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ABSTRACT

Most Western countries face increasing challenges to the sustainability of their public pen-
sion systems, which were created in an era when the life expectancy of retirees was much
shorter than it is today. In Italy, these challenges are exacerbated by additional factors:
Very low birth rates (far below replacement levels), little immigration and a historically
generous public pension system.

In this dissertation, the factors affecting future sustainability of the Italian Pay-As-You-
Go (PAYG) system are systematically analyzed. First, the development of the population
over the next 75 year is studied. The effects of (changes in) mortality coefficients, fertility
rates and immigration levels on the size and the age distribution of the population are
determined stochastically, in isolation as well as in combination, with a computer program
that was specifically developed for this purpose. A unique feature of these calculations is
that a distinction is made between the fertility of native Italian women and first-generation
immigrant women. The latter is much higher, which makes a substantial difference when
extrapolated over 75 years. It turns out that all reasonable models predict a sharp increase
in the dependency ratio, with a peak around 2040 followed by a slow decline.

A second computer program uses the predicted future composition of the population as
input and calculates the consequences for the PAYG system. This program was designed
to study the effects of specific changes in the system’s rules, changes regarding the of-
ficial retirement age, contribution levels, the relationship between pension levels and life
expectancy, etc. It turns out that, even after the Dini reforms (1995) which were designed to
improve long-term sustainability, public pension expenditures would rise from their current
level (∼ 14% of GDP, highest among European countries) to well above 20% of GDP by
the middle of the century. It is shown that additional modifications, in particular a gradual
adaptation of pension levels to the remaining life expectancy of the retirees, may be an
adequate tool to restore sustainability once the population has regained a stable composi-
tion. However, because of the current distorted age distribution (with cohorts born between
1945 and 1980 being on average 48% more populous than the cohorts born after 1980),
the pension crisis that looms for the period 2030-2050 calls for a major increase in the
participation of especially women and elderly (> 55) workers.
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CHAPTER 1
INTRODUCTION

Financial sustainability of pension systems is an economic concern for governments in
most developed countries around the world. The Pay-As-You-Go (PAYG) system of public
pensions has been on the verge of crisis since the mid 1980s, largely due to the demographic
transformation and the severe population aging in western European countries as a whole,
and Italy in particular. Population aging experienced in the developed countries has been
the consequence of unprecedented longevity and very low birth rates in the last decades of
the 20th century. The aging population contributes to the rising dependency ratio (the ratio
of the retired population to active workers), which in turn threatens the viability of Italy’s
social security system and its ability to provide old-age income security for the elderly.
Social security income constitutes a major (if not the only) source of income for a very
large fraction of the elderly population in Italy. As such, the crisis in the social security
system affects all persons in Italy, especially those who plan to retire in the years to come.

To deal with the crisis of their social security systems, pension reforms were introduced
by most governments. Italy introduced two major reforms in the 1990s: the Amato reform
of 1992 and the Dini reform of 19951. Other reforms, smaller in magnitude, have also been
introduced in Italy, the latest of which (more an annex to the previous Dini reform) was in
20042. These reforms were intended to ease the burden of increasing pension expenditures
from the public budget. But these politically inclined reforms have failed, in the most part,
to provide lasting relief and stability for Italy’s social security program.

The main objective of this dissertation is to examine the effectiveness of Italy’s pension
reforms in protecting the long-run financial sustainability of Italy’s pension system against
demographic shocks. This thesis contributes to the debate on social security in Italy in
several ways:

1. It analyzes the question of solvency in a context in which uncertainty is assumed ex-
plicitly. Considering uncertainty is fundamental in allowing this investigation to look
at all possible scenarios of the population trend and the macroeconomic changes.

2. It departs from the existing literature by distinguishing between the rates of fertility
of the native women and the [first generation] immigrant women.

1Named after the treasury ministers at the time of the reforms.
2The Tremonti reform.

1



3. Considering sustainability of pension systems in terms of a percentage of the Gross
Domestic Product (GDP) that is considered acceptable, this dissertation investigates
how this percentage evolves over time, in different demographic scenarios, and with
different assumptions concerning GDP growth, under the current pension rules.

4. It explores how the sustainability of the pension program is affected by introducing
changes in the current pension rules, such as:

• The age at which people become eligible for retirement benefits;

• The social security tax rate; and

• The amount of benefits the retirees can expect to receive upon retirement.

5. Finally, it indirectly studies the effects of policies introduced by the government to
promote higher fertility and higher participation among women and the over-55 pop-
ulation on the balance of the PAYG system.

The outcome of this study thus consists of information that shows how the current rules
of the Italian system of social security need to be modified as the Italian society adapts to
the demographic and economic realities.

1.1 History of Social Security in Italy

1.1.1 System of Social Security in Italy Before the 1992 Reform

The first formal social security system in the world was introduced in Germany by Otto
von Bismarck, in 1889, as a fully funded, investment based disability insurance program
that eventually evolved to become a fully funded, mandatory retirement insurance program.
Since then, the state-sponsored system of retirement income has been adopted by countries
all over the world, and particularly in Europe.

In Italy, the first system of old age insurance was introduced in the second half of the
nineteenth century for employees in the army. A voluntary and fully funded Bismarckian
(old age) pension program was set up for the employees of the private sector in 1898, and
was made compulsory in 1919. This funded pension scheme was managed by the National
Institute for Social Security (Istituto Nazionale per la Previdenza Sociale) or INPS, which
collected social security payroll taxes from the private sector employees as well as the
self-employed. The mandatory social security taxes paid by the private sector employees
were collected in the “Private-Sector Employees’ Fund” or FPLD. Consequently, INPS, and
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particularly FPLD, were established as the principle social security fund administration in
Italy3.

Just like other European countries, Italy replaced its fully funded retirement system by
a Pay-As-You-Go (PAYG) financed pension system after World War II. The reason for this
shift to the PAYG system was the severe depletion of the pension funds because of inflation
and because the government had used these funds to finance state-funded programs. In the
PAYG pension system, contributions made by workers in one period are directly transferred
to the recipients of pension benefits in the same period. Although workers (who contribute
to their pensions) receive entitlements against the system by virtue of the contributions they
make in the present time, no actual capital is accumulated. A funded system, on the other
hand, creates entitlements to pension benefits that are backed by pension funds built by
contributions made in the past, that have earned interest and dividends. Upon retirement
(in a fully funded system), the pension fund (with all the interest and dividends) will be
converted into an annuity that would be paid to the retirees as pension benefits.

Although Italy’s adoption of the PAYG system of social security was completed in
1952, it was only later that the PAYG system of public pensions was extended to the self–
employed4. Disability pensions were established in 1966, and these pensions were mostly
based on the person’s inability to earn income rather than the inability to work.

A new rule for calculating pension benefits was introduced in 1969: Benefit computa-
tions were changed from the previous “contribution–based” to the new “earnings–based.”
Specifically, for public–sector employees, benefits were calculated based on their “final
salary,” while the private–sector employees received benefits based on the average earnings
of their last five years of employment. The justification for this shift was to guarantee a
standard of living for the elderly and pensioners not much below that of active workers.
At the same time, public pension benefits were extended to the elderly persons (over 65)
with low incomes who otherwise were not covered by an old–age insurance plan (pensione
sociale). Finally, the early retirement option or seniority pensions became even more gen-
erous for the public–sector employees5 (Brugiavini, (1999 and 2002), and Franco, 2002).

3Not all workers’ social security affairs were administered by INPS. Some workers set up and kept their
own pension schemes. The same was true for the public sector employees, whose contributions and benefits
were managed by the “public-sector employees’ fund.” As a result, many independent schemes of social
security were created with different rules regarding taxes, eligibility requirements, and benefit payments.

4The INPS’ managed system of pensions was extended to the self–employed farmers in 1957, while
artisans and the (self–employed) business owners received coverage in 1959 and 1966, respectively (Franco,
2002).

5The early retirement option [that had become a phenomenon as a result of incentives embedded in the
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In 1970, pension indexation was introduced, starting with the social security benefits
for private–sector employees that were then indexed to the real growth rate of wages. For
the private–sector employees, the replacement rate was set at 2 percent of the pensionable
earnings, for a maximum of 40 years of contributions. This meant that an employee would
be able to retire after 40 years of contributions with 80 percent of the average earnings
of his/her last five years of work. For the public employees, the replacement rate was set
at 2.33 percent for the first 15 years of contributions, decreasing to 1.8 percent for the
remaining years of contributions (Sartor, 2001)6.

The “defined–benefit” system of PAYG in Italy was designed to provide a happy and
comfortable life for the retired and the elderly population, and continued (for the most
part) uninterrupted, for almost half a century, until the Amato reforms of 1992. However,
excessive financial burden had been imposed on Italy’s finances as a result of increasing
pension expenditures, mainly due to:

• Possibility of drawing multiple pensions (own and survivor), cumulative pensions,
and earned income;

• Non-existence of any cohesive eligibility requirements for receiving benefits; and

• Absence of any connection between benefits received and contributions made into
the system.

To address these concerns, some new measures were introduced in the 1980s to provide
added sensibility and logic to the public pension system.

• Means–testing was introduced in 1983 as a basis for eligibility to minimum pensions;
and

• Eligibility requirement for disability pensions were further tightened to include only
those with work disabilities. This measure in effect cancelled 75 percent of disability
pensions that were being paid out between early 1970s and mid 1980s.

system in the form of high implicit tax on continuing to work] was introduced in 1956 for the public–sector
employees, and in 1965 for the private–sector employees, allowing employees to retire after completing a
minimum contributory period, which was 35 years for the private–sector employees. For the public–sector
employees, however, this period was 25 years for men and 20 years for women. Although the minimum
contributory period did not change for the private employees, the requirements for government workers were
reduced in 1969 to 20 years for men and 15 years for married women, regardless of age.

6In effect, this measure provided incentives for public employees to retire at the earliest possible oppor-

tunity.
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However, these measures were not nearly adequate to address the growing burden of
pension expenditures on Italy’s public finances. Although at the time of the introduction of
the PAYG system, the life expectancy was about 62 years for men and 66 years for women,
the 20th century did witness an unprecedented increase in longevity and declining mortality
as a consequence of technological developments in health care and medicine7 and life style
changes. Such innovations allowed the elderly to live longer, healthier lives, contributed to
the population growth, and started the process of population aging. In addition, the baby
bust that began in the mid 1970s further attributed to the aging of population, and started
a muted trend towards implosion of population that could only be observed decades later.
As a result, Italy was among the first countries in the world in which people over 60 years
old outnumbered those under 20.

Figure 1.1: The changing age distribution of the Italian population in the period 1960-2000.

7Such as eradication of infectious diseases, improvements in infant mortality, and innovations in delivery
of medicine.
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Figure 1.1 shows the transformation of the age distribution of Italy’s population from
1960 to 2000. The age distribution demonstrates the effects of the two world wars and the
ensuing baby busts, followed by a (seemingly) permanent decline in birth rate. The gradual
decline in the number of newborns is clearly observable between 1960 and 2000: a decline
from slightly over 800,000 newborns in 1960 to under 600,000 in 2000.

Figure 1.2: Change in the life expectancy of newborns and of retirees (at age 65) in the
period 1950-2000. Results are given for males and females separately.

Figure 1.2 shows the improvements in the life expectancy of both the newborns and of
the retirees (at age 65) of both males and females, over the last fifty years. Whereas the
life expectancy has gone up considerably for both sexes during this period, the difference

in life expectancy between males and females has remained approximately constant (≈ 5
years) over the past 30 years.

The changing pattern of fertility among Italian women is shown in figure 1.3 for the pe-
riod 1955 to 2000 and from 1990 to 1995 and 2000. The panel on the left shows the change
in the number of births from 1955 to 2000, per 1000 women of childbearing age. Accord-
ing to this figure, not only has the number of babies born to mothers of all ages dropped,
the peak of childbearing years has shifted from 26 to 30. The panel on the right shows the
change in the number of births from 1990 to 2000, per 1000 women of childbearing age.
According to this figure, the incidence of birth has been shifted to later years in the last 10
years of the 20th century, and the total number of children being born has declined. The
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Figure 1.3: The changing fertility pattern of Italian women in the period 1950-2000.

peak of childbearing years changed from 27 in 1990 to 30 in 2000, with 1995 being the
year with the lowest number of babies born. The right panel also shows an increase in the
number of babies born to mothers over the age of 30 in the years 1995 and 2000 compared
to 1990.

The combination of a rapidly aging population and declining birth rate raised concerns
regarding the sustainability and solvency of Italy’s very generous system of social security.
The repercussions of the continued baby bust will become evident in the next decades,
when fewer females would give birth to smaller number of children, who would have to
finance the retirement benefits for a growing number of retirees.

Figure 1.4 shows the evolution of the dependency ratio (the ratio of the retired people
to the working population) from 1960 to 2000. Except for the decade of 1980s, where this
ratio remained basically unchanged8, the ratio of those over 65 to the working population
(15-64) has been on the rise since 1960, and has been increasing at a faster pace since 1990.
Considering the ratio of those 65 and over to the entire population, the rise is more modest,
although we can still see the increasing patterns since the 1960. However, the ratio of the
people 80 and over to the entire population has tripled since 1960, indicating a clear sign
that the country is graying rapidly.

Thus, by the end of 1980s, it had become obvious that the PAYG system of social
security in Italy would not be financially sustainable, and that major reforms were needed

8The decline in the dependency ratio reflects the baby bust of the WWI. Children born in 1914–1918
form the numerator in the dependency ratio of 1980–1984, after which the dependency ratio starts to increase
again.
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Figure 1.4: The aging of the Italian population in the period 1950-2000. Shown are the
fractions of the total population at age 65 and older, age 80 and older, as well as the depen-
dency ratio for a retirement age of 65, as a function of time.

to reflect the demographic transformation of the society. The reforms had to address several
key issues, such as (among other things):

1. Creating more equality across different sectors of employment;

2. Linking benefits received to contributions made so as not to reward dynamic careers
with short contribution periods;

3. Creating an actuarially fair pension system that would punish early retirement and
reward longer employment and contribution;

4. Increasing the age of retirement in the face of increasing longevity.

In light of the above-mentioned demographic evolution and the resulting increase in
the costs of public pensions, the Italian government introduced two major reforms in 1992
and 1995 . The Amato reform of 1992 provided more equity across different sectors of
employees, but left the structure of the pension system unchanged. The Dini reform of
1995, which is regarded as the major reform of the 1990s, essentially changed the system
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of public pensions in Italy by adopting a contribution-based PAYG system that linked ben-
efits received to contributions paid9. However, the very long transitional period chosen by
the government means that the intended benefits of the reform(s) would be significantly
reduced in their effectiveness to curb the escalating costs of the pension system , at least in
the near future10.

Figure 1.5: Evolution of public pension expenditures as a a percentage of GDP in the
1990’s.
Source: Ministero del Welfare, Nucleo di Valutazione della Spesa Pensionistica (2001).

Figure 1.5 exhibits the percentages of the Gross Domestic Product (GDP) spend on the
public pension system in Italy since 1989. As we can see in this figure, pension expen-
ditures as a percentage of GDP rose in the years immediately following the two reforms,
which suggests that many workers opted for retirement immediately after the two reforms
for the fear of any further losses to their pension benefits.

The percentage of the GDP spent on public pensions in European countries in 2001
is shown in figure 1.6, indicating Italy as the country in which pension expenditure as a
percentage of GDP is the highest among the European countries.

9Details of the two reforms will be discussed in the following section, as well as in Chapter 3: Methods
and Procedures.

10The latest modifications to Italy’s pension system were adopted in 2004, and signify the government’s
attempt to reduce the shocks of the upcoming retirement of the baby boomers.
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Figure 1.6: Percentage of GDP used for public pension expenditures in European countries.
Source: EUROSTAT (2004).

1.1.2 The Amato Reform of 1992

The first major reform in the system of social security in Italy was introduced in 1992
with the goal of streamlining the increasing expenditures of Italy’s pension system. The
percentage of GDP spent on pensions had almost tripled during the previous three decades
and was expected to continue to rise. The demographic transition and population aging
were only partly to blame for high pension expenditure. Other reasons for the high ratio
of pension expenditure to GDP were early retirement11, the generosity of the social secu-
rity system, and the inequality in pension benefit calculations among various employment
sectors and age-groups.

Thus, the goal of controlling the pension costs by the Amato was closely linked to
eliminating the source of inequity in the rules governing pensions and across workers of
different sectors and different age-groups. The following are the major changes in Italy’s

11The employment rate of the 55-64 year-old individuals in Italy was 32% in 1990 and 27% in 1995,
well below the fractions in [most] other Western countries (OECD, 2000). The continued decline of the
participation rates of the 55- 64-year olds in 1995 can be attributed to the introduction of the Amato and
the Dini pension reforms, and the rush to retirement for fear of further losses of individual pension benefits.
Although the employment rate of the population between 55-64 increased to about 30% in 2003, this rate
is still well below the 39.8% which is the average employment rate of the 55-64 population in the EU-15
countries (Eurostat Labour Force Survey 2003 in EcoWeek, 2005).
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pension system introduced by the Amato reform:

• The normal retirement age for employees in the private sector was raised (over a
10-year period) from 55 to 60 for women and from 60 to 65 for men;

• The reference period for calculating pensionable earnings was extended (over a 10-
year period) from (the last) five to (the last) ten years. However, this reference period
was extended to the entire working life for those employees who had less than 15
years of contributions in 1992;

• Past earnings were set to be be revalued at a rate equal to the rise in the cost of living
index plus a one percentage point per year;

• The minimum number of years of contributions required for entitlement to old-age
pension was raised (over a 10-year period) from 15 to 20 years;

• The reference index for pension benefits were changed from nominal wages to prices,
while the government was allowed (additional) discretionary budgetary adjustments;
and

• The minimum years of contributions required for eligibility for early retirement (se-
niority pension) for public sector employees were (gradually) raised to 35 [from 15
to 35 years for women and from 20 to 35 years for men].

As a result of implementing the above measures, more than 25 percent of net pension
liabilities were cancelled12. Reductions in pension liabilities disproportionately affected
different employees across different sectors and genders13.

The pension reform of 1992 succeeded in accomplishing its goal of controlling and
preventing further increases in pension expenditure by establishing a stronger link between
contributions paid and benefits received, and by creating more equality among different
sectors of employment (private, public, and self-employment). However, its overall impact
was reduced because of the reform’s failure to establish some transparency in the pension

12Beltrametti (1994) maintains that, as a result of the 1992 pension reform the total outstanding pension
liabilities were reduced from 389% of GDP to 278% of GDP, a reduction of 29%, and Rostagno (1996)
estimates that the pension liabilities for employees in the private sector were reduced by 27%.

13Rostagno (1996) estimated 94% reduction in pension liabilities for female workers and 42% for male
workers, 37% and 42% for workers with long and short or discontinuous careers, respectively, and 8% reduc-
tions in pension liabilities for pensioners.

11



system. The seniority pension remained untouched, which meant that employees could
completely bypass the reform by using the seniority retirement option to retire early. In
addition, the employees with at least 15 years of work history and contributions were totally
excluded from any changes in their pension14. This created a lengthy transition period and
an uneven distribution of pension reform burden.

1.1.3 The Dini Reform of 1995

The most important reform in Italy’s pension system was introduced in 1995 and is
known as the Dini reform15 . Although the reform of 1992 [the Amato reform] had suc-
ceeded in smoothing away the differences between different sectors and programs, it had
failed to adjust the retirement benefits accordingly: The benefits received were still irre-
spective of the contributions paid.

The major goal(s) of the Dini reform were to:

• Stabilize the ratio of pension expenditures to GDP;

• Reduce the labor market distortions; and

• Make the system more fair.

The Dini reform fundamentally transformed the system of social security in Italy by
adopting a “contribution-based” method of benefit calculations in place of the [then] ex-
isting “earnings-based” method. As a result, Italy’s pension system joined the class of
systems defined as “Notional Defined Contributions” or NDC (Disney, 1999). It must be
mentioned that this transformation in the pension system applies only to the calculation of
benefits paid, as the financing of the pensions remained on a PAYG basis.

Changes to the pension system under the Dini reform were as follows:

• Each worker would be given a “notional” social security account;

• Pension benefits were linked to contributions paid over the entire working life of the
employee and the retirement age (through an actuarially based adjustment factor that
ranged from 4.72% and 6.136% for retirement ages between 57 and 65, repectively).

14With the exception of the change in the calculation of their pensionable earnings.
15The Dini reform was inspired by the 1994 pension reform system of Sweden, which was characterized

by a shift from the defined-benefit (DB) to a defined-contribution (DC) system, in which the notional accu-
mulated contributions would be transformed into an annuity at retirement.
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The first social security benefit payment would be calculated as the annuity equiva-
lent of the present value (at retirement) of past contributions, capitalized by means of
a 5-year moving average of the nominal GDP growth rate;

• The introduction of the conversion coefficient (the adjustment factor) also linked
pensions to average life-expectancy at the time of retirement. This factor was set to
be revised every 10 years to reflect the improvements in longevity16;

• The relevant social security contribution rate was increased to 33% (a jump from
27.17% set by the Amato reform)17;

• Workers were given the option to retire between the ages of 57 and 65;

• Seniority pensions were set to be abolished, albeit gradually; and

• Guaranteed minimum pensions were set to be abolished. Instead, new rules required
at least five years of contributions for eligibility to old-age retirement benefits.

The Dini reform did not extend to those employees who were excluded from the Amato
reform, which meant that all those who had at least 18 years of work history and contribu-
tions would continue to receive their benefits according to the pre-Amato regime18.

In spite of the important accomplishments of the 1995 reform, which includes linking
pension benefits to life-time contributions and retirement age, as well as abolishing the
seniority pension (albeit gradually), the Dini reform failed to significantly affect the long-
term expenditure trend, because

• The expenditure trend set by the 1992 reform was not significantly altered;

• The pension liabilities of the private-sector employees were actually increased from
4% to 9% of GDP (depending on the rate of growth of GDP), because unlike the
pre-1995 system, the post-1995 pension liabilities were adjusted to the GDP growth;

16It should be mentioned that the conversion coefficients have not yet been revised by the legislature, in
spite of the requirement set in the Dini reform.

