (De Freitas et al., 2011; Ayuso et al., 2017b,a; Holzmann
et al., 2017; Ayuso et al., 2018) as well as with empirical data. Exit age
amax is set to 85 as postulated by (Fries, 1980). Accordingly, the resulting
life expectancy at retirement, i.e. the length of the post-retirement period, is
amax−aret = 20 years (Kitao et al., 2017; Lallo and Raitano, 2018; De Nardi
et al., 2018).
Concerning the labour market, values for job arrival and separation proba-
bilities are φ = 0.9 and λ = 0.1 so to introduce a minimal deviation from an
otherwise absorbing employment state and to focus on the role of contract
termination instead. The tenure-specific separation probability is specified
as a power function13, i.e. λi,a(λ, ti,a) = λti, a. Minimum and maximum wage
wmin and wmax are set to 500 and 2500 respectively, so to limit the analysis
to not-highly skilled dependent workers (e.g. blue collars). The probability
density function for wage fW is specified as a symmetric fW = β(2, 2) de-
spite it is empirically grounded and theoretically proved that the employed
wage distribution is positively skewed (Decreuse and Zylberberg, 2011; Te-
jada, 2017). Indeed, despite symmetric distributions have null skewness by
definition, the functional specification of a β(2, 2) is dictated by the possibil-
ity to parametrically increase its skewness by raising its second parameter14.
Contract tenures are drawn according to a discrete uniform distribution fT ,

13This functional specification aims to mimic the fact that workers employed in more
flexible contracts, i.e. with shorter tenure, experience more frequent job interruptions.
Note that the assumption of inter-independence betweeen contract components does not
allow to generate any positive association between tenure of contract and corresponding
level of wage. If this positive alignement is introduced, then the model, together with the
assumption of tenure-decreasing job separation rates, would be able in principle to deliver
the negative correlation between wage and separations. The model of Jung and Kuhn
(2018) is the first who is able to reproduce such a empirical feature.

14For example, a Normal distribution does not allow to do so unless it is specified in
its generalised skewed version formulated by Azzalini (1985).
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with minimal tenure equals to 1 period and the maximum tenure reflecting
the maximal employability of a worker aged a, i.e. aret−a−1, which reduces
once when retirement is closer.
Pension parameters are calibrated having as reference the Italian case. The
pension contribution rate is set to 33% (Belloni and Maccheroni, 2013). For
DB pension regime, time window N over which the reference wage is com-
puted is set to 20 years. The accrual rate rDB is 2% per year of employment
(Mazzaferro et al., 2012; Belloni et al., 2013; Raitano, 2017), which is also
not too far from the 2.2% reported by Brown and Weisbenner (2014) for U.S.
and from the [2 − 2.3]% reported for Portugal by Bravo and Herce (2017).
For the DC pension regime, the transformation coefficient 1

amax−aret−1
is equal

to 12
1020−780−1

= 0.0502, which is close to the mean coefficient of 0.0523 com-
puted by Belloni and Maccheroni (2013) over legislated and forecasted values
for Italy. For the differentiated pension regimes DAC and DTC, the differ-
entiation factor δ is arbitrarily set to 0.25%. Table 1 summarises calibrated
values.

Symbol Description Value
Time Frequency Monthly

I Workers per Cohort 100
amin Entry Age (years) 300 (25)
aret Retirement Age (years) 780 (65)
amax Exit Age (years) 1020 (85)
φ Job Arrival probability 0.9
λ Job Separation probability 0.1

wmin Wage - Lower Bound 500
wmax Wage - Upper Bound 2500
fW (·) Wage - Pdf β(2, 2)
fT,a(·) Tenure - Pdf Ud(1, aret − a− 1)
rpc Pension Contribution Rate 0.33
N DB - Pensionable Wage Time Window (years) 240 (20)
rDB DB - Accrual Rate (yearly) 0.02
δ DAC/DTC - Differentiation Factor 0.0025

Table 1: Baseline Calibration for model parameters.

The model described before and calibrated according to the value above
represents the baseline scenario. As commonly done in the modelling litera-
ture, a sensitivity analysis of model dynamics to unit changes in parameters
is provided in appendix A. Other scenarios, alternative to the baseline, are
also constructed and commented in appendix B together with alternative
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functional specifications for the tenure-specific separation probability in the
sub-appendix B.9.

4 Results

This section reports results from model simulation run in NetLogo 6.0.3, a
multi-agent programmable modeling environment (Wilensky, 1999). Model
outcomes are averaged over last sixty periods, i.e. 5 years. Despite arbitrary,
this choice relies on the fact that model dynamics is stationary. Accordingly,
any time-length can be selected as being equivalently informative once the
burning period is excluded from the computational window.
Results reported in this section include flexible labour careers (4.1), age pro-
file of unemployment and its independent components (4.2), the distribution
of employment by wage and tenure classes (4.3), the distribution of pensions
by income classes and performances of pension regimes in terms of financial
sustainability and adequacy (4.4). Other outcomes are provided in appendix
C to empirically validate the demographic and labour market modules.

4.1 Flexible Labour Careers

The model presented in section 3 produces flexible labour careers. These
endogenous labour careers features unemployment spells due to not being
hired when unemployed, being fired when employed or leave when the con-
tract terminates. As shown by figure 7, this implies gaps in terms of pension
contribution along workers’ careers if, as assumed, no figurative contributions
are considered during unemployment spells. Associated pension contribution
profiles in the standard DB and DC regimes coincide for a given level of wage.
While those in differentiated pension regimes DAC and DTC are different
since DAC profile is higher during the early stage of working life, i.e. for
lower ages, whereas DTC profile is higher when workers approach to retire-
ment since drawn contract tenures are lower because of residual age-distance
to retirement of older workers. In fact, as equation 2 shows, the individual
dynamics implies a higher unemployment risk for workers close to retirement
since contracts with shorter duration are offered. In this sense offered con-
tracts are flexible, since they can be perfectly adapted to the employability
of workers once the hiring firm observes the age of the worker.
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Figure 7: Labour careers of two generic workers (monetary units).

In aggregate terms, flexible labour careers features dispersion in terms
of employment spells and employed tenure as reported in table 2. Statis-
tics show that the distribution of employment spells is symmetric, i.e. mean
equals median, and barely dispersed. Instead, the employed tenure distri-
bution is positively skewed, i.e. the mean is greater than the median, and
highly dispersed.

Statistics
Average Median St Deviation

Employment Spells (years) 39.84 39.83 0.09
Employed Tenure (years) 10.17 7.64 8.8

Table 2: Average, median and standard deviation of employment spells and
employed tenure (years).

Read together, these statistics show that flexible careers are characterised
by around 40 years of accumulated employment spells, but not because em-
ployment is longlasting. In fact, employment relations last on average 10
years and they are very heterogenous in terms of duration15.

15The comparison between average years of employment spells and average employed
tenure may suggest a dimension to measure the degree of contract flexibility in the econ-
omy. Suppose an economy with all contracts lasting one unit of time and workers being
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Wage profiles depicted in figure 7 well represent histories of employed work-
ers who experienced job interruptions and changes in their careers as result
of flexible contracts and frictional unemployment. Such labour careers are
then used as base to retrieve labour and pension statistics. On the contrary,
compared to model dynamics, the Neoclassical framework so far adopted to
analyse issues related to social security features no labour market frictions
nor flexible contracts and, so, it does not allow reproducing gaps in pension
contributions nor job changes since employment is an absorbing state.

4.2 Unemployment Age Profile and its Decomposition

Within the literature on life cycle equilibrium unemployment (Cheron et al.,
2013; De La Croix et al., 2013; Hairault et al., 2015; Menzio et al., 2016), a
standard result is a U-shaped age profiles for unemployment. Middle-aged
workers experience better labour market conditions favouring their employ-
ability thus reducing their unemployment. While younger and older workers
experience higher unemployment rates because of their low experience and
their proximity to retirement age, respectively. The assumption of flexible
wage-tenure contracts, together with the presence of job arrival and firing
probabilities, produces such nonlinear profile as shown by 8.
Besides, figure 8 shows the decomposition of the pool of unemployed into
non-hired workers, fired and workers whose contract has terminated. All
these components have an U-shaped age profile apart from termination rate
which is age-increasing. No-hires aged 25−29 mainly come from the assump-
tion of entering the economy as unemployed. While for those aged 60 − 64,
more frequent ins and outs from unemployment makes raises the likelihood
of not being hired. The age profile of firing rates is slighlty convex, more
pronounced for workers close to retirement who are employed in shorter con-
tracts and, thus, more exposed to the risk of being fired from the ongoing
employment relation.

always employed despite they change jobs very frequently. This paradoxical situation
would be characterised by a high average for the years of employment spells, since workers
are always employed, but the average tenure of employment would be still equal to one.
This example can be used intuition to build a contract flexibility index. This exercise is
left for future research
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FIRE RATE 0.06 0.01 0.01 0.02 0.03 0.07 0.19 4.15 0.57

TERMINATION RATE 0.19 0.24 0.31 0.33 0.43 0.65 1.03 7.13 1.29
TOT U RATE 2.12 0.28 0.36 0.39 0.51 0.8 1.34 12.35 2.27

Figure 8: Unemployment Components: no-hiring, firing and termination
rates by 5-year age class (%).

Termination rate is the main component of unemployment, regarding
about 57% of the unemployment pool. Its age profile is increasing since
workers’ ageing lowers their employability and, through this channel, the av-
erage lenght of contracts they can receive. It must be remarked that the
unemployment rate of workers aged 60− 64 is upwards biased since workers
do not retire earlier if unemployed but continue to stay in the labour mar-
ket. Instead, it is well known that workers close to retirement retire earlier
if unemployed (Hairault et al., 2010, 2015). A higher unemployment rate
among workers close to retirement could be also compatible with a future,
but not futuristic, scenario where automation will displace employment to-
wards younger up-to-date skilled workers (Acemoglu and Restrepo, 2018).
In terms of pensions, a convex age profile of unemployment is detrimental for
pension entitlements since pension formula in DB and DC penalises work-
ers if experiencing unemployment spells at the end and at the beginning of
their careers, respectively. As shown by Bravo and Herce (2017), DB pension
formula penalises workers experiencing employment breaks during the time
window over which the reference wage is constructed. See also Peinado and

31



Serrano (2017) for an empirical estimation of elasticity of pension to unem-
ployment in Spain. In a DC pension regime, inasmuch based on a saving
logic, capitalisation factors are higher for earlier contributions. Hence, work-
ers experiencing unemployment at younger ages miss to contribute to their
future retirement just when capitalisation factors for pension contributions
are the highest. Differentiated pension regimes DAC and DTC are aimed to
cope with this problem.

4.3 Employment Profiles

Regarding employment, the age profile is specular to that of unemployment
since all workers participate to the labour market. Accordingly, the age pro-
file of the employment rate has an inverted-U shape, featuring lower values
for workers aged 25−29 and 60−64 whereas there is almost full employment
among all age classes in between. More interestingly, model dynamics deliv-
ers non-degenerate distributions of the employment rate by wage and tenure
classes, which characterises the heterogeneity of workers in terms of labour
careers.
The distribution of employment rate by wage classes, depicted in figure 9,
features a hump-shaped left-tailed profile stemming from the assumptions
of a symmetric β(2, 2) wage offer distribution and the random assignation
mechanism. Its density increases up to the modal class 1501−1750 and then
decreases for the last two classes which are double in terms of size compared
to other wage classes.
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Figure 9: Employment rate by wage classes (%).

In the literature of equilibrium unemployment and wage dispersion, a
hump-shaped right-tailed employed wage distribution is obtained in Decreuse
and Zylberberg (2011) in a model of directed search where workers optimally
choose search intensity. Also Tejada (2017) reproduces such a shape but in
a context of labour market duality. The actual wage distribution plays an
important role in the interplay between labour market and pension systems
since it is responsible for the intensive margin pension contributions flow. For
example, increases in the skewness of the employed wage distribution weaken
the intensity of the pension contribution flows. Sic et simpliciter, they are
a linear combination of paid wages. In this sense, the more the financing
scheme of a pension system relies on private financing, the higher would be
elasticity of pension contributions inflows to changes in the employed wage
distribution16. Hence, caution is needed when an offered wage distribution
is inserted into the model and, if possible, estimation from empirical data is
desirable for improvements along this side.

16Regarding the share of private financing of the pension system through pension con-
tributions, Eurostat data for 2011 report that in some EU-15 countries it regards more
than 60% (Austria, Belgium, Germany, the Netherlands), in others is between 45 − 55%
(Greece, Italy, Portugal, Spain, Sweden) and in other else is less than 30% (Denmark,
Ireland).
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Moving to the age profile of employed wage, unlike the classical concave
profile of Mincer (1974), model outcome reported in figure 10 features a
flat profile around the mean. Trivially, the employed wage features wage
dispersion in each age class with a corresponding coefficient of variation that
is constantly around 0.29.
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Age Class
25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64 TOT

Average (monthly) 1498.6 1497.19 1497.43 1506.54 1495.81 1495.01 1500.02 1486.51 1497.17
St Deviation (monthly) 439.74 436.82 436.22 436.91 432.39 438.12 437.75 438.92 437.01
Coefficient of Variation 0.2934 0.2918 0.2913 0.29 0.2891 0.293 0.2918 0.2953 0.2919

Figure 10: Average, standard deviation and coefficient of variation of wage
among employed workers by 5−years age classes (monetary units, monthly).

Concerning the interplay between labour market and pension systems,
a flat age profile of the average wage makes the intensive margin of contri-
bution is constant over the life cycle. In a DB pension regime this means
that the reference wage is constant within the time window N and similar to
wages outsite this interval. In DC pension regime DC, and also on its differ-
entiated variants DAC and DTC, this means that the average growth rate of
accumulated pension assets is constant. For example, the introduction of a
seniority factor for wage growth, as well as of on-the-job search, is likely to
steepen the wage profile over the life cycle.
Regarding the currently employed tenure, figure 11 reports the distribution
of employment rate by tenure classes expressed in years. In doins so, this
work is the first which shows such a characteristics within a life cycle model
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of unemployment. The right-tailed hump-shaped profile is obtained both
from the assumption of uniform distribution of offered tenure and from an
age-shrinking support coming from the assumption of the age-distance to
retirement as driver for offered tenures.
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E rate (%) 9.51 21.39 26.76 14.26 10.28 7.37 4.79 3.37 97.73

Figure 11: Employment rate by tenure classes (%).

Note that two third of employed workers are, on average, employed for
less than 10 years. Whereas only around 3% are uniterruptedly employed for
at least 30 years out of an active period of four decades. The distribution of
employment by tenure classes is also reported in terms of average duration
in figure 12, which characterises the mean durational margin of employment
within each tenure classes.
This perspective allows to note that the average employment duration is
centered around the central value of each tenure class but not in the last
30+ where the employment durations are lower than the mean value of that
interval. In general, what matters from a modelling perspective is that the
distributions of employment rate and the associated average tenure in each
tenure class do not degenerate. Instead, as it shall be shown when alternative
scenarios are presented in appendix B, a degenerate distribution is a peculiar
feature of the Neoclassical paradigm.
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Figure 12: Distribution of employed tenure by tenure classes (years).

4.4 Performances of Pension Regimes

Flexible labour careers obtained from model simulation represent the base on
which performances of pension regimes are analysed. These represents the
main result of this work inasmuch, unlike previous works, labour markets
and pension systems can now be analysed in a unified theoretical framework
featuring unemployment and flexible wage-tenure contracts over the life cy-
cle. At this regard, figure 13 reports the distribution of pension income in
standard DB and DC and differentiated DAC and DTC pension regimes that
are endogeneously obtained from labour careers.
In a DB pension regime, the distribution of pension income closely follows
the one of employed wage reported in figure 9. The reason lies on DB pen-
sion formula, which is based on averaging across wages received during the
last phase of workers’ career. Instead, the distribution of DC pension income
reflects the accumulation of pension contributions paid over the entire labour
career.
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Figure 13: Distribution of pension income in pension regimes
DB,DC,DAC,DTC (%).

DC pension formula is associated to a higher skewness in the pension
wealth distribution compared to DB, i.e. DC pension regime is characterised
by a higher density for lower values. The first two classes of pension income
cumulatively regard around 25% of retirees in DB but more than 50% in DC
regime. Similarly, the share of retirees in the last three classes is around 10%
under DB and almost zero in DC regime. Differentiated pension regimes
DAC and DTC closely follow the distribution of DC pension income, but
with a lower skewness. In fact, DAC and DTC pension distribution feature
a lower mass in the first two income classes 0− 750 and 751− 100 but higher
for income classes 1001− 1250 and 1251− 1500.
Figure 14 reports the dynamics of financial balance Bps defined in equation
4 for each pension regime ps = DB,DC,DAC,DTC. The first part of the
balance register a surplus since all workers are still active. Afterwards, each
pension system starts to pay pensions to retired workers, converging to a
long run deficit. In particular, DB pension balance is lower than that of DC
since its pension formula is not actuarially fair. In fact, it does not consider
how much workers have contributed during their whole labour career but
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how long they have been working for. On the contrary, actuarial fairness is
a typical feature of DC pension regimes.
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Figure 14: Dynamics Balance of DB, DC, DAC and DTC pension regimes
(tens of millions of monetary units).

Not surprisingly, all DC-like pension balance register the same level of
deficit in the long run. As such, they are more financially sustainable than
a standard DB pension system. In terms of adequacy, DB pension regime
delivers higher levels of pensions but it does so at the cost of a higher finan-
cial deficit compared DC-like pension regimes (by around 10 times). Instead,
DAC and DTC pension systems succeed in offering higher pensions compared
to a standard DC. DB pension regime also leads to a higher level of inequality
and poverty among retirees compared to a standard DC, Whereas differen-
tiated pension regimes DAC and DTC deliver a higher level of inequality
compared to standard DB and DC. In terms of poverty, DB registers the
higher value followed by DAC, DC and DTC. The result of DTC is desirable
since it implies that differencing the pension contribution rate by the tenure
of contract alleviates poverty among retirees. Table 3 resumes main results
of this work.
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Financial Balance (mln) Income Maintenance Inequality Poverty
DB -5.0535 79.16 1.826 2.48
DC -0.4122 66.15 1.8243 2.3

DAC -0.4157 69.59 1.8321 2.35
DTC -0.412 69.57 1.8376 2.12

Table 3: Performances among pension regimes ps = DB,DC,DAC,DTC
in terms of Financial Balance (mln), Income Maintenance, Inequality and
Poverty.

Qualitatively, results are robust to several structural changes in the model,
e.g. introduction of age-threshold for labour market segments, removal of flow
probabilities for job arrival φ and firing λ, distribution of offered tenure fT,a,
different specifications for the functional form of tenure-specific separation
λi,a(λ, ti,a). See appendix B for sensibility of model results to these alterna-
tive scenarios.
These results are likely to represent an optimistic scenario, that is they can
be considered as a lower bound. In particular, since the focus of this work is
upon not-high skilled workers with a flat age profile of employed wages, the
calibrated range for offered wages produces a lower level of employed wages
in the labour market and so of corresponding pensions. Instead, the relative
measure of average replacement rate is in line with empirical values of the
gross replacement rate reported by OECD for the year 2016, 66.88% in EU-15
and 83.1% in Italy. The calibration of the wage range in the model also in-
fluences the dispersion of labour income, which limits the levels of inequality
and poverty among retirees produced in the model. At this regard, Eurostat
data for the years 2004−2016 report that the level of inequality is on average
at least the double, around 4 in EU-15 and 4.5 in Italy. Similarly, the inci-
dence of poverty post-social transfers, despite decreasing during the period
2004 − 2016 from around 18% to around 12% both in EU-15 and in Italy,
it is extremely high compared to what the model dynamics is able to produce.
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5 Conclusions

This is the first work which offers a unified theoretical lifecycle framework to
analyse the interplay between labour markets and pension systems through
endogeneous labour careers. In particular, it relates unemployment and flexi-
ble wage-tenure contracts into a life cycle framework to explicitly characterise
extensive and intensive margins of pension contribution flow.
Compared to previous models of frictional unemployment, this work con-
sider two extensions. Firstly, the OLG model featuring short-term lifecycle
unemployment is characterised by flexible wage-tenure contracts. As such,
unemployment dynamics also depends on the mass of contracts next to ex-
pire which determines what has been called termination rate. The higher it
is, the shorter the average duration of contracts and, thus, the higher the
mass of jobs which terminate. Secondly, the explicit consideration of a post-
retirement period allows analysing performances of the two main pension
regimes, i.e. DB and DC, as well as two variants of DC based on differentia-
tion of the pension contribution rate with respect to worker’s age, i.e. DAC,
and to the tenure of the offered contract, i.e. DTC. In such a context, this
work studies the effects of flexible employment contracts on performances of
pension regimes in terms of financial sustainability and adequacy expressed
as income maintenance, inequality and poverty.
Main results show that DC-like pension regimes outperforms a standard DB
in terms of financial sustainability, but DB pensions are higher than in other
pension regimes. DAC and DTC pensions are, on average, higher pensions
than in DC. In terms of inequality, DC outperforms the standard DB as well
as its differentiated variants DAC and DTC. The ranking of pension regimes
in terms of poverty follows that described for the financial sustainability,
i.e. standard DC outperforms DB even thou differentiated pension regimes
produce a lower incidence of poverty among pensioners. The sensitivity of
model outcomes to changes in parameters is presented in appendix A.
Despite the empirical validation of the model reported in appendix C is
satisfactory on several dimensions, e.g. the model perfectly reproduces the
distribution of average tenure by age and tenure classes, some extension is
needed in order to provide further improvements in terms of model fitting.
Some trivial changes in the model are presented in appendix B, where dif-
ferent scenarios are compared to the baseline structure. Regarding possible
model extensions, workers’ choices and utility are needed to introduce rele-
vant phenomena like long-term unemployment and early retirement. Some
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workers’ choices regarding labour supply are provided in appendix D under
the assumption of risk neutrality. Other important choices like consumption
and savings for workers, and vacancy creation and destruction for firms, are
left for future research. Also the introduction of a matching technology is of
interest in this framework. While the introduction of a production function
would be important in order to bring the model economy to a context of
general equilibrium. Lastly, inclusion of other types of pension besides old-
age can, e.g. disability and poverty, can also be appropriately inserted into
modelling framework17.
In a context of flexible wage-tenure contracts, all these extensions are likely
to bring interesting and, hopefully, promising results. The common denomi-
nator, on which the aforementioned extensions will be developed, is the adop-
tion of the modelling framework whose the model described in this work is
the initial step. And the take-home message is the following. Labour market
reforms developed two decades ago, namely the flexibilisation of contracts,
have changed the institutional framework on which the analysis of social se-
curity systems is based. The introduction of flexible contracts has increased
the degree of heterogeneity among workers. When the focus is on pension
systems, the impact of work flexibility has reduced both intensive and ex-
tensive margins of pension contributions as theoretically shown in this work.
Embracing an interconnected perspective, where labour market and pension
systems are explicitly inserted into a unified modelling framework, allows to
study the implications of alternative designs of an otherwise standard pen-
sion systems which is based on the assumption of homogeneity of parameters
instead. Hence, the importance of investigating the role of differentiated
pensions systems with respect to which differencing the pension contribution
rate as in DAC and DTC is just one possible example.