17The 33% SS tax rate is for benefit calculation only, the actual payroll taxes tax were set at 32.7%, to be
shared between employer (24%) and employee (8.7%).

18There were some changes made to benefit calculations, however. The reference (pensionable) earnings
were extended to the average of the last 10 years of the workers’ earnings (instead of the last 5), and employees
would have to continue work until the age of 57.
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• Individuals with more than 18 years of contributions would have their pension bene-
fits computed based on the pre-Amato (pre-1992) rules;

• The pension of those individuals with less than 18 years of contributions (in 1995)
will be subject to a pro-rata regime: The 1995 reform will only apply to the contri-
butions paid after 1995; and

• The lengthy transition period means that the Dini reform will be fully implemented
only in 2035.

Hence, the length of the transition phase and the lack of transparency may reduce the
expected benefits of the reform.

1.1.4 The Tremonti Reform of 2004

Tremonti introduced an “annex” to the 1995 reform system of pensions with the prin-
cipal goal of reducing the impact of the forthcoming retirement of the “baby-boom” gener-
ation of workers. The main intention of the Tremonti reform were to:

• Effectively raise the actual retirement age19; and

• Introduce (a more active) supplementary pension insurance.

Seniority pensions are at the heart of the issue of raising the effective retirement age (the
actual average retirement age). Under the current system [rules governing those who had
18 years or more of contributions in 1995 and were grandfathered in], workers who are
57 years of age and have at least 35 years of contributions will be eligible for “seniority”
pensions. Upon retirement, the [retired] workers will receive a pension equal to 70% of the
average of the five “best years” or highest earnings, during their last ten years of work. This
system, however, will continue to exist only until 2007, after which eligibility for seniority
pensions will change dramatically [albeit gradually].

1. From 2008 to 2010, eligibility for seniority pension requires 60 years of age and at
least 35 years of contributions. For the self-employed, this requirement is increased
to 61 years of age and 35 years of contributions.

19The current (early) retirement age of 57 is considered low, even among the European Union countries,
where the average (early) retirement age is 59 years and few months.

14



2. All workers will be eligible for retirement with at least 40 years of contributions,
regardless of age.

3. From 2010 to 2014, eligibility requirements for seniority pensions will be increased
to 61 years of age (62 for self-employed) and at least 35 years of contributions.

4. From 2014, the age of eligibility for seniority (early) retirement will increase to 62
(63 for self-employed), with years of contributions unchanged at 35.

5. The normal age of retirement remains 65. Workers over 65 years of age may continue
to work with prior agreement with the employer. All workers will still be eligible for
early retirement, regardless of age, with 40 years of contributions.

6. The early retirement age for women will continue to be 57 with at least 35 years of
contributions20. However, for actuarial fairness, women who choose to retire early
will get a contribution-based pension, which may be translated into a significant re-
duction in the pension income they receive.

7. The number of “exit windows” for early retirement will be reduced to two, start-
ing from 200821. Limiting the number of exit windows will reduce the number of
pensions, and consequently will result in some reduction of the pension expenditure,
which has been the main goal of the recent reforms.

8. To deal with the upcoming retirement of the baby-boomers, more incentives will be
introduced for longer employment of those nearing retirement. Until (and including)
2007, workers with at least 38 years of contributions who are entitled to a seniority
pension, will be able to postpone their retirement and receive, as an incentive, 32.7%
of their gross salary22, in their paycheck.

9. Certification of entitlements will be issued under the proxy law granting the “Certifi-
cate of Acquired Pension Entitlement.” Workers nearing retirement who may want
to retire early in order to protect their pension rights can receive the certification

20In spite of enjoying higher life-expectancies than men, women continue to receive favorable treatments
by the Italian government.

21At the time the requirements for early retirement are fulfilled, the worker will have to wait for an “exit
window,” which in turn determines the start date of the pension. So far, there have been four such windows
avaialble every year, at the beginning of each quarter, which will continue until 2008, after which the number
of exit windows will be reduced to two.

22The full social security contribution that is saved and no longer paid.
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of entitlement, issued by the pension institutes, that will allow such employees to
choose seniority pension before new laws are introduced into the system. As a re-
sult, workers can use their acquired pension rights at any time, and demand that their
pensions be calculated according to the regulations in effect at the time the certificate
was issued.

The most revolutionary position taken by the Tremonti’s (proxy law) reform is the pro-
motion of the supplementary pension funds. This reform calls for an increase in the number
of institutes that are able to establish and provide supplementary pension funds. Tradition-
ally, the role of pension funds has been very limited in Italy. Severance-pay funds, which
are payable to employees at the time of termination of their employment, have been an
attractive benefit offered by employees, an issue strongly lobbied by unions as well. In
order to finance a severance-pay fund, employers must set aside 6.9 percent of each work-
ers’ gross earnings. Each year, severance-pay funds are revalued by 1.5 percent, plus 0.75
percent of the inflation rate23. While the severance-pay is accruing, it cannot be obtained
by employees (while working). However, employers have generally maintained full discre-
tionary power over the funds, which have played the role of a very valuable and inexpensive
source of financing for the employers.

The proxy law requires that, in order to reinforce the supplementary pension funds, the
employees’ accumulated end-of-service [severance-pay] funds be transferred and paid into
a supplementary pension fund, unless specifically requested otherwise by the employees,
in which case, employees will have to decide, within 6 months, whether they want their
accumulated end-of-service allowance should remain in the “closed funds” that are run
by trade unions and companies, or if these funds should be transferred to “open funds,”
run by banks, insurance companies, regional authorities, or other private entities that are
authorized to establish and manage supplementary pension funds.

It should be mentioned that this move is not very popular with either the employers
or the trade unions. Employers are against transferring the severance-pay funds to sup-
plementary pension funds, because by doing so, they will lose a very lucrative source of
inexpensive and available credit and financing. Trade unions also oppose this measure
since severance-pay funds have been a subject matter used by the unions to obtain better
employment conditions for their members. Workers also may favor severance-pay funds
over supplementary pension funds, as they consider their end-of-service allowance as funds

23If the inflation rate is 2%, then the worker receives, in his/her funds, a 3% return in nominal terms.
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available to them once their employment is terminated (through retirement or otherwise).
They can, thus, have access to their severance-pay fund upon termination of their employ-
ment. However, the supplementary pension fund cannot be accessed until retirement.

1.2 Purpose and Scope

The purpose of the studies described in this thesis is to investigate the effects of demo-
graphic developments on the sustainability of Italy’s pension system in the next 75 years.
The Organization of Economic Co-operation and Development (OECD) defines the sus-
tainability of fiscal policies as “good housekeeping,” or an assessment about the govern-
ment’s excessive debt accumulation based on the [current] policy (Blanchard et al., 1990).
In case of a PAYG pension system, the OECD’s view on sustainability requires that the
current contribution rate suffices to finance benefits. This is specific to the PAYG pension
schemes, which relax the constraint that the benefits received by any generation must be
matched by its own contributions (Barr, 2003).

Thus, we have developed several dedicated models for the purpose of studying whether
future contributions would be sufficient to pay future benefits, and have written computer
programs that allowed us to evaluate the consequences in the context of these models.
The models we use for these studies are based on a certain number of assumptions which
are, inevitably, simplifications. It is, therefore, not our intention to produce a set of precise
predictions. Rather, the purpose is to point to trends that may be expected to take place, and
we will estimate the effects of measures that may be taken to affect these trends. Therefore,
our conclusions will read, for example: “If no changes are made in the current rules of the
pension system, the cost (expressed as a fraction of GDP) may be expected to increase
by 50±10% around the middle of the century.” In all cases, we will clearly state our
assumptions.

This thesis is organized as follows. In Chapter 2, we review the literature relevant for
our studies. In Chapter 3, we discuss the methods and techniques used in the models we
developed. In Chapter 4, the data that form the basis for our calculations are described.
Chapters 5 and 6 are dedicated to the results of our studies on the development of the pop-
ulation, and on the consequences of this development for the pension system, respectively.
Conclusions are given in Chapter 7. Appendix A contains detailed tables of the data that
form the input to our models. The listings of the computer programs used for the model
calculations are given in Appendix B.
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CHAPTER 2
LITERATURE REVIEW

The Literature Review section is divided into two main sections and several sub-sections.
The two main sections cover Pension Reform (as it pertains to Italy), and Demographic
Trends (addressing fertility- and mortality-related issues). Each section is then divided into
sub-sections that will further discuss the relevant literature and material.

The first part of the literature review will focus on pension reform. Extensive research
has been conducted on the subject of pensions, pension reform policies, and specifically
the pension reform in Italy. A large body of literature on pensions is centered on reviewing
the PAYG, and the combined PAYG-DC system of pensions that was adopted in Italy, and
analyzing its economic impacts.

The second part of the literature review covers the demographic transition, with respect
to both fertility and mortality. There is vast literature discussing the likely trends in fertility
and mortality, and the role of immigration in future population developments.

The last part provides an overview of the chapter, summarizing the important elements
and findings used for the purposes of this research and dissertation.

2.1 Pension Reform

The discussion on pension reform has been instigated by the concern for the long-term
financial viability of the existing pension systems, especially in the countries in western
Europe, Japan, and the United States, which are undergoing dramatic changes in their
demographic structures. Lindbeck and Persson (2003) argue that the primary purpose for
reform in pensions is to achieve efficiency, and the best ways for obtaining efficiency are
by strengthening the link between contributions paid over the lifetime of active workers
and benefits claimed when the worker retires, and by providing an actuarially fair system
of social security.

2.1.1 Pension Reform in Italy

Franco (2002), Brugiavini (1999), and Antichi and Pizzuti (2000) review and discuss
the circumstances surrounding Italy’s pension systems, both before and after the reforms of
the 1990s. Franco (2002) and Brugiavini (1999) state that the reforms of the 1990s aimed
at reducing the pension expenditure by reducing pension benefits, and that the reforms have
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succeeded in eliminating at least a quarter of pension liabilities compared to the pre-reform
system.

Antichi and Pizzuti (2000) review the economic and political climate that led to the
1990s reforms. The authors then analyze the role of the government and other institutions
in the process of pension reform, and present the areas in which the dialogue between the
government and the interested parties are strong, as well as those that can benefit from
improvement, e.g. the unions.

Tamburi (1999) outlines the objectives of governments for reforming their social secu-
rity pension systems, and offers that financial sustainability of the pension systems, among
all other objectives of the reform, is given high priority by those in charge of the pension
reforms. Tamburi goes on to emphasize the importance of methods and parameters used
to calculate future levels of receipts and expenditures. He asserts that since no one can ac-
curately predict the economic variables and parameters of the future, such as composition
of the labor market or the rate of national economic growth, applying the “best estimates”
in assumptions about the future economic, demographic, and actuarial parameters would
play crucial roles in portraying results and conclusions, as claimed by those supporting the
reforms.

Hamann (1997) compares the specifics of the Amato reform with those of the Dini
reform. A comparison of yields allowed by the two reforms, based on years of contribution,
reveals that in almost all retirement-age categories ranging from 57 to 65, the Amato regime
would have provided a more generous pension than the Dini reform, especially for the
self-employed. The only exception, in this case, are [dependent] employees retiring at
age 65, who would receive higher yield under the Dini reform compared to the Amato
regime. According to the author, the higher the age of the employees [dependent or self-
employed], the higher would be the pension they would receive under the Dini reform.
And for individuals retiring at age 65, the pension received under the Dini reform will be
about 6% higher than what would have been received under the Amato regime. Clearly,
the Dini reform is penalizing early retirement, i.e. those retiring at 57, which is the earliest
retirement age allowed by law .

Benetti (2002) asserts that the reform process of the 1990s noticeably changed the im-
balances of the Italy’s pension system, but that the reforms created a new class of privileged
retirees. Benetti adds that with the reform of 1995, the value of an individual’s pension is
determined by first the retirement age, and second the link between the value of the return
and the life expectancy. Although the reform encourages delaying retirement, there is a

19



possibility for workers to opt for early retirement, if so desired. Benetti further emphasizes
that the 1995 reform discriminates against workers with short or irregular work history and
contribution periods, in the form of a significantly reduced pension, and no supplementary
pension fund can rectify the situation.

Sartor (2001), and Franco and Sartor (2003), examine the long-term effects of Italy’s
pension reforms of the 1990s. Franco and Sartor (2003) find that the reform of 1995 has
increased both the uniformity of retirement as well as equity across categories, albeit at
the expense of certain employees, in particular the public sector, which suffered the most
losses, both in terms of reduction in years spent in retirement and reduction in the net
present value of their benefits.

Baldacci and Tuzi (2003) assess the short- and long-term effects of the pension system
reforms in Italy, implemented in the 1990s. For the short-term effects, the authors look at
the pension expenditure as a percentage to GDP between 1975 and 1999, and find an overall
upward trend. The ratio of Old Age, Disability, and Survivor (OADS) pension expenditure
increases from around 8 percent in 1975 to almost 14 percent in 1999. The main fluctua-
tions within the period are attributed to (1) restriction on eligibility for disability pensions
that occurred in 1983-84, and (2) suspension in payment of new seniority pensions, and (3)
poor economic growth that occurred in 1994-95. The authors point out that although the
ratio of pension expenditures to GDP has increased over the years, the rate of growth of
this ratio has actually slowed down, mainly because the number of pension benefits paid
over the period remained stable, as a result of less favorable and more restricted eligibility
rules for retirement. However, the increase in pension expenditure towards the end of the
period in question is mainly due to the fact that many pensioners opted for early retirement,
and their average pension amount was much higher, because of longer contribution period
and higher lifetime earnings. In view of the long-term effects, the authors consider the
period between 1998-2048, a span of 50 years, and consider several simulations based on
different demographic assumptions1. The simulation results show an increase in the ratio
of pension expenditures to the GDP from 14 percent in 1998 to 15 percent in 2013, and
a slight increase after that, when it reaches the peak in 2033 at around 15.3 percent, after
which the ratio drops rapidly to about 13.5 percent in 2048. Correspondingly, the ratio of

1The baseline scenario hinges on the assumption that the life expectancy will increase moderately by
2020, and fertility rate will rise from 1.2 to 1.45 children [per women of child-bearing age] between 1998
and 2020. Immigration is set at 56,000 units per year.
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the pension expenditure deficit2 reaches its maximum in 2033, and starts to decline after
that. Other results show that dependency ratio rises at an increasing rate from 2008, which
is the year when the first group of baby boomers are expected to retire, and this increase
continues until 2038, after which it stabilizes. The replacement ratio (The ratio of the aver-
age pension income to the average wage) shows an opposite trend in the same period when
it reaches its peak in 2008, and begins to decline thereafter as a result of the increase in the
share of workers to whom the new pension calculation rules are applied. The study looks
at different demographic scenarios, mainly higher fertility rate, higher life expectancy, and
a larger net immigration as one scenario, to be compared to another scenario showcasing
lower fertility rate, lower growth in life expectancy, and a smaller net immigration. The
result of comparing these two scenarios does not indicate a significant impact on pension
expenditure as a percentage of GDP.

Sartor (2001) analyzes the effects of the 1990s’ reforms on the Italian economy, both
from the individual perspective and macro-economic point of view, as well as the effects
of the pension reforms on the long-term sustainability of the fiscal policy and intergenera-
tional equity. The study, which was carried out through a micro-simulation model, looks at
four important areas concerning pension expenditures: eligibility rules for retirement, the
demographic structure, the macro-economic impact, and the labor market consequence. At
the individual level, reforms considerably reduced the length of retirement years compared
to working or contribution years for all but one category3. According to the author, im-
portant achievements of the reforms in the 1990s have been increasing the neutrality of the
mandatory pension system, while reducing per-capita benefits rewarded to the pensioners.
The longer the entitlement of a group of employees to retirement, the more the reduction
imposed on them as a result of the reforms in the 1990s. Two reasons are suggested by
the author as the causes for the reduction in benefits: One is the increase in contributory
period, which effectively reduces years spent in retirement. The next cause is abolishing
the indexation of pension benefits to productivity growth that took place under the Amato
regime. Sartor mentions that although pension reforms achieved an overall “increase in
equity” by reducing benefits paid to the retirees, this increase in equity cost some of the
pensioners more than the others. Overall, employees in the public sector lost more benefits,
and more importantly, years of retirement, as some of them could easily have spent more

2The difference between total pension contributions and pension expenditures as a fraction of GDP.
3The non-graduate employees of the private sector were the only category for which the reforms did not

result in a reduction of retirement years as compared to their working years.
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than twice the number of years working in their retirement. However, insofar as lifetime
earnings are concerned, the author argues, individuals are only marginally affected by the
reforms, as any reduction in pension benefits is compensated by increase in labor earnings
that is caused by the lengthening of the minimum contributory period. With respect to
macroeconomic impact of the reforms, the author expects that the equilibrium rate, which
is used to match pension benefits to contributions, would grow steadily until 20354, after
which it would start to decline, since the pension reform scheme will be fully in place in
that year. In this study, Sartor refers to the generational accounting method that was devel-
oped by Auerbach et al. (1991), and finds that in 1995, a newborn will expect to see an
almost 30 percent reduction in benefits she would have received under the old regime, while
making higher social security contributions over her lifetime. The increase in contributions
is solely the result of longer working and contribution years. Overall, the author argues
that the reforms will improve the degree of intergenerational equity because of the reduc-
tion in public expenditures in the years following 1995. Smaller expenditure can also be
translated into lower public debt, which means that future generations will have to sustain
a lower level of debt, and thus there will be more intergenerational equity.

2.1.2 Actuarial Fairness

Caselli et al. (2003) and Hamann (1997) discuss the actuarial fairness aspect of the 1995
pension reform system of Italy. Hamann points out the inadequacy of the Dini’s pension
reform system to deal with the increasing elderly dependency ratio which is one of the
most pressing issues facing Italy’s public finances over the next few decades. Hamann is,
however, quick to point out that in spite of its inability to absorb the effects of demographic
transition, the Dini reform system, will nonetheless generate savings as a result of the fact
that the transformation [conversion] coefficients will have to be revised every 10 years.
This is in light of the fact that under the Amato regime, the demographic transition would
have implied increasing expenditure in pension benefits.

Caselli et al. (2003) briefly discuss the demographic transition around the world and in
Italy, with the elderly occupying an increasingly larger share of the population. The authors
point out that many of the specifics of aging, such as the increasing life expectancy of the
pensioners and their survivors were ignored in the calculation of the pension formula of the
pension reform of 1995 (the Dini reform). The result is then uniform conversion factors,

4Assuming a constant per capita productivity growth rate of 1.5% and real interest rate equal to 3%.
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legislated by the government and introduced as a part of the pension benefit calculation,
that is the same for both men and women for their respective cohorts, and ends at the age of
65. Since the law has provided only a verbal description of the formula for the conversion
factors (that start from age 57 and end at age 65), the authors computed a formula5 that
closely replicates the conversion coefficients introduced by the government for the ages of
57 to 65, and could in fact calculate very close approximation of the legislated conversion
factors6. The formula was then extended to calculate coefficients for ages between 66 and
70, which are not included in the list of the legislated conversion factors . For comparison,
the authors then calculated conversion factors using population data of 1997 and 2020.
The conversion factors calculated based on the 1997 population data showed a drop in the
conversion factors of 2.5 percent for age 57, up to 3.2 percent for age 65. For the ages of 66
to 70, calculated conversion factors7 would drop between 3.6 percent for age 66 up to 4.3
percent for age 70. The authors then allowed gender to enter the calculation of conversion
factors, and the result showed a decline in the pension benefit annuity for men and women
who would retire at the age of 60. However, the decline in annuity is by no means equal
between men and women, as women receive a much higher cut (5 percent as opposed to
0.5 percent for men) in their pension annuity. The same calculation done for the ISTAT
life tables of 2020 reveal conversion factors that are dramatically lower than their current
legislated values; between 9 percent decline at age 57 and almost 12 percent at age 65.
Further, the calculated conversion factors showed a fall of 12.5 percent for age 66 up to
14.7 percent decline for age 70. The authors then calculate the conversion coefficients by
gender and show results that are even more striking.

Baldacci and Tuzi (2003) also address the inadequacy of the conversion rates due to
the fact that the rates are based on the mortality tables of 1990, and therefore do no reflect
the mortality trends of recent years, in particular the life expectancy [of retirees] at higher
ages. The authors perform a simulation study, also using the mortality table of 1997. This
simulation study shows a drop of 10-13 percent in the conversion rates by 2020, which
will result in smaller pension expenditures. Baldacci and Tuzi (2003) agree with Caselli et

al. (2003) in recommending gender-based conversion rates, and believe that gender-based
conversion rates will create further net savings of 0.5 percent of GDP by 2048.

5The authors used the ISTAT life tables for year 1990 to calculate the conversion factors, which were the
same data used by the lawmakers.

6Legislated conversion factors end at age 65. The pension benefits of anyone retiring after the age of 65
will be calculated according to the conversion coefficient corresponding to age 65.

7Compared to those calculated by the authors for ages 65 and over, for population data of 1990.
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Benetti (2002) and Baldacci and Tuzi (2003) discuss the unfair treatment of unskilled
workers under the Dini reform. He points out the favorable treatment of workers who
enter the labor market at an older age after a long training period, at the expense of the
unskilled employees who start working early. Entering the labor market at an older age
because of longer training periods will usually result in the employees receiving higher
starting salaries. This means that the employee can work until the age of 65 and receive
full conversion rates that effectively will provide higher pension benefits. On the other
hand, unskilled workers who enter the labor market at early ages (before the age of 25) will
have to work longer years to receive the same full pension.

Hamann (1997) and Caselli et al. (2003) discuss the serious problem of declining
elderly mortality for the pension system, and propose more frequent revisions [and subse-
quent reductions] of the conversion coefficients in order to keep the system of payouts fair.
The authors also propose increasing the minimum retirement age which, would generate
savings that would more than offset the proportional reduction in the average coefficients,
since lower coefficients would result in delayed retirement.

Gronchi and Aprile (1998) offer an alternative hypothesis for achieving actuarial equi-
librium between benefits and contributions, using different combinations of conversion co-
efficients and “anticipated” or discounted rates of return. The objective is to avoid disparate
“initial” pensions (vintage pensions) and can be obtained by full-indexation of pensions
to increases in cost of living, and adjusting the initial conversion coefficients downward
accordingly, while keeping the rate of return on social security contributions unchanged.
The advantage of this method is that it provides protection for older pensions in the event
of a downward revision of conversion coefficients due to demographic developments. The
rate of real equalization should be reduced by the same percentage as the conversion coeffi-
cients, and should be adjusted annually for changes in life expectancy, while the conversion
coefficients are expected to be revised every ten years.

2.1.3 Pay As You Go System and Pension Funds

Paul Samuelson (1958) in his consumption-loan model of interest, demonstrated that,
social insurance could improve each person’s share in the society. In Samuelson’s theory,
in return for future generations’ support during her retirement, each person could support
a portion of the cost of maintaining the retired population. This form of saving requires
a rate of return that would exceed the real rate of interest which is, in turn, a function of

24



population growth. Aaron (1966) takes Samuelson’s theorem a step further and presents
proof that social insurance could increase the welfare of each person in the society if the
sum of the rates of growth of population and real wages exceeds the real rate of interest.
Aaron compares the benefits paid to the retirees under the PAYG and fully funded systems,
and concludes that, in the absence of savings, retirees receive larger benefits than if the
contributions were put in a savings account. Aaron’s theorem, which is known as ”the
Aaron Paradox”, implies that under a PAYG system, each person will receive pension ben-
efits larger than she has paid for, and that for the same pension to be paid under the PAYG
system and the funded system, the contribution rates under the former system would be
smaller than that of the latter system, as long as the sum of the rate of productivity (wage)
growth and the rate of labor force (population) growth exceeds the real rate of interest.

Paci (1991), Franco (2001, 2002), state that the development of pension funds in Italy
has been both relatively recent and very limited, with the exception of the banking sector,
financial institutions, and the insurance companies. Additionally, Franco (2001, 2002) as-
serts the fact that further development of pension funds from the currently existing severance-
pay funds is being opposed by both the employers and the trade unions. According to Paci
(1991), development of pension funds in sectors other than those mentioned above received
more attention when doubts were shed on the capability of Italy’s social security system
to meet its future financial obligations, and when workers’ coverage and benefits were re-
duced.

Pizzuti et al. (2002) caution against hasty development of supplementary pension funds
with the objective of reducing contributions payable by firms. Instead, the authors urge that
the speed and the magnitude with which the supplementary pension funds are developed
and operated should be closely monitored, because in countries [such as Italy] without
well-developed financial markets, the rapid and sustained development of “private” pension
funds would result in an outflow of national savings to the benefit of foreign markets. The
authors further predict that development of private funded system beyond a given thresh-
old and to the detriment of the public PAYG system would have negative consequences,
especially for the social security coverage.

Modigliani and Ceprini (1998) propose a fundamental change in Italy’s post-reform
social security by shifting the current Defined Contribution system in order to maintain the
Defined Benefit system, through a lengthy transition period that would easily take decades
to complete. The authors claim that although the cost of transforming a PAYG/DC system
to a fully funded system is very high, their proposal will allow the government to complete
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this transition with the minimum of costs of only 2% of contributions. In this proposal,
the ultimate goal is to hand over the governing of Italy’s social security pension system
to private investment companies that would charge a fee (front-loaded) for managing the
funds, and then allocate any remaining returns to the said pension funds. In this proposal,
because of the defined-benefit nature of the system, the rate of return on the contributions
will be fixed by the managing body of the fund. This means that if the yield is fixed too
high, the employers and ultimately the government will have to bear the difference if the
actual rate of return does not match the fixed yield, since the management of the fund will
certainly not forego of their commission for administration of the social security fund. In
such a case, both the government and the employers will have an incentive to fix the yield at
a low level to curb any further risk or liability. Also, the proposal heavily relies on constant
high rate of return on the investments, which in reality cannot be maintained, and can prove
very risky.

Fornero (1995) discusses the circumstances surrounding the introduction of the 1992
and the 1995 pension reforms in Italy, and points out that, even in light of restoring ac-
tuarial fairness, obtaining an equilibrium in the PAYG system remains uncertain, even in
the long run. Taking into consideration the cuts in pension benefits, Fornero asserts that
diversification of the pension contributions by partially investing in pension funds8 remain
the most promising option.

2.1.4 Indexation

Gronchi (1996) and Benetti (2002) criticize the indexation mechanism of the 1995 pen-
sion reform. The initial pension payment, once vested, cannot be changed, but the amount
the pensioner receives through time can change, since a pension is in fact not a lump-sum
payment but a flow of income that can be changed, depending on the type of indexation.
Gronchi (1996) maintains that adopting a flat indexation mechanism has been “the main
weakness” of Italy’s 1995 pension reform system. This type of indexation mechanism
shows a higher “initial pension amount” that is appealing to the population nearing retire-
ment, by creating the so-called “vintage” pensions, but is impossible to maintain since it
will not allow the subsequent pension amounts to increase in real terms. He proposes that
pensions should be allowed to grow at a rate exactly equal to rate of wage increases.

8Fornero (1995) explains that the best approach for establishing pension funds would be by diverting all
new contributions to severance-pay funds into pension funds.
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Benetti (2002) claims that linking the pensions to one index can bring future crisis.
Gronchi (1996), Benetti (2002), and Franco and Sartor (2003) argue that indexing pensions
to prices alone fails to provide adequate protection to the purchasing power of pension-
ers, if the movement in earnings growth of employees is larger than the change in prices.
The result would be pensioners who would become poorer over time, and be worse off
compared to the other members of the society.

Franco and Sartor (2003) explain that although the price indexation of pension benefits
is gradually decreasing the pension expenditure to GDP ratio, it is however, increasing the
sensitivity of the equilibrium contributory rate to productivity growth. Price indexation
of pension benefits will reduce the purchasing power of pensioners over time, especially
those retiring early. The authors agree with Gronchi (1996) and Benetti (2002) in stating
that in order to keep the purchasing power of pensioners at the same level of wage earners,
pension benefits should be indexed to increases in real wages. However, Franco and Sartor
(2003) point out that real wage indexation of pension benefits would result in a lower
replacement rate at retirement (if pension expenditures were to be kept in check), which,
according to the authors, would contradict government’s objective of ensuring replacement
rates similar to those accrued before the reform for employees retiring at age 62 with 37
years of contributions.

According to Ministero del Tesoro (2000), indexation of pension benefits to increases
in real wages will result in a higher pension expenditure to GDP ratio.

2.1.5 Retirement Decisions and Incentives

Opinions differ as to whether the 1990s pension reforms created incentives to discour-
age early retirement. Brugiavini (1999), Benetti (2002), and Franco and Sartor (2003)
maintain that incentives to delay retirement in the form of conversion coefficients have not
been very successful. Brugiavini (1999) argues that even after the pension reform of 1995,
the Italian pension system does not particularly encourage work beyond the age 57, and
especially not beyond the age 65, the age after which there is no increase in the adjustment
factor for pension benefit calculation. To further stress this line of reasoning, Brugiavini
points out the fact that immediately after both the 1992 and the 1995 reforms, many workers
moved up their retirement to safeguard their pension benefits from further reductions. Bru-
giavini (1999), Benetti (2002), and Franco and Sartor (2003) agree that the system has not
done much to reduce the dependency ratio. But Franco (2002) and Brugiavini and Peracchi
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(2003) argue that, although not totally successful, the 1995 pension reform has somewhat
reduced incentives for early retirement. Brugiavini and Peracchi (2003) use microeco-
nomic data from the administrative archives of the Italian National Social Security Institute
(INPS) to study the retirement behavior of non-agricultural private sector employees dur-
ing the period of 1977-1997. The key element in this study is the calculation of the Social
Security Wealth as the indicator of retirement decision, under different pension regimes.
Four regimes are considered by the authors in this simulation study; (i) the pre-1992 rules,
(ii) the Amato reform, (iii) the Dini/Prodi reform9, and (iv) an actuarial adjustment regime
(a hypothetical regime) that adjusts pension benefits to the age of retirement and claiming
of retirement benefits. Results of the study by Brugiavini and Peracchi show that, with the
exception of the pre-1992 regime, rates of retirement of the 50-60 age range decreases no-
tably under all other regimes. This decrease in retirement is particularly significant under
the Dini/Prodi and the actuarial adjustment regimes. The simulation shows an increasing
rate of retirement for the over-60 employees under the Dini/Prodi regime. This outcome
validates the justifications that there was an essential need for pension reform in Italy as a
result of the aging population and the shrinking number of the employees entering work-
place, and the fact that many employees retired early during the pre-1992 pension systems.

Benetti (2002) brings our attention to the fact that raising the legal age for retirement
does not necessarily result in an increase in the employment rate, and that in fact, in many
industrial countries, high ages of legal retirement go hand in hand with high unemployment
rates for the older workers. He points out that Italy is characterized by a low unemployment
rate for its over-fifty population, but this is due to the fact that such segment of population
still fall under the older (pre-reform) pension system, and therefore can retire early, before
reaching the minimum age of retirement. The first group of employees who will have to
retire (at least partially) under the new system will reach their respective minimum retire-
ment age in ten years. Therefore, Benetti proposes that an increase in the activity rates of
the older workers, in addition to increasing the legal age of retirement will effectively result
in delaying retirement and reducing unemployment rates for the older workers.

In reviewing retirement decisions in Italy, Franco (2002) proposes an increase in the
effective retirement age that will successfully facilitate control on pension expenditure
by reducing the ratio of pensioners to workers instead of reducing the replacement ratio.
Colombino (2003) studies the retirement decisions of employees in Italy prior to 1993, and

9The Prodi reform of 1997 was a modification of the Dini pension reform.

28



Inglese (2003) examines seniority retirement/work decisions.
Colombino (2003) uses cross-section data from the Bank of Italy’s Survey of House-

hold Income and Wealth (SHIW) for 1993, to study the probability of retirement of each
individual (from the survey), using no-smoothing and perfect-smoothing models. The no-
smoothing model (there will be no possibility of saving or borrowing, and utility will be
derived from current income only) is estimated both in forward-looking version (consid-
ers changes in time), and myopic version (ignores changes in time), while the perfect-
smoothing- model is only forward looking. In Colombino’s study, the model sample con-
siders all the males and females who are (i) either the head of the family or the partner
of the head of the family, (ii) are at least 40 years old, and (iii) are either employed or
retired . The study considers four exogenous changes to the retirement system; (a) a 10
percent reduction in the retiree’s pension, (b) no possibility of early retirement based on
seniority, (c) no eligibility constraint for retirement [employees can retire at any time, re-
gardless of age, and their pension will be computed according to a standard formula], and
(d) sample becomes one year older as a result of demographic change [the individual eli-
gibility status remains unchanged]. Results of the study by Colombino show no difference
between forward-looking and myopic versions of the no-smoothing- model, but it shows
a difference between genders. Women seem to be less responsive than men with respect
to changes to the pension system parameters. Results of the study also show a smaller re-
sponse to exogenous changes involving pension level or eligibility rules under the perfect-
smoothing model (compared to the no-smoothing model). However, under the condition
of demographic change (increasing the age by one year), the opposite occurred, and the
no-smoothing model showed smaller response for both men and women. The study by
Colombino is limited only to the pension and retirement conditions before 1993, and thus
completely ignores the reform of 1995 and its transformation of pension and retirement
conditions in Italy.

Inglese (2003) uses data from INPS (National Institute of Social Security) and Bank of
Italy’s SHIW (Survey on Households’ Income and Wealth) to carry out multi-dimensional
analysis to find out the main factors that (seem to) influence the average pension income of
pensioners receiving seniority pensions. His analysis looks at seniority pensions10 versus
old-age pensions, and shows that, for the period 1997-99, in the category of pensioners re-
ceiving only “one” pension, the number of pensioners receiving old-age pension declined

10The criteria used to define eligibility for seniority pensions are not based on the years of contribution,
but on retiring at an age younger than the official old-age retirement.
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slightly, while the number of pensioners receiving seniority pension for the same period in-
creased. For the same “one pension” category, the number of private employees receiving
seniority pensions increased by less than 2 percent from 1997 to 1999, while a larger per-
centage of public employees were receiving seniority pensions in 1999 compared to 1997
(a difference of more than 3 percent). The study shows a decline in the number of old-age
pensions for private employees. The results for old-age pensions for public sector are not
conclusive. For the category of pensioners receiving two or more pensions, total number
of pensioners receiving two or more seniority pensions declined, while pensioners receiv-
ing two or more old-age pensions remained relatively constant. The result for the period
1997-99 indicates that early retirement was still preferred by many workers, particularly in
the public sector. The ratio of seniority/old-age pensions show the largest value for public
employees, a relative increase from 1997 to 1999. This finding is not very comforting, as
it indicates that it is still easier for public and civil employees to retire early, as opposed to
employees in the private sector. However, the study also looks at the value of the pensions
paid, and concludes that although it is easier for public sector employees to retire early, the
amount of pension received by them is lower than the other employees. Private employees
receive the highest seniority pension (in the seniority/old-age pension ratio). Looking at the
make-up of the retirees in both seniority and old-age pensions, the result shows that, con-
sistent with the general make-up of the workplace, the majority of employees in the public
sector are women, and as such, almost 57 percent of the seniority pension beneficiaries in
1999 were women, up by almost 7 percent from 1997. Using a logistic regression model,
Inglese (2003) demonstrates a significant difference for the age of retirement between se-
niority retirement and old-age retirement, illustrating the fact that the Age at Retirement for
old-age pension is characterized by a negative coefficient. Inglese maintains that although
it may be an anomaly, the negative coefficient may be due to different working histories
of the beneficiaries. Employees retiring on seniority pensions usually have complete and
uninterrupted working history, and as such, the analysis concludes that all employees with
complete working history and sufficient lifetime contributions still prefer early retirement
to continued employment. These findings show the inadequacy of the Italian government
to create incentives for workers, and particularly the public sector employees, to stay em-
ployed and work longer. However, the econometric model used to analyze preferences for
early retirement needs further statistical support, as it is looking at only three years after
the reforms were in effect. Additional data is needed to confirm the hypothesis of early
retirement preference.
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2.1.6 Demographics and Pensions

Gronchi (1996) recognizes the challenge facing the Italian government in administer-
ing a pension system that absorbs the ongoing demographic shocks. He argues that in an
environment of changing demographics, the contribution rate should not be treated as an
endogenous variable that is determined by the [chosen] ratio of pension to salary, and by
the dependency ratio. Instead, the author maintains that the contribution rate should be
considered an exogenous variable that “smoothes out” consumption by distributing wages
between current and future consumption. He maintains that the slow-down of population
growth should be offset by either a reduction in current consumption (in the form of higher
contributions) to allow future consumption (in the form of pensions) to remain unvaried,
or by accepting to receive lower pensions in order to maintain higher current consumption.
According to the author, this can be achieved through contribution rate.

Börsch-Supan (2003) reviews the economic impacts of population aging and the subse-
quent contraction of the labor market. The author maintains that the most dramatic effects
of the declining labor market are the increasing dependency ratio, and the ensuing burden
of financing pensions in a PAYG system. According to the Börsch-Supan, even a positive
turnaround in birth rate will take at least 25 years for effectively reducing the dependency
ratio. Franco (2001) and Livi Bacci (1995) describe the prevailing demographic trend of
unusually low rate of fertility and constantly decreasing mortality in the industrial world,
and particularly in the Western European countries. Among other causes adding to the
demographic crisis have been factors such as the social tendency among women to delay
marriage and child-rearing, as well as improvements in health care that have resulted in
increases longevity, especially among the elderly. The authors consider immigration as an
important factor that will both directly and indirectly impact social security issues. Livi
Bacci (1995) raises the argument that it is not only the numbers associated with life ex-
pectancy that are important in any decision regarding public expenditures, but the quality
of life among the oldest old is an important issue. The fact is that the willingness and
quality of family is diminishing in almost all industrial countries, which puts the burden of
support for the elderly on the government. And all social programs, such as social security
pensions, health care and welfare compete with one another for resources and public funds.
Thus, the volume and adequacy of social security payments depend not only on the number
of old people, but also on their state of health, their living conditions, and the strength of
their family ties (to a lesser extent, these days).

Franco and Sartor (2003) study the long-term financial sustainability of Italy’s pension
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system in light of the demographic transformations. This study shows that increases in life
expectancy are expected to be offset by reductions in [new] pension benefits paid. However,
it will take a long time before reductions in the average pension benefits paid can fully offset
the impact of increases in life expectancy on the number of pensions claimed. This is due to
the fact that once the pension amount is fixed, any change in mortality rate will not affect the
amount of pensions paid, unless the coefficients are revised, which means that higher life
expectancy will result in larger expenditures in pension until the improvements in longevity
are incorporated in the conversion coefficients. The authors argue that the reforms of the
1990s fail to capture increases in longevity, as the reforms still allow individuals to start
receiving pensions at the age of 57.

2.2 Demographic Trends

Two factors have contributed to the ongoing demographic transition in the industrial
and developed countries: First, and possibly the most important, is the slowing down of the
rate of fertility and birth in these countries, and second, is the declining rate of mortality
and increased longevity of the population, especially among the oldest old.

Fertility decline has been a dominant trend among the Western European countries, the
United States and Japan for the past several decades. Although the decline in fertility can
now be seen also in countries with traditionally high rate of fertility, our focus is mainly on
the analysis of fertility transition in the developed countries.

The decline in mortality, however, has been felt by almost all countries, though some
more than the others. The most important contributing factor to declining mortality has
been, without a doubt, eradication of infectious diseases and childhood mortality at very
young ages. Nonetheless, countries do differ in terms of the increased longevity expe-
rienced by their respective populations. Life expectancy has increased greatly since the
beginning of the twentieth century, and especially since the last few decades. The sharp
increase in longevity, however, is more felt in industrial and developed countries that have
enjoyed tremendous improvements in medicine and health care.

In this section, first the trend and the causes of fertility decline will be discussed, as
presented and argued in the literature. The role of immigration in reducing the effects of
low fertility, the role of the declining fertility in the aging population, and finally the issue
of longevity and increasing life expectancy will be addressed.
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2.2.1 Fertility Decline

The trend of falling fertility that started after the baby boom era is continuing in a rapid
manner. Golini (1998) dates the onset of the low fertility in Italy to the 1970s, when fertility
in Italy plunged and the growth of natural population slowed sharply.

Chesnais (2001) disagrees with demographers’ transition theory that fertility curve will
converge to a level around replacement value, and suggests that not only the current level of
below-replacement fertility will continue, it might fall even further. According to Chesnais,
the only certainty with respect to fertility rate is the theoretical limit of zero. Landry (1934)
predicted a “scenario of permanent disequilibrium.”

Frejka and Calot (2001) analyze cohort fertility for those women who have reached age
50, and find that the decline in female fertility started with women born in 1930s. Women
born in the 1940s and especially in the 1950s were the first cohort of women to postpone
pregnancy and childbearing. In almost all industrialized and postindustrialized countries,
according to the authors, women born in 1960s and early 1970s are experiencing lower
fertility at comparable ages than women born earlier, and are very likely to complete their
fertility with values well below the replacement level. However, according to the authors,
only a fraction of the fertility deficit could be offset when these women give birth at older
ages.

And Casterline, (2001) disagrees with Coale and Hoover (1958) and Higgins and
Williamson (1997), in that they consider the rapid decline in fertility “a demographic gift”
to the economy in the form of an increase in the relative size of the working-age population.
Because the falling birth rate causes the fraction of population at younger ages to shrink,
it will inherently result in a higher per-capita investment in younger generation. Casterline
(2001) states that although the prospect of smaller population sizes and more favorable age
structure can be appealing on many grounds, one should not forget that populations whose
age structures are concentrated in the working ages will eventually grow older. And this
aging of population will create new problems for the economy.

2.2.2 Fertility and Population Aging

Livi Bacci considers the rate of fertility in Italy fundamentally in line with that of Eu-
ropean Union member countries11, although notably lower. Chesnais (2001) and Vallin

11At the time this article was written, European Union had only 12 members, and these member countries
had a somewhat homogeneous demographic characteristics.
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(2002) reason that the drop in birth rate is the direct consequence of the decline in mor-
tality, in particular early mortality12, which itself was the direct result of eradication of
(mainly) infectious diseases. The authors argue that at the onset of the industrial revolu-
tion, five or six births per woman were necessary to ensure population replacement, while
two centuries later, only two births were necessary to keep population at the steady rate.
According to the authors, birth rates dropped in response to the falling mortality rates in
order to slow down the rate of population growth. This decline in fertility that resulted in
stabilization of population growth has even found a foothold in countries with historically
high birth rate, such as sub-Saharan Africa13, which, until a while ago, was considered by
the United Nations as the “exception to the rule.”

Coale (1972), Pollard (1973), and Siegel (1980) consider fertility the primary determin-
ing factor in population aging, overshadowing mortality and net immigration (except for
unexpected and unusual circumstances). To further prove this point, Hermalin (1966) and
Siegel (1980) analyzed the relative contributions of fertility and mortality to the growth
of the elderly population in the United States. Both authors found that fertility plays a
far more important role in the size of the elderly population in the United States (com-
pared to mortality), while Hermalin (1966) further observed the essential role of fertility
in determining the differences in age composition between the main segments of the U.S.
population. Additionally, Siegel (1978, 1980) maintains that the projected birth rates, com-
bined with the past numbers of births, will dominate the changes in the future proportions
of elderly. According to Siegel (1980), the effects of the very low mortality conditions that
exist in the United States will be concentrated at the older age population.

2.2.3 Determinants of Fertility Decline

Changes in birth rates [and death] over the last century have transformed the character
of population for most countries. Numerous theories exist about the causes of the fertil-
ity decline in most countries in the world. Childbearing receded from the center stage of
family life, and relinquished its role as the primary purpose in the lives of adult women
to become an option that can be scheduled and sequenced with vocational and lifestyle

12Early mortality refers to mortality before childbearing ages.
13The Sub-Saharan African countries and the middle-eastern countries are now going through a period of

fertility decline. Although the rate of fertility for such countries is still above the replacement level, it has
fallen from around 3.5-4.5 children per women of child-bearing age to around 2.5, and it is not clear whether
it will stabilize at this level.
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pursuits. Although the demographic patterns of decreasing rates of fertility [and mortality]
have been most common in advanced industrial societies, according to Hirschman (1994),
these demographic patterns are well underway in almost all societies around the globe.
Both developed and developing countries face population problems, but two very distinct
problems at that: the developed countries are alarmed by the below-replacement fertility
rate that is causing both population shrinkage and population aging. On the other hand,
developing countries have struggled with over-population for years, and the declining birth
rate may not pose an imminent danger for them at this time, since fertility, although declin-
ing, is still quite high compared to that in the developed countries.