17Data from Eurostat reveal that in 2015, in Italy, 15−20% of retirees receive a second
type of pension. Also Belgium, Finland, Germany and Portugal show a similar percentage.
This share is around 20 − 25% in France, 10 − 15% in Austria and Sweden, 5 − 10% in
Greece and Spain and less than 5% in Sweden. Only the Netherlands has a null share of
retirees receiving a second pension.
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A Sensitivity Analysis

This appendix provides a sensitivity analysis of performances of pension
regimes with respect to changes in the value of parameters set at the cal-
ibration stage for the baseline scenario in table 1. Each model parameter is
increased (+) or decreased (−) by a unit if discrete, e.g. age thresholds, or by
1% if continuos, e.g. bounds of wage support. Results in table 4 report the
percentage change in performances with respect to the baseline scenario for
each model parameters. In doing so, it provides a full picture for the influence
that age thresholds, labour market institutions and pension parameters exert
on performances of each pension regime in terms of financial sustainability,
income maintenance, inequality and poverty among pensioners.
A reduction in the size of cohort I reduces the size of the working population
that currently contribute to pay pensions to retirees according to the logic of
an unfunded pension system. For the not-actuarially fair DB pension regime,
this implies reduction in its financial balance. While for DC-like pension
regimes which are actuarially fair, this leads to a sensible improvement. The
effect on income maintenance is negative across all pension regimes despite
DC, DAC and DTC registers a double intensity compared to DB. Moreover,
a reduction in the size of cohorts increases inequality and lower poverty.
Increasing the entry age in the labour market amin lowers the financial balance
for all pension regimes since the durational margin of pension contributions
reduces. The effect is negative also in terms of income maintenance. Instead,
inequality and poverty raises.
A higher retirement age aret improves the financial sustainability of all pen-
sion systems despite at a different intensity, which is substaintially higher for
DB compared to DC-like pension regimes. Raising the retirement age has
also a positive effect on the level of pensions, especially in DC-like pension
regimes, and increases inequality and poverty, in particular for DB. Raising
the statutory retirement age exerts a positive effects also on unemployment.
In fact, out of the table, increasing aret by one unit reduces the total unem-
ployment by 2.91% and by 15.08% among those workers aged 60− 6418.
Raises in the exit age amax drammatically lowers the sustainability of DB
pension regime, implying that provide correct estimates of life expectancy at

18This result is coherent with empirical findings in the literature. For example, Staubli
and Zweimuller (2013) finds that in Austria raising the early retirement age from 60 to
62 for men and from 55 to 58.25 for women increased employmenet by 9.75% among men
and by 11% among women. See also references therein.
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retirement, as well as frequently update their values, is of utmost importance
especially for DB pension regimes (Ayuso et al., 2018). On the contrary, in
DC-like pension regimes, since their pension formulas explicitly keep into ac-
count the value of longevity at retirement, the adjustment is automatic. In
fact, ceteris paribus, a higher life exptectancy at retirement implies a lower
pension as confirmed by lower replacement rates. The effect on inequality
is less clear across pension regimes, while poverty reduces in both standard
and differentiated pension regimes.
Moving to the effect of changes in flow probabilities, lowering the job ar-
rival probability φ reduces worksens the financial balance of pension regimes
as well as their performances in terms of income maintenance. Inequality
among retirees raises together with poverty, especially among DC-like pen-
sion regimes. Instead, increasing the separation probability λ improves the
financial balance in all pension regimes, especially that of DC, DAC and
DTC. Instead, performances in terms of adequacy are worse since increases
in λ lower the average replacement rates and raise inequality and poverty
among pensioners.
Regarding the wage space, increases in the minimum wage wmin lowers the
financial balance across all pension regimes. This means that the beneficial
effect that this change exerts on the intensive margin of pension contribution
flow is offset by the corresponding increases in pension payments. In terms of
adequacy, as expected, the average replacement rates remain unaltered but
the levels inequality and poverty reduce. On the contrary, a positive change
in the maximum wage wmax has a different impact on the financial sustain-
ability of pension systems. While this is negative for DB, it is massively large
and positive for DC-like pension regimes. This may suggest that the institu-
tional ceiling imposed on the level of pensionable wage represents somehow
a negative factor for the financial sustainability of pension systems19. It is
also worth to note that a higher wmax raises inequality and poverty among
retirees, especially for DB, since the variability of offered wages is larger.
Regarding the change in the minimum tenure tmin from 1 to 2 months, this is
beneficial for the financial balance of all pension systems, especially of DC-
like pension regimes. Instead, the effect on income maintenance is negative
and has the same intensity across all pension regimes. Instead, raising tmin

19For example, one could consider to impose a cap not during the contribution phase,
i.e. in terms of pensionable wage, but on pensions themselves. The experiment of this
design is left for future research.
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increases the level of inequality but lowers the incidence of poverty among
retirees especially under the DB regime. Similar to increases in the retire-
ment age, raises in the minimum tenure of contracts exerts a positive effect
inasmuch it reduces the total unemployment by 2.65% and, since they are
the most affected by contract flexibility, by 4% among workers aged 60− 64.
Concluding with parameters characterising wage-tenure contracts, the model
allows considering also the sensitivity to changes in the skewness of the of-
fered wage distribution through an increase in the second shape parameter of
the β distribution. Increasing the density of the wage distribution for lower
values has a positive effects on the financial balance of DB, but reduces that of
DC-like pension regimes. Such a change also lowers the average replacement
rates and the level of poverty among pensioners across all pension regimes,
but it increases the level of inequality.
Concerning changes in parameters of pension systems, a raise in the contri-
bution rate rpc has a positive effect on the financial balance of DB while its
adequacy performances are not affected. Instead, a 1% positive change of
rpc reduces the financial balance and increase the average replacement rate
of DC, DAC and DTC by the same percentage. Less clear are the effects on
the level of inequality and poverty.
Focusing on parameters of DB pension regime, changes in the pensionable
wage time window N have slightly negative effect on its financial balance
since pensions are slightly higher as reported by the positive change in terms
of average replacement rate. The effect on the level of inequality and the in-
cidence of poverty are both negative, instead. The effects of a lower accrual
rate rDB are exactly of opposite sign. That is, the financial balance is sounder
beacuse the level of pensions is lower, but also inequality and poverty levels
increase even thou to a lower extent.
The last parameter considered is the differentiation factor δ, characterising
differentiatiated DC pension regimes DAC and DTC. A 1% increase in its
value lowers their balance in the long run but raises the average level of pen-
sion even thou by a lower percentage. The elasticity of pension inequality
with respect to changes in δ is negative in DAC but positive in DTC pension
regime. The effect on poverty is negative for both.
Overall, table 4 shows the innovative content of this work compared to pre-
vious studies on pensions since labour market forces affect performances of
pension systems. Improvements apart, it can be a valid starting point to pro-
vide a comprehensive tool to pension policy makers like the Social Protection
Performance Monitor dashboard (Committee, 2016).
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B Alternative Scenarios

This section provides a comparative analysis of model outcomes in the Base-
line scenario (BASE ), as calibrated in table 1, with alternative scenarios.
Each scenario stems from the relaxation of a single assumption characteris-
ing the structure of the model.
The aim of this section is to show the implications of different settings re-
garding the labour market environment. In what follows, each alternative
scenario is described in details and implications are described. Results are
provided in a tabular format at the end of this section together with the
corresponding empirical profiles.

B.1 Young and Old Segments (Y/O SEG)

In scenario Y/O SEG, the labour market is segmented into Young (Y) and
Old (O) workers. This scenario experiments the idea that Young, as unexpe-
rienced new entrants, face different labour market conditions20. Other works
in the literature of frictional unemployment focus on the differential condi-
tions experienced by workers during the first phase of their labour careers.
For example, the work of Neal (1999) analyses the job mobility among young
workers. The lifecycle model of Kitao et al. (2017) introduces a first phase
in which workers are less experienced, lasting on average 3 years, in order to
catch a higher churning rate.
At the calibration step, the Y/O age-threshold aold is set to 30 years21. Each
segment j = Y,O features a specific job arrival and separation probability
φj < φO and λj > λO, with φj = 0.8 and λY = 0.2, while φO and λO re-
main unaltered with respect to baseline scenario BASE. Similarly, the wage
distribution fj,W is positively skewed for j = Y , i.e. fY,W ∼ β(2, 5), and
remain symmetric for j = O, i.e. fY,O ∼ β(2, 2). Lastly, the maximal tenure
of contract parametrised by tj,max, is set to 36 for j = Y and equals to the
age-distance to retirement for j = O, i.e. tO,max = aret − a− 1.

20The author acknowledges that age discrimination practices in the labour market are
prohibited in the Europe Union (2000/78/EC) since December 2003. In Italy, age dis-
crimination is explicitly regulated by the Law Decree 216/2003. This notwithstanding,
in real workd, worker’s experience is used a dimension to circumvent the prohibition age
discrimination. See also Menzio et al. (2016) for a similar comment.

21Following Boskin et al. (1987), the age-threshold aold can be also interpreted as the
average marriage age beyond which workers are employed in more stable career patterns
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Compared to scenario BASE, the demographic module remains unchanged
since, sic et simpliciter, the labour market segmentation does not alter the
distribution of population by age groups.
Labour careers remain unchanged in terms of mean and median years of em-
ployment spells even if the skewness reduces and their dispersion increases
(table 7). While statistics for the employed tenure are lower (table 8). The
total unemployment rate almost doubles, since there is more unemployment
among workers aged 25−54 (table 9). Specifically, workers aged 25−29 and,
even thou to a lesser extent, 30 − 34 are characterised by a higher rate of
unemployment (table 10). This effect allows to obtain a more marked U-age
profile since especially firing and termination rates increase (table 11). Spec-
ularly, the level of employment is lower among workers aged 25 − 54 (table
12), in particular among those aged 25 − 34 (table 13). Regarding the em-
ployed wage, the rate of employed workers earning less than 1250 monetary
units increases (table 14). Accordingly, the average level of wage reduces,
dispersion and coefficient of variation raises but the age gap is now negative
(table 15). In fact, this scenario is the only one able to produce an increas-
ingly concave profile by age (table 16). The distribution of employment rate
across tenure classes sees an increase of workers employed for less than three
years, whereas less than 1% is employed for more than thirty (table 17). In
terms of employment share, nearly 40% of workers are employed for less than
two years (table 18). Disaggregated by 5-years age groups, the effect of the
presence of the Y/O segment on the distribution of employment by tenure
classes is more evident (table 19). Regarding the average tenure of employ-
ment, the mean duration increases across all tenure classes but reduces in
the class 30+ years (table 20). Actually, compared to other alternative sce-
narios, scenario NO SEG delivers the lowest average duration in the tenure
class 10+ years (table 21). In particular, workers aged less than 40 miss from
the tenure class 10+ years (table 22). Regarding the level of inequaliy and
poverty, the first statistics raises (table 23). Whereas poverty rate, with a
lower poverty line, raises among workers aged 25−54 but decreases in among
those in the age group 55− 64 (table 24).
Concerning pension statistics, the yearly average increases for DB but de-
creases for DC-like pension regimes (table 25). The pension income distribu-
tion in DB remains unchanged, while in DC-like pension regimes it reduces
its skewness (table 26). In ters of performances, financial balance and income
maintenance decrease in all pension regimes. Inequality and poverty raises
in DB but decreases in DC, DAC and DTC pension regimes (table 27).
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B.2 Reduce the Entry Age (MIN AGE 15 )

Scenario MIN AGE 15 lowers the entry age in the labour market to 15 years,
i.e. amin = 15. Unlike the scenario BASE where amin = 25, this demographic
change allows to adjust the comparison with empirical data which are based
on such a larger age structure of population. Accordingly, labour careers
starts a decade before.
Compared to scenario BASE, scenario MIN AGE 15 is the only setting
among the alternative scenarios considered that has an impact on the de-
mographic structure of the economy. As expected, the fitting of the model
to empirical data is improved in terms of structure of population across all
5−years age classes (table 5). Accordingly, while median age and old-age
dependency ratio lowers, the share of population in working raises (table 6).
Regarding labour market statistics, average and median years of employment
spells raises and coincide but their dispersion remains unchanged (table 7).
Instead, all statistics characterising of the distribution of years of employed
tenure increase (table 8). In terms of unemployment, total rate and the rate
among workers aged 25 − 54 decreases whereas it raises for older workers
(table 9). The lower level of unemployment regards workers aged 25 − 29
and 50− 54 while it is higher in all other age 5-years age classes (table 10).
In particular, this reduction comes from a lower rate of no-hiring, firing and
termination (table 11). On the other side, the employment rate is higher but
not within the age class 55−64 (table 12). Specifically, the age group 60−64
shows a slightly lower employment rate (table 13). About the distribution
of employent rate by wage, the mass of employed workers increases in all
classes but not in the central wage class 1000− 1750 (table 14). The average
level of wage remains the same but its dispersion increases and so the corre-
sponding coefficient of variation, while the age gap is nearly nil (table 15).
This result is confirmed also when the distribution of wage statistics by age
is considered (table 16). As expected, a lower the entry age amin increases
the rate of employment for tenure classes of 15+ years (table 17). In fact,
the employment share in the tenure class of 10+ years is higher (table 18).
As expected, this scenario is the only one that deliver a positive share of
employment in the tenure class 10+ years among workers 25− 34 (table 19).
Also in terms of average employed tenure, this alternative scenario delivers
the highest duration of employment in the tenure class 30+ years (table 20).
But compared to the data, model outcome in the tenure class 10+ years is
about one year higher (table 21). Disaggregate by age, this bias comes from
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the pool of employed workers aged 30 − 54 (table 22). The level of in-work
inequality is slightly higher than in scenario BASE, but still lower if com-
pared to the empirical counterparts for EU-15 and for Italy (table 23).With
a slightly higher poverty line, the level of poverty among employed workers
is the highest across scenarios within the age group 25 − 54 but it remains
low among workers aged 55− 64 (table 24).
Corresponding pension profiles are characterised by a higher average level of
pensions across all pension regimes (table 25). In terms of pension income
distribution, this trnaslates into a higher dispersion and a lower skewness
(table 26). Finally, performances of pension regimes improves the financial
sustainability only of DC and DAC. In terms of adequacy, pension aver-
age replacement rates are higher in all pension regimes. But also pension
inequality and, even more, poverty increase (table 27).

B.3 Silent flow probabilities (NO FLOW )

Scenario NO FLOW highlights the role of contract termination, a novel fric-
tion in the frictional models of labour market. In this scenario, the natural
termination of contracts becomes the only source of unemployment. This is
obtained by removing uncertainty from the hiring process, i.e. φ = 1, and
the possibility to separate a worker from an ongoing contract, i.e. λ = 0.
Compared to the scenario BASE, also this alternative calibration does not
impact on the demographic module of the model economy.
In the labour market module, instead, number of years of employment spells
is higher but its distribution degenerates (table 7). While the distribution
of years of employed tenure is the same as in scenario BASE, i.e. negatively
skewed and highly dispersed (table 8). As expected, the total level of unem-
ployment decreases and so it does in age classes 25 − 54 and 55 − 64 (table
9). The same is true if unemployment rate is disaggregated by 5-years age
classes (table 10). Abstracting from the assumption of entering the economy
as such, all of unemployment only comes from the termination rate of flex-
ible contracts which has an age increasing profile (table 11). This reflects
on a very high rate of employment, especially among workers aged 25 − 54
for which the termination rate has a lower impact compared to those aged
55 − 64 (table 12). In fact, the distribution of employment by 5-years age
classes is decreasing (table 13). Regarding the distribution of employment
rate by wage classes, compared to scenario BASE, no significative difference
emerges (table 14). In fact, employed wage statistics are the same included
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the age gap (table 15). This is true also if results are disaggregated by 5-years
age classes (table 16). Also the distribution of employment rate by tenure
classes does not significantly differ, meaning that flow probabilities, as cali-
brated in scenario BASE, do not play a relevant role (table 17). They have a
tenure-decreasing impact, i.e. only for lower tenure classes, as emerging from
the distribution of employment share (table 18). This is also confirmed when
results are disaggregated by 5-years age groups (table 19). Also in terms
of average duration of employment there no differences across tenure classes
(tables 20, 21 and 22). Also in the case of in-work inequality, the situation
is unaltered (table 23). On the contrary, some effect is exerted in terms of
poverty since the incidence among workers aged 25− 54 is lower (table 24).
Moving the comparison to the pension module, the removal of flow proba-
bilities, rendering careers less flexible, increase the average level of pensions
across all pension regimes (table 25). Compared to scenario BASE, the dis-
tributions of pension income is unchanged in DB but slighlty reduces its
skewness in DC-like pension regimes since there is a shift from the income
class 500−1000 to that 10001−1500 (table 26). All these affect performances
of pension systems by lowering the financial balance, slightly increasing in-
come maintenance only in DB but not in DC-like pension regimes. Whereas
inequality and poverty are lower across all pension regimes (table 27).

B.4 NO FLOW with Poisson tenures (NO FLOW PT)

Scenario NO FLOW PT is identical to scenario NO FLOW described above
with the difference that the distribution of offered contract tenures is assumed
to be a Poisson defined on the same support [1, aret− a− 1], i.e. fT,a ∼ P(·).
Since the Poisson distribution has a high mean (e.g. 20), it is well approxi-
mated by a Normal. Accordingly, with no loss of generality, the reader can
easily refer to this scenario as the one where offered contract tenure are nor-
mally, i.e. mean-variance, distributed. The distribution of tenures becomes
a Poisson only when workers are closer to the retirement age because the
support shrinks towards lower values. As it shall be shown, this scenario can
be assimilated to scenario NEOCLASS (described next) where workers aged
60− 64 receive flexible contracts.
Like other alternative scenarios different from MIN AGE 15, by construction,
NO FLOW PT has no impact on the demographic outcomes of the model.
Within the labour market module, compared to scenario BASE, workers’
careers are characterised by a non-degenerate distribution of years of em-
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ployment spells centered to the whole duration of the active part of their life
cycle with a very low variability (table 7). This translates to a distribution
of years of employed tenure with a relatively higher mean, median and stan-
dard deviation (table 8). Regarding unemployment statistics, a much lower
rate regards not only the total population but also workers aged 25− 54 and
55− 64 (table 9). Only workers aged 25− 29 and those aged 60− 64 show a
positive rate of unemployment (table 10). In fact, besides the assumption of
unemployment as initial state for those aged 25−29, termination of contracts
acts only for the oldest group of workers (table 11). Specularly, employment
is almost full for the whole population apart from workers aged 25− 29 and
60−64 (tables 12 and 13). No particular effect is exerted on the distribution
of employment rate by wage classes (table 14). While the average level of
wage does not change particularly, there is a higher level of dispersion, and
so a higher coefficient of variation, which leads to a slightly negative age gap
(table 15). In fact, the average wage among employed workers aged 60− 64
is higher (table 16). Regarding the tenured employment rate, it is substan-
tially higher starting from the tenure class 15− 19 onwards (table 17). This
is confirmed by the extremely higher share of workers employed for at least
ten years (table 18). This renders the distribution of employment rate by
age and tenure classes degenerate apart among workers aged 25−29, limited
to the tenure class 3− 4 years, and those aged 60− 64 (table 19). The distri-
bution of average employed tenure dominates that in scenario BASE for all
tenure classes but not the infrannual class which has the same duration (table
20). In particular, scenario BASE share the same employment length in the
infrannual interval 0.5− 1 year (table 21). Also in this alternative scenario,
the distribution of average employed tenure by tenure classes degenerates for
all age groups but not for the age group 25−29, for tenure classes lower than
five years, and 60−64, from the tenure class 0.5−1 year onwards (table 22).
The level of in-work inequality is slighlty higher compared tot hat produced
in the scenario BASE (table 23). In terms of poverty among employed work-
ers, the incidence is higher in both age groups 25 − 54 and 55 − 64 for an
almost equal poverty line (table 24).
Moving to pension statistics, as expected from a less turbolent labour market
environment, also this scenario delivers higher average pensions in all regimes
(table 25). Associated pension income distributions all show a higher disper-
sion and a lower skewness. This is true for DB and, to a lesser extent, for
DC-like pension regimes. In particular, the skewness of the pension income
distribution reduces when one moves from DC to DAC to DTC (table 26).
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All pension regimes report a lower financial deficit, with only DB and DTC
regimes having a higher average replacement rate. The level of inequality
and poverty among retirees is higher in all pension regimes, with the latter
adequacy dimension reporting an incidence of around 10% (table 27).

B.5 NO FLOW with a single contract (NEOCLASS)

Scenario NEOCLASS mimics a Neoclassical environment where employment
is assumed to be an absorbing state and all contracts are permanent. Accord-
ingly, besides age, employed workers only differ in terms of employed wage.
Like scenario NO FLOW PT, this scenario is identical to scenario NO FLOW
with the difference that the distribution of contract tenures degenerates to a
single point [1, aret − amin − 1] representing the maximal age distance to re-
tirement. In a comparative perspective, this alternative scenario is the most
interesting since it has been adopted as the reference framework to analyse
issues related to pension systems and retirement. With respect to that frame-
work, the models contained in De La Croix et al. (2013), for pension reforms,
and Hairault et al. (2015), for retirement, represent an important breaking
point inasmuch they allow to analyse the dynamics of welfare policies in
old-age within a frictional labour market framework. And this work moves
along this direction. As such, a comparison between the scenario BASE and
a Neoclassical-like scenario is useful to understand the implications of two
different modelling frameworks in the analysis of pension systems.
Once again, compared to scenario BASE, this alternative scenario maintains
the same outcomes within the demographic module.
Concerning the labour market module, the distribution of years of employ-
ment spells is degenerate. The mean and, by symmetry, the median values
equals the whole length of the period of workers’ activity (table 7). The dis-
tribution of years of employed tenure is symmetric and, compared to other
alternative scenarios, shows the highest mean and dispersion (table 8). As
expected, the level of unemployment is minimal, being only due to the as-
sumption of unemployment as worker’s entry status (table 9). This results
is clearer if one considers the distribution of unemployment rate by 5-years
age classes (table 10). Also the disaggregation of unemployment by indepen-
dent components confirms shows the singularity of this alternative scenario
(table 11). Specularly, the employment rate depicts a situation of full em-
ployment (table 12). So it does the distribution of employment rate by age
groups (table 13). The peculiar distribution of employment rate by wage
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classes is somehow purely related to the randomness of the wage offer distri-
bution, which is not affected by the underlying assumptions characterising
this alternative scenario . This can be considred the effect of having a single
permanent contract drawn at the beginning of the active life cycle (table
14). This notwithstanding, the average level of employed wage is the highest
compared to other alternative scenarios together with the level of dispersion.
Whereas the associated age gap is null (table 15). In fact, the age profile of
epmloyed wage is absolutely flat (table 16). The distribution of employment
rate by tenure reports the lowest values tenure classes below fifteen years
and highest otherwise (table 17). Instead, in terms of employment share, the
tenure class 10+ years shows the highest value among alternative scenarios
(table 18). Disaggregated by 5-years age groups, the distribution of employ-
ment by tenure classes is degenerate across all ages but not for workers aged
25 − 29 which are still affected by the initial spell of unemployment (table
19). The implication of assuming employment as absorbing state for worker’s
status increases the average duration of employment for all tenure classes (ta-
bles 20, 21 and 22). The level of in-work inequality is the lowest compared
to all other alternative scenarios (table 23). On the contrary, compared to
the scenario BASE, the level of in-work poverty is lower among workers aged
25− 54 and remains almost the same among workers aged 55− 64. Whereas
the associated poverty line is the highest (table 24).
Finally, the comparison moves to the pension module. Excluding the alterna-
tive scenario MIN AGE 15, the yearly average pensions reaches the maximum
level (table 25). Pension income distributions increase their dispersion and
lower their skewness (table 26). More importantly, the performances of pen-
sion regimes are peculiar. In terms of financial sustainbility, while DB still
registers a deficit, DC-like pension regimes reaches a surplus especially in
the standard DC design. Replacement rates maintain the same values re-
ported for all other alternative scenarios. Whereas the level of inequality
and poverty among retirees reaches the highest level (table 27).
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B.6 Tables of Results across Alternative Scenarios

B.6.1 Alternative Demographic Profiles

Age Class
15− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64 65+

EU-15 18.73 7.11 7.37 7.38 7.17 6.77 6.18 5.62 17.3
ITALY 17.24 7.32 7.74 7.64 7.25 6.75 6.29 5.94 19.7
BASE 8.33 8.33 8.33 8.33 8.33 8.33 8.33 8.33 33.33

MIN AGE 15 21.43 7.14 7.14 7.14 7.14 7.14 7.14 7.14 25.57

Table 5: Distribution of population share (%) by 5−years age classes in
alternative scenarios. Data for EU-15 and Italy are elaborated from Eurostat.

Median Age Old-Age Dependency Ratio (%) Working Age Population (%)
EU-15 40 26.14 66.75
ITALY 42 29.82 66.79
BASE 54.96 50 66.67

MIN AGE 15 49.96 40 71.42

Table 6: Median age, old-age dependency ratio and population in working
age (%). For EU-15 and Italy, values for median age and old-age dependency
ratio are elaborated from Eurostat data, while values for population in working
age are elaborated from OECD data.

B.7 Alternative Labour Market Profiles

Scenarios
BASE SEG MIN AGE 15 NO FLOW NO FLOW PT NEOCLASS

MEAN 39.84 39.7 49.83 39.92 39.98 40
MEDIAN 39.83 39.75 49.83 39.92 40 40

ST DEVIATION 0.09 0.15 0.09 0 0.03 0

Table 7: Average, median and standard deviation of employment spells
(years) across alternative scenarios.

Scenarios
BASE SEG MIN AGE 15 NO FLOW NO FLOW PT NEOCLASS

MEAN 10.17 7.58 12.48 10.08 19.3 20
MEDIAN 7.64 5.03 9.42 7.57 19.25 20

ST DEVIATION 8.8 7.4 10.83 8.78 11.5 11.52

Table 8: Average, median and standard deviation of employed tenure (years)
across alternative scenarios.
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TOTAL AGE 25− 54 AGE 55− 64
EU-15 8.85 7.69 6.18
ITALY 9.4 8.4 4.33
BASE 2.27 0.74 6.84
SEG 3.98 2.81 6.85

MIN AGE 15 1.88 0.62 6.91
NO FLOW 1.68 0.67 4.71

NO FLOW PT 0.39 0.28 0.74
NEOCLASS 0.21 0.28 0

Table 9: Unemployment rate (%) in all ages and by age groups 25− 54 and
55− 64. Values for EU-15 and Italy are elaborated from OECD data.

Age Class
25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64

EU-15 11.47 8.55 7.33 6.77 6.41 6.34 6.9 5.79
ITALY 16.56 10.37 7.71 6.39 5.54 4.77 4.5 3.96
BASE 2.12 0.28 0.36 0.39 0.51 0.8 1.34 12.35
SEG 12.72 2.09 0.34 0.42 0.54 0.78 1.33 12.38

MIN AGE 15 0.85 0.29 0.37 0.44 0.57 0.77 1.34 12.49
NO FLOW 1.9 0.25 0.3 0.37 0.46 0.71 1.15 8.27

NO FLOW PT 1.67 0 0 0 0 0 0 1.48
NEOCLASS 1.67 0 0 0 0 0 0 0

Table 10: Unemployment rate (%) by 5-year age classes. Values for EU-15
and Italy are elaborated from Eurostat data.
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Age Class
25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64 TOT

NO HIRING RATE (%)
BASE 1.87 0.03 0.04 0.04 0.04 0.08 0.12 1.07 0.41
SEG 0.43 0.25 0.03 0.04 0.06 0.08 0.13 1.09 0.75

MIN AGE 15 0.64 0.03 0.03 0.05 0.06 0.09 0.14 1.12 0.34
NO FLOW 1.67 0 0 0 0 0 0 0 0.21

NO FLOW PT 1.67 0 0 0 0 0 0 0 0.21
NEOCLASS 1.67 0 0 0 0 0 0 0 0.21

FIRING RATE (%)
BASE 0.06 0.01 0.01 0.02 0.03 0.07 0.19 4.15 0.57
SEG 6.13 0.32 0.01 0.02 0.04 0.06 0.18 4.15 1.36

MIN AGE 15 0.02 0.01 0.02 0.02 0.04 0.07 0.18 4.19 0.46
NO FLOW 0 0 0 0 0 0 0 0 0

NO FLOW PT 0 0 0 0 0 0 0 0 0
NEOCLASS 0 0 0 0 0 0 0 0 0

TERMINATION RATE (%)
BASE 0.19 0.24 0.31 0.33 0.43 0.65 1.03 7.13 1.29
SEG 2.29 1.52 0.3 0.36 0.45 0.63 1.02 7.14 1.71

MIN AGE 15 0.56 0.25 0.32 0.37 0.47 0.62 1.03 7.17 1.36
NO FLOW 0.23 0.25 0.3 0.37 0.46 0.71 1.15 8.27 1.47

NO FLOW PT 0 0 0 0 0 0 0 1.48 0.19
NEOCLASS 0 0 0 0 0 0 0 0 0

Table 11: Comparison of alternative scenarios in terms of unemployment
components: no-hiring, firing and termination rates (%) by 5-year age
classes.

TOTAL AGE 25− 54 AGE 55− 64
EU-15 66.48 79.21 49.72
ITALY 57.12 70.86 39.13
BASE 97.73 99.26 93.16
SEG 96.18 97.19 93.15

MIN AGE 15 98.12 99.38 93.09
NO FLOW 98.32 99.33 95.29

NO FLOW PT 99.61 99.72 99.26
NEOCLASS 99.79 99.72 100

Table 12: Employment rate (%) in all ages and by age groups 25 − 54 and
55− 64. Values for EU-15 and Italy are elaborated from OECD data.
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Age Class
25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64

EU-15 74.13 79.52 81.13 81.29 79.71 74.3 60.33 32.04
ITALY 59.14 70.89 74.17 74.46 72.76 66.74 48.56 22.94
BASE 97.88 99.72 99.64 99.61 99.49 99.2 98.66 87.65
SEG 87.28 97.91 99.66 99.58 99.46 99.22 98.67 87.62

MIN AGE 15 99.15 99.71 99.63 99.56 99.43 99.23 98.66 87.51
NO FLOW 98.1 99.75 99.7 99.63 99.54 99.29 98.85 91.73

NO FLOW PT 98.33 100 100 100 100 100 100 98.52
NEOCLASS 98.33 100 100 100 100 100 100 100

Table 13: Employment rate (%) by 5-year age classes. Values for EU-15 and
Italy are elaborated from Eurostat data.

Wage Class
500− 750 751− 1000 1001− 1250 1251− 1500 1501− 1750 1751− 2000 2001− 2500

BASE 3.87 10.9 15.74 18.27 19 15.36 14.58
SEG 5.75 13.81 16.53 17.01 16.12 14 12.95

MIN AGE 15 4.71 10.95 15.65 16.8 18.41 15.84 15.74
NO FLOW 3.54 11.27 15.85 18.24 19.32 15.8 14.3

NO FLOW PT 4.45 11.02 16.03 18.08 18.67 15.96 15.41
NEOCLASS 3.99 6.99 17.96 13.97 20.96 15.97 19.96

Table 14: Employment rate (%) by wage classes across alternative scenarios.

AVERAGE WAGE (monthly) ST DEVIATON COEFF VAR WAGE AGE GAP (%)
EU-15 3340.29 - - -17.92
ITALY 3059.5 - - -24.49
BASE 1497.17 437.01 0.29 0.31
SEG 1441.01 457.27 0.32 -5.7

MIN AGE 15 1502.51 451.32 0.3 0.04
NO FLOW 1500.43 438.02 0.29 0.08

NO FLOW PT 1500.64 447.5 0.3 -0.25
NEOCLASS 1568.6 460.56 0.29 0

Table 15: Average, standard deviation, coefficient of variation of wage
(monthly) and wage age gap (25− 54/55− 64, %) among employed workers
across alternative scenarios. Values for EU-15 and Italy are elaborated from
OECD data.
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Age Class
Average 25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64
BASE 1498.6 1497.19 1497.49 1506.54 1495.81 1495.01 1500.02 1486.51
SEG 1076.24 1405.39 1504.61 1497.54 1499.59 1501.84 1504.35 1500.15

MIN AGE 15 1500.79 1503.59 1508.09 1506.32 1502.74 1497.97 1499.82 1504.6
NO FLOW 1500.9 1495.72 1504.67 1507.86 1498.75 1496.74 1501.4 1498.62

NO FLOW PT 1501.89 1501.78 1497.04 1495.62 1497.85 1504.8 1501.73 1505.13
NEOCLASS 1568.6 1568.6 1568.6 1568.6 1568.6 1568.6 1568.6 1568.6
St Deviation

BASE 439.74 436.82 436.22 436.91 432.39 438.12 437.75 438.92
SEG 324.39 453.5 444.67 446.03 452.27 450.47 446.01 453.51

MIN AGE 15 453.08 454.48 451.8 449.19 444.46 450.15 452.23 451.97
NO FLOW 439.8 436.45 438.62 434.85 432.86 434.28 441.96 445.91

NO FLOW PT 445.25 444.46 447.91 446.45 449.22 451.13 447.36 447.78
NEOCLASS 460.6 460.59 460.59 460.59 460.59 460.59 460.59 460.59

Coeff of Variation
BASE 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
SEG 0.3 0.32 0.3 0.3 0.3 0.3 0.3 0.3

MIN AGE 15 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NO FLOW 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

NO FLOW PT 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NEOCLASS 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

Table 16: Average, standard deviation and coefficient of variation of em-
ployed wage (monthly) by 5−years age classes across alternative scenarios.

Tenure Class (years)
0− 1 1− 3 4− 9 10− 14 15− 19 20− 24 25− 29 30+

BASE 9.51 21.39 26.76 14.26 10.28 7.37 4.79 3.37
SEG 16.35 26.31 24.28 12.65 8.24 5.14 2.59 0.62

MIN AGE 15 8.12 18.54 24.18 13.99 10.73 7.96 5.79 8.82
NO FLOW 10.15 21.32 26.81 14.42 10.34 7.23 4.7 3.34

NO FLOW PT 3.28 8.27 15.02 12.5 12.5 12.5 12.5 23.04
NEOCLASS 2.29 7.5 15 12.5 12.5 12.5 12.5 25

Table 17: Employment rate (%) by tenure classes (years) across alternative
scenarios.
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Tenure Class (years)
0− 0.5 0.5− 1 1− 2 3− 4 5− 9 10+

EU-15 5.81 6.42 13.72 11.97 18.81 39.37
ITALY 4.21 4.44 11.32 11.53 19.99 45.92
BASE 4.93 4.8 15.6 11.91 21.76 41
SEG 8.94 8.06 21.35 11.3 19.93 30.41

MIN AGE 15 4.17 4.11 13.42 10.42 19.69 48.19
NO FLOW 5.25 5.08 15.49 11.75 21.71 40.72

NO FLOW PT 1.59 1.7 5.72 5.11 12.55 73.33
NEOCLASS 1.04 1.25 5.01 5.01 12.53 75.16

Table 18: Employment share (%) by tenure classes (years). Values for EU-15
and Italy are elaborated from OECD data.
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Tenure Class (years)
AGE CLASS: 25-29 0− 0.5 0.5− 1 1− 2 3− 4 5− 9 10+

EU-15 9.17 10.5 23.59 20.72 25.14 5.18
ITALY 7.62 8.02 21.26 21.57 30.07 6.44
BASE 9.5 11.13 41.89 37.47 0 0
SEG 35.06 26.1 38.84 0 0 0

MIN AGE 15 3.76 4.42 16.84 15.41 33.07 26.5
NO FLOW 9.58 11.24 42.01 37.17 0 0

NO FLOW PT 8.47 10.17 40.68 40.68 0 0
NEOCLASS 8.47 10.17 40.68 40.68 0 0

AGE CLASS: 30-34
EU-15 5.99 6.92 16.35 16.14 29.72 21.16
ITALY 4.69 4.97 13.69 16.09 31.95 25.63
BASE 1.25 1.47 5.75 5.27 86.26 0
SEG 10.6 14.39 55.87 19.14 0 0

MIN AGE 15 1.27 1.47 5.4 4.78 9.99 77.07
NO FLOW 1.21 1.41 5.49 5.27 86.61 0

NO FLOW PT 0 0 0 0 100 0
NEOCLASS 0 0 0 0 100 0

AGE CLASS: 35-39
EU-15 4.63 5.33 12.4 12.27 23.58 38.96
ITALY 3.54 3.86 9.68 11.43 25.02 44.18
BASE 1.56 1.8 6.9 6.07 11.87 71.8
SEG 1.49 1.72 6.93 6.93 67.57 0

MIN AGE 15 1.58 1.79 6.62 6.62 10.98 73.36
NO FLOW 1.47 1.78 6.73 6.73 11.9 72.07

NO FLOW PT 0 0 0 0 0 100
NEOCLASS 0 0 0 0 0 100

AGE CLASS: 40-44
EU-15 3.74 4.29 9.93 9.83 19.05 50.82
ITALY 2.76 2.97 7.64 8.63 18.34 57.94
BASE 1.71 2.02 7.39 6.34 13.93 68.6
SEG 1.81 2.11 7.76 6.52 26.85 54.95

MIN AGE 15 1.87 2.15 8.1 7.04 12.98 67.86
NO FLOW 1.82 2.05 7.51 6.41 13.07 69.13

NO FLOW PT 0 0 0 0 0 100
NEOCLASS 0 0 0 0 0 100

AGE CLASS: 45-49
EU-15 3.05 3.46 8.05 8.03 15.91 59.56
ITALY 2.14 2.33 5.91 6.82 14.19 67.25
BASE 2.21 2.51 8.58 7.23 13.84 65.62
SEG 2.3 2.59 9.18 7.69 14.15 64.09

MIN AGE 15 2.4 2.71 9.59 7.9 15.59 61.81
NO FLOW 2.23 2.58 9.11 7.61 14.35 64.12

NO FLOW PT 0 0 0 0 0 100
NEOCLASS 0 0 0 0 0 100

AGE CLASS: 50-54
EU-15 2.49 2.78 6.37 6.57 13.45 57.75
ITALY 1.75 1.73 4.73 5.41 11.24 74
BASE 3.26 3.52 12.26 9.17 15.63 56.17
SEG 3.19 3.57 12.3 9.53 15.7 55.71

MIN AGE 15 3.16 3.48 11.79 9.6 16.57 55.4
NO FLOW 3.4 3.67 12.04 8.81 15.81 56.27

NO FLOW PT 0 0 0 0 0 100
NEOCLASS 0 0 0 0 0 100

AGE CLASS: 55-59
EU-15 2 2.19 5.16 5.47 11.72 72.13
ITALY 1.56 1.53 4.14 4.69 9.77 77.27
BASE 5.26 5.58 17.56 11.81 17.32 42.46
SEG 5.18 5.49 17.36 11.98 17.65 42.34

MIN AGE 15 5.26 5.61 17.27 11.54 17.62 42.71
NO FLOW 5.4 5.81 17.34 11.89 17.54 42.02

NO FLOW PT 0.01 0 0 0 0 99.99
NEOCLASS 0 0 0 0 0 100

AGE CLASS: 60-64
EU-15 1.78 1.91 4.85 5.23 11.64 73.22
ITALY 1.67 1.53 4.38 4.69 9.35 77.06
BASE 16.08 11.3 26.2 12.39 13.72 20.31
SEG 15.92 11.17 25.87 12.08 13.92 21.04

MIN AGE 15 16.35 11.51 26.61 11.71 13.35 20.46
NO FLOW 17.92 12.81 24.88 11.18 13.22 19.99

NO FLOW PT 4.41 3.59 5.69 0.71 0.01 85.59
NEOCLASS 0 0 0 0 0 100

Table 19: Employment share (%) by tenure and age classes (years). Values
for EU-15 and Italy are elaborated from OECD data.
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Tenure Class (years)
0− 1 1− 3 4− 9 10− 14 15− 19 20− 24 25− 29 30+

BASE 0.48 2.35 6.7 12.31 17.33 22.31 27.24 33.14
SEG 0.5 2.16 6.96 12.46 17.46 22.46 27.45 31.88

MIN AGE 15 0.47 2.35 6.74 12.34 17.34 22.33 27.32 36.27
NO FLOW 0.47 2.34 6.71 12.3 17.32 22.31 27.23 33.23

NO FLOW PT 0.48 2.4 6.96 12.46 17.46 22.46 27.46 34.63
NEOCLASS 0.5 2.46 6.96 12.46 17.46 22.46 27.46 34.96

Table 20: Average employed tenure by tenure classes (years) across alterna-
tive scenarios.

Tenure Class (years)
0− 0.5 0.5− 1 1− 2 3− 4 5− 9 10+

EU-15 0.28 0.69 1.69 3.51 6.81 20.15
ITALY 0.29 0.69 1.72 3.52 6.85 20
BASE 0.24 0.7 1.91 3.92 7.28 18.97
SEG 0.24 0.7 1.83 3.92 7.27 17.16

MIN AGE 15 0.24 0.7 1.91 3.92 7.31 21.45
NO FLOW 0.24 0.7 1.9 3.92 7.29 18.9

NO FLOW PT 0.25 0.7 1.92 3.95 7.46 24.59
NEOCLASS 0.25 0.71 1.96 3.96 7.46 24.96

Table 21: Average employed tenure (years) by tenure classes. Values for
EU-15 and Italy are elaborated from OECD data.
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Tenure Class (years)
AGE CLASS: 25-29 0− 0.5 0.5− 1 1− 2 3− 4 5− 9 10+

EU-15 0.29 0.69 1.69 3.5 6.55 11.17
ITALY 0.29 0.69 1.73 3.51 6.63 11.2
BASE 0.25 0.71 1.94 3.94 0 0
SEG 0.23 0.69 1.59 0 0 0

MIN AGE 15 0.25 0.71 1.95 3.94 7.36 12.36
NO FLOW 0.25 0.71 1.94 3.94 0 0

NO FLOW PT 0.25 0.71 1.96 3.96 0 0
NEOCLASS 0.25 0.71 1.96 3.96 0 0

AGE CLASS: 30-34
EU-15 0.29 0.7 1.71 3.53 6.87 12.49
ITALY 0.29 0.69 1.74 3.54 6.9 12.51
BASE 0.25 0.71 1.95 3.95 7.34 0
SEG 0.26 0.71 1.89 3.68 0 0

MIN AGE 15 0.25 0.71 1.93 3.94 7.37 16.86
NO FLOW 0.25 0.71 1.95 3.95 7.33 0

NO FLOW PT 0 0 0 0 7.46 0
NEOCLASS 0 0 0 0 7.46 0

AGE CLASS: 35-39
EU-15 0.29 0.69 1.71 3.53 6.93 14.65
ITALY 0.29 0.69 1.73 3.55 6.98 14.7
BASE 0.25 0.71 1.94 3.94 7.33 12.33
SEG 0.25 0.71 2.02 4.15 6.93 0

MIN AGE 15 0.25 0.71 1.93 3.94 7.33 20.67
NO FLOW 0.25 0.71 1.94 3.94 7.36 12.32

NO FLOW PT 0 0 0 0 0 12.46
NEOCLASS 0 0 0 0 0 12.46

AGE CLASS: 40-44
EU-15 0.29 0.69 1.71 3.53 6.9 17.47
ITALY 0.29 0.69 1.72 3.54 6.96 17.45
BASE 0.25 0.71 1.92 3.95 7.31 16.65
SEG 0.25 0.71 1.93 3.94 8.3 11.91

MIN AGE 15 0.25 0.71 1.94 3.94 7.23 23.81
NO FLOW 0.25 0.71 1.93 3.93 7.32 16.65

NO FLOW PT 0 0 0 0 0 17.46
NEOCLASS 0 0 0 0 0 17.46

AGE CLASS: 45-49
EU-15 0.29 0.69 1.71 3.53 6.91 20.44
ITALY 0.28 0.69 1.73 3.54 6.93 20.74
BASE 0.25 0.71 1.92 3.94 7.3 20.14
SEG 0.25 0.71 1.93 3.92 7.31 15.69

MIN AGE 15 0.25 0.71 1.93 3.93 7.31 26.02
NO FLOW 0.25 0.71 1.93 3.93 7.31 20.16

NO FLOW PT 0 0 0 0 0 22.46
NEOCLASS 0 0 0 0 0 22.46

AGE CLASS: 50-54
EU-15 0.28 0.69 1.71 3.53 6.91 23.35
ITALY 0.28 0.69 1.73 3.54 6.92 23.99
BASE 0.25 0.7 1.92 3.9 7.26 23
SEG 0.25 0.7 1.92 3.91 7.24 19.14

MIN AGE 15 0.25 0.71 1.92 3.92 7.28 27.37
NO FLOW 0.25 0.7 1.91 3.91 7.32 22.79

NO FLOW PT 0 0 0 0 0 27.46
NEOCLASS 0 0 0 0 0 27.46

AGE CLASS: 55-59
EU-15 0.28 0.69 1.72 3.54 6.94 26.61
ITALY 0.28 0.7 1.74 3.53 6.91 26.26
BASE 0.24 0.7 1.89 3.9 7.14 24.56
SEG 0.24 0.7 1.92 3.9 7.18 21.37

MIN AGE 15 0.25 0.7 1.89 3.9 7.19 27.71
NO FLOW 0.25 0.7 1.88 3.91 7.13 24.38

NO FLOW PT 0 0 0 0 0 32.46
NEOCLASS 0 0 0 0 0 32.46

AGE CLASS: 60-64
EU-15 0.29 0.7 1.73 3.54 6.96 26.55
ITALY 0.28 0.69 1.75 3.54 6.91 27.72
BASE 0.22 0.7 1.82 3.86 7.06 24.61
SEG 0.22 0.7 1.82 3.86 7.03 22.31

MIN AGE 15 0.22 0.7 1.81 3.84 7.04 26.86
NO FLOW 0.23 0.69 1.8 3.85 7.08 24.57

NO FLOW PT 0 0.69 1.68 3.51 5.25 37.21
NEOCLASS 0 0 0 0 0 37.46

Table 22: Average employed tenure (years) by tenure and age classes. Values
for EU-15 and Italy are elaborated from OECD data.
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EU-15 ITALY BASE SEG MIN AGE 15 NO FLOW NO FLOW PT NEOCLASS
IQR 4.85 6 2.41 2.58 2.48 2.4 2.45 2.37

Table 23: In-work inequality (income quintile ratio, IQR) across alternative
scenarios. Values for EU-15 and Italy are elaborated from Eurostat data.