Factors of fertility decision are quite a few, and no single aspect can offer a complete
explanation for the changes in fertility (Leibenstein, 1974). However, it would be reason-
able to seek at least a partial explanation in the economic changes and their associated
effects on the decline in fertility. Therefore, the purpose of this section is not to draw an
absolute conclusion as to the cause(s) of the declining fertility rates in the developed and
industrial countries, but to attempt to identify the factors that have influenced the rates of
fertility to decline in these countries, and determine the policies that governments can adopt
to provide incentives for higher fertility. Such policy recommendations are essential for the
purposes of this dissertation, as they offer opportunities to reverse the trend of population
decline and population aging.

In his 1893 article about American fertility decline14, Billings (1893, 1967) compared
the birth rates of the United States for the period 1880-1890 (collected from census data)
with those of 11 other countries in Europe. In his analysis, Billings found that, although
the birth rates had declined in all (mentioned) countries, the greatest percentage of decline
had occurred in the United States of America, and suggested that the causes of the sharp
fertility decline in the United States from 1880 to 1890 were: (1) Increase in migration
from the rural districts to the cities; (2) Availability of information (among young women)
about methods of birth control; (3) Growing popularity of the opinion that abstaining from
having children on the part of married couples would be socially accepted, and under cer-

14The article by John S. Billings entitled: “The Diminished Birth-Rate in the United States,” first appeared
in the June 1893 issue of the Forum (Vol. 15), which is now known as Current History. Billings (1839-
1913) was an American physician who served as chief librarian of the New York Public Library and was
co-publisher of a monthly guide to current medical literature. In 1967, the Population and Development
Review decided to reprint items that were not readily accessible, but were nevertheless historically important
and relevant to contemporary discussion of population issues, and Billings’ article was chosen as the first of
such reviews.
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tain circumstances even commendable; (4) Increasing desire to secure or maintain social
positions, to have fewer children to better provide for them, or to spend more on social
pleasures; (5) Marriage losing its values as desirable and sacred; (6) Young women becom-
ing more ambitious, considering marriage and motherhood not to be their chief objects in
life or their sole method of obtaining subsistence, and aspiring to become independent on
their own by seeking and finding increasingly available sources of paid employment.

Many social scientists of the 20th century attribute the demographic transitions to the
economic and technological changes of the modern era that have led to economic develop-
ment, advancements in public health and improved medical technology, and corresponding
social transformations. Two opposing views have emerged concerning the effects of eco-
nomic development on fertility. Malthus (1914) became the foremost representative of the
school of thought that believes economic development promotes fertility. He believed that
an increase in the demand for labor increased the proportion of persons marrying, and sub-
sequently reduced the average age at marriage, which ultimately would lead to an increase
in fertility. Similarly, Habakkuk (1953) and Kraus (1957) produced evidence indicating
that fertility may have increased during England’s period of industrial development in the
early nineteenth century, and Peterson (1960) pointed out that a similar increase in fertility
may have occurred in the Netherlands during its period of commercial development in the
late seventeenth and early eighteenth centuries. Galbraith and Thomas (1941), Stys (1957),
Easterlin (1962), and De Jong (1965) further supported the positive effects of economic
development on fertility.

The opposing school of thought that contends economic development has an inhibit-
ing effect on fertility has become, perhaps, the predominant view in recent years. This
viewpoint, which has been most clearly expressed in the Demographic Transition The-
ory (DTT), was first introduced by Frank Notestein (1945, 1953) based on the historical
experiences of Western Europe and North America. In his 1953 article, Notestein refers
to the “changing institutional structure of urban industrial society” that ultimately led to
the “emergence of a new ideal in matters of family size.” According to Notestein, the
motivating factors of modern society were, among other things, “reduced pressures to-
ward traditional behavior,” “education and a rational point of view,” “the increasing cost of
child-rearing,” “the declining economic contributions by children,” “women’s new-found
independence from household obligations,” and “women’s new economic roles less com-
patible with child-rearing.” Also, since the incentive for birth restriction became strong, the
use of contraceptives as the means for fertility control by married couples became widely
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popular in industrial societies.
The DTT was further popularized by Thompson (1946), Blacker (1947), Davis (1949),

and Heer (1966). It represents the general inverse association between fertility level and
degree of industrialization among nations. The DTT states that the lower mortality that nat-
urally follows from socioeconomic development will, after some lag period, result in falling
birth rate. According to this theory, nations manifest characteristic types of demographic
process dependent on their stages of industrialization and, by implication, depending on
their level of economic development. Thompson (1946) and Davis (1949) divide the na-
tions of the world into three classes: Class I nations are highly industrialized with low
fertility and mortality that show little or no population growth. Class II nations are begin-
ning the process of industrialization, and demonstrate declining [though still high] fertility,
rapidly declining mortality, and high rate of population growth15. Class III nations are thus
classified as those not yet industrialized that have both high fertility and high mortality
rates, and at best only a moderate degree of population growth. According to this theory, in
most nations, the social classes that enjoy the highest incomes have had lower fertility than
those with lower incomes (Freedman, 1963). The logical inference of this theory, as argued
by its proponents, is that as the income of lower classes rises in the future to approach the
present level of the higher classes, their future fertility will conform to the current fertility
of the higher classes.

Heer (1966) argues that the direct association between economic development and fer-
tility brings about a set of related circumstances that would actually cause a decline in
fertility. The most important of these circumstances, as expressed by Heer, are (1) the
increased levels of literacy as a result of economic development, (2) higher levels of edu-
cation, (3) lower rates of infant mortality, and (4) the combination of lower mortality and
higher education that would ultimately result in a lower rate of fertility. Freedman and
Berelson (1976) and Glassman and Ross (1978) also examined the effects of the combina-
tion of lower mortality and higher education on fertility. Freedman and Berelson (1976)
view two variables of education and mortality to be particularly pivotal in the process of fer-
tility decline, and further suggest that education or mortality or both may have a threshold
effect upon fertility decline such that above some point on the education continuum and/or
below some critical point on the mortality continuum, the relationship with fertility decline

15This high rate of population growth is mainly because fertility has not yet caught up with mortality.
Declining mortality results in population living longer, and a still high rate of fertility continues to contribute
to the population growth.
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will be increasingly sharp, but maintain that the two determinants act additively, and not
interactively. Glassman and Ross (1978), however, argue that the relationships between
these two determinants are not only nonlinear, but also interactive and synergistic as well.
Mensch (1985) and Glassman and Ross (1978) observe especially high utilization rates of
contraception in countries with low levels of infant mortality, high levels of education, and
a declining fertility rate. The study by Mensch also provides evidence that the timing and
degree of child replacement (contraceptive use) were closely related to the stage at which
the country finds itself during its transition from high to low fertility.

Carliner, Robinson and Tomes (1980), using Canadian census data, observe strong neg-
ative correlation between the level of female education and the completed family size, im-
plying that the substitution effect of an increased lifetime wage rate (resulting from higher
education) that raises the opportunity cost of having children outweighs any positive in-
come effect.

Davis (1963) vigorously supports the association between improved survival rates and
the corresponding adjustments in the rates of fertility, which has since become the essen-
tial element of the classical demographic transition theory. The link between falling rates
of mortality, particularly infant mortality, and declining rates of fertility has been subse-
quently studied in many developing countries where high rates of fertility have shown a
declining trend in recent decades. Sah (1991), Cigno (1998) and Becker et al. (1999),
and Hondroyiannis and Papapetrou (2002) support a long-run relationship between fertil-
ity choice and infant mortality, and suggest that in industrial economies already exhibiting
low mortality, any reductions in infant mortality will further reduce fertility. Easterlin and
Crimmins (1985), Retherford (1985), and Palloni and Rafalimanana (1999), also consider
improved survival rates and lower infant mortality rates as one of the important determi-
nants of fertility.

Jejeebhoy (1991) investigates the relationship between the status and education of women
and their reproductive behavior at two successive stages of 1970 and 1980, during the fer-
tility transition of one Indian state, Tamil Nadu. The results show that, particularly at the
later stage of the transition, the women’s status indicators (education, in particular) exhibit
a strong negative relationship with fertility. Similarly, the study by McNown (2000) show
that shocks to women’s wages have significant negative effects on fertility.

Kalipeni (1995) finds strong association between the declining fertility rates with the
growing female autonomy, percentage of urban population, declining infant mortality rates,
and modern contraceptive prevalence, for the period between 1980-1993 in Africa. Accord-
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ing to the author, countries with the highest rates of female autonomy and the lowest infant
mortality also exhibited lowest fertility rates compared to other countries in Africa.

Notestein (1953) argues that improved survival and declined mortality is a necessary,
but not a sufficient cause of a fertility decline, and considers other factors such as the chang-
ing costs and benefits of children, the new economic roles for women, and the erosion of
family as a productive unit, as “critically important precursors of the trend toward low fer-
tility.” Davis (1963), however, views rapid mortality declines as both a necessary and a
sufficient stimulus for fertility decline. According to Davis, improved survival means that
families will have to care for and educate more children, with the discontent of children as
well, since their inheritances and their shares of the family bequests are both fragmented
(because of larger number of siblings) and delayed (because of the longer survival of par-
ents). As such, according to Davis, the response becomes out-migration, postponement of
marriage, and fertility regulation. Cleland (1993, 2001) and Mason (1997) restate Kingsley
Davis’ (1963) theory about the relationship between mortality decline and corresponding
adjustments in fertility, in the context of the less developed countries.

The adoption of state-sponsored old-age security and pension systems has been viewed
by many to be a determinant of fertility decline as well, and has led many economists to
blame the increasing old age pension benefits for the declining birth rates and fertility in
the developed countries.

Willis (1980), Cain (1981, 1983), and Cigno (1991) put forth arguments that programs
that enhance the economic security of older people in the developed countries have resulted
in reducing the rates of fertility in these countries. Their reasoning is that, in the absence
of social and institutional old-age security, children become the major source of suste-
nance to nonworking parents, and that the future support children provide their parents
becomes an important component of the cost-benefit calculation by which the prospec-
tive parents assess the intrinsic worth of having children. Cain (1981, 1983) develops the
“Lexicographic-Safety First” (LSF) Theory of Parents, in which he describes the parents’
paramount consideration for having children to be “their support in old age.” Entwisle and
Winegarden (1984) find two-way relationship between fertility decline and pension expen-
diture. They analyze the cause and consequence of increased pension expenditure in less
developed countries, and find out that, although the increased pension expenditure initially
leads to lower fertility levels with a lag of 5 years, the lower fertility, in turn, implies in-
creased pension expenditure about 5 years later, or roughly a decade after the initial rise
in pension expenditure. This cumulative effect shows reduced fertility to be both a cause
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and effect of increased pension expenditure. Nugent (1985), criticizes the existing research
for failing to measure variations in intensity of motive for childbearing, and expresses that
more research is needed to find whether causality relationship runs from old-age security to
fertility adjustment, or vice versa. On the other hand, Gabos, Gal and Kezdi (2005), using
Hungarian data, analyze the fertility effects of public intergenerational transfers, such as
pensions and family benefits (cash, not in-kind). Results show a strong and robust effect
of family benefits on fertility, but the effect of pensions on fertility proves to be less than
robust and inconclusive.

Using data from Bangladesh, Jensen (1990) tests Cain’s LSF model of the old-age se-
curity hypothesis in the framework of incentives for fertility reduction through publicly
provided old age support, and provides an argument opposing Cain’s view, indicating that
Cain completely ignores (i) the perceived utility the parents receive from having children
without any consideration with respect to the old-age security the children may provide in
the future, and (ii) cases where parents may have to care for their children. In addition,
Jensen finds that fertility-reducing policies aimed solely at alleviating parents’ old-age se-
curity concerns are unlikely to be successful in countries such as Bangladesh, since results
show that when parents’ status change from “have not” to “have,” and when there is a real
possibility for increases in their wealth in general and in expected old-age support from
non-child sources in particular, rate of child birth may increase instead of decrease, mainly
due to the fact that resource pressures (that create incentives for effective contracepting)
diminish.

Zhang and Zhang (1995) compare a conventional system of social security in which
benefits are related to aggregate fertility with a hypothetical social security system in which
benefits are related to individual fertility. Results of this study show that the conventional
social security system yields a lower fertility rate and a higher output growth rate than the
hypothetical, fertility-linked system. The intuitive conclusion is that having children is just
another form of investment, which competes with capital accumulation. On the other hand,
Nerlove, Razin and Sadka (1987) dismiss the reasoning that concerns about erosion of these
programs in the future might have a positive effect on fertility, since individuals’ concerns
about the viability of a future social security program may also lead to further reductions
in fertility through an income effect. Rendall and Bahchieva (1998) show that the erosion
of social security programs may have heterogeneous effects on the society’s fertility deci-
sions: while persons with lower lifetime earnings potential may choose childbearing as the
best old-age insurance, persons with higher earnings potential may instead choose greater
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private savings as the best insurance for old age, which implies an increased concentration
of childbearing among poorer women and families.

Nishimura and Zhang (1995) consider fertility as an endogenous variable and examine
social security systems in which social security benefits may or may not be conditional
on individual fertility. Their findings show that although fertility-dependent social secu-
rity systems may be welfare improving, totally fertility-dependent social security systems
reduce fertility. Boldrin, Denardi and Jones (2005) find mixed results when testing the cor-
relation between total fertility rate and the size of the social security system. The results of
the study show that the decline in the US’s total fertility rate from 3.0 in 1920-1930 to 2.0
in the 1990s can be attributed to the improved accessibility to financial instruments and the
simultaneous growth of the social security system only when parents are considered selfish,
children are valued simply insofar as they provide some form of economic insurance for
old age consumption, and financial instruments are available to save for retirement.

2.2.4 Below-Replacement Fertility and Immigration

As discussed above in detail, massive changes in fertility behavior of the industrial
countries have resulted in the fertility rates falling to below-replacement values. Should
this trend continue, and in the absence of immigration, population will start to shrink. Al-
lowing settlement of immigrants on a regular basis seems to be the only course of action
that will prevent population decline in these countries. Bouvier (1981), Espanshade et al.

(1982), Heer (1986), Coale (1986), Mitra (1990), and Feichtinger and Steinmann (1992),
study the role of immigration in the population growth16 . Bouvier (1981), Espanshade et

al. (1982), Heer (1986), and Feichtinger and Steinmann (1992) find that the continuous
and annual inflow of immigrants will eventually reverse the population decline, that sta-
tionary population will emerge as a result of a constant flow of net immigration, and that
this effect is independent of the rate of reproduction in the host country, or the number
of immigrants entering the host country. However, the authors emphasize that the level at
which the population reaches stationarity will be determined by the level of the net im-
migration. In other words, the size of annual immigration will determine the final size of
the population. Feichtinger and Steinmann (1992) agree with Heer (1986) that the level of

16Bouvier (1981), Espanshade et al. (1982) and Heer (1986) illustrate the importance of immigration in
offsetting the negative impact of low fertility on the population growth in the U.S., if fertility rate of the U.S.
were to stay constant at 1.8 children per women of childbearing age, and the goal was to maintain a stationary
population.
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immigration will also determine the time frame required for a country to reach the station-
ary population, and that the length of time necessary to reach the stationary equilibrium
population depends on the gap between the starting size and the desired equilibrium size
of the population. Therefore, governments with below-replacement fertility levels can de-
cide the level of net immigration that would ultimately result in the ideal size stationary
population. Mitra (1990) warns again the closed-to-immigration policies of countries ex-
periencing below-replacement rate fertility, e.g. Japan, and indicates that such populations
will eventually become extinct, unless an active and recurring immigration policy is im-
plemented. He agrees with the above authors that immigration is the only course of action
against population shrinkage and extinction, short of pronatalist policies. He shows that
regardless of the age composition of the immigrants, the age distribution of the immigrant
population stabilizes during the life span of the immigrants. Starting with the first genera-
tion offsprings of immigrants who are born in the host countries, their death rates become
equal to the number of immigrants entering the country over any specific time interval, and
thus the stationarity of the immigrant population will be maintained.

Heer (1986) considers several alternative fertility policies that may positively affect the
rate of fertility in a country, and disagrees with Teitelbaum’s (1972) assertion that restrictive
abortion laws can have, at least temporarily, a very substantial effect on fertility. Heer
argues that restrictive abortion laws alone will not have the desired lasting effect on fertility,
and that other pronatalist policies have to be in place to obtain the desired fertility level.

In comparing the merits of immigration policies with pronatalist policies, Heer (1986)
cites Simon (1984) who points out that adopting alternative fertility policies will add to the
dependent population in the short-term, while a generous immigration policy will imme-
diately add to the economically active population of the young adults. In spite of the fact
that a generous immigration policy may increase the potential for ethnic conflict between
the immigrants and the national population, Heer maintains that a generous immigration
policy is a more economically advantageous policy than the alternative pronatalist policy.

Coale (1986), presumes that immigrants adopt the low fertility of the host country, and
Espanshade, Bouvier, and Arthur (1982) and Mitra (1990) assume that immigrants’ birth
and death rates will be adjusted to the level of the host country. Based on this assump-
tion, together with the presumption of constancy of age-sex composition of immigrants
over the years, Espanshade, Bouvier, and Arthur (1982) assert that the population of im-
migrants will itself reach stationarity, and the assumptions mentioned above are the factors
that will determine the size and other characteristics of this stationary population. Espan-
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shade, Bouvier, and Arthur argue that the stationarity of both the host country population
and the immigrant population is obtainable even in the presence of above- or at-replacement
level rates of fertility of the immigrant population. This result indicates that adopting an
active immigration policy can prevent a low-fertility population from shrinking, but will
not greatly alter or modify the aging of the population.

The report on international migration by OECD (2001) supports the assertion made by
the above authors about positive impacts of immigration on the host country. According
to the report by OECD, immigration has a beneficial impact on economically active pop-
ulation, mainly due to the characteristics of immigrants that include being of younger age
and having more mobility than nationals. The OECD report also finds that rates of fertility
among immigrant women are higher than nationals (at least temporarily), which is another
aspect that will benefit their host country17, if only for a limited period. However, there are
difficulties associated with developing and implementing immigration policies (especially)
among the OECD countries, which range from the country of origin of immigrants, to
establishing immigration policies that can encourage age-specific immigration without be-
coming discriminatory. According to OECD (2001) and Coale (1986), immigration alone
cannot “provide an answer” to process of population aging, although it will greatly impact
it. Based on the report by OECD, for immigration to stabilize the dependency ratio until
2050, its net numbers have to be at least ten times what they were in the year 2000. Also,
the issue of immigration is politically a very sensitive issue. Increasingly, immigrants are
facing hostile nationals, (OECD.2001, Heer.1986), which in turn may result in a reduction,
or at least, not an increase, in the number of immigrants to these countries.

2.2.5 Mortality and Longevity: Is longevity increasing?

The issue of aging population and longevity of the elderly have been the topic of nu-
merous literature and articles. There is no dispute over the fact that the oldest old (over
80) population is growing rapidly. However, opinions differ as to whether this growth will
continue at a rate slower or faster than in the past decades. A perception that mortality will
start to increase for the oldest-old is not endorsed in the literature. Livi Bacci (1995) pro-
vides observation considering demographic trends and the possibility of modifying such
trend. The author rejects the theory that longevity has reached its peak and will start to

17In 1999, for Italy, France, England, and Portugal, the proportion of foreign births in all births as compared
with the proportion of foreigners in the total population was 1.5, which has been the highest percentage as of
2001 (OECD. 2001).
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first stabilize and then decline over the years due to worsening health care conditions18.
Instead, he considers two other theories on mortality: the visionary and the traditionalist
scenarios of mortality. Traditionalists believe that the process of aging cannot be delayed
much longer, and that it would be unrealistic to believe that life expectancy would ever ex-
ceed 8519. Visionaries, on the other hand, believe that the aging process can be monitored
and possibly delayed by controlling “risk factors.” They maintain that certain groups of
people can reach the age of 90 by adopting healthy life style habits and having access to
“excellent” health care. Thus, they argue that life expectancy of 100 years is theoretically a
“realistic possibility.” Having considered these two alternative scenarios, Livi Bacci asserts
the uncertainty of the size of the elderly population of Italy in the next few decades. Given
the two alternative scenarios, there will be a difference of about 1.5 million women, and a
higher level of uncertainty for men, since there is more room for improvement in their life
expectancy. He states that although the assumptions of larger gains in life expectancy are
unrealistic for the coming 2-3 decades, they should not be ruled out completely, as it may
be possible for women to reach life expectancy of 90 around 2070. Bongaarts and Feeney
(2002) contend that the conventional calculation of life expectancy at birth, calculated for
countries with high life expectancies, is a misleading indication of how long we live. The
authors argue that period age-specific death rates are subject to a significant bias, whenever
death rates change. If the mean age at death rises, age-specific death rates are biased down-
ward, and when the mean age at death falls, the age-specific death rates are biased upward.
Consequently, we may not live as long as we thought we did. This result, if in fact true, will
have significant implications for studies of past and future population trends, especially in
short term.

Vaupel (2001) refers to gerontological belief that most sexually reproducing species
show signs of senescence with age. According to such beliefs, Vaupel states, it should be
increasingly difficult to reduce death rates with advancing age, and thus mortality should
accelerate with age as reproductive activity declines. Vaupel is, however, quick to point
out that these hypotheses are wrong, and that the underlying biological theories need to

18Livi Bacci (1995) mentions Eastern European countries and holds that although increasing [or at best,
stable] mortality is already occurring in the Eastern European countries in transition, it is mainly due to
general conditions of cutbacks in health care, increased poverty, and social exclusions, and not associated
with natural and biological factors.

19At the time, the author brought the example of Japan, which since the early 1990s has had the highest
life expectancy in the world. In 1995, the life expectancy in Japan was 79 for the entire population, and 83
for women.
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be rethought. The author maintains that mortality differentially removes the weakest. He
considers all populations as heterogeneous, which would imply that some individuals are
frailer than others. The higher rate of mortality for the frail leaves a select subset of sur-
vivors. This means that death rates among heterogeneous populations will increase more
slowly with age than they would in a homogeneous population.