POVERTY LINE HCR 25-54 (%) HCR 55-64 (%)
EU-15 - 7.6 7.42
ITALY - 10.48 7.98
BASE 900.63 7.66 2.48
SEG 853.48 9.02 2

MIN AGE 15 907.77 9.49 2.23
NO FLOW 902.05 7.29 2.48

NO FLOW PT 902.13 7.93 2.6
NEOCLASS 948.9 7.49 2.51

Table 24: In-work poverty line (monetary units) and poverty rate (Head-
Count Ratio, HCR) among employed workers aged 25−54 and 55−64 across
alternative scenarios. Values for EU-15 and Italy are elaborated from Euro-
stat data.

B.8 Alternative Pension Profiles and Performances

Scenarios
BASE SEG MIN AGE 15 NO FLOW NO FLOW PT NEOCLASS

DB 14174.52 14214.31 17742.98 14374.31 14389.55 15020.44
DC 11844.14 11360.07 14389.32 11945.38 11927.5 12443.83

DAC 12459.25 11925.53 15810.32 12564.24 12544.83 13087.75
DTC 12457.32 11809.13 15815.88 12558.45 13154.91 13750.88

Table 25: Average pension (yearly amount) across alternative scenarios and
pension regimes.

72



Pension Income Class
0− 750 751− 1000 1001− 1250 1251− 1500 1501− 1750 1751− 2000 2001− 2500

Scenario: BASE
DB 3.76 20.05 37.16 29.08 9.29 0.66 0
DC 12.93 39.94 37.03 9.86 0.23 0 0

DAC 9.41 33.99 39.63 15.85 1.12 0 0
DTC 9.37 34.96 38.52 15.43 1.72 0.01 0

Scenario: SEG
DB 4.3 19.47 35.99 29.45 9.92 0.86 0
DC 14.14 47.37 33.95 4.53 0.01 0 0

DAC 10.33 41.1 39.79 8.65 0.13 0 0
DTC 11.23 43.07 37.29 8.14 0.27 0 0

Scenario: MIN AGE 15
DB 0.84 5.78 18.01 27.7 27.28 15.49 4.91
DC 2.91 16.25 32.23 32 14.74 1.87 0

DAC 1.84 12.08 27.05 32.59 20.42 5.68 0.34
DTC 1.77 12.19 28.13 31.37 19.46 6.3 0.78

Scenario: NO FLOW
DB 3.09 18.86 36.14 30.91 10.08 0.93 0
DC 11.9 38.77 38.52 10.55 0.27 0 0

DAC 8.8 32.77 40.66 16.35 1.43 0 0
DTC 8.75 33.75 39.49 16.14 1.86 0 0

Scenario: NO FLOW PT
DB 11.21 19.74 24.06 22.77 16.78 5.44 0
DC 23.12 27.57 27.33 18.68 3.3 0 0

DAC 19.8 25.39 26.49 20.92 7.4 0 0
DTC 16.6 23.31 25.61 22.5 11.3 0.69 0

Scenario: NEOCLASS
DB 9.18 19.92 20.22 21.91 19.01 9.76 0
DC 22.13 22.43 26.83 21.93 6.69 0 0

DAC 16.2 23.28 26.73 20.22 13.56 0 0
DTC 12.3 24.95 23.84 22.14 13.93 2.85 0

Table 26: Comparison of pension income distributions in standard and dif-
ferentiated pension regimes across alternative scenarios.

Financial Balance (mln) Income Maintenance (RR) Inequality (IQR) Poverty (HCR)
DB DC DAC DTC DB DC DAC DTC DB DC DAC DTC DB DC DAC DTC

BASE -5.0535 -0.4122 -0.4157 -0.412 79.16 66.15 69.59 69.57 1.83 1.82 1.83 1.84 2.48 2.3 2.35 2.12
SEG -6.3574 -0.6727 -0.6996 -0.6796 79.05 63.18 66.32 65.68 1.86 1.73 1.73 1.75 2.76 1.39 1.37 1.28

MIN AGE 15 -6.1486 -0.3655 -0.3675 -0.4143 98.44 82.33 87.72 87.75 1.87 1.85 1.86 1.87 3.08 2.71 2.82 2.51
NO FLOW -5.2606 -0.423 -0.4306 -0.4307 79.53 66.09 69.51 69.48 1.81 1.81 1.82 1.83 2.24 2.16 2.22 1.91

NO FLOW PT -4.9826 -0.0791 -0.0079 -0.0085 79.28 65.71 69.11 72.47 2.36 2.41 2.41 2.41 9.33 9.85 9.84 9.79
NEOCLASS -5.1203 0.0115 0.0014 0.0013 79.8 66.11 69.53 73.05 2.57 2.57 2.57 2.57 9.95 9.59 9.95 9.99

Table 27: Comparison of performances between DB and DC pension regimes
in terms of Financial Balance (in millions of monetary units), Income Main-
tenance (average replacement rate, RR), Inequality (income-quintile Ratio,
IQR) and Poverty (head-count ratio, HCR) and associated Poverty Line
across alternative scenarios. Values for EU-15 and Italy are elaborated from
Eurostat data.
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B.9 Alternative Tenure-specific Separations

Performances of pension regimes are compared across different specifications
for the functional form of the tenure-specific separation probability λi,a(λ, ti,a)
associated to a contract (w, t)i,a of wage wi,a and tenure ti,a received by i-th
worker when unemployed and aged a.
In the baseline scenario, the relation between the separation probability λ
and the tenure of the drawn contract ti,a is specified as a power function,
i.e. λi,a = λti,a , meaning that the probability of job separation is lower for
contracts with higher offered tenure and remains constant throughout the
employment relation. In the simplest, unconditional, specification it is as-
sumed that λi,a(λ, ti,a) is constant and does not depend on the tenure of
the contract ti,a, i.e. λi,a = λ for any ti,a ∈ [1, aret − a − 1]. A tenure-
independent separation probability is the classical assumption of frictional
models of duality in the labour market, with an exception represented by Al-
varez and Veracierto (2012)22. The other two alternative functional specifica-
tions continue to assume that the tenure-specific separation λ(ti,a) decreases
for higher tenures like in the baseline scenario. Precisely, the second spec-
ification is characterised by a tenure-dependent decay in the form of ratio,
i.e. λi,a(λ, ti,a) = λ/ti,a. The third alternative specification is similar to the
baseline specification with the difference that the probability of separation
decreases along with the continuation of the employment relation indexed by
τ = 1, ..., ti,a, i.e. λi,a = λτ (see equation 1).
Figure 15 below depicts the corresponding profiles for a given value of λ. De-
spite the baseline specification λti,a and the last specification λτ graphically
coincide, their are different in the way they apply. Unlike the baseline spec-
ification, the specification λτ decreases at any period the employed worker
proceeds along the contract ladder induced by the contract (see figure 5). In
the baseline scenario, instead, the tenure-decreasing separation probability
remains fixed throughout the employment relation.

22Despite the model of this work does not explicitly consider firing costs, the resulting
profile is qualitatively similar to that obtained in the case of tenure-dependent firing costs
proposed by Alvarez and Veracierto (2012), that it is tenure-decreasing. In that work,
authors adopt a tenure-dependent dismissal cost specified as a step function taking value
zero for those contracts with a certain tenure and positive otherwise.
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Figure 15: Functional Specifications for the tenure-specific separation rate
for λ = 0.1: baseline λt, unconditional λ, ratio λ/ti,a and power to current
tenure λτ .

Table 28 reports sensitivity results of pension performances across alter-
native specifications for the tenure-specific separation probability λi,a. Over-
all, one can see that the functional form matters in terms of performances
of pension regimes. In particular, the financial sustainability drammatically
worsens in all pension regimes when one moves from the baseline specification
λti,a to more frequent separation regimes λτ , λ/ti,a to unconditional specifi-
cation λ. Also the relation between frequency of job separation and average
replacement rate is negative, since more frequent unemployment spells lowers
the level of pension rights, either in terms of a lower cumulated accrual rate in
DB pension regime and in DC-like pension regimes through a reduced cumul
of pension contributions. On the contrary, more frequent separations reduce
the level of inequality and poverty among retirees. This can be confirmed
by comparing pension perfomances in the baseline scenario where λi,a = λti,a

with those obtained in the unconditional case where λi,a = λ, where the latter
shows the lowest level of inequality and the absence of poverty among retirees.
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Functional Specifications
Financial Balance (mln) λti,a λ λ/ti,a λτ

DB -5.0535 -7.0011 -5.2898 -5.197
DC -0.4122 -2.673 -0.633 -0.4882

DAC -0.4157 -2.7996 -0.6446 -0.5008
DTC -0.412 -2.7376 -0.6437 -0.4884

Income Maintenance (RR)
DB 79.16 77.45 79.08 78.42
DC 66.15 65.34 66.07 65.34

DAC 69.59 68.73 69.5 68.73
DTC 69.57 67.13 69.23 68.67

Inequality (IQR)
DB 1.83 1.26 1.74 1.84
DC 1.82 1.21 1.70 1.83

DAC 1.83 1.2 1.71 1.84
DTC 1.84 1.2 1.72 1.85

Poverty (HCR)
DB 2.48 0 1.89 2.66
DC 2.3 0 1.45 2.42

DAC 2.35 0 1.47 2.49
DTC 2.12 0 1.29 2.18

Table 28: Comparison of performances pension regimes DB, DC, DAC and
DTC in terms of Financial Balance (mln), Income Maintenance (average
replacement rate, RR), Inequality (income-quintile Ratio, IQR) and Poverty
(head-count ratio, HCR) across alternative specifications for the tenure-
specific separations.

Read together, these results suggest interesting empirical relations. Ac-
cording to the sensitivity results presented in table 28, one should find a
negative relation, for example, between the index of employment protection
and the financial balance of public pension systems. A negative relation
should also emerge between employment protection and replacement rates.
On the contrary, the sign characterising the relation between frequency of
job separations and inequality or poverty is expected to be positive. But,
first of all, it would be important to test which tenure-specific separation
specification is in place. Needless to say, it is expected that the specification
varies across economic sectors of employment, ages and worker’s experience
since worker’s productivity is likely to play an important role in this context.
All these empirical questions are left to future research.
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C Empirical Validation

This section compares model outcomes with their empirical counterparts pro-
vided for EU-15 countries23, with a particular focus on Italy. Data are ex-
tracted from Eurostat and OECD databases and include demographic (C.1)
and labour statistics (C.2). For each statistics under comparison, a graphi-
cal representation reports the empirical time profile together with the model
counterpart. Tabulated results compare the data averaged over the last two
decades with corresponding model outcomes unless otherwise specified.

C.1 Demography

This section compares empirical profiles for EU-15 and for Italy with cor-
responding model outcomes for the age structure of population (figure 16,
median age, old-age dependency ratio, working age population (figure 17)
and life expectancy at age 65 (figure 18).

C.1.1 Age Structure of Population

Model dynamics closely replicates the age structure of population averaged
over the time period 1997− 2016. As figure 16 shows, for ages 25− 54, the
absolute distance between model and data is just 1 p.p. (8% vs 7%) whereas
for ages 55− 64 it raises to 2 p.p. (8% vs 6%). For ages 65+ is higher than
observed by 16 p.p. and 13 p.p. compared to EU-15 and Italy respectively
(33% vs 17% for EU-15 and 20% for Italy, respectively).
Unlike the empirical data, workers belonging to the age class 0 − 24 are
excluded from the model. This exclusion is responsible for the positive bias
between model outcomes and empirical values within the age range 25− 64.
In particular, people aged 0− 14 are excluded since they are not allowed to
participate into the labour market. A rescaling of the age composition of
population excluding this age group is likely to reduce such a bias, even thou
to a smaller extent. Instead, the exclusion of workers aged 15− 24 relies on
the consideration that those people are likely to be in their educational ages
vel to be NEETs. However, one of the alternative scenarios considered in
appendix B includes this age group into the model by reducing the entry age

23Indeed, the number of countries considered in the EU-15 pool is twelve. Ireland,
Luxembourg and the United Kingdom are excluded.

77



amin from 25 to 15. The corresponding outcome confirms that this extension
improves the model fitting in terms of the age structure of population.

AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65+
5

10

15

20

25

30

35
EU15
ITALY
MODEL

Age Class
25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64 65+

EU-15 6.66 7.11 7.37 7.38 7.17 6.77 6.18 5.62 17.3
ITALY 6.51 7.32 7.74 7.64 7.25 6.75 6.29 5.94 19.7

MODEL 8.33 8.33 8.33 8.33 8.33 8.33 8.33 8.33 33.33

Figure 16: Distribution of population by 5−years age classes. Values for
EU-15 and Italy are elaborated from Eurostat data.

Note also that the share of population aged 65+ is larger than empirically
observed for EU-15 and for Italy. Assuming a greyer economy, i.e. an econ-
omy with a greater share of individuals in old-age, might not be a big issue
in a context of a gradual ageing. But recalling that by assumption the demo-
graphic structure of population influences the aggregate jobs offer in terms of
duration of contracts, changes in the age composition of population impact
on the distribution of employment by tenure classes. For this reason, it is ex-
pected that the model delivers shorter average tenures among the employed
population compared to what observed in the data. This demographic bias
then translates into higher share of workers employed with shorter tenure.
To reduce such bias, the introduction of age-increasing mortality forces, e.g.
survival or death probabilities, are needed.
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C.1.2 Median Age, Old-Age Dependency Ratio and Population
in Working Age

This overpresence of workers aged 65+ is reflected on other demographic
statistics depicted in figure 17. These are median age, old-age dependency
ratio and the share of population in working age. Empirical values are aver-
aged over the years 1997− 2016.
In the model, the median age of population is 15 and 13 years higher than in
EU-15 and in Italy respectively (55 vs 40 for EU-15 and 42 for Italy). The
old-age dependency ratio, i.e. the ratio between people aged 65+ over those
aged 15−64, is almost the double compared to what observed in EU-15 (50%
vs 26.14%) and in Italy (50% vs 29.81%). Instead, the share of population
in working age is two third as in EU-15 (66.75%) and Italy (66.79%). In this
case, such a perfect fitting results also from the time-averaging procedure and
hides the negative time-trend presented characterising the empirical profile
and due to a time-increasing share of the retired population.
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Median Age Old-Age Dependency Ratio Working Age Population
EU-15 40 26.14 66.75
ITALY 42 29.81 66.79

MODEL 55 50 66.67

Figure 17: Median age (left), old-age dependency ratio (center) and share of
population in working age (right). Values for EU-15 and Italy are elaborated
from Eurostat data (left and center) and OECD data (right).

Despite demographic module in the model is characterised by an abun-
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dance of old individuals, it remains a valid scenario for the next decades
especially if one considers that the old-age dependency ratio is expected to
raise above 50% around the year 2050 in Europe Union (European Commis-
sion, 2018). Meanwhile, lower the entry age into the economy to 15 years,
as done in one of alternative scenarios considered in appendix B, or intro-
ducing age-increasing mortality probabilities, as one of the possible model
extensions, allows reducing such a ageing gap between model population and
the empirical counterpart especially in terms of median age and old-age de-
pendency ratio. Regarding the working share of population and its negative
time-trend, it is possible to raise the exit age amax over time. For example, it
is possible to couple the age-increasing mortality with the Oeppen’s rule of
thumb by increasing the maximum age in the model by three months every
year (Oeppen et al., 2002). This is left for future research since the model
abstracts from population ageing.

C.1.3 Life Expectancy at Retirement

The calibrated value of retirement age aret = 65 and exit age amax = 85
produces a value for life expectancy at retirement of 20 years, representing
the length of the post-retirement period. Figure 18 shows the evolution of
life expectancy at retirement, i.e. at age 65, for males and females for the
EU-15 and for Italy over the period 1975 − 2015. It is possible to see that
model outcome is coherent with most recent values reported for EU-15 (18.47
and 21.73) and for Italy (18.9 and 22.2) for males and females, respectively.
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Life Expectancy at age 65 (2015) 18.47 21.73 18.9 22.2 20

Figure 18: Life expectancy (years) at age 65 in year 2015. Values for EU-15
and Italy are elaborated from OECD data.

Clearly, the constancy of the value for exit age amax = 85 does not allow
to capture the positive time-trend observed in the data. As previously said,
the stationarity of the model does not consider population ageing. Also in
this case, it would be useful to consider that life expectancy at birth has
linearly increased by three months since 1840 (Oeppen et al., 2002). To-
gether with the introduction of a mortality force, this consideration may be
a way to introduce population ageing in the model economy coherently with
what observed in the data. Besides cohort-specific effects, another impor-
tant aspect not considered by the model is the heterogenity of longevity by
socio-economic status like gender, education, geography and income. This
phenomenon, which persists and does not decrease over time (Ayuso et al.,
2017b), affects the actuarial fariness of pension systems especially of DC type.
Generated by the application of a homogeneous factor for life expectancy at
retirement in the computation of pensions, this phenomenon triggers a tax/-
subsidy mechanism favouring those retirees who systematically live longer
than imputed at the expenses of those with shorter lives.
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C.2 Labour Market

This section compares empirical profiles with corresponding model outcomes
for main lifecycle statistics of the labour market. These are participation
rates (figure 19), unemployment rate (figures 20, 21 and 22), employment
rates (figures 23 and 24), employed wage statistics (figures 25 and 26), em-
ployment share (figures 27 and 28) and average employed tenure (figures 29
and 30) by tenure classes, in-work inequality and poverty (figures 31 and 32)
and the effective retirement age (figure 33).

C.2.1 Participation

Figure 19 compares labourforce participation in EU-15 and in Italy over
1997− 2016 with the corresponding model outcome. In the model economy,
the exclusive consideration of active labourforce implies a full participation
of all workers into the labour market. While the entire population in working
age is assumed to be active (100%), empirical profiles for individuals aged
25 − 54 are lower (85.13% in EU-15 and 76.32% in Italy). This is partic-
ularly true for those aged 55 − 64 (49.31% in EU-15 and 35.51% in Italy).
Participation of workers aged 65+, around 6% in EU-15 and 4% in Italy, is
excluded in the model from the assumption of a mandatory retirement age.
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Figure 19: Participation rate (%) by age classes 25− 54 and 55− 64. Values
for EU-15 and Italy are elaborated from OECD data.

Indeed, most of frictional labour market models abstract from participa-
tion margin since workers are assumed to be either employed or unemployed
Pissarides (2000). In order to fill the gap between model outcomes and
empirical data, introduction of inactivity status for workers aged 25 − 54,
e.g. through NEET behaviour and disability status, and those aged 55− 64,
through disability and early retirement, would help to reduce the positive
bias. At this aim, Garibaldi and Wasmer (2005), seminal in considering
participation choices into an equilibrium unemployment framework, is good
reference work. Concerning health and disability status, see the works of Ki-
tao (2014) and Low and Pistaferri (2015). Such extensions are left for future
research.

C.2.2 Unemployment

Regarding unemployment statistics, figure 20 reports the empirical profiles
for the (harmonised) unemployment rate in the short and long term (longer
than a year) for the EU-15 for in Italy over 1997 − 2016. Model dynamics
is able to provide unemployment only in the short run (2.27%), which is
however lower than what observed (5.37% in EU-15 and 4.12% in Italy).
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Accordingly, the total unemployment rate is also lower in the model than in
the data (8.85% in EU-15 and 9.4% in Italy).
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MODEL 2.27 0 2.27

Figure 20: Total (left), long term (center), short term (right) unemployment
rate (%). Values for EU-15 and Italy are elaborated from OECD data.

Regarding short term unemployment, the negative bias between model
outcomes and empirical values can be reduced, as shown by one of the alter-
native scenarios presented in appendix B, by considering for younger workers
a labour market segment characterised by a lower job finding rate, a higher
firing rate and shorter offered tenure contracts. Instead, compared to empir-
ical values (3.48% in EU-15 and 5.28% in Italy), long term unemployment
can be obtained by equipping workers with an extensive margin of labour
supply. Modelled in the form of reservation wage as in McCall (1970), this
is illustrated in appendix D. Trivially, if a lower time frequency is assumed,
e.g. quarterly or yearly, long-term unemployment would arise by construc-
tion since a unit spell of unemployment would correspond to a longer time.
Model assumption regarding unemployed workers are also disaggregated by
age. Figure 21 distinguishes between age groups 25 − 54 and 55 − 64 and
reports empirical profiles for EU-15 and for Italy over the period 1998−2017.
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Figure 21: Unemployment rate (%) by age classes 25− 54 (left) and 55− 64
(right). Values for EU-15 and Italy are elaborated from OECD data.

As expected, model dynamics is characterised by a lower profile especially
among workers aged 25 − 54 (7.69% in EU-15 and 8.4% in Italy) but it is
in line with what observed among those aged 55 − 64 especially in EU-15
(6.18% and 4.33% in Italy).
A further disaggregation reports unemployment profile by 5−years age classes
for the years 1997 − 2016. Figure 22 shows that unemployment exhibits an
U-shaped age profile due higher rates among younger workers and those
close to retirement. The higher unemployment rates among workers aged
25− 29 is primarily due to the assumption of unemployment as initial state
(1.67%). Instead, the convexification of the unemployment age profile for
higher ages depicts the distance to retirement effect, due to firms offering
shorter contracts to compensate a reduced employability Saint-Paul (2009).
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ITALY 16.56 10.37 7.71 6.39 5.54 4.47 4.5 3.96

MODEL 2.12 0.28 0.36 0.39 0.51 0.8 1.34 12.35

Figure 22: Unemployment rate by 5-year age classes (%). Values for EU-15
and Italy are elaborated from Eurostat data.

From a modelling viewpoint, in a context of one-sided search, the same
U-shaped age profile is obtained through an age-increasing work disutility
Bhattacharya et al. (2004), an age-increasing search disutility with (single-
price) wage bargaining Khaskhoussi (2009); Hairault et al. (2015) or posting
Hairault et al. (2010), or as result of an age-decreasing health factor Sabatier
and Legendre (2017). But these works limit their analysis to workers aged
at most 60 in order to exclude the oldest 5-years age group which is heavily
affected by the presence of early retirees.
Besides labour supply choices, disability and early retirement, a further ex-
tension that can improve the fitting of the model could be the introduction
of a mechanism for vacancy creation over the life cycle with random search
as in Cheron et al. (2013) or directed search as in Menzio et al. (2016).
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C.2.3 Employment

Employment statistics are crucial in the analysis of the interplay between
labour market and pensions since they characterise the extensive and inten-
sive margins of pension contributions as shown in equation 4. Actually they
are more important than unemployment, since it serves as labour market
state to reproduce gaps in the pension contribution if they are not figura-
tively credited as assumed in the model.
In the model, since all workers are assumed to participate into the labour
market, the situation is specular to that of unemployment describe before.
In particular, as shown by figure 23, the total employment rate in the model
(97.73%) is higher compared to the corresponding empirical values (66.48%
in EU-15 and 57.12% in Italy).
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Figure 23: Employment rate by age classes (%): Total (left), 25−54 (center)
and 55− 64 (right). Values for EU-15 and Italy are elaborated from OECD
data.

In particular, workers aged 25−54 enjoy nearly fully employment (99.26%)
while it is slighlty lower for those aged 55− 64 (93.16%). Corresponding em-
pirical profiles, averaged over the years 2005− 2015, are much lower in both
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age groups (79.21% in EU-15 and 70.86% in Italy for the age group 25− 54,
49.72% in EU-15 and 39.13% in Italy for ages 55− 64).
Disaggregated by 5−years age groups, figure 24 confirms that workers aged
30− 59 are in full employment whereas those aged 25− 29 and 60− 64 are
close to it.
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Figure 24: Employment rate by 5-year age classes (%). Values for EU-15
and Italy are elaborated from Eurostat data.