Vaupel (2001) strongly disagrees with Lotka’s (1939) equation, determining a growth
rate of population that would be the key construct underlying the evolutionary theory.
Lotka’s equation is based on the simplistic assumption that fertility and survival sched-
ules are fixed. Vaupel emphasizes that environments are uncertain and changing. As such,
individuals do not face fixed fertility and survival schedules, but rather dynamically adopt
alternative schedules as the environment and their capabilities change. Although Vaupel
calls for modifications to the Lotka-based theories, he admits that Lotka’s theory captured
a fundamental insight regarding the interrelationship between fertility and survival. Ac-
cording to Lotka, it is rather the reproductive success, and not so much the survival and
longevity, which is optimized by evolution.

Siegel (1980) recalls the rapid decline in mortality during the postwar years of 1945-
1954 in the U.S., followed by a period of stability between 1954 and 1968. The rate of
mortality in the U.S. then resumed a decline in 1968, even sharper than the decline in the
1945-1954 period, which lasted until 1977. In this period, for example, the death rate
from heart disease declined sharply, though the author maintains that this decline was not
the result of any new basic biomedical discoveries. This sharp decline, Siegel suggests,
could be attributed to the greater role of changes in life style or in health care delivery,
such as the mass screening for high blood pressure that started in the U.S. Keyfitz (1978)
finds it difficult to believe that the progress of the last decade in the United States can be
maintained. On the other hand, Siegel (1980) refers to the projections of some biologists,
such as Comfort (1979) who “confidently anticipate a substantial extension of life span by
the end of the first half of the next century.” Siegel further anticipates a greater reduction
in the male/female mortality differences in the United States during the period ending at
about 2035. Siegel credits the male/female mortality differences to environmental factors,
and claims that the changes in these factors will close the mortality gap. These changes,
according to Siegel, are not simply the result of more hazardous occupations for women,
but mainly because the new generations of boys and girls are “being reared” with a unisex
outlook of “work or perish” ethic that boys have always been reared by. On the other hand,
Siegel is quick to add that some difference in longevity between male and female will
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remain, simply because biological factors cannot easily be overcome or beaten.
Vaupel (2001) analyzes differences in mortality between males and females, and finds

that male mortality is higher than female mortality even at ages above 100. For female
octogenarians, the rate of reduction in mortality increased from 1% per year in the 1950s
to more than 2% per year in the 1990s. For nonagenarian females, the rate of reduction
in mortality doubled to more than 1% per year in the 1990s. The rates of reduction in
mortality of octogenarian and nonagenarian males have also increased to about 1% per
year in the 1990s.

Vaupel and Jeune (1994) credit the increasing survival rate at the ages of 80 and even
100 to the following factors: Good genes and non-genetic characteristics such as educa-
tional achievements and socioeconomic status, as well as ages of parents at the child’s
birth, etc. Thatcher et al. (1998), Siegel (1980) and Vaupel (1998) discuss the causes of
the growth of the population of centenarians. These causes include increases in births a
century ago, improved survival from birth to age 80, improved survival between ages of 80
and 100, improved survival after age 100, and net decrease due to war deaths, net migra-
tion, and other causes. Vaupel (1998), attributes the population growth of centenarians to
increase in births towards the end of the 19th century, the sharp decline in infant and child-
hood mortality, and the substantial decline in mortality from childhood to the age of 80, all
due to eradication of infectious diseases, as a direct result of advancement in medical and
health care. By far the most important factor in the growth of centenarians’ population was
considered to be the reduction in mortality for octogenarians and nonagenarians20. Look-
ing into the future, the authors project that, in England and Wales alone, the number of
centenarians may increase from 102 in 1911 and 5,523 in 1996 to 95,000 in 2066. Robine
and Allard (1999) introduce several documented supercentenarians. Katherine Plunket was
the first case of reasonably well-documented supercentenarian who died at the age of 111
in 1932 in Northern Ireland. Jeanne Calment was the first “carefully verified” case of a
person who had reached the age of 120. She died at the age of 122 years and 5 months in
1997 in France21. Thatcher et al. (1998) argue that there is no sign of a fixed upper limit
to the length of human life, but anticipate increases in extreme life spans to be fairly slow
in the years to come. The highest age attained in England and Wales towards end of the

20The growth rate of population over 100 is twice as much as the growth rate of people over 90, and almost
three times the growth rate of population over 80.

21When Madame Calment was 90, a lawyer called Andrei-François Raffray entered into an annuity contract
with her in return for her flat when she died, which cost him a small fortune due to her longevity.
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twentieth century was between 109 and 115. According to projections made by the authors,
the maximum age attained towards the decades of 2080 will shift upward to between 116
and 123 years.

Some researchers [Kermack et al (1934), Elo and Preston (1992), and Fogel (1993)]
argue that nutrition and infections in early life have profound effects on adult mortality,
which would mean that longevity will be determined for the most part by the conditions
during prenatal and early childhood. However, Kannisto (1996) finds that period effects
(and not cohort effects) are more significant on old age mortality (after 80). This result is
supported by Kannisto et al. (1997) who found no increased old-age mortality for cohorts
born during the Finnish famine of 1866-1868.

Vaupel (1997 and 1998), Wilmoth (1997), Kanisto (1996) and Kanisto et al. (1996),
disagree with the argument that mortality at older ages is intractable22. They show remark-
able change in mortality rates of the oldest old, especially for nonagenarians and centenar-
ians . The argument used by the authors is that the rate at which mortality declines is more
rapid for those over 80, and especially over 90. The main reason for this phenomenon is
the improvement in health care, since the oldest old are those who benefit the most from
advancements in medical care and more healthy lifestyle. Vaupel (1998) states that in the
developed countries, the number of people over 100 has gone up by an average of 8 per-
cent per year, which according to the author is more like inflation than population growth.
Indeed, population over 80 (more so than those over 60) are experiencing unprecedented
survival rates. Even those aged 100 and over are enjoying increasing life expectancies,
albeit at slower rates.

2.2.6 Other Aspects of Demographic Changes

Börsch-Supan (2003) studies the effects of population aging on the labor market, and
takes Germany as an example, although the analysis could easily be applied to other large
economies in the Continental Europe. According to the author, the impact of the demo-
graphic change and population decline on production comes from the smaller size of the
labor force. Börsch-Supan holds that although participation rates in the labor force will
increase, the size of labor force and the labor market will contract in absolute terms. Popu-

22Obviously mortality cannot be avoided altogether; it can only be delayed until a certain point where
the cause of mortality is old age. Leonard Hayflick, in a talk given on August 28, 1988 at the American
Association of Retired People headquarters, in Washington, DC, entitled “The Likely Health, Longevity, and
Vitality of Future Cohorts of Mid-Life and Older Persons” has been quoted to say that “There is one and only
one cause of death at older ages. And that is old age. And nothing can be done about old age.”
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lation aging will result in population decline, which would solve the problem of unemploy-
ment, temporarily. However, the author points out that, with the aging of the population,
the support ratio (the ratio of the labor force to the adult population) will decline. Accord-
ing to Börsch-Supan, the largest decline in the support ratio will occur in the 25-year period
between 2010 and 2035. This means that, in the year 2035, the working population will
need to be almost 15 percent more productive than in the year 2010, if it is to produce the
same per capita quantity of consumer and capital goods. This, in turn, requires an annual
productivity growth rate of around 0.45 percentage points from 2010 to 2035. In other
words, almost one third of the average, long-term real productivity growth of roughly 1.4
percent23 will be used up by the relative decrease in the size of the labor force. Börsch-
Supan anticipates that only one half of the increase in productivity is likely to be generated
in the form of higher capital intensity. Still, the effects of higher capital intensity may be
reduced if the older workforce shows lower aggregate labor productivity.

As a result of population aging, the structure of consumption would also shift towards
products and services that cater to the elderly. However, with shrinking population comes
shortage of qualified and skilled workers, which would further impact consumption be-
cause of the shortage of high quality products and services produced by qualified workers.
Therefore, as argued by Börsch-Supan (2003), the quantitative effects of population aging
on unemployment and consumption are as yet unclear. On the other hand, demographic
changes have a clear impact on international and financial relations. Because of the aging
and shrinking populations in industrial and developed countries, the author anticipates an
inevitable flow of capital from countries with relatively older population to those with rela-
tively younger population. The rationale behind this flow of capital is the fact that countries
with younger population will have a more productive labor force, and therefore, the rate of
return on capital will be greater in those countries. The author argues that even if the whole
world is getting older, the relative difference in their age structures will still trigger the
movement and transfer of capital. The example of Germany seems appropriate since Ger-
many’s population already has one of the highest proportions of the elderly in the world.
Unfortunately, the author does not offer a definitive and quantitative conclusion about the
direction and (approximate) magnitude of the impact of population aging on production,
consumption, and even the movement of capital within countries.

According to Baldacci and Tuzzi (2003), demographic trends affect dependency ratio

23Buchheim, C. (1994) Industrielle Revolutionen, dtv: Munich.
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by means of number of employees, but have an opposite effect on the rate of growth of labor
productivity that cancels out any impact of the said demographic trends on the replacement
rate. This analysis shows that the ratio of pension expenditure to GDP is extremely sensitive
to the assumptions regarding economic growth. The study does not consider the incidence
of high life expectancy with low fertility (what is happening in industrial and developed
countries), maybe because it can result in much more gloomy predictions.

Siegel (1980) anticipates a greater role of the government in the provision of services to
the population in general and the older population in particular, as a consequence of aging
population. Livi Bacci (1995) agrees that any governmental policy for promoting recovery
of birth rate will need at least a generation (20-30 years) before it can impact the old-age
dependency ratio, but, the fact that the rate of reproduction in some parts of the country24

is nearly down to one child per couple is alarming. Should this trend continue, there will
be adverse consequences such as the imbalance between generations and the inevitable
(however gradual) reduction in resources available (particularly to older generations). The
author reiterates that the Italian government should adopt policies and programs that en-
courage fertility and provide support for families deciding to have children. Ideally, the
rate of fertility should go up to around the equilibrium level (+/- 10%). However, he voices
uncertainty as to how realistic such efforts would be, and whether or not they will be able
to attain the equilibrium rate of fertility. According to the survey, Italian families consider
two children to be “ideal.” This raises the question as to which group of families should the
policies and programs target? The cohort of women at the focus of this study, those born in
the early 1960s25 will, on average, have 1.5 children26. Considering the objective that the
rate of fertility should be increased from 1.5 to 2 for the women born in the early sixties
(who are between forty and forty five years of age at the time the article was written), the
author proposes two alternative scenarios for achieving this result. The first hypothesis rec-
ommends programs that focus on reducing the number of childless mothers, or those with
only one child while significantly increasing the number of women with two children. The
number of mothers with three children to remain unchanged. This hypothesis relies on the

24The issue of differential fertility, although an important subject, will not be discussed in this dissertation.
Instead, issues will be discussed from a general perspective.

25This group of women was chosen because although their childbearing years are not over, we can see a
clear pattern as to their reproductive behavior.

26The author has taken certain liberties, assuming that no woman belonging to this cohort will have more
than three children. The breakdown of women in this group is given as follows: Out of 1,000 women, 20%
have zero children, 25% have one child, 40% have two children, and 15% have three children.
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assumption that women who have three children need no encouragement or convincing to
have more, but the resources of government should be focused on women with no children
or at most only one child, to bring that group closer to the national average. The second
hypothesis argues that it is easier to convince women to have more children if they already
have one or two. Therefore, this hypothesis directs the government resources to signif-
icantly increase the number of women with three children, by fiercely promoting moth-
erhood among women with no children while moderately reducing the number of women
with one or two children. Both hypotheses achieve the average of 2 children per women, but
by completely diverse incentives and options. Hypothesis one assumes that most women
want to have the “ideal” number of children, and that government policies can help remove
obstacles for women to have the first- and second-born children. This hypothesis does not
rely on any contribution from large families27. On the other hand, hypothesis two relies
heavily on the third-born, and supports policies that promote and encourage large families.
The two hypotheses follow markedly different schemas. Hypothesis A promotes the policy
of a “once-and-for-all” change in women’s decision not to have children, while hypothesis
B promotes a kind of policy that follows women throughout their lives, since the decision
to have the second or third child is taken over time and depends on women’s previous ex-
perience of raising children. The author promotes measures for improving reproductive
choices that are “neutral” to these hypotheses, such as improving day care and school fa-
cilities, more flexible work schedules for women, and especially tax relief for families with
children.

2.3 Summary

The literature is in agreement that the reforms introduced in the 1990s strengthened the
link between contributions and benefits, and achieved neutrality of the mandatory pension
system. The reforms also succeeded to reduce the per-capita benefits paid to pensioners.
The benefit reduction was the result of longer contributory period and abolishing indexa-
tion of benefits to productivity growth. However, the lifetime earnings of individuals would
only be marginally impacted as a result of lower benefits, because any loss of pension ben-
efits were combined with increased employment earnings due to lengthening the minimum
contributory period.

27The first hypothesis presumes that the role of women with large families is to fill the void left by women
who cannot or would not (under any circumstances) have children.
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The flat indexation mechanism has been considered one of the weaknesses of the pen-
sion reform system. It can result in future crisis for the pensioners since it fails to provide
adequate protection to the purchasing power of pensioners, especially those who retire
early, if the rate of real wage growth exceeds the price inflation. Researchers have shown
that the price indexation of pensions lowers the ratio of pension expenditures to GDP, which
may be the reason why the indexation mechanism was changed from real wage growth to
price inflation. On the other hand, indexing the pensions to prices allows for a higher initial
benefit that would be appealing to those nearing retirement. However, this higher initial
benefit would be almost impossible to maintain, since pension amounts will not increase
with the real wage growth.

The conversion coefficients introduced by the Dini reform has been criticized for fail-
ing to properly deal with the population aging and the increasing elderly dependency ratio,
which is the most pressing issue facing Italy’s public finances over the next few decades.
The major criticisms of the conversion coefficients are the fact that they apply uniformly to
men and women, and that they end at age 65. Also, the pension formula is considered inad-
equate since many specifics of aging, such as increasing life expectancy of the pensioners
and their survivors, were ignored, and the conversion coefficients used in the benefit calcu-
lations based on the 1990s life tables, and thus did not reflect the higher life expectancies
of the retirees in recent years. With respect to the benefit calculation formula, the liter-
ature recommends the use of conversion coefficients that are gender-based, and that are
revised more frequently. Still, some agree that the introduction of conversion coefficients
did generate some savings.

Another criticism of the Dini reform has been the favorable treatment for workers who
enter the labor market at an older age, at the expense of the workers who start working
early. Workers who join the labor force at a later age, start their careers with higher starting
salaries, which means overall larger pensionable earnings, and receive higher pension ben-
efits for the same contribution period. This is due to the fact that full (higher) conversion
rates will be applied to their pension benefits upon retirements. This means that unskilled
workers will have to work longer years to receive the same full pensions.

The Dini reform is also being criticized for its short-comings in creating incentives
to delay retirement. It failed to provide encouragement for working beyond the age of
57, and especially not beyond the age of 65, although some researchers believe that it
reduced incentives for early retirement to some extent. Research has shown that increase in
retirement age to 65 has not affected the dependency ratio, and does not necessarily result
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in an increase in the employment rate of the over-fifty population. To effectively delay
retirement and increase the employment rate of the over-fifty population requires incentives
that would discourage early retirement and make longer employment attractive for workers.
Italy has particularly low participation rates for its over-fifty population, since most retirees
fall under the old system and can retire early (at age 57), and contribute to increasing the
dependency ratio. As such, it is more important than ever to introduce retirement delaying
incentives so that those considering early retirement would be enticed to continue working.
In most developed countries, an increase in the minimum retirement age goes hand in hand
with high unemployment rates for older workers.

On the subject of demographics, the researchers unanimously agree on the aging of the
Italian population as a result of very low birth rates and increased longevity, and the subse-
quent decline in population. The increasing dependency ratio and the escalating burden of
financing the PAYG system of pensions in Italy are considered the most dramatic effects of
the population aging. Reasons for the very low fertility are considered to be several. Some
demographers attribute the low incidence of birth to the decline in infant mortality and the
improvements in child health care, and the eradication of infectious diseases. Others con-
sider the decline in fertility the direct result of economic development, and the increased
level of literacy as a result of economic development. The social tendency among women to
delay marriage and child rearing, their acquired independence resulting from higher levels
of education and increased participation in the labor force, are considered to be the main
causes for the decline in birth rate. Yet other researchers believe that the increased old-
age pension benefits and economic security of the older people in the developed countries
have reduced the intrinsic value of children for families, hinting as proof, the increased
concentration of childbearing among poorer women and families. However, the notion
that reducing social security programs may have a positive effect on fertility is disputed,
since elimination or reduction of such programs may lead to further reductions in fertility
through income effect.

Nevertheless, the low fertility is seen as the primary factor in the aging of the popula-
tion, overshadowing mortality and immigration. The projected birth rates, combined with
the past births, will dominate and determine the changes in the future proportion of the
elderly. As such, any turnaround in birth rate will take at least 25 years for effectively
reducing the dependency ratio and and the burden of financing pension. This, however,
does not mean that the government should not embark on introducing and implementing
programs that promote and encourage higher fertility and child birth among women with
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no children or mothers with only one child. Such policies can be in the form of providing
tax credits or financial help to reduce the increasing cost of raising children for families.

Populations with low fertility will have a concentrated age structure on the working
ages. Such populations will grow older, as the working population will age and smaller
number of young people will replace them. Increased longevity adds to the aging of the
population and increases the dependency ratio. The increased life expectancies are ex-
pected to continue in the future, albeit at a lower rate. This decline in mortality is the direct
consequence of improvements in general and elderly health care. One goal of the pension
reforms of the 1990s was to off set the increases in life expectancies by reduction in [new]
pension benefits. However, due to the very long transitional period, it will be a long time
before reductions in pension benefits can offset the increases in the number of pensions
claimed.

A major criticism of the Dini reform is that the reforms did not capture the increases in
longevity. Obtaining life expectancies of 100 years or over is a realistic possibility, although
some researchers believe that the longevity cannot be extended much longer. However,
demographers agree that the fastest growing segment of the population has been the over-
eighty population. This improvement has been the result of improved health care delivery
and changes in life style. The number of centenarians and super-centenarians is rapidly on
the rise as well.

There is consensus among researchers that a continuous and annual flow of immigrants
will eventually reverse the process of population decline and will result in a stationary
population, and this result will be achieved regardless and independent of the rate of re-
production in the host country. However, the level of stationary population would depend
on the size of the annual immigration, which also would determine the time frame needed
for the population to reach stationarity. Therefore, governments with below replacement
fertility levels are encouraged to adopt effective immigration policies in order to reverse
the population decline. The contribution of immigration to the improvement of the depen-
dency ratio is immediate, because of the characteristics of immigrants that include being of
younger age (within the working age) and having more mobility.

It must be noted that, although immigration prevents population decline, it will not
affect the aging of the population. The only factor that can reverse the population aging is
higher fertility. Even though fertility policies are the decisive factor in reversing the aging
process of the population, they will, in short term, add to the dependent population. It will
take at least two generations before the true effect of increased fertility could be observed.
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The demographic changes and the aging of the population would mean increasing pen-
sion expenditure and heavy financial burden, for the economy and the society, for decades
to come, beginning with the first wave of the baby boomers that will start retiring in 2008.
The rise in the dependency ratio will continue even after baby boomers enter retirement,
mainly due to the rapidly aging population.

Finally, there is emphasis in the literature on the importance of the methods and pa-
rameters used to calculate future social security receipts and expenditures. The ratio of the
pension expenditures to GDP is very sensitive to the assumptions regarding the economic
growth. Since no one can accurately predict economic variables and parameters of the fu-
ture, such as the composition of the labor market or the rate of national productivity growth,
it would be vital to use a best-estimate assumption about the future economic, demographic
and actuarial parameters that play a very important rule in offering results.
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CHAPTER 3
METHODS AND PROCEDURES

In this chapter, we describe the methods and procedures, as well as the underlying
assumptions used to estimate the development of the Italian population in the next 75 years,
and the consequences of this development for the PAYG pension system.

3.1 Population Estimates

The three variables of Italy’s demographic transition are mortality, fertility, and immi-
gration. This dissertation will exogenously adopt the population forecasts produced on the
basis of different scenarios by using estimations of future fertility rates, mortality rates,
and immigration, based on assumptions stated below. In performing the sensitivity analy-
ses, the underlying assumptions generally involve a large element of discretion, especially
when they refer to long-term. Thus, it should be mentioned that the purpose of the present
study is not to investigate each and every possible combination of model assumptions that
would be mentioned in this section. Rather, we will concentrate on the sensitivity of the
results to alternative assumptions, and variations in individual parameters. As such, to sys-
tematically study a variety of scenarios for the evolution of the Italian population, we start
by varying each of the three variables, while keeping the other two variables fixed, at the
year-2000 levels. At a later stage, we also study scenarios in which these variables are
changed simultaneously. Following common practice, the horizon of all extrapolations to
be studied is 75 years.

3.1.1 Mortality

We use two hypotheses to calculate the future mortality rates, both based on current
views expressed in the literature (see Chapter 2.2.5). One hypothesis is that mankind has
reached the highest level of longevity and life expectancy that is biologically possible for
human beings, and that mortality rates will not decline any further, especially not for the
oldest old1 (Keyfitz, 1978; Strehler, 1979; Hayflick, 1977, 1979). The other hypothesis
is based on the opinion that further declines in mortality rates are not only possible, but
also highly probable2 (Kanisto et al., 1994; Kannisto, 1994, 1996; Vaupel, 1998). This

1The Traditionalists’ View.
2The Visionaries’ View.
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viewpoint supports a further decline in mortality rates, in particular the mortality rates for
the oldest old3 (Siegel, 1980). It is, in principle, not impossible for us to see large numbers
of supercentenarians during our lifetime.