This substantial positive bias between model outcome and empirical pro-
file, averaged over the period 1998− 2017, mainly stems from the exclusion
of nonparticipation, long term unemployment. Also the assumption of an
automatic random hiring process contributes to feed this positive gap. The
introduction of alternative matching process between unemployed workers
and job vacancies over the life cycle are likely to deliver more acceptable
results in this respect. This is exercise is left for future research.
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C.2.4 Employed Wage

Similar to employment rate for the extensive margin of pension contributions,
in the analysis of the interplay between labour market and pension systems,
employed wage statistics are important inasmuch they shape the intensive
margin of pension contributions.
The monthly mean of (gross) employed wages in the model (1141.05), de-
picted in figure 25, is less than half compared to what observed between
1997 and 2016 (3340.29 in EU-15 and 3059.5 in Italy). As expected from
the consideration of only not-high skilled workers, the calibrated support for
offered wage, ranging from wmin = 500 to wmax = 2500, results to be too low
compared to the data.
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Figure 25: Average employed wage (monetary units, monthly) and wage gap
between workers aged 25− 54 and 55− 64 (%). Values for EU-15 and Italy
are elaborated from OECD data.

In this case, the model not only excludes workers whose contract wage is
bargained (e.g. executives, academics) but also workers whose posted wage
exceeds a certain range. To reduce such a gap, both bounds of the wage
distribution need to be increased, thus allowing for richer wage offers.
Another aspect under comparison, depicted in figure 26, is the gap between
the average level of wage among workers aged 25 − 54 and of those aged
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55 − 64. The outcome produced by the model (0.31%) is not in line with
values reported by the data (−18% in EU-15 and −12% in Italy) despite it is
reducing between the years 2005 and 2015. Recalling figure 10, since the age
profile of employed wage is not increasingly concave, then the gap is close to
zero while empirical profiles are negative.
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Figure 26: Age Gap in Employed Wage (%). Values for EU-15 and Italy are
elaborated from OECD data.

In fact, also a factor for wage growth is absent in the model. Needless
to say, this component would also contribute to increase the average level of
employed wages in the economy.
Overall, increasing the support of offered wage and introducing a factor, or
a mechanism, for wage growth over the life cycle would alleviate the gap
between these model outcomes and corresponding empirical values. Fro ex-
ample, apart from productivity or a seniority factor for wage growth, the
presence of a labour market segment for younger workers characterised by a
lower average wage would helps in this respect.

90



C.2.5 Tenured Employment Share

Regarding the employment tenure, for sake of empirical comparability, model
outcomes are reported in terms of employment share and not rate. However,
the higher the employment rate in the model (97.73%), the more the terms
share and rate can be used interchangeably.
Figure 27 reports the distribution of the share of employment by tenure
classes (in years) and compare it with the corresponding empirical counter-
part for EU-15 and for Italy over the period 1997− 2015. In general, model
outcomes are in line with reported by the data and closely mimic a tenure-
increasing profile. For infrannual tenure classes 0 − H and H − 1, model
outcomes (4.93% and 4.8%) are slightly lower compared to EU-15 (5.81%
and 4.21%) but closer to those of Italy (4.21% and 4.44%). In the tenure
class 1−2 years the distance between model and data is substantially higher
(15.6% vs 13.72% in EU-15 and 11.32% in Italy). Instead, model dynam-
ics very well reproduces the share of employment in the tenure class 3 − 4
(11.91% vs 11.97% in EU-15 and 11.53% in Italy).
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Figure 27: Share employed workers (%) by tenure classes (years). Values for
EU-15 and Italy are elaborated from OECD data.
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While in the tenure class 5− 9 years, model outcome (21.76%) is slightly
higher than what observed at empirical level (18.81% in EU-15 and 19.99%
in Italy). Instead, in the last tenure class of 10+ years, model dynamics
is more satisfactory if compared to EU-15 (41% vs 39.37%) and less when
compared to Italy (41% vs 45.92). Overall, the assumption of uniformly dis-
tributed offered tenures whose maximal value depends on the age-distance
to retirement of the employed worker as well as on tenure-decreasing firing
rates. Possibly, improvements of model fitting can be obtained in this case
through the introduction of workers’ choices, not only in the form of reser-
vation wages, but also adding the possibility of voluntary quits as form of
on-the-job search.
Disaggregated by 5-years age classes in figure 28, model dynamics, still em-
pirically valid, shows for which age group possible biases arise. It is possible
to note that model dynamics delivers age-decreasing profiles for all tenure
classes except for 10+ years, where it shows an increasingly concave profile.
Moreover, the assumption of entry age amin = 25 is responsible for the ab-
sence of employment in that tenure class for those age groups (5−9 and 10+
years for the age groups 25− 29 and 25− 34, respectively).

92



AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
0

10

20
0 - 0.5 YEAR

EU15
ITALY
MODEL

AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
0

5

10

15
0.5 - 1 YEAR

AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
0

20

40

60
1 - 2 YEARS

AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
0

20

40
3 - 4 YEARS

AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
0

50

100
5 - 9 YEARS

AGE CLASS
25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
0

50

100
10 + YEARS

Age Class
25− 29 30− 34 35− 39 40− 44 45− 49 50− 54 55− 59 60− 64

Tenure Class: 0− 0.5
EU-15 9.17 5.99 4.63 3.74 3.05 2.49 2 1.78
ITALY 7.62 4.69 3.54 2.76 2.14 1.75 1.56 1.67

MODEL 9.5 1.25 1.56 1.71 2.21 3.26 5.26 16.08
Tenure Class: 0.5− 1

EU-15 10.5 6.92 5.33 4.29 3.46 2.78 2.19 1.91
ITALY 8.02 4.97 3.86 2.97 2.33 1.73 1.53 1.53

MODEL 11.13 1.47 1.8 2.02 2.51 3.52 5.58 11.3
Tenure Class: 1− 2

EU-15 23.59 16.35 12.4 9.93 8.05 6.37 5.16 4.85
ITALY 21.26 13.69 9.68 7.64 5.91 4.73 4.14 4.38

MODEL 41.89 5.75 6.9 7.39 8.58 12.26 17.56 26.2
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ITALY 6.44 25.63 44.18 57.94 67.25 74 77.27 77.06

MODEL 0 0 71.8 68.6 65.62 56.17 42.46 20.31

Figure 28: Share of employed workers (%) by age and tenure classes (years).
Values for EU-15 and Italy are elaborated from OECD data.
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C.2.6 Average Employed Tenure

Along the comparison between model outcomes and empirical counterparts,
besides the employment share, another perspective from which to consider
tenure of employment relations is the distribution of average length by tenure
classes. Similar to the distribution of employment share, the distribution of
average employment tenure by tenure classes is firstly reported for the whole
employed population and then disaggregated by 5-years age groups.
Figure 29 compares model outcomes with the data for EU-15 and for Italy,
over the period 1997−2015, in terms of average employed tenure across tenure
classes measured in years. Also in this case, the model well replicates the
corresponding empirical profile. In the tenure class 0−0.5 years, on average,
employment relations last slightly less (0.24 years) than empirically observed
(0.28 years in EU-15 and 0.29 years in Italy), with a negative gap between
model outcome and empirical values of two weeks. In the other infrannual
tenure class of 0.5− 1 year, the gap between model outcome (0.7 years) and
the data (0.69 years both in EU-15 and in Italy) is negligible.
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Figure 29: Average employment tenure by tenure classes (years). Values for
EU-15 and Italy are elaborated from OECD data.
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Less satisfactory is the comparison within tenure classes of 1−2, 3−4 and
5− 9 years. In each of them, where model values are higher (1.91, 3.92 and
7.28 years, respectively) compared to what observed in EU-15 (1.69, 3.51 and
6.81, repsectively) and in Italy (1.72, 3.52 and 6.85 years, respectively). In
the last tenure class of 10+ years, the negative gap between model outcome
(18.97 years) and empirical counterparts (20.13 years in EU-15 and 20 years
in Italy) implies that the model produces shorter long term relations.
Figure 30 decomposes by age the distribution of the average employed tenure
by tenure classes. It is possible to note that, as in the data, the average du-
ration of employment in the model does not show any age-specific pattern
in any age classes but in the 10+ years. Note also that average tenure pro-
files for workers younger than 30 and 35 are null within the tenure classes
of 5 − 9 years and 10+ years, respectively. Within these tenure classes, the
calibrated entry age in the labour market amin = 25 implies that no workers
aged 25− 29 can reach an employment duration of 5+ years.
Overall, the fitting of the model to the empirical profiles is more than sat-
isfactory especially if one thinks that the dynamics of the labour market
module in terms of employment duration is obtained by exogeneously (and
arbitrarily) calibrating only two parameters generating labour market flows,
i.e. the probability of job arrival and job separation. All the rest is due to
the structure given to the model. Obviously, lowering the entry age into the
labour market in accordance with the data, i.e. decreasing amin to 15 years,
can reduce the bias between model outcomes and empirical profiles especially
to eliminate the null values of employment in the highest tenure classes for
the lowest 5-years age groups. Since demography and offered contracts are
strictly connected in the model economy, the introduction of a further age
group 15−24 alleviates such a drawback. This is one of the other alternative
scenarios considered in appendix B.
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Tenure Class: 0.5− 1

EU-15 0.69 0.7 0.69 0.69 0.69 0.69 0.69 0.7
ITALY 0.69 0.69 0.69 0.69 0.69 0.69 0.7 0.69

MODEL 0.71 0.71 0.71 0.71 0.71 0.7 0.7 0.7
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EU-15 1.69 1.71 1.71 1.71 1.71 1.71 1.72 1.73
ITALY 1.73 1.74 1.73 1.72 1.73 1.73 1.74 1.75

MODEL 1.94 1.95 1.94 1.92 1.92 1.92 1.89 1.82
Tenure Class: 3− 4

EU-15 3.5 3.53 3.53 3.53 3.53 3.53 3.54 3.54
ITALY 3.51 3.54 3.55 3.54 3.54 3.54 3.53 3.54

MODEL 3.94 3.95 3.94 3.95 3.9 3.9 3.9 3.86
Tenure Class: 5− 9
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ITALY 6.63 6.9 6.98 6.96 6.93 6.92 6.91 6.91

MODEL 0 7.34 7.33 7.31 7.3 7.26 7.14 7.06
Tenure Class: 10+
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ITALY 11.2 12.51 14.7 17.45 20.74 23.99 26.26 27.72

MODEL 0 0 12.33 16.65 20.14 23 24.56 24.61

Figure 30: Average employed tenure by age and tenure classes (years). Values
for EU-15 and Italy are elaborated from OECD data.
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C.2.7 In-Work Income Inequality and Poverty

The last statistics under comparison for the employed population concerns
the level of inequality and poverty (post-social transfers) resulting from data
on EU-15 and for Italy over the period 2004− 2016.
In term of in-work inequality, figure 31 shows that the outcome produced
by the model (2.41) is much lower compared to the empirical counterparts,
being nearly half of what observed (4.83 in EU-15 and 5.99 in Italy). In this
case, the restricted wage dispersion as well as the lack of a mechanism that
steeps the wage profile over the life cycle (figure 26) reduces the inequality
associated to the employed population.
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Figure 31: Inequality (income quintile ratio, IQR) among employed workers.
Values for EU-15 and Italy are elaborated from Eurostat data.

Indeed, the calibrated range of offered wages depicts only a part of the
employed population, i.e. not-high-skilled dependent workers, excluding from
the analysis those highly skilled workers for which contract wage is bargained
in some cases like executives and academics.
In terms of in-work poverty, the situation is somehow similar since the lower
wage dispersion affects also the number of working poors as confirmed by
figure 32. Given a poverty line of 853.48 monetary units, the result produced
by the model within the age group 25− 54 (7.66%) is line with the empirical
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profile provided for EU-15 (7.6%) but it is downward biased if compared
to the value for Italy (10.48%). A lower incidence of poverty characterises
older employed workers aged 55− 64 because of the positive impact of social
transfers provided by public welfare authoritie especially for this age group.
Despite the decreasing age profile of in-work poverty also results from model
dynamics, the outcome is lower compared to the data (2.48% in the model
vs 7.42% in UE-15 and 7.98% in Italy).
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EU-15 Italy Model
Poverty Rate 25-54 7.6 10.48 7.66
Poverty Rate 55-64 7.42 7.98 2.48

Figure 32: Poverty (head-count ratio post-social trasnfer, %) among employed
workers aged 25− 54 (left) and 55− 64 (right). Values for EU-15 and Italy
are elaborated from Eurostat data.

Reasons for such underestimation of the poverty rates are the same as
described for in-work inequality. As such, model dynamics delivers a scenario
that can be considered as a lower bound in terms of in-work inequality and
poverty compared to what results from the empirical data. Also in this case,
besides enlarging the range of offered wages and introducing a mechanism
delivering steeper wage profiles over the life cycle, the introduction of a labour
market segment for younger workers improves the empirical fitting of the
model as shown by one of the alternative scenarios reported in appendix B.
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C.2.8 Retirement Age

The last statistics under comparison regards the effective retirement age.
Trivially, since the model excludes the possibility to retire earlier than the
statutory retirement age aret, all workers retire when they just turn 65. As
reported by 33 for the years 1970−2015, the empirical profile for the effective
retirement age is lower despite decreasing until the period 1995 − 2000 and
increasing thereafter thanks to the elimination of financial incentives Borsch-
Supan (2000).

YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

55

60

65

70
EU15 - M
EU15 - F
ITALY - M
ITALY - F
MODEL

Figure 33: Effective retirement age by gender in EU-15 and in Italy during
the period 1970 − 2016 (5-year average). Source: author’s own elaboration
on OECD data.

Despite it is not the main focus of this work, the exclusion of early retire-
ment limits the model ability to represents this important stylised fact since
effective and statutory retirement ages coincide.

99



D Reservation Wage and Flexible Contracts

This section describes some behavioural extensions of the baseline model. In
fact, the model described in this work is a random dynamical system since
workers do not make any choices.
Coherently with the literature of frictional labour markets, labour supply is
modelled in its extensive margin through a reservation strategy. This allows
to equip workers with a device to choose whether or not to accept a given
job offer. The same modelling strategy can be adopted to allow workers to
search on the job, deciding whether to quit or not an ongoing employment
relation once a new job offer is in place. In a similar fashion, since the main
focus of this work is on pension systems, a reservation quantity can retrieved
for the choice of early retirement. This appendix retrieves a closed formula
for the extensive margin of labour supply. The other two are left to future
research.
The seminal work of McCall (1970) retrieves the reservation wage as the opti-
mal solution to a stopping problem, where employment is an absorbing state
and search is random. In the third section of his paper, he extends the wage
offer to a bidimensional object composed by wage and a fixed tenure. Mutatis
mutandis, i.e. the tenure of the contract is age specific, the determination
of a reservation wage when wage-tenure contracts are offered is the object
of this sub-appendix. In particular, it is shown that the reservaton wage is
tenure-specific and, so, age-specific since it depends on the age distance to
retirement.
Let amin and aret be the entry and retirement age in the model economy.
Consider an unemployed worker aged a ∈ [amin, aret − 1] to whom a wage-
tenure contract (w, ta) is offered, with w and ta representing the wage and
tenure components. The two components are randomly drawn from their
own pdf fW , defined on the support [wmin, wmax] ∈ R++, and fT,a. The
tenure distribution is assumed to be a discrete uniform defined on an age-
decreasing support [1, aret − a − 1] ∈ N ∗. All contracts are public informa-
tion so that the unemployed worker is able to compute their mean quanti-

ties w̄ =
wmax∫
wmin

wfW (w)dw and t̄a = aret−a
2

. He discounts future at a factor

β ∈ [0, 1]24. The unemployed worker is risk neutral and enjoys a benefit

24Besides standard discounting, an alternative possibility is to introduce of hyperbolic
discounting as a tool to analyse time inconsistency (Laibson, 1997). This idea has then
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b ∈ R++ during unemployment spells. Assume that b > wmin, otherwise the
unemployed worker accepts any job offer as trivially happens in the base-
line version of the model. A contract offer arrives with probability φ. An
ongoing employment relation ends with probability λ, which is assumed to
be tenure-independent for sake of simplicity. Assume also that the tax rate
is null or, equivalently, the received wage offer is net of taxes, e.g. net of
pension contributions.
Thus, the tenure-specific value of unemployment V U(t̄a) is given by the sum
between current payoff b and the discounted and uncertain future payoff.
The latter quantity is expressed as a φ-weighted average between the aver-
age value of employment V E(w̄, t̄a+1) and the unemployment benefit b25:

V U(t̄a) = b+ β

[
φV E(w̄, t̄a+1) + (1− φ)b

]
(15)

and

V E
a (w, ta) = w + β(1− λ)w + [β(1− λ)]2w + ...+ [β(1− λ)]ta−1w

= w

{ ta−1∑
τ=0

[
β(1− λ)

]τ} (16)

Let θ(ta) =

{
ta−1∑
τ=0

[
β(1−λ)

]τ}
and indicate with wR(ta) the reservation wage

specific to tenure ta, i.e. the level of wage equating V U(t̄a) and V E(w, ta):

b+ β

[
φw̄θ(t̄a) + (1− φ)b

]
= wR(ta)θ(ta)

Rearranging, the reservation wage wR(ta) can be expressed as:

wR(ta) = b
1 + β(1− φ)

θ(ta)
+ w̄

βφθ(t̄a+1)

θ(ta)
(17)

been applied also to explain retirement choices, as in Findley and Caliendo (2015), and
job search behaviour, as in DellaVigna and Paserman (2005) and Paserman (2008). Devel-
opment of the model presented in this work along this direction is left to future research

25The author acknowledges that considering b as the future value of unemployment is
an exemplifying assumption. If, as it should be, V U (ta+1) is considered, then there the
curse of dimensionality occurs since the total number of states increases to more than
eleven trillions at population level. A possible solution to reduce the dimensionality of
the problem could be introducing short-term planning horizon for workers decisions as
in Findley and Caliendo (2009) and Findley and Caliendo (2014). This is left to future
research.
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for a = amin, ..., aret − 3. This shows that the level of reservation wage in
such a context depends on both current unemployment benefit b, the first
addendum, and on the average level of wage in the labour market, the second
addendum.
When a = aret − 2, since θ(taret−2) = θ(t̄aret−2) = θ(1) = 0, then wR(taret−2)
is no more tenure-specific and collapses to the standard case where only
the wage level is considered. In this case, the reservation rule implies that
wR(taret−2) = wR(1) = b. While for a = aret − 1, since there is no contract
offer, a reservation quantity simply does not exsists.
So, given wR(ta), the usual acceptance rule applies. If the wage w associated
to an offered contract (w, ta) is greater than wR(ta), the unemployed worker
accepts the offered contract. On the contrary, if w ≤ wR(ta), then he rejects
the offer and prefers to keep on searching for better job opportunities.
From formula 17 above, it is important to note that the tenure-specific reser-
vation wage wR(ta) decreases when ta increases, i.e. ∂wR(ta)

∂ta
< 0, since

∂wR(ta)
∂θ(ta)

< 0 and ∂θ(ta)
ta

> 0. This explicitly shows that workers are more
willing to accept contracts with higher tenures. This results extends the
basic job search model of McCall (1970) to the case where job offers are
characterised by a bidimensional contract. In section 3 of his paper, he put
forward the idea of retrieving a reservation quantity in the case of a wage-
tenure contract. After 50 years, equation 17 completes that section. And
it does so by relating wage-tenure contracts, firstly formalised by Burdett
and Coles (2003), whose length depends on the so called age-distance to
retirement (Saint-Paul, 2009).
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Fairness: an Italian North-South Divide
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Abstract

This work documents the persistence in life expectancy heterogene-
ity by gender at level NUTS-1, macro areas, and NUTS-2, regions, for
Italy during 1974-2016. Based on gender-by-geography deviations of
life expectancy at age 65, it retrieves associated tax/subsidy rates trig-
gered by the adoption of a single, common, factor for longevity in the
pension formula.
Using data for life expectancy extracted from ISTAT mortality tables
for age 65 from 1974 to 2016, empirical evidence at national level shows
that female and male are subsidised and taxed by around 10% respec-
tively. Differences by geography persist along the Italian territory.
Since 1996 South and Islands have being taxed by 2%, Center and
North-West macro-areas are being subsidised by around 1%, whereas
North-East by 2%. At NUTS-2 level, directional transfers remain valid
and more pronounced. A gender-differentiation of the longevity factor
in the pension formula would reduce the intensity of the redistributive
mechanism.
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1 Introduction

From the second half of the XIX century, world population have been ex-
periencing continuous increases in life expectancy, by around three months
every year (Oeppen and Vaupel, 2002). This result was firstly obtained by
improvements in infant mortality and, since the second half of the XX cen-
tury, by improvements for people in old age. Italy was not immune from this
trend1. Worldwide, to date, Italy is one of the most longeve country.
Since ’90s, increases in life expectancy among old people have urged policy
makers to reform the public pension systems. In fact, it is well-known that
an ageing population threatens the financial sustainability of public pension
systems. To counteract continuous improvements in longevity, increases in
retirement age have been an unavoidable, but not innocuous, solution. In-
creasing retirement age without is not harmless in a context of systematic
longevity heterogeneity, by some socioeconomic dimensions, among retirees.
On this point, see Auerbach et al. (2017) for US and Whitehouse and Zaidi
(2008) for OECD countries.
Recalling the definition of (average) actuarial fairness Holzmann and Palmer
(2006), the internal rate of return that equals the discounted sum of pen-
sion contributions and payments over the life course must be (on average)
the same across individuals. Accordingly, individuals known for their living
shorter should be compensated from those who are known for their living
longer. A pension system that does not account for such (systematic) het-
erogeneity violates (on average) actuarial fairness and triggers, instead, a re-
distribution of public resources that penalise those socioeconomic groups as-
sociated with shorter lives. Since improvements in longevity are neither ran-
domly nor uniformly distributed across individuals, the resulting tax/subsidy
mechanism redistribute resources among retirees. If, as often the case, life
expectancy at retirement positively correlates with income, then such redis-
tribution is regressive (Holzmann, 2017).
One of identifying properties of a Non-financial (unfunded) Defined-Contribution

1Caselli, Peracchi, Barbi and Lipsi (2003) estimates the gain (in years) in life ex-
pectancy by gender for different age groups between 1930-1950 and 1970-1995. For males
aged 1-14, it decreased from 3.36 to 0.43, while for those aged 60-79 raised from 0.58 to
2.01 years. Similarly, for females aged 1-14 it decreased from 3.92 to 0.33 and increased
for those aged 60-79 from 0.83 to 3.04 years.
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(NDC2) is that pension benefits are constructed to reflect life expectancy
at retirement Holzmann and Palmer (2006). This connection is expressed
through a longevity factor which transforms the accumulated (and notion-
ally capitalised) sum of pension contributions to a pension annuity. Since
the longevity factor applied in practice is the (ex-ante) estimated for the
whole population, systematic (ex-post) deviations trigger a stable redistribu-
tion of resources from those groups who systematically live shorter to those
who live longer than commonly assumed. Hence, in an ageing population
it becomes politically relevant to be aware on persistent redistributive pat-
terns along some relevant socioeconomic dimensions. A typical case is from
men to women (Holzmann and Palmer, 2006). As surveyed by Ayuso et al.
(2017b), other dimensions over which one or more subgroups are being sys-
tematically subsidised or taxed are cohort, gender, education, geography,
income, cohort, race, marital and health status. Empirical evidence confirms
that heterogeneity in life expectancy, and thus the associated transfer mech-
anisms, is a phenomenon persisting for many industrialised countries over
decades.
Since pension annuities are computed once for all, the ideal logic is to apply
accurate estimates of life expectancy at time of retirement for each indi-
vidual and keep updated such estimates. In this regard, Italy adopts an
automatic revision of conversion factors every three (two, from 2019) years
based on newly updated periodic mortality table. Belloni and Maccheroni
(2013) shows that the more frequent the revision of coefficients, the lower
the transfer across adjacent cohorts. While Ayuso et al. (2018) stresses the
importance of using cohort, and not period, mortlaity tables in to update
longevity factors.
Among possible interventions, Ayuso et al. (2017a) distinguishes among ac-
cumulation (post-contribution) phase, benefit determination (at retirement)
and disbursement phase (after the first payment), and discuss pros and cons
for each of them. These policy interventions are further examined by Holz-
mann et al. (2017). Interventions at retirement result desirable since changes
in individual socioeconomic characteristics are less likely to occur after re-
tirement.
The contribution of this work is threefold. Firstly, it extends and updates

2Despite the paper mainly focuses on the Italian NDC public pension system, much of
the discussion is also valid for Defined-Benefit pension schemes. See Ayuso et al. (2018)
for an analysis on Portuguese and Spanish public pension systems.
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the geography of life expectancy in Italy for both males and females over
1974-2016. Secondly, it computes associated profiles of tax/subsidy rates
between genders across different geographical areas (NUTS-1 and NUTS-2).
Thirdly, it compares the intensity of the transfer mechanism with the case
where pension formula is gender-differentiatiated.