3.1.1.1 Methods to estimate future mortality developments

Our starting point for calculating mortalities is the year 2000. The horizon for all ex-
trapolations is 75 years (2080). We define the mortality Mn(x) as the probability, in the
year (2000 + n), that a person of age x will die before reaching her (x+1)st birthday. Mor-
talities are defined separately for males and females. Therefore, M20

f (63) = 3.14 · 10−2

means that the probability that a 63-year old woman dies before reaching the age of 64 in
the year 2020 is estimated to be 3.14%.

Figure 3.1: Average annual decrease in mortality coefficients as a function of age for Italian
men and women, averaged over the period 1953-2000.

An examination of the life tables from 1953 to 2000 (ISTAT, various years) shows a
gradual (and at times sharp) decline in the mortality coefficients for all age groups. Figure
3.1 shows the average annual percentage change in the mortality of the Italian men and
women, as a function of age, during the 47 years between 1953 and 2000. As can be seen
in this figure, for almost all ages, the improvement in mortality for females has been larger

380 and over.
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than for males. This aspect is particularly evident for two specific age intervals. Women
between the ages of 17 and 45 (mostly women in their childbearing years), and women
between the ages of 52-85 have benefited from improvements in health care, more so than
males. It is obvious that improvements in women’s survival rate at labor have contributed
to the declining mortalities of women in the 17–45 year bracket.

Mortality of males has improved marginally more than that of females in two specific
instances: one is for infants (the one-year olds), and the other is for males aged 96 and
higher. Some population researchers believe that the survival rates of male newborns will
ultimately become the same as that of female newborns (Comfort, 1979), although this
point has been debated (Siegel, 1980).

Figure 3.2: Change in the mortality of newborns between 1953 and 2000. The same data
are shown on a linear (left) and logarithmic (right) scale.

The decrease in the mortality coefficients observed in the past half–century has followed
an exponential pattern for several age groups. A good example are the newborns. Figure
3.2 shows the mortality of newborns as a function of time over the period 1953 – 2000,
separately for males and females. The figure illustrates the strong decline in infant mortality
that occurred during this period (from 6–7% in 1953 to ∼ 0.5% in 2000). Both diagrams
show exactly the same data, the only difference is that the data are plotted on a linear scale
in the left diagram and on a logarithmic scale in the right diagram. The latter diagram
illustrates that the decline in mortality is very well described by an exponential function,
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which is represented by a straight line in this plot.
An exponential decrease means that the value of the mortality coefficient decreases

every year with a fixed percentage (e.g. 5.5% in the case of the newborns in Figure 3.2).
The exponential decrease of mortality coefficients is a general characteristic that is also

Figure 3.3: Change in mortality for males of several ages between 50 and 94. Shown are
the results of fits of the type y = exp(−mx) to these data.

observed at many other ages (Figure 3.3). However, the coefficient (m), which describes
how fast the exponential decline of the mortality proceeds, is clearly age– and gender–
dependent (see Figure 3.1).

Exponential decrease of the mortality coefficients also forms the basis for our assump-
tions on the future development of these coefficients, discussed in the following. We use
two different models.

In the first model (the age– and gender–dependent model), we assume that the trend
observed in the past 47 years will continue until 2080. The average annual change in the
mortality coefficient, which is age– and gender–dependent, will continue for each individ-
ual cohort, i.e. a decrease of 5.5% per year for newborns, 1% per year for 20–year old
males, 2.2% per year for 55–year old females, etc. (see Figure 3.1).

In the second (age–independent) model, we assume an annual decrease, in the mortality
coefficient, by a fixed percentage, which is the same for all cohorts. Both models have been
supported in the literature.
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Lee and Carter (1992) argue that the best historical predictor of change in [American]
mortality4 is a function that generates linear projections of logged age-specific death rates.
White (2002) considers that, generally, straight-line changes [in life expectancy], logged or
otherwise, give the best-fitting time trend for the developed countries. According to White,
this may be due to the “cleaning” of data by averaging a large amount of noisy data to
reveal an underlying trend. But he goes on to add that the age-adjusted death rates and
logged age-standardized death rates are also good.

While the trends observed in the past 47 years dictate all details of the age– and gender–
dependent model, we will also have to make a decision about the annual percentage by
which the mortality decreases in the age–independent model. Averaging the mortalities of
all male cohorts in Figure 3.1, we find 1.76%. However, this percentage will most likely
lead to unrealistic predictions, in particular an explosion of (super) centenarians by 2080.

Vaupel (1986) points out that, as a rule of thumb, an average annual rate of improvement
in mortality of 1% at all ages would yield an increase of one year in life expectancy per
decade. Therefore, the 1.76% annual decline would increase the life expectancy in 75 years
by more than 12 years, which is not very plausible. We will, therefore, consider an annual
decrease of 1%, which is more realistic, and would produce results that are in agreement
with the findings of Kannisto et al. (1994) that a sustained progress in reducing death
rates at a rate of 1% per year would result in longer human life expectancy and a dramatic
increase in the proportion of the elderly.

We also consider a scenario in which the annual decrease of the mortality coefficients
is 0.5%, for all cohorts.

In summary, the different mortality scenarios studied in our simulations are as follows:

• Scenario 0 : Mortality coefficients remain constant at the year-2000 levels, for all
ages x, for the entire period of 75 years (2005-2080) for which estimates are made,
both for males and for females:

Mn(x) = M0(x). (3.1)

• Scenario 1 : Mortality will gradually decrease with time, as it has in the past half-
century. We assume that this decrease is exponential, and independent of age:

Mn(x) = M0(x)e−mn. (3.2)
4This historical prediction for change in American mortality was performed for the period of 1933 to

1987.
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The rate at which the mortality decreases is described by the parameter m, which we
assume to be 1%/year (m = 0.01).

• Scenario 2 : We assume that the trend in mortalities that has been observed in the
past half–century will continue according to their age and gender.

Mn(x) = M0(x)e−m(x)n. (3.3)

The coefficient m(x) is thus age- and gender-dependent. The values of m(x) are
found by comparing the mortality coefficients for people of age x in 1953 and 2000
(47 years):

M2000(x) = M1953(x)e−47m(x). (3.4)

For example, the mortality coefficient for newborns, m(0), is 0.055, while for people
in the age bracket between 20 and 90, it varies between 0.01 and 0.03, and it drops
below 0.01 for ages over 90. The data are quite different for males and females (see
Figure 3.1).

• Scenario 3 : A slower, age–independent decrease of the mortality coefficients is
assumed: 0.5%/year (m = 0.005).

The age–dependent mortality coefficients Mn(x) also form the basis for the calculation
of the life expectancy, LE, and its evolution with time. The life expectancy for x-year olds
in the year (2000 + n) is calculated according to the following equation5:

LE(x) = x + 0.5 +
120∑
i=x

i∏
j=x

[
1 − Mn(x)

]
. (3.5)

Because of the strongly age– and gender–dependent historical trends in the improve-
ment of the mortality coefficients, the age–dependent and age–independent models produce
very different results when extrapolated into the distant future.

These differences are described in detail in Chapter 5. Here, we briefly mention some
of the most striking differences (see Tables 3.1 and 3.2).

If the enormous reduction of infant mortality that occurred in the past 47 years would
continue, infant mortality would be an unknown phenomenon by 2080: 0.005%, vs. 0.2%

5This is the official equation for calculating life expectancy by all actuarial institutes, including Social
Security Administration
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Table 3.1: Life Expectancies for different mortality scenarios in 2080.

Scenario Males at Birth Males at 65 Females at Birth Females at 65

No change 76.54 81.50 82.51 85.50
1% decline 85.44 88.24 90.27 91.88
Age dep. 86.85 88.48 93.44 93.96

0.5% decline 80.97 84.71 86.36 88.56

Table 3.2: Number of octogenarians, nonagenarians, and centenarians under different sce-
narios.

Age 1% decline Gender- and Age-Dependent 0.5% decline

80-89 4,494,329 5,074,843 3,765,419
90-99 2,133,924 2,496,324 1,315,704
≥100 491,958 271,487 129,299
≥110 20,991 700 1,496

in the age–independent (1%) scenario. On the other hand, the age–independent scenario
would lead to 21,000 people of age 110 and older in 2080, vs. only 700 in the age–
dependent scenario.

The life expectancies would not be spectacularly different in the scenarios. However,
it is noteworthy that the difference between life expectancies of males and females6 would
further increase in the age–dependent model (see Figure 3.1 for an explanation), whereas
the differences between the genders would shrink in the age–independent models.

3.1.2 Fertility

Fertility is probably the most uncertain variable in the development of the population.
The scenarios regarding the rate of fertility of Italian native women do not consider cohort-
based rates of fertility, as some of these cohorts, in the present time, have not completed
their total fertility (Freijka and Calot, 2001). Therefore, this thesis considers total (i.e. in-
tegrated over the lifetime) fertility rates per woman, F , based on the changes in the rates of
child birth that occurred in the last 50 years. Rates of fertility for women in child bearing
years in Italy between 1950 and 2000 are shown in Appendix A.4.

6Currently 6.0 years at birth, 4.0 years at 65 (see Appendix A.1.).
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3.1.2.1 Methods to estimate future fertility development

The starting point for calculating fertilities is the year 2000. In the following, we define
the fertility rate, F n(x), as the probability that a female of age x will give birth in the year
(2000 + n). The number of newborns is thus equal to

Nn(0) =
50∑

x=15

N
(n−1)
f (x)F (n−1)(x). (3.6)

This expression takes into account that there is a gestation period and that, therefore, the
number of newborns in year n is related to the number of females in the year n − 1. Only
women in the age bracket from 15 - 50 are assumed to give birth.

We consider the following scenarios for the future development of F :

• Scenario 0 : Fertility rates remain constant at the year-2000 levels of 1.247 (Frejka
and Calot, 2001, Chesnais. 2001).

• Scenario 1 : Fertility rates gradually increase to 1.7 by the year 2050, and remain con-
stant thereafter. This rate is based on the assumptions of fertility used by researchers
who consider the strong possibility that the very low [current] rate of fertility would
increase in the future to some intermediate level, but never reaching the replacement
levels of earlier years.

• Scenario 2 : Fertility rates gradually increase to 2.4 by 2080. This scenario is based
on the anticipations of some demographers who expect a turnaround in the low rates
of fertility prevailing today, and believe that birth rates will reach (and possibly sur-
pass) the replacement levels of 2.1 8.

• Scenario 3 : Fertility rates will further decline to 1.1 by 2050 (Frejka and Calot,
2001, Chesnais. 2001), and remain constant thereafter.

The assumptions for the rates of fertility chosen come from different opinions about
fertility that currently exist. ISTAT’s population projections, available on www.ISTAT.it,
are based, among other things, on three rates of fertility (low, central, and high), which are
1.1, 1.7, and 2.4, respectively.

7Since constant fertility were implicitly part of the mortality studies, the year-2000 fertility rates will serve
as a reference.

8Aging in OECD Countries: A Critical Policy Challenge. Social Policy Studies, No. 20.
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Given the unpredictability of the fertility development, the main purpose of this part
of the simulations is to see how sensitive the benchmark result (the dependency ratio as a
function of the retirement age) is to the assumptions made in these scenarios.

In our simulations, we make two important additional assumptions, which apply to all
scenarios. The first assumption is that the age distribution of fertility rates remains the
same as in the year 2000. The justification for this assumption is (1) it is highly unlikely
that women’s fertility behavior returns to the levels of 1960-1990, (2) women cannot indef-
initely postpone having children, and (3) over the long period of 75 years, the precise age
at which women give birth to their children has much less effect on the analysis at hand
than the average number of children they have.

Figure 3.4: Age distribution in the year 2080. Shown is the effect of the fertility of first-
generation immigrant women on this distribution. All other factors involving the evolution
of the population are kept at Year-2000 levels.

The second assumption in our simulation is that the fertility of first–generation immi-
grant women remains the same as in their native countries. Descendants of these women
are assumed to follow the same fertility patterns of other native Italian women. As men-
tioned before, this is one major point of departure of this dissertation from the existing
research that is unique to this investigation. All existing research on the issue of social
security and pension considered the rate of fertility of immigrant women to be the same
as that of the native Italian women, citing that the immigrant women adopt the fertility
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behavior of their host countries. Although this may be the case for second generation im-
migrants, it has been observed that at least the first-generation immigrant women are most
likely to follow the child bearing habits of their native countries, which in most cases are
considerably larger than in Italy (OECD, 2001). We calculate the weighted average rate of
fertility for first–generation immigrant women to be 2.53 (Appendix A.3).

This number is used throughout our analyses, and is assumed to remain constant over
the entire period 2000 – 2080. As will be shown in Chapter 5, this assumption has important
consequences for the development of the Italian population. One of these consequences is
illustrated in Figure 3.4. In this figure, the age distributions of the Italian population in 2080
are compared for two scenarios, which only differ in the fertility rates of first–generation
immigrant women. In one scenario, their fertility is the same as in the native countries of
these immigrants , and in the second scenario, the fertility rates of these immigrant women
are assumed to be the same as for all other Italians.

As it is mentioned above, and as it is clear from this figure, our assumption about the
fertility of first–generation immigrants has important consequences for the development of
the size of the work force and thus for the dependency ratio. We will further elaborate on
these consequences in chapter 5.

3.1.3 Immigration

Golini (1998) describes Italy’s economic development of the late 19th and early 20th
century as both late and too slow to keep pace with the population growth. This late devel-
opment, according to Golini, was the cause of the mass emigration from Italy to Northern
Europe and the Americas in the early 20th century. As a result, net immigration into Italy
is a new phenomenon that has not been without its problems. According to Golini, Italy as
a country is still struggling to manage entry flows of immigrants, and integrate the foreign-
ers who already reside in Italy with the native population. Additionally, Italy is struggling
with the problem of illegal immigration. These clandestine residents do not contribute to
the social tax base, but their presence is necessary to keep the population growth on the
rise. Therefore, opinions on whether more effort should be employed on the part of the
government to counter immigrants who enter Italy illegally are mixed.

Of the three parameters affecting the development of the population, immigration is the
one that can be most easily affected by government policies. As far as the demographic
forecasts are concerned, the assumption concerning the level of immigration is especially
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critical, since immigration is an important factor in offsetting the very low rates of fertility,
and can have immediate impact on the dependency ratio, since deficiencies resulting from a
lack in fertility may, to some extent, be offset by immigration policies. Given the shrinking
population of Italy, immigration would be the critical factor in obtaining a stationary and
stable population.

The main difference between having a fertility policy versus an immigration policy is
that fertility policies produce newborns, while immigration policy adds people in a variety
of age groups. The average age of immigrants entering developed countries today is lower
than that of the resident population. As a result, increasing the number of immigrants
will have the immediate effect of reducing both the average age of the population and the
old-age dependency ratio (United Nations, 2001b).

On the other hand, there are social, economic, and cultural problems associated with
a generous immigration policy. It is a fact that nationals in many European countries
are against immigrants and immigration policies of their respective countries. Bongaarts
(2004) argues that although high immigrant population is and has been acceptable in coun-
tries such as the United States, Canada, and Australia, it is not welcome in Japan and parts
of Europe (including Italy). It is also true that the economic and political atmospheres in
the countries from where many of the immigrants come from may improve in the future,
eliminating the need for migration.

However, it is not the intention of this dissertation to argue the merits of specific poli-
cies. As it was described in detail in the Literature Review section, short of pronatalist
policies, maintaining and promoting a constant and positive net immigration will be the
only method through which the population decline can be prevented. Therefore, problems
associated with increased immigration are ignored.

Just as for mortality and fertility, we consider different scenarios regarding immigration
into Italy9:

• Scenario 0 : Immigration will remain at its current level of 132,000 annually until
2080. First generation immigrant women will have rates of fertility according to
their native countries. Children of immigrants will be assumed to be natives. Thus,
fertility rates of children (daughters) of immigrants will be the same as for native
Italian women.

9The range of immigration hypotheses (100,000) in the ISTAT forecasts is inadequate in comparison with
the variability of the phenomenon in long-term.
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• Scenario 1 : There will be no immigration at all.

• Scenario 2: Immigration rates will remain at their current level of 132,000 annually
until 2080. However, the fertility rates of first generation immigrant women will be
the same as for native Italian women.

• Scenario 3 : Immigration will gradually increase to 250,000 per year by 2020, and
will remain constant thereafter. Fertility rates will be same as in scenario 0.

• Scenario 4 : Immigration will gradually increase to 500,000 per year by 2080. Fer-
tility rates will be same as in scenario 0.

3.1.4 Population development

We calculate the development of the population with iterative methods, i.e. the compo-
sition of the population in the year 2000 + n is derived from that in the year (2000 + n−1),
which in turn follows from that in the year (2000 + n− 2), etc.

The development of the numbers of males and females is considered separately, but at
the end the age distribution of the total population in the year (2000 + n) is simply obtained
by adding males and females, for each age x.

Nn(x) = Nn
m(x) + Nn

f (x). (3.7)

The following expressions describe how the age distribution for males and females is
determined in this iterative procedure. Based on the mortality rates Mn(x), the fertility
rates F n(x) and the immigration numbers In(x), the numbers of males Nn+1

m (x) and fe-
males Nn+1

f (x), at each age group, can be derived from those in the previous year (Nn
m(x)

and Nn
f (x), respectively), as follows:

Assuming that the population of newborns will continue to be skewed in favor of the
males (51.4% vs. 48.6% females), the number of male and female 0-year olds is found as:

Nn+1
m (0) = 0.514

50∑
j=15

Nn
f (j)F n(j),

Nn+1
f (0) = 0.486

50∑
j=15

Nn
f (j)F n(j). (3.8)

Since we are using different fertility rates, the female population is split into native and
first–generation immigrant women. The calculation of the number of newborns (Eq. 3.8) is
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performed separately for these two groups of women. Afterwards, the newborns are added
together and no further distinction is made between them from that point onwards.

For ages x = 1 and up, the numbers of males are found as:

Nn+1
m (x) = Nn

m(x− 1)
[
1−Mn

m(x− 1)
]

+ In
m(x), (3.9)

and the numbers of females are:

Nn+1
f (x) = Nn

f (x− 1)
[
1−Mn

f (x− 1)
]

+ In
f (x). (3.10)

3.1.5 Computer simulations

We have developed a computer program (POPEVOLVE) to carry out the calculations
described above. The program was written in FORTRAN and was executed on a DEC-
α computer. The listing of this program, as well as an example of its output are given
in Appendix B.1. The external input provided to the program consists of the target year
for the simulation and the (fertility, mortality, immigration) scenario that should drive the
simulation.

All information concerning the composition of the population in the starting year (2000),
as well as the mortality coefficients, fertility rates for natives and immigrants, and number
of immigrants for each age cohort, separated by gender, is provided in the form of data
statements in the program itself.

Based on this information, the program then proceeds to calculate the number of new-
borns, the number of deaths in each cohort, and the number of new immigrants in each co-
hort, for the starting year. The newborns are split into males (51.4%) and females (48.6%).
The program keeps separately track of the first–generation immigrant women, because of
the different fertility rates that apply to this group.

When all this is done, the age distribution of the population in the next year (2001) can
be established. Every survivor becomes one year older, new immigrants are added to the
appropriate cohorts, and the newborns fill the “age – 0” cohort.

Depending on the chosen scenario, new mortality coefficients and/or new fertility rates
and/or new immigration rates are established for the new year (2001). The procedure de-
scribed above is then repeated over and over again, until the target year is reached.

At each intermediate step, the age distribution is calculated for the next year, and the
variables governing the population development (mortality coefficients, fertility and immi-
gration rates) are adjusted according to the chosen scenario.
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When the target year is reached, the program calculates a certain number of variables
characterizing the population (total number of people, fraction of elderly people, life ex-
pectancies, dependency ratios, etc.). The output consists of the age distribution of the pop-
ulation in the target year, some characteristics of the population, plus (optional) a number
of rudimentary histograms in text format (see Appendix B.1.).

3.1.6 Scenarios to be studied

We start our studies of the development of the population by investigating the effects
of changes in mortality as discussed in subsection 3.1.2, while keeping the fertility and
immigration rates at their current (year–2000) levels.

After that, the effects of changes in fertility patterns are studied, keeping mortality coef-
ficients and immigration rates constant, at their year–2000 levels. Finally, the consequences
of the different immigration scenarios are investigated separately, while keeping mortality
coefficients and fertility rates constant, at year–2000 levels.

This approach makes it possible to assess the effects and the importance of each vari-
able in isolation, i.e. independent of variations in other parameters that may affect the
development of the population.

We also study a number of scenarios in which several variables change simultaneously.
In practice, this is of course more likely to happen. In total, 21 different population devel-
opment scenarios have been examined for this thesis.

3.2 Financial studies

3.2.1 Income analyses

All our analyses of the income structure of the Italian population are based on the
Survey of Household Income and Wealth (SHIW), conducted by the Banca d’Italia (see
Chapter 4). These surveys provide certain information for each individual respondent (see
Table A.5), including age and income. Typically, each survey contains information from
∼ 20, 000 respondents, which have been selected such as to form a representative sample
of the population.

We want to emphasize that these data were provided on a voluntary basis. No documen-
tation was required to support the response to the survey questions. Also, some questions
may have been interpreted in different ways by different respondents. This applies in par-
ticular to the meaning of the term “income.” Therefore, calculations of absolute quantities,
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such as the total amount of tax collected, the total amount of pension premiums withheld,
or the total amount of pensions paid, are intrinsically inaccurate. However, we will assume
that any biases resulting from different interpretations of the meaning of the term “income”
are independent of the age of the respondents. If that is so, then we can use these data to
derive information on two issues that are important for our studies:

1. The average income as a function of age; and

2. The relationship between contributions to and benefits paid by the PAYG pension
system.

The data provided by SHIW have been analyzed using the Stata10 package. This sta-
tistical/interactive data analysis program is widely used by businesses and researchers in
academic institutions around the world, especially in the field of economics. Stata runs
on a variety of platforms (Windows, Linux, Macintosh) and can be used to enter and edit
data interactively, both for simple and complex statistical analyses. Commands can be exe-
cuted one at a time at the Stata prompt, or groups of commands can be entered into do-files
which can then be executed. For this dissertation, we ran Stata version 8.2 on the Macin-
tosh platform. The Stata “insheet” command was used to enter the data obtained from the
Survey of Household Income and Wealth (SHIW) from Banca d’Italia into Stata, followed
by the “use” and “merge” commands to merge the said data into single workable files. The
“do-files” were used to execute commands to obtain mean employment/pension earnings
and carry out regressions to obtain estimated/fitted earnings for different classifications of
population. All analyses used weighted data to obtain unbiased results. An example of
Stata input/output is given in Appendix B.3.