Structure. This paper is organised as follows. Section 2 reviews the em-
pirical literature on life expectancy heterogeneity in Italy. Section 3 provides
empirical evidence. Section 4 computes associated tax/subsidy rates across
Italian territories and by gender, proposes a policy of gender-differentiation
and compares resulting intensities with the unconditional case. Section 5
concludes.

2 An Empirical Literature Review

The empirical literature on differentials in longevity across different socioe-
conomic groups can be dated back at least to Antonovsky (1967), who doc-
uments for U.S. the inequality in longevity by age, income class and pro-
fession3. A vast literature has then developed, favoured by an increasing
availability of mortality data differentiated by some relevant socioeconomic
groups. Recently for US, Chetty et al. (2016) reports that between 2001 and
2014 inequality in longevity across income groups has increased a great vari-
ation persists over geographical areas. Currie and Schwandt (2016) provides
empirical evidence for inequality in longevity by age, etnies and gender for
the period 1990-2010. Case and Deaton (2015) for the period 1999 − 2013,
which shows raises in mortality for Non-Black Non-Hispanic Americans aged
45 − 54, especially among those with less education. See also Mackenbach
et al. (2016) and Murtin et al. (2017) for recent cross-country analyses cov-
ering the period 1990− 2010 and years around 2011, respectively.
One of the early contributions for Italy is Natale and Bernassola (1973),
which analyses mortality patterns by causes of death over 1790-1964. Caselli
(1983) is the first work that, focusing on males aged 30-60 born in 1921, anal-
yses differences across cohorts and along the Italian territory. It considers

3In the upfront of his paper, he recalls the official casualty list of the Titanic among
females: 4 out of 143 (2.8%) from first class, 15 out of 93 (16.13%) from the second class
and 81 out of 179 (45.25%) from the third class were drowned.

7



regions (NUTS-2) of Lombardy, Veneto, Latium and Calabria as representa-
tive for four Italian macro areas (NUTS-1), territorial disparities in longevity
increase from age 30 to age 60. The study is then extended by Caselli and
Reale (1999) to include both genders, the regions of Tuscany and Sicily and
considers the period from 1951 to 1992. North-West gradually improves its
position, North-East has recently improved, Centre Italy has improved in
some regions and deteriorates in others, while the advantage of the South in
the post-war years gradually diminishes. Overall, the geography of longevity
is evolving over decades. The work of Caselli, Peracchi, Barbi and Lipsi
(2003) is the first that relates heterogeneity in longevity with the actuar-
ial fairness of the newly introduced NDC in 1996 in Italy. They estimate
the difference between region-by-gender life expectancies and currently legis-
lated values adopted when pension annuities are computed, concluding that
conversions factors are very sensible to small variations in mortality proba-
bilities. Given a survival gain of 1.2 years (1.5) for men (women) at age 60,
they estimate that conversion factors for pension annuities need to be low-
ered by 2.5 − 3.2% for ages 57-65 and by 3.6 − 4.3% for ages 65+. Instead,
by gender, they would need to be lowered by 0.5− 1.81% (4.7− 6.8%).
Focusing on the geography of mortality in Italy, Caselli, Cerbara, Heinsg and
Lipsi (2003) describes describing the evolution of patterns for 94 provinces
(level NUTS-3) by causes of death over early 70s and early 90s, thus present-
ing the first picture covering almost the totality of the national territory. Two
contrasting, but expected, images emerge: a wealthier North and a poorer
South that continually lags behind. Also Maccheroni (2006) concludes that
dispersion is persistent, despite reducing, for Italian regions over the period
1960-2000 especially among females. Other works have focused on other rele-
vant socioeconomic dimensions like education (Luy et al., 2011; Maccheroni,
2006, n.d.; Mackenbach et al., 2016; Mazzaferro et al., 2012), income inequal-
ity (De Vogli et al., 2005; Materia et al., 2005), income quintiles (Belloni
et al., 2013) and occupations Belloni and Maccheroni (2013); Lallo and Rai-
tano (2018); Mackenbach et al. (2016). Unfortunately, all these studies limit
their findings at most up to the year 2000, with the only exception being
Lallo and Raitano (2018); Maccheroni and Nocito (2017); Mackenbach et al.
(2016) which use data beyond early 2000s but do not focus on geographical
heterogeneity4. See table 1 for a comparative overview.

4Mackenbach et al. (2016) considers only the city of Turin, while Maccheroni and
Nocito (2017) adopts the same dataset as in this work to backtest mortality forecasting
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REFERENCE SOCIOECONOMIC DIMENSION DATASET TIME PERIOD
Natale (1973) Gender 1790 - 1964
Caselli (1983) Cohort Regional Mortality Tables 1882 - 1953
Caselli (1999) Gender, Geography Regional Mortality Tables 1952 - 1992

Caselli (2003a) Cohort, Gender, Geography ISTAT 1887 - 1997
Caselli (2003b) Causes of Death, Cohort, Gender, Geography Provincial Mortality Tables 1971-73, 1981-83, 1991-93
Conti (2003) Cause of Death, Gender ISTAT + ISS 1970, 1980, 1990, 1997

Materia (2005) Gender, Income (Inequality) ISTAT + MEF 1994
De Vogli (2005) Income (Inequality) ISTAT + SHIW + UN 1995, 1998, 2000, 2001, 2003
Caselli (2006) Age (80-100), Gender, Sardinia Provincial Mortality Tables 1975-77, 1996-97, 1998-2000

Maccheroni (2006) Education, Gender, Geography ISTAT 1960, 1970, 1980, 1990, 2000
Maccheroni (2009) Education, Gender ISTAT + CENSUS 2001

Luy (2011) Education, Men, Occupation ISTAT + CENSUS 1980 - 1994
Mazzaferro (2012) Education, Income ISTAT 1975 - 2000

Belloni (2013a) Income (Quintiles) INPS 1979 - 1990, 1991 - 2001
Belloni (2013b) Cohort, Gender, Occupation INPS + SHIW 1985 - 1997

Mackenbach (2016) Education, Occupation Turin Mortality Table 1990 - 2010
Maccheroni (2017) Gender ISTAT 1975 - 2014

Lallo (2018) Occupation EU-SILC + INPS 2005 - 2009

Table 1: Empirical literature on life expectancy heterogeneity in Italy.
Datasource: ISTAT refers to mortality tables provided by the Italian Sta-
tistical Institute; ISS refers to the Istituto Superiore di Sanità; MEF to the
Ministry of Economics and Finance; SHIW refers to the Survey of Household
Income and Wealth from the Bank of Italy; UN stands for United Nations;
CENSUS indicates Italian census data; INPS is the Italian social security
institute; EU-SILC is the European Statistics on Income and Living Condi-
tions.

Thus, no study documents geographical disparities in life expectancy after
the financial crisis of 2007. Focusing on the period 1974-2016 and geography
(NUTS-1 and NUTS-2), this work extends Caselli and Reale (1999), as well
as Caselli, Peracchi, Barbi and Lipsi (2003), to a longer time span and a
complete territorial coverage.
Like Caselli, Peracchi, Barbi and Lipsi (2003),Maccheroni (2006), Mazza-
ferro et al. (2012), Belloni and Maccheroni (2013), this work goes beyond
the characterisation of the geography of mortality in Italy and analyses the
link between longevity heterogeneity and distributional aspects of the Italian
NDC pension system. But unlike previous works5, Belloni and Maccheroni
(2013) projects cohort mortality tables to analyse the actuarial characteris-
tics of Italian pension system in a context of increasing longevity by adopting
a deterministic forecast model. Mazzaferro et al. (2012) uses the CAPPDYn
microsimulated model to compute the internal rate of return of the Italian
NDC pension system. Maccheroni (2006) describes the evolution of mor-

models and Lallo and Raitano (2018) uses microdata for a time span of five years.
5In particular,
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tality over a period of four decades, concluding that regional dispersion in
longevity is persistent despite decreasing especially for males. Thus, none
of them analyse the actuarial properties of the Italian pension system by
exploiting the systematic heterogenity in life expectancy at retirement.
The adoption of a unique, homogeneous, longevity factor at population level
triggers a redistributive mechanism from those retirees who will live longer
than imputes in the computation of the pension annuity. Such heterogeneity
can then translated into corresponding tax/subsidy profiles as done in Ayuso
et al. (2017b) by gender and in Ayuso et al. (2017a) by cohorts. In this work,
instead, focus is on geography and gender.It finally measures the intensity
of the transfer mechanism. Finally, it compares the standard case with an
intervention at retirement for which gender differentials in longevity are ex-
plicitly considered. As noted by Ayuso et al. (2017a) and Holzmann (2017),
intervention at retirement, unlike those during accumulation and payment
phases, is desirable if one considers that socioeconomic status are unlikely to
change after withdrawn from labourforce.

3 Empirical Evidence

3.1 Data

This work uses data on life expectancy extracted from ISTAT database for
mortality tables covering the period 1974-2016. This administrative dataset
links death certificates of individuals in a given year to the area where resi-
dent. Implicitly, individuals are assumed to live in the area where the death
certificate is registered. Time series are disaggregated by gender (Female,
Male, Total) and by geography, i.e. NUTS-1 for macroareas and NUTS-2
for regions (see figure 1). This work focuses life expectancy at the age 65,
proxy for retirement age, corresponding to the number of residual years that
an individual aged 65 is expected to live6.

6For a similar choice of age 65 as proxy for retirement, see also Whitehouse (2007),
Whitehouse and Zaidi (2008), Mackenbach et al. (2016), Ayuso et al. (2017b), Ayuso
et al. (2017a), Ayuso et al. (2018) and Holzmann et al. (2017). For lower (higher) ages,
evidence and results provided in following sections can be considered as a lower (upper)
bound for lower (higher) ages, since dispersion in life expectancy usually decreases with
age. A refinement of the estimates of the tax/subsidy mechanism is to consider the effective
retirement age and not the statutory limit. This exercise is left for further research.

10



NUTS-0 COUNTRY NUTS-1 MACRO AREA NUTS-2 REGION
IT Italy ITC North-West ITC1 Piedmont

ITC2 Aosta Valley*
ITC3 Liguria
ITC4 Lombardy

ITF South ITF1 Abruzzo
ITF2 Molise*
ITF3 Campania
ITF4 Apulia
ITF5 Basilicata
ITF6 Calabria

ITG Islands ITG1 Sicily
ITG2 Sardinia

ITH North-East ITH1 Province of Bolzano*
ITH2 Province of Trento*
ITH3 Veneto
ITH4 Friuli-Venezia Giulia
ITH5 Emilia-Romagna

ITI Center ITI1 Tuscany
ITI2 Umbria
ITI3 March
ITI4 Latium

Figure 1: Classification of the Italian territory. Source: Eurostat (2018).
Areas with asterisk are excluded for their negligible size of population.
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3.2 Evidence by Geography

Empirical evidence population level shows for Italy that life expectancy at
age 65 increased during 1974-2016 from 15.14 to 20.72 (figure 2).

YEAR
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Italy
North-West
North-East
Center
South
Islands

Figure 2: Life Expectancy at age 65, from 1974 to 2016, for the total popu-
lation in Italy across macro areas (NUTS-1). Source: ISTAT (2018).

The division of Italy into macro areas depicts a clear divergence. Starting
from the beginning of 90s, Mezzogiorno (South and Islands) has exhibited
a lower profile compared to rest of Italy. In 1974, while Mezzogiorno and
Center shared the same level of life expectancy (15.45 and 15.54 years, re-
spectively), with North (North-East and North-West) showing the lowest
(14.82 years), their position reversed from the second half of the ’80s. In
2016, North Italy shares the same value with Center (20.92 years), while
Mezzogiorno’s longevity is half year lower (20.28 years). Moving to regions
(figure 3), Campania in the South and Sicily in the Islands shows the low-
est profile7. Whereas Trentino (North-East) and March (Center) show the
highest value of longevity at 65.

7The result of Campania was also noted by Maccheroni (2006), which highlights the
incidence of very high diabete-related mortality and cardiovascular diseases in the two
regions. Also Caselli, Cerbara, Heinsg and Lipsi (2003) detects a pattern reversal, from
North-East in 1971-73 to the South and Islands in 1991-93, of cyrrosis of the liver.

12



YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
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16

17

18

19

20

21

22
Italy
Piedmont
Liguria
Lombardy
Trentino
Venetia
Friuli
Emilia and Romagna
Marche
Tuscany
Umbria
Latium
Campania
Abruzzo
Apulia
Basilicata
Calabria
Sicily
Sardinia

Figure 3: Life Expectancy at age 65 for the total population in Italy, from
1974 to 2016, across regions (NUTS-2). Source: ISTAT (2018).

It is interesting to note that in 1974 Campania and Trentino shared the
same longevity (14.65 and 14.85 years), similar to Sicily and Marche (15.7
and 15.52). In 2016, after four decades, their values are 19.52 and 21.47 (2
years gap), 20.08 and 21.16 (one year gap) respectively.

3.3 Evidence by Gender

Persistent differences in life expectancy at age 65 characterise the Italian.
South and Islands actually show the lowest profiles of longevity. This is
especially true for Campania in the South, Sicily in the Islands. The rest
of Italy, especially the regions of Trentino in North-East and March in the
Center, enjoys an above-average longevity. Such geographical patterns also
remains when longevity profiles are disaggregated by gender.
As figure 4 confirms, females live longer than men. A gap that increased to
four years in 1974-1995, remained stable in 1996-2005 to reduce to three years
since 2005 as it was four decades ago. Reasons for this narrowing in gender
gap can be found in convergent, but unhealthy, lifestyle (stress, smoking,
drinking) arose since women’s emancipation (Caselli, Peracchi, Barbi and
Lipsi, 2003; Conti et al., 2003; Liu et al., 2012; Maccheroni, 2006; Trovato
and Lalu, 1996, 1998). Unlike the unisex picture provided at national level,
disaggregation by gender depicted reveals that females of Mezzogiorno (South
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and Islands) have always maintained a negative gap with the rest of Italy
since 1974. On the contrary, the male counterpart has started to diverge in
2005.

YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

12
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22

24
Italy - M
North-West - M
North-East - M
Center - M
South - M
Islands - M
Italy - F
North-West - F
North-East - F
Center - F
South - F
Islands - F

Figure 4: Life Expectancy at age 65 for male and female population in Italy,
from 1974 to 2016, across macro areas (NUTS-1). Source: ISTAT (2018).

YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
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12

14
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22

24Italy - M
Piedmont - M
Liguria - M
Lombardy - M
Trentino - M
Venetia - M
Friuli - M
Emilia and Romagna - M
Marche - M
Tuscany - M
Umbria - M
Latium - M
Campania - M
Abruzzo - M
Apulia - M
Basilicata - M
Calabria - M
Sicily - M
Sardinia - M
Italy - F
Piedmont - F
Liguria - F
Lombardy - F
Trentino - F
Venetia - F
Friuli - F
Emilia and Romagna - F
Marche - F
Tuscany - F
Umbria - F
Latium - F
Campania - F
Abruzzo - F
Apulia - F
Basilicata - F
Calabria - F
Sicily - F
Sardinia - F

Figure 5: Life Expectancy at age 65 for male and female population in Italy,
from 1974 to 2016, across regions (NUTS-2). Source: ISTAT (2018).

Figure 5 confirms that regions of Campania and Sicily are those contribut-
ing the most to the divergence between Mezzogiorno (South and Islands) and
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the rest of Italy. Regions of March and Trentino, instead, share the highest
values of longevity at age 65 both for male and female.
It is interesting to also report the evolution of dispersion, measured in stan-
dard deviation, of longevity across Italian territories. Dispersion across
macro-areas (left panel) decreased from 0.4 in 1974 to a minimal of 0.25
in 1985 and increased to around 0.4 years in 2016. Dispersion across regions
(right panel) shows a more stable pattern of around 6 months (0.5 years)
during the four decades. In both cases, differences in life expectancy by ge-
ography are more pronounced for females than for males. Education plays a
role in explaining such a difference between genders8.
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Figure 6: Standard deviation of life expectancy In Italy at age 65 by gender
and geography: macro areas (NUTS-1, left) and regions (NUTS-2, right).
Source: Author’s own elaboration on data from ISTAT (2018).

Moreover, since 1996 dispersion is reducing for female but is increasing
for males. Convergence is taking however place after 2005. At a first sight,
a level of dispersion in life expectancy at age 65 of less than half year seem
more than acceptable for a country like Italy. Next section will translate
such persistent disalignments by gender and by geography into tax/subsidy
rates. This will characterises the transfer mechanism operating from those
areas where individuals live shorter (and so, they are taxed) to those where
individuals live longer (and so, they are subsidised) than the common value
imputed in the pension formula.

8I thank Prof. El Mekkaoui for having highlighted this aspect.
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4 Results

4.1 The Tax/Subsidy Mechanism

This section provides results from computation of the implicit tax/subsidy
rates specific for each gender-by-geography subgroups. Gender and terri-
torial heterogeneity in longevity is now translated into rates at which the
adoption of an homogeneous value for life expectancy reflects as tax/subsidy
to individuals living shorter/longer than average. If deviations from the com-
mon value are systematic, then individuals receive a pension annuity which
is lower/higher than the actuarially fair value.
The connection in the NDC pension formula between longevity heterogeneity
at retirement and the tax/subsidy rate is expressed as in Ayuso et al. (2017b),
Ayuso et al. (2017a), Holzmann et al. (2017) and Holzmann (2017). Let K
be the value of pension capital at retirement for individuals i. Assume that
a NDC pension annuity is simply computed dividing K by the value of life
expectancy at population level LE. If (ex-post) deviations are systematic,
i.e. LEi 6= LE, then actuarial fairness would imply P F

i = K
LEi
6= P = K

LE
.

The tax/subsidy rate represents the percentage deviation of the standard
pension P with the one that is actuarially fair for individual i, i.e. P F

i . The
rate τi can thus be expressed as:

τi =
P − P F

i

P F
i

=
K
LE
− K

LEi

K
LEi

= LEi

(
1

LE
− 1

LEi

)
=
LEi

LE
− 1 (1)

The rate is negative/positive if individual i lives shorter/longer than imputed
in P , i.e. if LEi < / > LE. Pension capital is thus taxed/subsidised in the
sense that the public pension system, implicitly through its pension formula,
extracts/imputes extra resources from/to short/long-living retirees.
Following the logic expressed by equation 1, time profiles of tax/subsidy rates
across Italian macro areas and regions are firstly reported for the whole pop-
ulation. Profiles are then disaggregated by gender. Lastly, a policy exercise
of gender-differentiation is considered.

4.2 Tax/Subsidy Rates: geographical profiles

Let LEt be the homogeneous value of life expectancy for individuals aged
65 at time t through which pension annuities are computed. Let LEt,a be
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the value of LEt specific to the geographical area indexed by a and referring
either to a macro-area (NUTS-1) or to a region (NUTS-2). Recalling equation
1, the rate of transfer at time t specific to area a, τt,a, is defined as:

τt,a =
LEt,a

LEt

− 1 (2)

where index t ranges from 1974 to 2016 and a represents an area of the
Italian territory. The rate τt,a is positive if individuals in area a have a life
expectancy at age 65 higher than that at country level LEt. The rate is
negative in the opposite scenario.

YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

-0.04

-0.02
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0.02
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Italy
North-West
North-East
Center
South
Islands

Figure 7: Tax/Subsidy rate for Italian population aged 65 from 1974 to 2016
across macro areas (NUTS-1). Source: author’s own elaboration on data
from ISTAT (2018).

As expected, figure 7 shows that the redistributive transfer within Italy
persists over the last two decades. Individuals living in Mezzogiorno (South
and Islands) are taxed by an average 2%. North-West and Center are both
subsidised by 1% whereas North-East by 2%. Note that, after 2005, North-
West reversed its position from tax-payer to subsidy-recipient. The North-
South gap is increasing in the last decade. Figure 8 reports the same fig-
ures disaggregated by regions (NUTS-2), with rates ranging between 4% and
−6%. Campania in the South is the most taxed region (around 6%), fol-
lowed by Sicily in the Islands with around 4%). Among subsidised regions,
Trentino in the North-East receives 4% while March in the Center declines
from 4% to 2% after 2010.
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Figure 8: Tax/Subsidy rate for Italian population aged 65 from 1974 to 2016
across regions (NUTS-2). Source: author’s own elaboration on data from
ISTAT (2018).

4.3 Tax/Subsidy Rates: geography-by-gender profiles

Results are now disaggregated by gender. Recalling the tax/subsidy rate
tst,a defined in equation 2, the tax/subsidy rate specific to each geography-
by-gender group at age 65, τt,a,g, is computed as:

τt,a,g =
LEt,a,g

LEt

− 1 (3)

where g = M stands for male and g = F for female. As figure 9 shows, differ-
ences in life expectancy by gender translates into a stable transfer from males
to females of around 10%9. For males it is possible to observe territorial con-
vergence between 1996-2005 followed by divergence of Mezzogiorno (South
and Islands) since 2006. It is interesting to observe the rapid improvement of
North-East, whose tax profile moved from around 15% during 1975 to 10%
after 1995 to be the lowest with around −6%. Female in Mezzogiorno do not
show reversal trends since they have always had the lowest profile.

9Estimates of around 10% are also found for other (Southern) European countries like
Portugal and Spain (Ayuso et al., 2017a,b, 2018). In 2014, while males are more taxed in
Portugal than in Spain, females are more subsidised in Spain than in Portugal.
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Figure 9: Tax/Subsidy rate for Italian male and female population aged 65
from 1974 to 2016 across macro areas (NUTS-1). Source: author’s own
elaboration on data from ISTAT (2018).

The geography of tax/subsidy profiles remain valid also if regions, and
not macro areas, are considered. As depicted by figure 10, regions of Trentino
(North-East), Marche (Center), Campania (South) and Sicily (Islands) lead
results of the their macro-area.
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Sicily - M
Sardinia - M
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Liguria - F
Lombardy - F
Trentino - F
Venetia - F
Friuli - F
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Tuscany - F
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Calabria - F
Sicily - F
Sardinia - F

Figure 10: Tax/Subsidy rate for Italian male and female population aged 65
from 1974 to 2016 across regions (NUTS-2). Source: author’s own elabora-
tion on data from ISTAT (2018).
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Lastly, figure 11 provides evidence for which dispersion of tax/subsidy
rates is a longlasting feature. Morevoer, time profiles of standard deviations
reveal that dispersion in life expectancy at age 65 within the Italian terri-
tory, for macro areas (NUTS-1, left) or regions (NUTS-2, right) is higher
for females than for males but converging to 2%. In fact while dispersion
among females is reducing, the one for male is increasing especially after the
financial crisis of 2007-09 and the sovereign-debt crisis of 2010-2012.

YEAR
1970 1980 1990 2000 2010 2020
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
MACRO AREAS (NUTS-1)

Total
Male
Female

YEAR
1970 1980 1990 2000 2010 2020
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
REGIONS (NUTS-2)

Total
Male
Female

Figure 11: Standard deviation of Tax/Subsidy rate for Italian total, male
and female population aged 65 from 1974 to 2016 by geography: macro areas
(NUTS-1, left) and regions (NUTS-2, right). Source: author’s own elabora-
tion on data from ISTAT (2018).

4.4 Tax/Subsidy Rates: gender-differentiation

The case of gender-differentiation is now considered10. Accounting for differ-
ences in life expectancy by gender is expected to reduce, sic et simpliciter,

10The case of differentiation by geography is also considered. Overall, results show
that intensity of the tax/subsidy mechanism is less reduced compared to the gender-
differentiation case. Since gender differences are not accounted for, a stable gap persists
also netting out geographical differences. Ask the author for supplementary material.
Moreover, second-round effects resulting from possible manipulation of the residence just
prior to retirement (especially for those living at the border between two different areas),
let geographical differentiation a case which deserves further analysis. On the contrary,
the gender dimension is less subject to manipulation in this respect.
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the intensity of the tax/subsidy mechanism at retirement since controlling for
gender-related differences silent the channel of heterogeneity due to gender-
related factors11.
Given LEt,g the average life expectancy at 65 specific for gender g, the
tax/subsidy rate τ̃t,a,g at time t in area a under the gender-differentiated
scheme is defined as:

τ̃t,a,g =
LEt,a,g

LEt,g

− 1 (4)

Looking at figure 12 two features emerge. Firstly, compared to the (uncon-
ditional) casein figure 9, the magnitude of tax/subsidy rates reduces to one
third, from ±6% to ±2% over the period 1974-2016. Secondly, from 2005,
South and Islands have been the only taxed macro areas.
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Figure 12: Gender-differentiated tax/subsidy rate Italian population aged 65
from 1974 to 2016 by gender and by macro areas (NUTS-1). Source: author’s
own elaboration on data from ISTAT (2018).

Disaggregation at regional level depicted by figure 13 confirms such gen-
eral trends. Regions of Trentino and March are the most subsidised while

11As discussed by Ayuso et al. (2017a) and Holzmann et al. (2017), intervention at
retirement is desirable since information about health status and past work career are
known with less uncertainty. Operatively, it is easily implementable, perfectly verifiable
and less subject to manipulation at individual level. On the other side, one should bear in
mind that pension reforms implementing a gender-differentiation in the pension formula
are likely to have an effect on labour careers of female individuals. What is expected,
at least among the most sensible under ceteris paribus conditions, is that an increase in
(effective) taxation will make their labour supply lasting longer.
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Sicily and Campania are the most taxed. Unlike before, tax/subsidy profiles
are now within a smaller band reducing from ±15% in the standard case
(figure 10), to ±5%.

YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

-0.15

-0.1

-0.05

0

0.05

0.1

Italy - M
Piedmont - M
Liguria - M
Lombardy - M
Trentino - M
Venetia - M
Friuli - M
Emilia - M
Marche - M
Tuscany - M
Umbria - M
Latium - M
Campania - M
Abruzzo - M
Apulia - M
Basilicata - M
Calabria - M
Sicily - M
Sardinia - M
Italy - F
Piedmont - F
Liguria - F
Lombardy - F
Trentino - F
Venetia - F
Friuli - F
Emilia - F
Marche - F
Tuscany - F
Umbria - F
Latium - F
Campania - F
Abruzzo - F
Apulia - F
Basilicata - F
Calabria - F
Sicily - F
Sardinia - F

Figure 13: Gender-differentiated tax/subsidy rate for Italian population aged
65 from 1974 to 2016 by regions (NUTS-2) and by gender. Source: author’s
own elaboration on data from ISTAT (2018).

Finally, figure 14 reports that, if gender-specific value for life expectancy
had been applied in the computation of pension annuities, dispersion of ter-
ritorial profiles would have converged to a value of 2%. This is the same
as in the unconditional case depicted in figure 11, meaning that consider-
ing gender-specific factors for longevity in the pension formula reduces only
the magnitude of the transfer profiles (first-moment effect) but substantially
does not impact on dispersion along geographical areas (NUTS-1, left, and
NUTS-2, right).
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Figure 14: Standard deviations of Tax/Subsidy rate for Italian population
aged 65 from 1974 to 2016 by gender and by geography: macro areas (NUTS-
1, left) and regions (NUTS-2, right). Source: author’s own elaboration on
data from ISTAT (2018).

4.5 TATSI Analysis

Once profiles of unconditional tax/subsidy rate τt,a,g in equation 3 and gender-
differentiated τ̃t,a,g in equation 4 are retrieved, it is possible to measure in-
tensity of the mechanism under each regime and then compare them. At this
aim, the Total Absolute Tax/Subsidy Index (TATSI, Ayuso et al. (2017a);
Holzmann (2017)) is computed. Focus is on the last two decades, i.e. on the
period 1996-2016.
Defined as sum of absolute values over the socioeconomic dimension of anal-
ysis (i.e. geography), let TATSIt,g and ˜TATSI t,g be the index at time t
for gender g for the standard and the gender-differentiated case respectively.
Thus:

TATSIt,g =
∑
a

|τt,a,g| (5)

˜TATSI t,g =
∑
a

|τ̃t,a,g| (6)

where | · | refers the absolute value function.
As confirmed by figure 15, if public pension annuities had been computed
under the gender-differentiated regime since the introduction of the NDC
pension regime in Italy (i.e. the year 1996), the overall magnitude of the

23



tax/subsidy mechanism across macro areas (NUTS-1, left) and regions (NUTS-
2, right) would have been stabilised to around 0.1 and 0.5. On the contrary,
the unconditional TATSI decreased from 0.6 in 1996 to around 0.5% in 2016
for macro areas and from 2 to 1.5 for regions12.
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Figure 15: TATSI profiles for unconditional and gender-differentiated
tax/subsidy rates for Italian population aged 65 from 1996 to 2016 across
for males and females. Aggregation by sub-macro-areas (left) and regions
(right). Source: author’s own elaboration on data from ISTAT (2018).

5 Conclusions

This work provides empirical evidence for the evolution of life expectancy
heterogeneity by gender and by geography, across macro areas (NUTS-1)
and regions (NUTS-2), in Italy for the period 1974 − 2016. The result-
ing analysis enriches the empirical literature on the relation between life
expectancy heterogeneity and the actuarial fairness of pension systems. Pro-
files of tax/subsidy rates confirm that redistribution of pension resources still
persists within the Italian territory. Divergence is observed between Mezzo-

12Note that the value of TATSI increases when one moves the analysis from macro
areas to regions. This is does not necessarily reflect a higher intensity of the tax/subsidy
mechanism among regions compared to acro areas. Indeed, since the higher the number
entries the higher the corresponding intensity in terms of TATSI, a scaling factor is needed
to correct such inflationary trend of the TATSI. Further improvements of this index are
left for future research.
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giorno (macro-areas of South and Islands) and the rest of Italy. Regions of
Campania and Sicily drives the tax profile of South and Islands respectively,
whereas Trentino and March do the opposite for macro areas of North-East
and Center. Since Mezzogiorno (i.e. South and Islands) is the poorest area of
Italy, the transfer mechanism inner to the standard earning-related pension
system acts regressively. Concerning differences by gender, female (male)
lives longer (shorter) than average which translates into persistent and size-
able profiles of tax/subsidy rates.
The standard design of the Italian public pension systems needs to be re-
formed towards a differentiation of its structural parameters, e.g. the longevity
factor adopted to compute pension annuities. Doing so reduces the inten-
sity of the tax/subsidy mechanism triggered at retirement, e.g. at age 65.
Empirical results show that the intensity, measured in terms of TATSI, sub-
stantially lower both among males, females, across macro areas (NUTS-1)
and regions (NUTS-2). Legislative constraints may impose the adoption of
common life tables for computation of pension annuities, e.g. countries in
the Europe Union (Ayuso et al., 2017a). This notwithstanding, a closer and
updated monitoring of longevity heterogeneity along relevant socioeconomic
dimensions is needed to make fully transparent redistributive performances
of standard rules in public pension systems.
Further empirical research is also needed to quantify the impact of which fac-
tors, not only related to geography and gender, drive the most the dispersion
of life expectancy along not only those socioeconomic dimensions.
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on gender-by-education deviations of life expectancy at retirement, it
retrieves associated tax/subsidy rates triggered by the adoption of a
homogeneous factor for longevity in the pension formula.
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1 Introduction

Life expectancy at a certain age is the reference measure for the remaining
lifetime of an individual. As such, it is fundamental when computing life
annuities as pension benefits, forecasting liabilities and timing reforms of the
pension system. Apply correct estimates for life expectancy is beneficial for
individuals because it can help to not distort their labour and saving choices,
for example saving less and dissaving faster in case of shorter lives. It can be
beneficial for the public pensions, since it provides more accurate estimates
of the degree of financial solvency, adequacy and progressivity of the system.
For instance, when pension benefits are computed based on the assumption
of longevity homogeneity, a longer (ex-post realised) life expectancy repre-
sents for the retired individual a gain with respect to what would have been
actuarially fair.
Majority of public pension systems, especially of defined-contribution type,
adopts a common value for life expectancy to convert accumulated pension
assets of the newly retired worker into a corresponding life annuity. This
common value represents the value of life expectancy that individuals at re-
tirement on average have. For example, in a (unfunded) defined-contribution
pension scheme, this procedure ensures that the system satisfies the property
of actuarial fairness on average (Belloni and Maccheroni, 2013; Holzmann and
Palmer, 2006). Under this rule, if population is characterised by a system-
atic longevity heterogeneity across particular socioeconomic groups, once a
common value is applied in the pension formula, long-living retirees will im-
plicitly benefit from receiving an annuity for a longer period. The opposite
happens for members of those groups who, at retirement, systematically live
shorter than imputed by the pension rule1.
Changes in life expectancy is an ongoing process since at least 150 years,
linearly increasing by three months per year (Oeppen and Vaupel, 2002).
During the period 1975-2015, figure 1 shows, for a pool of 12 European coun-
tries, the evolution of life expectancy by gender at retirement (age 65). For
men (women), average life expectancy increased by five years, from 13 (16)
in 1975 to 18 (21) years in 2015. Cross-country standard deviation decreased
from 0.98 (0.92) in 1975 to 0.48 (0.82) years in 2015. While the gender gap,
female minus male, slowly reduces from 3.4 in 1975 to 3.2 years in 2015.

1This is a case of the well-known risk-pooling problem in the insurance market: if the
same price is paid for an annuity offered to different people, those with high risk and low
risk are unequally treated.
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YEAR
1975 1980 1985 1990 1995 2000 2005 2010 2015

10

15

20

25
AUSTRIA - M
BELGIUM - M
DENMARK - M
FINLAND - M
FRANCE - M
GERMANY - M
GREECE - M
ITALY - M
NETHERLANDS - M
PORTUGAL - M
SPAIN - M
SWEDEN - M
AVERAGE - M
AUSTRIA - F
BELGIUM - F
DENMARK - F
FINLAND - F
FRANCE - F
GERMANY - F
GREECE - F
ITALY - F
NETHERLANDS - F
PORTUGAL - F
SPAIN - F
SWEDEN - F
AVERAGE - M

Figure 1: Life expectancy at age 65 during 1975-2015. Female (F) and Male
(M) population. Source: OECD (2018).

Unfortunately, this stable gender gap of about three years triggers a re-
distributive tax/subsidy2 mechanism at retirement, since the public pension
system adopts a common factor for longevity to computes pension annuities3.
Even though continuous, increases in life expectancy are neither randomly
nor uniformly distributed across the population since they tend to concen-
trate among members of particular socioeconomic groups, e.g female.

2The term tax/subsidy refers to the amount by which contribution needs to be in-
creased/decreased in order to be coherent with the benefit actually received and implied
by a higher/lower common value of life expectancy considered in the pension formula
(Holzmann et al., 2017). Equivalently, it can be seen as a measure of lost/gained pension
income since it expresses the portion of accumulated pension assets that could have been
elsewhere consumed or saved.

3An example is provided. Suppose that, within a country, males live until age 75 and
women until age 85. Retirement age is 65 and imputed life expectancy at retirement is
the average 10+20

2 = 15. Accordingly, men live 5 years less while women live 5 years more
than 65+15 = 80, i.e. the average life expectancy at retirement at population level. With

these values, male is taxed by (75−65)−(80−65)
80−65 × 100 = −33% while female is subsidised by

(85−65)−(80−65)
80−65 × 100 = 33% when their pension annuities are computed. Note that, by

construction of the example, negative and positive values perfectly compensate. If they
were not, then the rest would be shouldered directly by the public pension provider. For
example, assuming that men and women were living 1 year more, i.e. 76 and 86, would
result in a tax rate for men of −0.26% and a subsidy rate for women of 0.4%. In this case,
the uncompensated subsidy rate of 0.14% is at the expenses of the pension provider.
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Gender is the first dimension along which heterogeneity in longevity has been
analysed. But it is not the only one. As surveyed by Ayuso et al. (2017b),
works studying longevity heterogeneity have considered other socioeconomic
factors as education, profession, income, geography, ethnicity: longevity het-
erogeneity is sizeable and not likely to decrease in the near future. All these
dimensions act synergically and the specific contribution is difficult to dis-
entangle. Indeed, the main difficulty relates to availability of administrative
data which are usually not directly linked to other socioeconomic dimension
apart from age, cohort, gender and geography. Recently (since June 2017),
instead, data on longevity inequality by education are available for the first
time also for Italy.
Based on ISTAT and OECD mortality tables by education, the contribution
of this work is twofold. Firstly, it estimates profiles of tax/subsidy rates
associated to longevity heterogeneity by education in Italy during the pe-
riod 1975-2015. Secondly, it proposes a gender-differentiated intervention
at retirement by applying gender-specific factors for longevity when pension
annuities are computed.

Structure. This paper is structured as follows. Section 2 reviews the em-
pirical literature on the relation between education and life expectancy het-
erogeneity with a special focus on Italy. Section 3 describes the data. Section
4 provides results in terms of tax/subsidy rates at age 65, proposes a gender-
differentiated policy and compares its intensity with the unconditional case
also in the age range 57 − 65. Section 5 concludes. Appendix A speculates
on the negative influence of skills mismatch.

2 Literature Review

Since Kitagawa and Hauser (1973), many studies have analysed the impact of
education on life expectancy, reporting persistent and increasing time trends.
Education represents a proxy for socioeconomic status, being a relevant vari-
able for prospected careers and for the level of wealth. Education exerts a
positive effect on life expectancy both at individual level, since more edu-
cated people are more prone to healthier lifestyles, and at aggregate level,
since it propagates towards the less educated part of society4.

4Exploiting compulsory school reforms in 18 European countries, Gathmann et al.
(2015) finds that mortality gains from education for males are small both in the short
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The empirical literature on educational inequality in longevity has provided
strong evidence both over time and across countries, especially for the US, of
persistent differential trends. Preston and Elo (1995) reports for US that edu-
cational inequalities in mortality widened for males while reduced for females
over the period 1960-1980. The same conclusion holds even after controlling
for income, marital status and geography of residence Elo and Preston (1996).
A widening gap in life expectancy by education is also documented during
the period 1981-2000 by Meara et al. (2008) and during 1999-2007 by Miech
et al. (2011). Lastly, Case and Deaton (2015) provides evidence of widening
dispersion by education and ethnicity during 1999-2013, covering for the first
time the post-crisis period5.
Other advanced countries experienced the same raise in mortality differen-
tials by education. For example Murphy et al. (2006) reports that Russian
men aged 20 with tertiary education, compared to those with elementary ed-
ucation, increased their longevity gap from 3 years in 1980 to 11 in 2001. In
a cross-country perspective, Mackenbach et al. (1999) compares differences
in mortality across a pool of seven countries (among which, Italy) during
the 80s and the ’90s to conclude that inequality in mortality by education is
higher for men than for women for all causes of death. For the same period,
a widening gap in life expectancy by education is also found for Scandinavian
countries but not for New Zealand Fawcett et al. (2005). Van Raalte et al.
(2011) for the years around 2000 for a pool of ten European countries, reports
that less educated people not only have a shorter life expectancy but also
higher dispersion by age than more educated individuals. Mackenbach et al.
(2016) extends Mackenbach et al. (1999) to more than ten European coun-
tries, but with Italy represented by the city of Turin, during a two-decades
time window, i.e. 1990-2010, covering also the post-2007 period. Lastly,
Murtin et al. (2017) assesses for the year 2011 studies educational inequal-
ity in longevity by gender in 23 OECD countries focusing on ages 25 and

and long run for males while for females they are null. For Italy, Cipollone and Rosolia
(2011) estimates that increasing the number of graduates by one percent point reduces
subsequent 10-years mortality rates by 0.1− 0.2 percentage points among males.

5Case and Deaton (2015) is also seminal in providing evidence of the decline of 45-54
years old within a general trend of longevity improvements, so called mortality rever-
sal. Between 1999-2013, this downward trend in longevity characterised Non-Black Non-
Hispanic Americans, especially among those with less education. In particular, causes
of death as cyrrhosis, poisoning, suicide, drug and chronic-liver diseases increased. As
suggested by Auerbach et al. (2017), this is mainly due opioid epidemic and economic
distress.
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65. In particular, among individuals aged 25 (65), results that gap in life
expectancy between highly and poorly educated is 8 (3.5) years for men and
5 (2.5) years for women.
Focusing on Italy, empirical evidence on life expectancy heterogeneity by ed-
ucation is less documented due to a scarcer data availability compared to
countries like US. Maccheroni (2006) is the first work which analyses dis-
persion of mortality by geography, gender and education over half century
(1950-2000). On this line, Maccheroni (2009) shows how longevity hetero-
geneity by education evolves across ages 35-65 for the year 2001. Distin-
guishing between individuals with low and high education, he reports that
dispersion in life expectancy is age-decreasing. Luy et al. (2011) addresses
the dynamics of the longevity heterogeneity by education in Italy, focusing
the analysis over the period 1980-1994. They find higher dispersion among
men than among women, and confirms that improvements in life expectancy
are higher for individuals with tertiary education. Instead, Mazzaferro et al.
(2012), with microsimulated data differentiated by gender and three-levels of
education during the period 1975-2000, assesses the redistributive features of
the Italian public pension system in terms of ratio between net present value
of pension benefits and contributions. He concludes that the actual design
implies a regressive distribution from men to women, from less educated to
more educated and from poor to rich individuals6. Unfortunately, none of
these works focus their analyses on pre-crises period.
A general limitation for mortality data by education is that there is no direct
link to previous education in their death certificate. Usually census data
and mortality tables are linked to track those who died and for which the
level of education is known at the time of death. Unfortunately, for Italy,
ISTAT stopped linking death cerfiticates after the census of 1991 Luy et al.
(2011). Since 2016, linking 2011 census data with death occurring during
the years 2012-2014, new information on the evolution of life expectancy by
education can be exploited for the first time. In fact, apart from Mackenbach
et al. (2016), no work considers the years after 2007 even if only the city of
Turin is considered in the study. Other works that document life expectancy
heterogeneity in Italy during a post-2007 time period are Maccheroni and
Nocito (2017) and Lallo and Raitano (2018). But while Maccheroni and
Nocito (2017) uses ISTAT mortality tables for 1975-2015 to compare mod-

6Also Belloni and Maccheroni (2013) shows that the Italian public pension system
violates actuarial fairness if inequality in longevity continues to raise.
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els of mortality forecasts, Lallo and Raitano (2018) analyses inequality in
longevity by occupation limited to the period 2005-2009. Using newly avail-
able ISTAT data for the year 2012, this work is the first that documents
dispersion in longevity by education for the last decade.
Moreover, like Maccheroni (2006) and Mazzaferro et al. (2012), this work
relates the heterogeneity in longevity to the actuarial fairness of the Italian
public pension system. In doing so, it follows Ayuso et al. (2017b) and Ayuso
et al. (2018) that propose a preliminary evaluation framework. They trans-
late deviations in life expectancy along a particular socioeconomic dimension
into tax/subsidy profiles implicitly created when pension annuities are calcu-
lated based on a homogeneous value for longevity at retirement. Afterwards,
following Ayuso et al. (2017a) and Holzmann et al. (2017), tax/subsidy rates
are used to compute the intensity of the transfer mechanism for Italy.
Recently, the literature has also discussed (Ayuso et al., 2017a) and analysed
(Holzmann et al., 2017) possible corrective policies, highlighting their pros
and cons. A distinction is made among interventions occurring pre-retirement
during the accumulation phase, at retirement during the calculation phase, or
post-retirement during the payment phase. They conclude that, in principle,
interventions at retirement is desirable since the socioeconomic status, e.g.
the level of education, varies negligibly thereafter. Indeed, one advantage
of using education as proxy for socioeconomic status is that, unlike other
dimensions like income, it is very stable over the entire post-graduate life-
time and not only just after to retirement. Accordingly, considering also that
the implicit tax/subsidy mechanism triggers at retirement since the system-
atic heterogeneity is not considered when pension annuities are computed,
a correction at this phase seems to be more appropriate. As an exercise, a
gender-differentiation is compared to the standard, unconditional, case.

3 Data

This work exploits newly available ISTAT data on mortality differentials by
education for the years 2012-2014 for Italy. This dataset, available since
June 2017, is obtained by linking census data of the 2011 wave, from which
information about education are taken, with death certificates for the years
2012-2014.
Figure 2 reports the profile of life expectancy by gender and by education for
ages 0−90+ by distinguishing among individuals with at most primary edu-
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cation (I), lower and upper secondary (IIL and IIH) and tertiary education
(III). It reveals that differences in longevity by education at birth are the
most pronounced. Values for males (females) are 77.2 (83.2), 79.4 (84.6), 80.9
(85.3) and 82.4 (85.9) for the sub-population with at most primary education,
lower and upper secondary and tertiary respectively.
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Figure 2: Life expectancy for male (left) and female (right) for ages 0-90+
for years 2012-2014 by educational levels: at most primary (I), lower and
upper secondary (IIL, IIH) and tertiary (III). Source: ISTAT (2017).