Figure 3.5a shows a scatter plot from the raw data obtained from SHIW 2000. In total,
this plot contains about 8,000 data points11. Using STATA, we split these data into age
cohorts. For each cohort, we determined the mean value of the income distribution, as well
as the error on this mean value, which is defined as σrms/

√
Ne, where σrms represents the

standard deviation of the income distribution and Ne the number of observations for that
cohort, i.e. the number of respondents in that cohort who reported income from employ-
ment. The income mean values with their error bars are shown as a function of age in
Figure 3.5b.

10Stata c© is a Statistics/Graphics/Data Management package developed by the Stata Corporation, College
Station, U.S.A.

11Respondents reporting income from employment.
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Figure 3.5: Scatter plot of annual income versus age for respondents reporting income
from employment in the year-2000 Banca d’Italia SHIW (a). Average annual income as a
function of age (b).

As displayed in Figure 3.5b, the data exhibit a clear trend which is much less obvious in
the scatter plot (Figure 3.5a) from which is was derived. The average income of employees
tends to increase with age, and levels off around the age of 50. Near retirement, the average
income even tends to decline somewhat. A trend like this, for reasons which are discussed
in Chapter 6.1, is usually described by a second-degree polynomial:

I(x) = β0 + β1x + β2x
2 + e, (3.11)

where I(x) is the (average) income at age x. In order to investigate how well our entire
sample of 8,000 observations is described by this hypothesis, we regressed our sample of
incomes to the age and the age squared. This procedure yields values for the parameters β0,
β1 and β2, as well as standard deviations for these values. We can check the quality of this
fit (and thus the validity of the hypothesis that Equation 3.11 provides a correct description
of the average income distribution) by calculating the predicted incomes as a function of
age with Equation 3.11, using the values of β0, β1 and β2 obtained from the regression
procedure, and comparing the incomes calculated this way with the actual values I(x). The
result of this procedure is the blue solid line in Figure 3.5b. At first sight, the agreement
with the data is remarkably good. In order to quantify this statement, we calculated the
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(normalized) χ2 value, which is defined as

χ2 =
1

Ndf

64∑
i=18

[I(i)actual − I(i)regress

σ(Ii)

]2

, (3.12)

where the number of the degrees of freedom (Ndf) is in this case 44 (47 data points minus
the 3 parameters from the fit). A good fit (i.e. a valid hypothesis) requires a normalized
χ2 value not very different from 1. In this example, the χ2 was calculated to be 106/44 =
2.41. However, as can also be seen from Figure 3.5b, this value is completely dominated
by one data point, namely the 19-year olds. This data point is located more than 6 standard
deviations below the predicted value.

Figure 3.6: Income distributions for 18-, 19- and 20-yr old Italians in the year 2000.

Further examination of this data point revealed indeed an anomaly in the income dis-
tribution for this cohort. This is illustrated in Figure 3.6, where this income distribution is
compared with that of the neighboring cohorts, the 18- and 20-year olds. The latter distri-
butions are considerably more symmetric than the one for 19-year olds, which seems to be
skewed, possibly because of an anomalous number of part-time workers (students?). This
explanation is corroborated by the fact that we see no such a large deviation for 19-year olds
in the surveys from other years. We therefore conclude that there is no fundamental reason
why the data point of 19-year olds should follow a different trend than the one observed for
other ages. If we calculate the χ2 excluding the data point of the 19-year olds, the result is
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62/43 = 1.44. This indicates that Equation 3.11 indeed provides a valid description of the
average income trends12.

We eliminated in total 3 data points from our total sample of about 8,000. As an ex-
ample, we mention a 64-year old female who reported an income of e377,000, and thus
singlehandedly doubled the average annual income of 64-year olds. When this data point
was included or excluded from the data sample, the parameters found in the regression pro-
cedure each changed by several standard deviations. One single data point (out of 8,000)
should of course not have such a large effect. For this reason, we only took into account
respondents reporting an annual income of less than e200,000. As stated above, this re-
quirement eliminated 3 data points (0.04%).

3.2.2 Pension calculations

Calculation of Pension benefits depends on the year the employee joined the workforce.
This would determine whether the employee’s benefits will be calculated according to the
old system, the new system, or the pro-rata system.

For those employees who had completed 18 years of contributions (work) on December
31, 1995, their pension benefits would still be computed based on the old system, albeit the
adjustment of the pensionable earnings’ period. Two of the major goals of the Amato re-
form were to (1) stabilize pension expenditure, and (2) harmonize the different regulations
for private and public employees (Ferrera and Jessoula, 2003). As such, the pensionable
earnings’ period for all employees (private or public sector) with at least 15 years of con-
tributions in 1992 would be the average earnings of the last 10 years of employment, con-
verted to the real amounts via consumer price index. Subsequently, the first social security
benefit will be calculated by applying a 2 percent factor for each year of social security
contribution, up to a maximum of 40 years. Hence, an employee, upon retirement, can
receive up to 80 percent of her average pensionable earnings. Additional years of work
beyond the 40 years would not count towards pension benefit computation, but they will be
included in calculation of the pensionable earnings. The equation determining the initial
amount of pension benefit is as follows

Pτ = 0.02a
τ∑

i=τ−9

Wi/10, (3.13)

12The statistical parameters of all regressions are provided in chapter 6.
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where τ is the age at retirement, 0.02 is the replacement rate applied for each year contribu-
tions have been made, a is the number of years during which contributions have been made,
and the sum represents the average annual earnings over the last 10 years of employment.
Pτ is the initial pension amount received.

For employees who started working on January 1st, 1996, their benefit computation
will be based on the 1995 pension reform system [and the subsequent modifications] which
relates pension benefits to social security contributions paid over the entire working life,
and to the retirement age. Social security contributions are then capitalized at a five-year
moving average of the real GDP growth (set at 1.5 percent per year). Upon retirement,
the available balance of the capitalized contributions will be multiplied by the conversion
coefficient to determine the benefit due the retiree. The conversion coefficients link the
retirement benefits to the age of retirement, and increase from 4.72 percent for age 57 to
6.14 percent for age 65. Retirement after age 65 will not increase the level of pension
benefit, since the highest conversion coefficient is at the age 65. However, employees who
delay retirement are exempt from paying the social security taxes, and they receive the
employer’s share of social security contributions (only until 2008)13. Pension benefits are
indexed to inflation for calculation of subsequent benefits.

From Franco (2001), the formula for calculating pension benefits based on the 1995
pension reform is as follows:

Pτ = βcW1

a∑
k=1

(1 + w)k−1(1 + g)a−k, (3.14)

where β is the conversion coefficient, c the contribution rate, W1 the entry wage (wage in
the first year of work), a the number of years of contributions, w the average annual rate of
wage increases (including compensation for price inflation), and g the average annual rate
of increase in real GDP.

Although the social security contribution rate for employees (private or public sector)
is 32.7 percent, for benefit computation purposes, the rate applied is 33 percent. For the
self-employed, the social security contribution rate and pension benefit computation rates
are 19 percent and 20 percent respectively (the rate of contribution for the self-employed
may increase to 24 percent in the future). The conversion coefficient is provided by the
government, and is as the following for specific ages of retirement:

13Due to its temporary nature, this provision is not considered in our calculations.

73



Table 3.3: Conversion coefficients as legislated by the government.

Age Coefficient

57 0.04720
58 0.04860
59 0.05006
60 0.05163
61 0.05334
62 0.05514
63 0.05706
64 0.05911
65 0.06136

For employees who had less than 18 years of contributions on December 31, 1995, the
calculation of their pension benefits will be on the pro-rata system. Their benefit computa-
tion will be weighted according to the number of years of contributions before and after the
reforms. Contributions made before December 31, 1995 will be used towards benefit com-
putations based on the old regime. All contributions made after the above date will be used
towards benefit computations on the basis of the Dini reform. The equation determining
the amount of pension to be received (Pτ ) reads as follows (Cardarelli and Sartor, 2000):

Pτ =
ao

at

[
0.02ao

5∑
i=1

Wi/5
]

+
at − ao

at

[
βcW1995

at∑
k=a0+1

(1 + w)k−1(1 + g)at−k
]
, (3.15)

where ao is the number of years contributions were made prior to December 31, 1995
(ao ≤ 17), W1995 the wage level at that point in time, and at the total number of years
contributions have been made. The other symbols (β, c, Wi, w and g) are the same as in
Equations 3.13 and 3.14, where they are defined.

3.2.3 Modeling

There are several factors that make the simulations regarding the future sustainability
of the pension system fundamentally different from those concerning the development of
the population.

The first major difference concerns the input data. The ISTAT records of the age dis-
tribution in our reference year (2000) and in other relevant previous years are accurate and
complete. On the other hand, the SHIW data on incomes, pensions and participation levels,
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which form the basis of our calculations on future sustainability, are derived from samples
of the Italian population. Even if we assume that these samples are representative for the
population as a whole, their limited size introduces statistical uncertainties, which have no
equivalent in the population estimates.

For example, in the Year-2000 survey, 7807 out of the 14571 respondents with ages
between 18 and 64 years indicated to be gainfully employed. Therefore, we conclude that,
if this sample is indeed representative for the entire Italian population, 53.6 ± 0.6% of the
18-64 year olds is gainfully employed and thus contributing to the pension system14. The
average annual income reported by these people is e14,09315. The statistical uncertainty
(standard error) on that average income (e105)16 is derived from the standard deviation
(σrms) of the total distribution divided by the square root of the number of entries (7807).
Assuming that also this average income is representative for the entire population, we can
thus calculate the total amount of contributions to the pension system with a statistical
uncertainty of

√
(1.13)2 + (0.75)2 = 1.36%. Similarly, we use the sample of pensioners

in the SHIW data to calculate the total expenditures of the pension system with a statistical
uncertainty of

√
(1.49)2 + (0.9)2 = 1.74%. The ratio between the contributions and the

expenditures, which is one way to measure the balance of the system, thus has a relative
statistical uncertainty of

√
(1.36)2 + (1.74)2 = 2.21%.

These intrinsic uncertainties are a lower limit for the uncertainties in the balance of the
pension system when extrapolations to later years are made.

The second major difference between the two types of simulations concerns the number
of parameters that are subject to variations, either through policy decisions or otherwise.
For the development of the population, the only parameters that play a role are mortality,
fertility and immigration, and variations in these parameters are likely to be small and
smeared out over long periods of time. However, in the financial domain, there are many
factors that can be changed more or less instantaneously, such as:

• The employment rate;

• The contribution rate (premium level);

• The length of careers;

14The relative uncertainty in this number is (
√

7807)−1, or 1.13%
1525th percentile: e9,814, median: e12,913, 75th percentile: e16,012.
16The relative uncertainty in the average income is thus 0.75%
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• The retirement age;

• Early (or late) retirement patterns;

• The pension/wage ratios;

as well as a whole series of other economic factors, e.g. the standard of living and (ex-
pected) changes therein. This implies that we had to make more, and more speculative,
assumptions when modeling the future sustainability.

Although some of the factors mentioned above may be varied in the simulations, e.g. the
retirement age, the premium levels and the pension/wage ratios, we make some general
assumptions that are briefly listed below.

1. We generally assume that the participation rates for each age cohort remain the same
as in the year 2000. Only in scenarios in which the official retirement age is increased
do we make additional assumptions about the extra contributions to the pension sys-
tem resulting from that. We have also made a dedicated separate study of the effects
of increased participation of females and the 55-64 year olds (section 6.3.3).

2. We generally assume that the fraction of pensioners in each age cohort remains the
same as in the year 2000. Only in scenarios in which the official retirement age is
increased do we make explicit assumptions about changes in that respect.

3. We assume that the distribution of incomes according to age remains the same as in
the year 2000. Of course, price inflation and real-wage growth will affect the absolute
level of the incomes. However, our assumption implies that, for example, a 46-year
old earns on average twice as much as a 20-year old (which was the case in 2000, see
Figure 3.5b), throughout the entire 75-year period simulated in these studies.

4. We assume that the age at which people choose to retire is independent of the number
of years they contributed to the pension system or of their income. This may be an
oversimplification, but we have no quantitative information disproving the validity of
this assumption. And since our simulations for future years are based on the reality
as it existed in the year 2000, any correlation that existed in 2000 also propagates
into the future.
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5. We assume productivity growth exogenous to our model17.

6. We assume proportionality between the total pensionable income18 (for the entire
population) and the Gross Domestic Product, i.e. the total pensionable income rep-
resents a constant fraction of the GDP. Therefore, if the total population and the
employment rate remain constant, any increase (corrected for price inflation) in GDP
will increase the real-wage level by the same percentage. This assumption (or any
other specific assumption regarding the relationship between GDP and pensionable
income/real-wage level) is essential in order to express future pension expenditures
in terms of a fraction of GDP in our simulations.

7. Our calculations are based on the earnings reported by the respondents to the SHIW
surveys. However, these earnings (in the form of wages or pensions) represent net
amounts. The pensionable income and the gross pensions disbursed to the recipients
are of course higher, as a result of taxation and other withholdings, e.g. for health
care, etc. We do not have a detailed insight in the differences between gross and net
earnings, which are of course strongly dependent on individual factors. However, for
the purpose of our studies, we assume that the fractional difference between gross
and net is the same for wage earners and pensioners. In that case, the difference
between gross and net is inconsequential for the balance of the PAYG system, which
is determined by the ratio of contributions and disbursements.

8. We assume that pensioners will continue to be compensated for the effects of price
inflation, but not for the effects of real-wage growth enjoyed by the contributors to
the pension system. As a result, the average pension level will, at any given time,
show a decreasing trend with the age of the pensioners. This trend reflects past real-
wage growth. If the real-wage growth is a fixed percentage, the decreasing trend is
exponential. For example, at the real wage growth of 1.2% per year, the pension
received by an 80-year old pensioner will be e−10×0.012 = 88.7% of the pension
received by a 70-year old pensioner with exactly the same employment history.

Because of the latter assumption, and because of the fact that we are primarily interested

17Although this may be a limitations of our analysis, we believe this assumption to be appropriate since
we do not intend to deal with issues such as the effects of changes in age-distribution on savings and capital
accumulation.

18Pensionable income, normally the base salary of an employee excluding other allowances and fringe
benefits, is that portion of the income on which base pension contributions are calculated.
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in the balance of the PAYG system, i.e. in the ratio of contributions and disbursements,
all amounts are expressed in Year-2000 euros, disregarding the effects of price inflation
and real-wage growth. As an example illustrating this statement, we refer to Table 6.10,
which compares the pension amounts for retirees in 2000 and 2040, which would result
from certain changes in the pension system. Because of the compounded effects of price
inflation and real-wage growth, the amounts in 2040 may be expected to be considerably
higher than in 2000. However, by disregarding these (trivial) effects, it becomes possible
to make comparisons such as in this table. The effects of price inflation result in an overall
multiplication factor which affects salaries and pensions in the same way and will not alter
the relationship between salaries and pensions. Real-wage growth manifests itself as an
overall increase in the standard of living, i.e. the purchasing power of 1 e. The mentioned
table shows how the pensions in 2040 are different from those in 2000, for people with the
same employment (or rather, contribution) history, as a result of certain modifications in
the pension system.

3.2.4 Absolute versus relative results

As we have emphasized in the previous subsection, the main goal of this dissertation is
to study the balance of the PAYG system, i.e. the ratio between expenditures and premiums
received. It is this balance that will determine the sustainability of the system. Absolute
amounts and percentages are of secondary importance in this respect. For example, the
respondents to the SHIW reported net earnings. Of course, pension premiums are levied on
gross earnings. However, if the difference between gross and net (expressed as a percent-
age) is the same for wage earners and pensioners, then we might as well use the reported
net earnings to calculate the balance of the pension system (which is what we have done in
practice).

On the other hand, if we want to calculate the absolute amount of pensions disbursed,
the difference between gross and net earnings has of course to be taken into account.
We can estimate this difference as follows. Based on the age distribution of the Ital-
ian population in the year 2000 and the incomes reported by the SHIW 2000 respon-
dents, we find that the total amount of premiums collected in that year was e107 billion.
We also calculated that e111 billion was disbursed to pensioners in that year. In real-
ity, these amounts were reported to be e143.7 billion and e146.5 billion, respectively
(ISTAT 2003/2). From this, we conclude that the difference between gross and net is about
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30%. Interestingly, the ratio of both numbers is approximately the same: 0.963 vs. 0.980.
This underscores our point that it does not make much difference for the calculation of the
balance (and thus the sustainability) of the pension system whether we use gross or net
earnings as the basis.

According to Banca d’Italia, Italy’s GDP was e1166.5 billion in the year 2000. Based
on that number, the total pension expenditures amounted to 12.6 % of GDP in that year.
Since e143.7 billion was collected in the form of premiums, and since the premium rate
was 32.7%, we conclude that the total pensionable income was e440 billion, or 38% of
GDP. A similar conclusion could also be reached without any knowledge of the GDP, on
the basis of the fact that the total pension expenditures represented 13.5% of GDP (Figure
1.5) and that the system was approximately balanced. If the premiums represent 13.5% of
GDP, then the pensionable income on the basis of which the premiums were levied repre-
sents 13.5/0.327 = 41.3% of GDP. In our model calculations of the GDP related quantities
(see point 5 of the previous subsection), we have assumed that the pensionable income
represents 40% of GDP19.

3.2.5 Computer simulations

We have developed a computer program (EURACLE) to carry out the calculations de-
scribed above. The program was written in FORTRAN and was executed on a DEC-α
computer. The listing of this program is given in Appendix B.2. The external input pro-
vided to the program (EURACLE) consists of the target year for the simulation and the
(fertility, mortality, immigration) scenario that will be considered to calculate the age dis-
tribution of the population in that target year. This age distribution is then provided as input
to the program (EURACLE) by means of a call to the program (POPEVOLVE) that was used
to calculate it (Section 3.1.5).

For each age cohort, the fraction of people contributing to the pension system and the
fraction of people receiving a pension were obtained from the SHIW data. These data were
also used to determine the average income and pension level for each cohort, for the year
2000. Assuming that these samples are representative for the entire population, we can use
these data to calculate the total amount of contributions to and expenditures of the pension
system in the year 2000. We can also use these averages for the population in the target

19Since 24% of the pensionable income is contributed by the employers to the PAYG system, the total
labor costs represent a higher fraction of GDP, ≈ 50% .
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year and, assuming that nothing else changes, thus calculate the future development of
contributions and expenditures.

Apart from the population development scenario, the EURACLE program also offers
the possibility to vary a number of other parameters that may affect the balance of the
PAYG system. These parameters are:

• The official retirement age;

• The additional years of contributions when the retirement age is increased;

• The contribution rates (i.e. the level of pension premiums);

• The average annual growth in real wages; and

• The β coefficients used to set the (retirement-age dependent) pension levels.

The program also offers the possibility to study the effects of a number of changes in the
pension scenario, discussed in the next subsection, which can be done by choosing one of
six values for a parameter (spen) that is part of the input file.

Based on the choice of these parameters, and the age distribution of the population,
EURACLE calculates the total amount of premiums contributed in the target year, as well
as the total amount of the pensions disbursed in that year. An example of the output of the
program is also given in Appendix B.2.

3.2.6 Scenarios to be studied

The EURACLE program offers the possibility to evaluate 6 different pension scenar-
ios, which can be selected by means of the value of the parameter spen. Some of these
scenarios are intended to evaluate the actual or foreseen situation in a given target year
(e.g. spen = 0, or 3). Other scenarios are chosen to investigate the asymptotic effects of
certain changes in the pension system, such as an increase in the retirement age (spen
= 5), or changes in the β coefficients. Any change in the rules takes in general several
decades before its effects are completely phased in. The different pension scenarios are
briefly described below.

• Scenario 0: This scenario describes the current situation. It is not intended to make
any predictions about the future. Based on the current age distribution, participation
and retirement fractions, income and pension levels, it calculates the balance of the
PAYG system.
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• Scenario 1: This scenario is intended to investigate what would have happened if
the rules that were governing the calculation of pensions before 1995 (i.e. before the
Dini reform, Equation 3.13), would have remained in place until 2080.

• Scenario 2: This scenario is intended to evaluate the balance of the PAYG system if
the Dini system to calculate pension levels (Equation 3.14) had been in place for all
current and future retirees. A comparison of scenarios 1 and 2 thus makes it possible
to quantify the asymptotic difference between the two systems, at any point in time.

• Scenario 3: In reality, the transition from scenario 1 to scenario 2 takes place over
several decades. Scenario 3 describes that transition and is thus intended to evaluate
reality, assuming no other changes will take place in the rules of the PAYG system.

• Scenario 4: One change that is very likely to be implemented is the introduction of a
coupling between the β coefficients (Table 3.3) and the remaining life expectancy of
new retirees. In this scenario, we investigate the effects of modifying scenario 3 by
introducing such a coupling (discussed by Caselli, Peracchi, Barbi, and Lipsi. 2003).

• Scenario 5: This scenario is intended to study the effects of increasing the official
retirement age, to a chosen value. Since these effects will depend on changing work
and retirement patterns, one can also choose the number of extra years people will
contribute premiums to the PAYG system in this scenario. As in scenarios 1 and 2, it
is assumed that the new retirement age has been in place forever. By comparing the
results from scenarios 2 and 5, one can thus evaluate the asymptotic effects of such
an increase.

In all calculations, only the old-age retirement benefits are considered. The basic as-
sumption is that the individual has worked continuously in full-time employment during
his/her active life. For the sake of simplicity, no survivorship is assumed.
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CHAPTER 4
DATA AND SOURCES

4.1 Population Structure

All data used as input for our simulations of the future development of the Italian pop-
ulation were obtained from reports by the “Istituto Nazionale di Statistica” (ISTAT).

Figure 4.1: Age distribution of the Italian population in the year 2000.

The structure of the Italian population in terms of age and gender for the period 1960 –
2000 were obtained from ISTAT (Supplemento al Bolletino Mensile di Statistica, various
years). Figure 4.1 shows the age distribution of the Italian population in the year 2000,
which was used as the starting point of all our studies of the future development of our sim-
ulations. In Appendix A.1., this age distribution is listed for males and females, separately.