At age 25, dispersion decreases but differentials are still sizeable. Males
(females) with less than primary education have a residual life expectancy
of 53 (59) years, those with low secondary education of 55 (60) years, those
with upper secondary education of 56.5 (61) years and those with tertiary
education of 58 (61.5) years. The same figures, at age 65, are of 18 (21.5)
years among those with at most primary education, of 18.5 (22) and 19 (22.5)
years for those with lower and upper secondary education, respectively, and
of 20 (23) years for those with tertiary education. Overall, as reported in
figure 3, life expectancy heterogeneity by education has an age-decreasing
profile for both genders. Before age 80, life expectancy results to be more
dispersed across educational levels. It goes from 2.18 (1.16) years for men
(women) at birth, to 0.97 (0.56) years at age 65. After age 75 they coincide.
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Figure 3: Standard deviations of life expectancy by education for male and
female by age during the years 2012-2014. Source: author’s own calculations
on data from ISTAT (2017).

Note also that gender-gap in life expectancy, measured as value for female
minus value for male for each educational group, reduces also for higher levels
of education by age. In fact, among those aged 25, gender-gap reduces from
6 to 3.5 years when one considers from the least to the most educated group.
Among individuals aged 65, it is stable around 3.5 years and decreases to 3
years for those with tertiary education.
Focusing on life expectancy heterogeneity at retirement, proxied at age 65,
next section retrieves corresponding tax/subsidy profiles for each educational
level and gender. It then quantifies the intensity of the implicit transfer
mechanism and compares it with the case of gender-differentiation. Finally,
result are extended to lower ages, e.g. 57-64, in order to explore possible age
patterns in the intensity of the tax/subsidy mechanism.
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4 Results

4.1 Tax/Subsidy Rate: Unconditional Profiles

Following Ayuso et al. (2017b), Ayuso et al. (2017a), Ayuso et al. (2018) and
Holzmann et al. (2017), tax/subsidy rates are computed for each education-
by-gender group as deviation of life expectancy of that particular group from
the average value adopted at population level. Let LE be the value of (av-
erage) life expectancy for the whole population aged 65 during the years
2012-2014, and let LEg,e be the same quantity for the subpopulation of gen-
der g and educational level e. The associated tax/subsidy rate τg,e at age 65
is then computed as:

τg,e =
LEg,e
LE

− 1 (1)

where g = M,F indexes gender and e = I, IIL, IIH , III indexes the level
of education. Negative values of τg,e indicates that individuals aged 65 with
gender g and educational level e pays a tax of rate |τg,e| when pension an-
nuities are computed. Since, ex-post, group g, e systematically lives shorter
than assumed at retirement, actuarial fairness would imply that conversion
factor for pension annuity should have been |τg,e|% higher than standar im-
puted. In the opposite case, i.e. τg,e > 0, that subgroup receives a subsidy.
As figure 4 shows, while male profile is negative for any educational levels,
the opposite is true for female7. Moreover, the tax/subsidy for male/female
rate reduces/increases for higher levels of education.

7Also Mazzaferro et al. (2012) finds that the transfer rate is negative for men and
positive for women independently on the level of education.
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Figure 4: Tax/Subsidy rate τg,e for male and female aged 65 in the years
2012-2014 by education. Source: author’s own calculations on data from
ISTAT (2017).

Male (female) with e = I pays a tax (receives a subsidy) of 12.32% (6.4%),
followed by individuals having e = IIL and e = IIH with 8.37% and 5.42%
(8.87% and 10.84%) respectively. Whereas men (women) with tertiary edu-
cation pay (receive) the lowest (highest) tax (subsidy), i.e. τM,III = −1.48%
(τF,III = 12.81%).

4.2 Tax/Subsidy Rate: Gender-differentiated Profiles

The case of gender-differentiation is now considered as a corrective inter-
vention. Accounting for differences in life expectancy by gender is expected
to reduce, sic et simpliciter, the intensity of the tax/subsidy mechanism at
retirement since controlling for gender-related differences silent the chan-
nel of heterogeneity due to gender-related factors. As discussed by Ayuso
et al. (2017b) and Holzmann et al. (2017), intervention at retirement is desir-
able since information about health status and past work career are known
with less uncertainty. Operatively, it is easily implementable, perfectly ver-
ifiable and less subject to manipulation at individual level8. On the other

8The choice of gender as differencing variable is not by chance. Not all socioeconomic
factors are equivalently taxable without expecting any reaction from individuals involved
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side, one should bear in mind that pension reforms implementing a gender-
differentiation in the pension formula are likely to have an effect on labour
careers of female individuals9. Thus, computation of pensions would be con-
ditional on the gender of the retired individual.
Indicating with τ̃g,e the tax/subsidy rate for the group of gender g and edu-
cational level e under the gender-differentiated regime, it results:

τ̃g,e =
LEg,e
LEg

(2)

where LEg indicates the value of life expectancy at age 65 for gender g =
M,F and e = I, IIL, IIH , III indexes the educational level. Graphically,
figure 5 depicts these results.
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Figure 5: Gender-differentiated tax/Subsidy rate τ̃g,e for male and female aged
65 in the years 2012-2014 by education. Source: author’s own calculations
on data from ISTAT (2017).

As expected, compared to the unconditional scenario in figure 4, differ-
entiated tax/subsidy rates ˜τg,e are lower for any educational level e. Only

in the mechanism. In fact, some factors are strategically manipulable at individual level
(e.g. income, geography), some others are less manipulable (e.g. education, marital status)
or even hard to be manipulated for economic incentives (e.g. gender, ethnicity).

9What is expected, at least among the most sensible under ceteris paribus conditions,
is that an increase in (effective) taxation is likely to make their labour supply lasting
longer.

15



the subgroup with at most primary education (e = I) would pay a tax, of
−4.09% if male and −1.86% if female. All other educational groups, both
men and women, are subsidised by the implicit transfer mechanism at a rate
that increases along educational levels10. Individuals with lower secondary
education (e = IIL) are slightly subsidised (0.22% for men, 0.41% for women)
if compared to those with upper secondary education (3.45% for men and
2.23% for women) and, even more, to those with tertiary education (7.76%
for men, 4.04% for women).

4.3 TATSI Analysis

Once tax/subsidy profiles at age 65 are computed both for the unconditional
tax/subsidy rate τg,e (equation 1) and the corresponding gender-differentiated
version τ̃g,e (equation 2), it is possible to measure and compare the intensity
of the transfer mechanism under these two regimes for the years 2012−2014.
At this aim, the Total Absolute Tax/Subsidy Index (TATSI, proposed by
Ayuso et al. (2017a) and Holzmann et al. (2017)) is computed. Indicating

with TATSIg and ˜TATSIg the value of the index for gender g under the
unconditional and the gender-differentiated case respectively, they are de-
fined as the sum of absolute values over the corresponding socioeconomic
dimension, i.e. education. Thus:

TATSIg =
∑
e

|τg,e| (3)

and ˜TATSIg =
∑
e

|τ̃g,e| (4)

where g stands for Male (g = M) and Female (g = F ), while e = I, IIL, IIH , III
indexes the level of education. Results are reported in table 1, where charac-
teristics of each profile are compared in terms of intensity (TATSI), average
rate (AV G) and standard deviation (STD).

10Also Mazzaferro et al. (2012) shows that, once gender differences are net out, only
male and female with less than upper secondary education, corresponding in this work to
individuals with e = I, IIL, would pay a tax.
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Profile e = I e = IIL e = IIH e = III TATSI AV G STD
τM,e -0.1232 -0.0837 -0.0542 -0.0148 0.2759 -0.069 0.0459
τF,e 0.064 0.0887 0.1084 0.1281 0.3892 0.0973 0.0274
τ̃M,e -0.0409 0.0022 0.0345 0.0776 0.1552 0.0183 0.0502
τ̃F,e -0.0186 0.0041 0.0223 0.0404 0.0854 0.012 0.0253

Table 1: Comparison between unconditional and gender-differentiated
tax/subsidy rates, τg and τ̃g, for g = M,F for the Italian population aged
65 in 2012: intensity (TATSI), average rate (AVG) and dispersion (STD).
Source: author’s own calculations on data from ISTAT (2017).
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Figure 6: Comparison between the unconditional case (TATSIg) and gender-

differentiated case ( ˜TATSIg) for Italy by gender g = M,F at age 65 in years
2012− 2014. Source: author’s own calculations on data from ISTAT (2017).

As shown also in figure 6, the intensity of the unconditional transfer mech-
anism is higher than that of the gender-differentiated case both for male,
reducing from 0.2759 to 0.1552, and female, reducing from 0.3892 to 0.0854.
Once gender differentials in life expectancy are controlled for, the intense of
the implicit transfer triggered by differences in longevity education is mas-
sively reduced. It is easy to see that from table 1 that, when controlling by
gender, the average rate reduces in absolute value. Compared to the uncon-
ditional scenario, the average rate for men increases from −6.9% to 1.83%,
while that for women reduces from 9.73% to 1.2%. Despite this beneficial
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effect on the level, and thus on the intensity of the transfer mechanism, no re-
duction in dispersion emerges from this differentiation. Indeed, when gender-
differentiation applies, dispersion slightly increases for male, from 0.0459 to
0.0502, but decreases for female, from 0.0274 to 0.0253. Factors other than
gender, e.g. related to labour market, may explain the position reversal in
terms of dispersion between male and female.

4.4 Tax/Subsidy Profiles and TATSI for ages 57-65

The analysis so far conducted has focused on a single retirement age, i.e.
age 65. Results are now extended to lower ages, e.g. 57-64. This exercise
allows to retrieve an age profile for tax/subsidy rates and the intensity of
the transfer mechanism. Indeed, figure 7 shows that the effective retirement
age, computed for each year as weighted average over previous five years, has
always been lower than age 65 throughout the period 1970-2016.

YEAR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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Figure 7: Effective retirement age in Italy during 1970-2016 for male and
female. Source: OECD (2018).

From 1970 until 1995 male (female) exhibits a decreasing time trend from
65 (62) in 1970 to 59 (60) in 1995. Since 1996, the year in which the defined-
contribution pension regime phased-in, the trend reverts and increases in
2016 to 62 (61).. Note also that the gender gap reduces after 2012 as effect
of ad hoc reforms. For what concerns, figure 7 allows to claim that the age
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range considered, i.e. 57− 65, is representative over more than four decades.
Following the logic of equations (1) and (2), unconditional and gender-
differentiated tax/subsidy rates τa,g,e and τ̃a,g,e for individuals aged a of gen-
der g and educational level e are given by:

τa,g,e =
LEa,g,e
LEa

(5)

and

τ̃a,g,e =
LEa,g,e
LEg

(6)

where LEa,g,e refers to the life expectancy at age a for the subgroup g, e.
While LEa and LEg indicate the value of life expectancy at population level
for age a, with a ∈ [58, 65] and gender g ∈ [M,F ], respectively. Figure
8 reveals that the policy of gender-differentiation of longevity factor not
only reduces for all ages a the rates at which retirees aged a are implic-
itly taxed/subsidised when their pensions are computed, but also flattens
the age-profile of the transfer mechanism.
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Figure 8: Comparison between standard (left) and gender-diffentiated (right)
tax/subsidy profiles by age, gender and education during the yers 2012-2014
in Italy. Source: author’s own calculations on data from ISTAT (2017).

In particular, focusing on the unconditional case on the left panel of figure
8, it is easy to see that educational profiles of males (females) exhibit a slightly
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age-decreasing (age-increasing) trend. This implies that results provided for
men (women) at age 65 represent a lower (upper) bound for younger ages and
an upper (lower) bound for older ones. Instead, on the right panel of figure 8,
gender-differentiated profiles τ̃a,g,e exhibit no particular gender-specific trend
in the age range 57− 65.
Moving to the analysis of the intensity of the tax/subsidy mechanism, the
age-specific value of TATSI is defined as absolute sum over education among
individuals with age a and gender g. Similar to equations (3) and (4), the
unconditional and gender-differentiated TATSI are defined by:

TATSIa,g =
∑
e

|τa,g,e| (7)

and ˜TATSIa,g =
∑
e

|τ̃a,g,e| (8)

where τa,g,e and τ̃a,g,e are defined in equations (5) and (6) respectively. Figure
9 reports the age pattern of TATSI (in education) by gender and pension
calculation regime. It confirms that the implicit transfer mechanism is more
intense for female than for male, and it becomes more intense for both genders
when age increases from 57 to 65.
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Figure 9: Comparison between intensity of TATSI values for male and fe-
male across ages 57-65 under the standard (left) and the gender-differentiated
regime (right) for Italy in years 2012-2014. Source: author’s own calculations
on data from ISTAT (2017).
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Under the standard scenario, where pension formula is based on a homo-
geneous factor for longevity, TATSI increases for male (female) from 0.2311
(0.3393) to 0.0.2759 (0.3892) when age moves from 57 to 65. Under the
gender-differentiated regime, it remains around 0.15 (0.08), precisely increas-
ing from 0.1507 (0.0809) at age 57 to 0.1552 (0.0854) at age 65.

5 Conclusions

This aim of this work is document the persistence in life expectancy het-
erogeneity by education in Italy using recently available ISTAT data for the
period 2012 − 2014. It shows that while men are taxed across all levels
of education, female are subsidised. Instead, when differences in longevity
by gender are explicitly considered in the computation of pension annuities,
the intensity of the tax/subsidy mechanism considerably lowers. Under this
gender-differentiated regime, only individuals aged 65 with at most primary
education pay a tax. Such results are confirmed for also ages 57− 64. More-
over, in this case, tax/subsidy rates decrease with age among males but
increases among females. The intervention of gender-differentiation would
neutralise these trends.
The proposed intervention, i.e. a gender-differentiation of longevity factors
in the computation of pension annuities, seems to be fruitful. Certainly, tax
Italian women for their longer lives is not the final remedy to restore actuar-
ial fairness in the Italian public pension system. Considering their situation
in the labour market, female is less employed and under paid in European
countries compared to the male counterpart. Only a more complete analysis,
possibly integrating labour market and pension concerns, can really assess
its overall impact.
In conclusions, the presence of an increasing trend by age in the intensity
of the tax/subsidy profile calls for more attention when raises of retirement
age are legislated. When a higher retirement age is promoted, one should be
aware of the consequences in terms of reduced actuarial fairness of the Ital-
ian pension system, i.e. on the exacerbation of the tax/subsidy mechanism
in place. This warn follows Auerbach et al. (2017) for US, Whitehouse and
Zaidi (2008) and Ayuso et al. (2017a) for OECD countries. If, as often the
case, the level of education positively correlates with income, then also the
progressivity of public pension systems are reduced (Ayuso et al., 2017a,b;
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Mazzaferro et al., 2012). Neglecting such heterogeneity may also seriously
bias projections of pension expenditures and, thus, the timing of reforms
(Ayuso et al., 2018; Belloni and Maccheroni, 2013).
Further research is needed to make the tax/subsidy mechanism more trans-
parent and regularly monitored. Moreover, particular stress must be given
to labour market, which may help to explain particular trends in some coun-
tries. For example, appendix A provides empirical suggestive evidence of
a negative relation between skills mismatch and longevity heterogeneity by
education across ages for a pool of European countries in 2015. A richer evi-
dence is needed not only to corroborate this conclusion, but also to highlight
the role of labour market institutions having an impact longevity dispersion
across education and other relevant socioeconomic dimensions. This would
be another example of the interplay between labour market and pension sys-
tems.
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A Skills mismatch and longevity heterogene-

ity by education: suggestive evidence of a

negative relation

This appendix provides suggestive evidence of a negative relation between
skills mismatch and dispersion of life expectancy by education for the year
2015. Using OECD data on skills mismatch and EuroStat data on hetero-
geneity in longevity by education for the year 2015, a pool of six European
countries is considered. Countries are Denmark, Finland, Greece, Italy, Por-
tugal and Sweden.
For each country, figure 10 shows the dispersion (standard deviation) of life
expectancy by educational attainments from age 25 to age 85+. Firstly, note
that longevity heterogeneity by education sharply reduces after age 55 and it
is negligible after age 75, which reflects on the role of education discussed in
this work. Secondly, with respect other countries in the pool, Italy and Swe-
den (and their unfunded defined-contribution public pension system) feature
the lowest profiles. This allows considering main results of this work as a
lower bound in an European cross-crountry perspective.
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Figure 10: Dispersion of life expectancy by education from age 25 to 85+ for
the total (left), male (center) and female (right) population in the year 2015
for a pool of European countries. Source: EuroStat (2017).
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Thirdly, male profile is higher than that of female reflecting also a gender-
specific effect of labour market. Fourthly, among males, unhealthy habits like
smoking and drinking may explain why Italy and Sweden but also Finland
show the lowest age profile for educational dispersion in life expectancy. That
is, unhealthy lifestyles dissipate the gain in life expectancy obtained from a
higher education.
Focusing on the interplay between labour market and pension systems, this
appendix reports evidence of a negative relaton between skills mismatch in
the labour market and dispersion of life expectancy by education across dif-
ferent ages. Increasing the randomness of job-worker matching dissipates
the role of education in shaping the inequality in longevity also at retire-
ment. If the degree of randomness between jobs and worker’s skills increases,
also improvements in life expectancy associated to human capital are more
randomly distributed across workers employed in different jobs despite the
same level of education/skills. This mechanism, inner to the labour market,
produces a positive externality towards the public pension system. In fact,
at retirement, a higher level of skills mismatch would reduce the intensity of
the tax/subsidy mechanism studied in this work. Hence, a negative relation
between skills mismatch and longevity heterogeneity by education is tested.
At this aim, OECD data on skills mismatch are considered for the year
2015 for the pool of 6 European countries in figure 10. In particular, for
each country i, table 2 presents different measures of skills mismatch Mα

i .
OECD defines horizontal (or field-of-study) mismatch MH

i as the incidence
of workers in occupations (ISCO) not corresponding to the field of study
(ISCED-F) they attended. Vertical (or qualification) mismatch MV

i is the
sum between underqualification MUQ

i and overqualification MOQ
i . They refer

to the portion of workers employed in occupations requiring a higher and a
lower level of education, respectively. Note that countries in Southern Eu-
rope like Italy and Portugal and (to a lesser extent) Greece are characterised
by a higher degree of horizontal and vertical skills mismatch compared to
countries in Norther Europe like Denmark, Finland and (to a lesser extent)
Sweden. Note also that, while Southern countries have a lower-than-average
incidence of underqualification mismatch compared to Northern countries,
the opposite is true in the case of overqualification mismatch.
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Mα
i

Country i MH
i MV

i MUQ
i MOQ

i

Denmark 29.66 33.76 20.3 13.45
Finland 23.09 28.29 20.94 7.35
Greece 38.65 44.09 20.97 23.13
Italy 35.41 38.75 17.66 21.09

Portugal 34.95 42.71 17.69 25.02
Sweden 35.62 36.8 22.59 14.22
Avg 30.28 34.65 20.71 13.94
Std 4.94 3.25 3.07 4.91

Table 2: Different measures of skills mismatch Mα
i for the pool of Eu-

ropean countries in the year 2015: horizontal (MH
i ) and vertical (MV

i ),
vertical-underqualification MUQ

i and vertical-overqualification (MOQ
i ). Re-

ported statistics are average Avg and standard deviation Std. Source: au-
thor’s own elaboration on data from OECD (2017).

Figure 10 and table 2 jointly suggest the idea of a negative relation be-
tween skills mismatch and dispersion of life expectancy by education. In
particular, looking at Italy and Sweden, it could be the case for Southern as
well as Northern Europe countries.
In order to quantify this (linear) association, the Pearson correlation coeffi-
cient is computed between each measure of skills mismatch and dispersion
of longevity by education across ages 25 − 75 for each gender. Figure 11
reports results. Concerning the four measures of skills mismatch considered,
note that vertical and overqualification share exactly the same correlation
profile by ages, while horizontal mismatch is somehow lower. Results for the
total population (top) shows that a negative sign of the correlation coefficient
persists until age 60. Afterwards, dispersion of life expectancy by education
remains negatively correlated only with underqualification skills mismatch.
Also for males (center), only underqualification skills mismatch negatively
correlates with longevity dispersion throughout the age range 25−75. While
for females (bottom) all measures of skills mismatch are negatively correlated
with dispersion of longevity by education also after age 60, except under-
qualification whose age profile results to be flat. For each measure of skills
mismatch, figures 12-15 report corresponding scatter plots for ages 25-55.
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Figure 11: Age profile of (Pearson) correlation between skills mismatch α =
H, V, UQ,OQ and dispersion of life expectancy by education for ages 25− 75
for the total (top), male (center) and female (bottom) population in the year
2015 for a pool of European countries. Source: EuroStat (2017).

Note that correlation coefficients are strong and negative for low and mid-
dle ages, which become strong and positive for ages closer to 75.
This preliminary analysis of the age profile of correlation coefficients shows
that measuring the relation between skills mismatch and life expectancy het-
erogeneity at retirement (e.g. age 65) maybe misleading. Indeed, skills mis-
match in the labour market negatively affects the dispersion of longevity by
education especially for lower ages. This may suggest at least two things.
One refers to the role of skills mismatch, which relevant at the beginning of
in careers of individuals and somehow dissipate when workers approach to
retirement. The other refers to the limitation of having data only for the
year 2015. Contemporaneous effect may be stronger for younger workers to
then dissipate when they approach to retirement. For example, having data
on skills mismatch dated at least 1985 could help to refine this conclusion
for those aged 55 in 2015.

29



20 30 40

A
G

E
 2

5

1
2
3

DNKFIN
GREITAPORSWE

TOTAL

20 30 40
1
2
3 DNKFIN GRE

ITAPOR
SWE

MALE

20 30 40
1
2
3

DNKFIN

GRE
ITAPORSWE

FEMALE

20 30 40

A
G

E
 3

5

1

2

3
DNKFIN

GREITAPOR
SWE

20 30 40
1

2

3 DNK
FIN

GRE
ITAPOR

SWE

20 30 40
1

2

3
DNK

FIN

GRE
ITAPORSWE

20 30 40

A
G

E
 4

5

1

2 DNKFIN
GREITAPOR

SWE

20 30 40

1

2
DNK

FIN
GRE

ITAPOR

SWE

20 30 40

1

2 DNK
FIN

GRE
ITAPORSWE

20 30 40

A
G

E
 5

5

0

1

2
DNKFIN GREITAPOR

SWE

20 30 40
0

1

2 DNK
FIN

GRE
ITAPOR

SWE

20 30 40
0

1

2
DNK

FIN GREITAPORSWE

Figure 12: Horizontal skills mismatch (horizontal axis) vs Dispersion in Life
expectancy by education (vertical axis) at age 25 (top), 35, 45 and 55 (bot-
tom). Source: author’s own elaboration on data from EuroStat (2017) and
OECD (2017).
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Figure 13: Vertical skills mismatch (horizontal axis) vs Dispersion in Life
expectancy by education (vertical axis) at age 25 (top), 35, 45 and 55 (bot-
tom). Source: author’s own elaboration on data from EuroStat (2017) and
OECD (2017).
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Figure 14: Underqualification skills mismatch (horizontal axis) vs Dispersion
in Life expectancy by education (vertical axis) at age 25 (top), 35, 45 and 55
(bottom). Source: author’s own elaboration on data from EuroStat (2017)
and OECD (2017).
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Figure 15: Overqualification skills mismatch (horizontal axis) vs Dispersion
in Life expectancy by education (vertical axis) at age 25 (top), 35, 45 and 55
(bottom). Source: author’s own elaboration on data from EuroStat (2017)
and OECD (2017).
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