Mortality coefficients and survival rates were taken from the “Tavole di Mortalità della
Popolazione Italiana” [ISTAT (various years)]. An example of these data is shown in Figure
4.2, which depicts the male mortality as a function of age, for the years 1953, 1982, and
2000. Our assumptions concerning the future development of the mortality coefficients (see
chapter 3.1.1) are based on historical trends observed between 1950 and 2000, of which this
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figure gives an example. We used the tables from representative years to determine such
trends.

Figure 4.2: Development in the male mortality between 1953 and 2000, as a function of
age. Mortality is here defined as the probability that an individual of a given age dies within
one year. Data are shown on a logarithmic scale.

The mortality coefficients are also the basis for the calculation of the life expectancy
[Eq. 3.5]. In Appendix A.1., the mortality coefficients and the remaining life expectancy
are tabulated for males and females, as a function of age, in the year 2000.

Historical data on the fertility rates of Italian women are available for the period 1955
to 2000 in ISTAT (2003). An example of these historical changes is given in Figure 4.3,
which shows the average number of children per woman as a function of time, for the past
half–century. In 30 years time, this number has been reduced by a factor of 2, and has
fallen well below the replacement value.

Another example of the dramatic changes in the fertility patterns that have occured in
that period was already given in Figure 1.3, which emphasizes the shift in the age at which
women give birth. The development of the fertility patterns over the period 1955 – 2000
is tabulated in Appendix A.4. In our simulations, we use the fertility patterns in the year
2000 as our starting point. This pattern is shown in figure 4.4. As was mentioned in section
3.1.2, the age distribution of fertility is assumed to remain constant at year-2000 levels.

For what concerns fertility, we distinguish between native Italian women and first–
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Figure 4.3: Development of the total fertility of Italian women over the period 1955 – 2000.

generation immigrant women. The latter tend to maintain the fertility habits of their native
countries. Data on the fertility of these immigrant women were derived from “La Presenza
Straniera in Italia: Charatteristiche Demographiche” (ISTAT 2000) and from “Abortion
Policies: A Global Review,” (United Nations 2001a). Appendix A.3. lists the total number
of immigrant women in Italy, and their average fertility rate (i.e. their average number of
children), according to their country of origin. On average, immigrant women had 2.53
children (i.e. more than twice as much as native Italian women), a number used throughout
our analyses.

Data on immigration into Italy are provided by the same report (ISTAT, 2000). In
Appendix A.2., the immigrants are subdivided according to their country of origin. The
data are averaged over a 5–year period, and shows an average net immigration of 132,610
per year. Data on the age and gender distribution of these immigrants were taken from the
same report.

4.2 Labor Market, Incomes & Pensions

Data on the labor market structure is obtained from the Banca d’Italia’s Survey of
Household Income and Wealth (SHIW), 1998, 2000 and 2002 (SHIW, 2004). The 1998 and
the 2000 surveys were published in January 2000 and 2002, respectively. The 2002 survey,
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Figure 4.4: Fertility rates of native Italian women as a function of age in the year 2000.

which is the latest survey currently available, was published in March 2004. SHIW 2000
covers 8001 households, composed of 22,268 individuals which included 13,814 income-
earners1, and forms the starting point of our analyses. All relevant information regarding
earnings and pensions for the year 2000 are obtained from this source. Household in the
survey refers to a group of persons living together who seek to satisfy their needs by pooling
all or part of the income earned by the members of the group, regardless of the relationship
among the members of the said household (SHIW, 2004). Each household is given a unique
identification number and members of the household receive their respective identification
numbers depending on the position they hold in the household, e.g. the head of the house-
hold (father or mother), the spouse, the children, other relatives, and non-relatives living
with the household. Individuals are characterized according to their gender, age, level of
education, whether they are employed (dependent- or self-employed), pensioner, or other,
the industry in which they work (or used to work), the amount of income (or pension) they
receive, and other distinguishing information.

The survey sample is chosen first at the municipalities’ level, and then at the household

1SHIW 2002 covered a slightly larger sample of 8011 households. However, the number of individuals
and income-earners in the households were 21,148 and 13,536, respectively, somewhat smaller than that of
the SHIW 2000.
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level. Each stratum represents municipalities with a population of more than 40,000 that
were selected in which interviews were conducted, as well as randomly selected smaller
towns. The individual households were then selected randomly among all the municipali-
ties. The panel was formed by selecting municipalities among those already sampled in the
1998 survey (panel municipalities). As such, panel households includes all households re-
siding in these “panel” municipalities that had participated in at least two surveys and thus
were all included in the survey sample. Other panel households that were included in the
sample were randomly selected from among those households interviewed in the previous
survey (1998) only. And like the previous surveys, all households that were established out
of the original panel households2 are also included in the 2000 survey. There were in total
67 such (new) households.

Each member of the household is assigned a weight which is defined as the inverse
of the individual’s probability of inclusion in the sample. The households included in the
panel segment of the survey receive a relatively higher weight due to the positive correlation
between the data gathered from these same households in successive surveys3. As such, the
non-panel segment of the households received a corresponding reduction in the weights4.
To eliminate any bias, the sample weights assigned to households are used throughout our
analyses. According to Banda d’Italia (2002), the final sample is modified with respect to,
among other things, gender and age cohort, so that it can represent the same characteristics
as the population.

An excerpt of the answers of some randomly chosen individuals to questions relevant
for our study is shown in Table A.5.

Thus, the data mentioned in section 4.2, were used as inputs for the POPEVOLVE
program, which was written specifically to generate the population projections for each
year until 2080, using the underlying scenario assumptions discussed in detail in chapter 3.
The population forecasts, in turn, became the data sources for the calculations of pension
contributions and benefits.

2The new households formed by the children of the original households.
3Although the panel segment of the survey comprises 48.4 percent of the households, their weighted share

of the survey is 51.3 percent.
4Banca d’Italia, 2004.
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CHAPTER 5
POPULATION DEVELOPMENT

5.1 Population Development and Dependency Ratios

Simulating Italy’s population in the future and studying possible and alternative demo-
graphic scenarios over the next 75 years allows us to obtain the basis for analyzing financial
stability of Italy’s Pay-As-You-Go public pension system, and provides a window into the
make-up of the population in the future, both in the intermediate and in the long term. This
aspect will prove important, since the pension benefits paid to the retirees are primarily fi-
nanced through the paid contributions of the employed population. It is important to closely
observe the changes in the dependency ratio, since it acts as a guideline for the sustainabil-
ity of a PAYG pension system (Franco, 2001), and represents the burden of providing the
benefits to the retirees that falls on the working population. The dependency ratio using the
data available for the year 2000 was 0.27, considering the retirement age to be 651.

5.2 Single – Variable Effects on the Population

For each population scenario considered, we determine the development of the popu-
lation from one year to the next, spanning the entire period of 75 years. The benchmark
result of all simulations in this chapter is the dependency ratio, i.e. the ratio of retirees and
workers, as a function of the retirement age.

Starting point for all simulations is the age distribution in the year 2000, shown in
figure 4.1. This age distribution reflects all the demographic shocks that have occurred in
the 20th century. For example, the significant depletion observed for people in their early
80’s reflects the substantially reduced number of births that occurred during World War I
(1914–1918, see also figure 1.1). A similar, albeit less spectacular reduction in birth rates
occurred during World War II (1939–1945). This is reflected in the depletion of cohorts
aged 55–60 in the year 2000.

After World War II, the birth rates increased to levels of 800,000–1,000,000 per year.
This “baby boom” period ended around 1975, and since 1980 the annual birth rates have
been lower than 600,000, the lowest levels seen in the entire 20th century. It is this persis-
tent “baby bust” that is at the origin of the demographic problems we will describe in this

1The study by Peracchi (1998) considers the age of retirement to be 60 for the calculation of the old-age
dependency ratio, and thus shows a much higher dependency ratio (more than 80%) around 2050.
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chapter.

5.2.1 All variables at Year-2000 levels.

Figure 5.1: Changing age distribution over the period 2000-2080 if fertility rates, mortality
coefficients and immigration rates remained at their year-2000 levels.

Figure 5.1 shows the age distribution of Italy’s population in 20-year intervals until
2080, assuming that all variables (fertility, mortality, and immigration) will remain at their
year-2000 levels. What is striking in this figure is the gradual decline of the population
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(although initially the population continues to increase until about 2010, mainly due to an
increasing number of the elderly). If demographic variables remained unchanged, the total
population of Italy would decrease to less than 42 million people in 2080, compared to
more than 57 million in 2000. The fraction of elderly persons would increase: 26.3% of
the population would be 65 or older, 8.9% of the population would be 80 or older, and
0.064% of the population would be 100 or older. This increase in the fraction of the elderly
coincides with a decline of the population as a whole, and thus it represents a significant
problem for the social security administrators. In 2080, the average age of the population
would have increased to 45, compared to 41 in 2000.

Figure 5.2: Change in the dependency ratio over the period 2000-2080 if fertility rates,
mortality coefficients and immigration rates remained at their year-2000 levels. Results are
given for three different retirement ages.

Figure 5.2 shows the evolution of the dependency ratio, assuming three different re-
tirement ages: 65, 70, and 75 years. As we can see, the dependency ratio peaks between
2040 and 2050 in all three cases. For the current retirement age of 65, the dependency ratio
would continue to increase from its present level of 0.3 until 2045 when it reaches its peak
of about 0.58.

If the retirement age were to be increased to 70, the dependency ratio would increase
from its current level of 0.20 until it peaks at about 0.39 in 2050. If the retirement age were
to increase to 75, the dependency ratio would peak at about 0.25, also around 2050. Beyond
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2050, the dependency ratio gradually decreases, mainly as a result of gradual disappearance
of the cohorts born between 1945 and 1980. These cohorts were considerably larger than
the more recent ones (almost 50% more populous).

Figure 5.3: The retirement age needed to maintain the dependency ratio at a value of 0.3 if
fertility rates, mortality coefficients and immigration rates remained over the period 2000-
2080 at their year-2000 levels.

Figure 5.3 shows that, in order to keep the dependency ratio at about 0.30 (with the
population parameters constant at year-2000 levels), the retirement age would have to be
gradually increased to 73 years in 2050. These two figures thus portray a bleak picture for
the pension system, both in terms of the dependency ratio and the retirement age, especially
in the period 2030-2055.

It should be mentioned that, at this juncture, this dissertation is only looking at the
demographic aspects of retirement and in particular whether the working population will
be able to sustain the retirees. The monetary and financial aspects of the pension system
are discussed in the next chapter. Obviously, there are other options to sustaining a pension
system than increasing the retirement age, such as increasing the contribution rate, reducing
the old-age benefits paid to the retirees, or some combination of these options. It should be
further stated that 2035 is the first year for the retirees to receive benefits solely under the
pension reform system of 1995 and its annexes.

5.2.2 Effects of changes in mortality coefficients

In this subsection, we study the effects of changes in mortality coefficients on the size
and composition of the Italian population. Fertility and immigration rates are assumed to
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remain constant at year-2000 levels.
Based on trends observed in the second half of the 20th century, it is reasonable to

assume that mortality coefficients will continue to decline gradually during the 21st century.
The effects of the proposed mortality scenarios (section 3.1.1) on the evolution of the life

Figure 5.4: Evolution of the life expectancy for newborn males and females, and 65-year
old males and females, for the different mortality scenarios considered.

expectancy (for males and females), and on the population age distribution, are shown in
Figure 5.4 and Figure 5.5. We distinguish between the life expectancy for newborns and for
people who have reached the age of 65. The latter information is of course most relevant
for pension studies.

The figure shows that an age- and gender-dependent decline in the mortality coefficients
(scenario 2)2, leads to a smooth and gradual increase of the life expectancy. Especially in

2See section 3.1.1
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the early part of the century, this scenario looks most realistic because of the seamless
connection with the historical data. All other scenarios exhibit a “kink” at the year 2000.
However, its may well be that the smaller “slope” of the increase in the life expectancy seen
in scenarios 1 and 3 (the 1% and the 0.5% mortality coefficients, respectively) is a more
realistic model for the later years.

Thus, the results show that, depending on the chosen scenario, life expectancies will
increase by 5–10 years over the next 75 years. The 4–6 years difference in favor of females
remains intact in these simulations, although there are reasons to believe that this difference
may shrink over time (Siegel, 1980).

Figure 5.5: Effect of a change in mortality coefficients on the age distribution of the Italian
population in the year 2080, assuming that no changes occur between now and then in
fertility patterns and in immigration rates.

In all mortality scenarios, a substantial “graying” of the population may be expected.
This is illustrated in figure 5.5, which shows the sole effect of a 1% annual change in
mortality coefficients on the age distribution of the Italian population by the year 2080. For
comparison, the age distribution is shown for unchanged (year-2000) mortality coefficients.
The difference between these distributions concerns ages 50 and up. The differences are
particularly significant for ages 80 and above. Therefore, it is no surprise that such changes
in mortality have large consequences for the dependency ratio.

Figure 5.6 shows the effects of the different mortality scenarios on the total popula-
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Figure 5.6: Effects of different mortality scenarios on the development of the total popu-
lation (a) and of the percentage of centenarians (b). The differences between the mortality
scenarios are illustrated through the change in the number of infant deaths (c). We have
assumed that no changes occur in fertility patterns and immigration rates.

tion, as a function of time, for the period 2000–2080. All variations in mortality from the
Year-2000 levels result in higher population numbers, mainly because decreasing mortality
coefficients imply that people live longer and, therefore, more people are living at a given
point in time. Depending on the chosen mortality scenario, the total population is 2.5 – 5
million higher than for unchanged mortality coefficients (see also Table 5.1).

The three scenarios distinguish themselves primarily at the two extreme ends of the
age distribution. The percentage of centenarians in the total population and the number of
infant deaths are shown as a function of time in Figures 5.6b and 5.6c, respectively, for
each of the mortality scenarios considered here. As we can see, the age-dependent decline
in mortality results in an almost complete elimination of infant mortality by 2080, and
a modest increase in the number of centenarians as a percentage of the total population.
However, the 1% decline in mortality shows a more realistic projection of infant mortality
by 2080, while predicting an explosion of centenarians, more than 1% of total population
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(491,958) by 20803. On the contrary, the 0.5% mortality decline results in an improvement
in infant mortality such that by 2080, the number of infant deaths are about half as much as
the year 2000 (about 1,500 per year). At the same time, under the 0.5% decline scenario,
the number of centenarians to total population reaches a peak of about 0.35% by 2075.

Figure 5.7: Effect of the different mortality scenarios on the retirement age if the depen-
dency ratio is to remain constant at 0.3 retirees for each worker.

Figure 5.7 shows that, regardless of the mortality scenario being considered, the retire-
ment age will have to be increased in order to maintain the dependency ratio at the 0.3
level. The retirement age reaches its peak around 2055 for all three mortality scenarios.
The age-dependent mortality shows the peak of retirement age to be 77, while for the 1%
mortality decline, this peak is reached at 76. For the base scenario (mortality remains at
year-2000 levels), the retirement age reaches its peak of 73 in 2050.

Observing the results of the mortality simulation, we can conclude that a retirement
age of 65 may not be realistic and needs to be raised, or at least, incentives should be pro-
vided, in the form of higher benefits, to persuade workers to delay retirement . A detailed
discussion about such incentives is provided in Chapter 6.

320,911 or 0.05% of the total population in 2080 will be 110 or older (supercentenarians).
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5.2.3 Effects of changes in fertility rates

One major difference between our investigation and research previously carried out
concerns the fertility of immigrant women. As discussed in Chapter 3, we assume that
first–generation immigrant women maintain the fertility habits of their native countries.
Subsequent generations are assumed to behave like native Italians in this respect4.

The fertility rates of first–generation immigrant women are considerably higher than
those of the native population. The weighted average number of children born to [immi-
grant] woman was calculated to be 2.53 (Appendix A.3). This number was used throughout
our analyses, and was assumed to remain constant, even though the fertility rates of the na-
tive women changed in the different scenarios considered.

The effect of the higher fertility rates of first–generation immigrant women on the com-
position of the population is substantial. This fact was already alluded to in Chapter 3.
Figure 3.4 shows the effect on the age distribution of the population in the year 2080, as-
suming that all population parameters (mortality coefficients and immigration rates, as well
as the fertility rates of native Italian women) have all been kept at their year-2000 levels.
The only parameter that was changed is the fertility of first–generation immigrant women.

The figure shows that if first–generation immigrant women had as many children as
native Italians, the annual number of newborns would have dropped to less than 200,000
by 2080, almost three times less than the current number and less than half the number of
newborns that should be expected at a fertility rate of 2.53 for the immigrant women.

The effects of this difference are cumulative and are therefore largest for newborns.
However, the figure also shows substantial differences for the entire working–age group,
which directly affects the dependency ratio. Figure 5.8 shows that the retirement age
needed to keep the dependency ratio at 0.3 is lower by 2.3 years (in 2080), which is a
direct and exclusive result of this larger fertility. The figure also shows that the effects of
this larger fertility on the dependency ratio are only observed after a few decades, mainly
due to the fact that it takes about 20 years before the newborns enter into the workforce and
thus decrease the dependency ratio.

However, the effects of this larger fertility on the total size of the population are more
immediate. This is illustrated in Figure 5.9, which shows the development of the total
population with time. All variables are kept at year-2000 levels, and the only parameter
that is varied is the fertility of first–generation immigrant women. The larger fertility of

4This implicitly assumes that all children born to immigrant families will be considered native Italians.
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Figure 5.8: The effect of the fertility of immigrant women on the retirement age needed
to keep the dependency ratio constant at a value of 0.3. All other factors involving the
evolution of the populations are kept at Year-2000 levels.

this group makes a difference of 8.5 million people (about 20% of the total population!)
by the year 2080. As we saw in Figure 3.4, this increase in population is concentrated in
the younger age groups. These results therefore show how important and far–reaching the
consequences of our assumptions are, both for the age distribution of the population and
the future of the pension system.

Next, we study the different fertility scenarios for the native Italian women. As before,
the consequences of these scenarios exclusively affect the size of the young population,
and thus the denominator of the dependency ratio. This is in contrast with the mortality
scenarios, which primarily affect the cohorts of the retirees, and thus the numerator of the
dependency ratio.

Figure 5.10c graphically depicts the four different fertility scenarios discussed in Chap-
ter 3 and used for these simulations. Mortality coefficients and immigration rates, as well
as the fertility of first–generation immigrant women (2.53 children per immigrant woman),
are assumed to remain constant at year–2000 levels in these simulations.

Figure 5.10a shows the development of Italy’s total population under these scenarios.
As expected, the higher fertility scenarios (fertility rates of 1.7 and 2.4 children per women)
result in gradually higher populations (compared to the base fertility scenario of 1.24 chil-
dren per woman), while the lower fertility scenario of 1.1 results in a gradual decline of the

96



Figure 5.9: Evolution of the total Italian population in the period 2000-2080. The only fac-
tor considered is the fertility of immigrant women, all other factors involving the evolution
of the population are kept at Year-2000 levels.

population. However, it is noteworthy to point out that, even under the scenario in which
fertility is to gradually increase to above replacement levels of 2.4 children per woman (by
2080), the total population will start to decline in 2010 after a short period of increase.
This decline will continue until 2070 (for the high fertility scenario), at which point the to-
tal population dips to just below 50 million people, and is primarily caused by the relatively
small numbers of childbearing women. In the same manner, following several decades of
higher fertility, which translates into larger numbers of women in their childbearing years,
the total population takes a positive turn and starts to increase after 2070. Panel (b) shows
the total number of newborns as a percentage of total population under each fertility sce-
nario. This fraction is affected both by the changing fertility rates and by the size of the
total population. Interestingly, it increases even for decreasing fertility rates in the latter
half of the century, mainly due to the rapidly declining population.

As stated earlier, when we discussed the effects of the higher fertility for first–generation
immigrant women, changing fertility patterns affected the age distribution of the popula-
tion most in youngest age groups. This is illustrated in figure 5.11, which shows the effect
of a gradually increasing fertility rate (up to 1.7 children per woman in 2050) on the age
distribution in the year 2080. Compared to the scenario in which the fertility rates remain
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Figure 5.10: Effects of different fertility scenarios on the development of the total popula-
tion (a) and of the number of newborns (b). The fertility is given as a function of time in
diagram c. We have assumed that no changes occur iin mortality coefficient and immigra-
tion rates. The fertlity of immigrant women is assumed to remain constant at Year-2000
levels.

at year–2000 levels, the total population is larger by 5.7 million (or 14%, see Table 5.1).
However, the age group of 0 – 20 year olds is larger by 25% in this scenario. Therefore, the
long–term effects of such an increase in fertility are even more important than suggested
by the changes in the size of the total population.

The long–term nature of the effects of changing fertility patterns on the dependency
ratio is also evident from Figure 5.12. This figure shows that any effect of a changing
pattern on the dependency ratio will only appear after the year 2050. There are three reasons
for this:

1. As a direct result of decades of low fertility, preceded by a substantial baby boom,
the dependency ratios will increase substantially, regardless of any changes in fertility
patterns that may occur in the near future.

2. These decades of low fertility will seriously deplete the cohorts of women of child-
bearing age in the next 30 years. Even if these women would turn out to be more
fertile than their mothers, the number of newborns would still tend to remain low.
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Figure 5.11: Effect of a change in fertility patterns on the age distribution of the Italian
population in the year 2080, assuming that no changes occur between now and then in
mortality coefficients and in immigration rates.

Figure 5.12: Effect of the different fertlity scenarios on the retirement age if the dependency
ratio is to remain constant at 0.3 retirees for each worker.
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3. It would take at least one generation before newborns resulting from higher fertilities
entered the work force and thus affected the dependency ratio5.

After 2050, the baby boom generation born between 1945 and 1975 will rapidly disappear.
After that, the effects of changed fertility patterns may significantly change the dependency
ratio. However, in all scenarios considered here, the retirement age will have to be substan-
tially higher than at present if one would want to keep the dependency ratio at 0.3.

Thus, we can conclude that any incentives to increase the fertility rates, although essen-
tial for the overall population growth, would only have significant effects for the pension
system after the year 2050, and could provide a solution for the severe demographic chal-
lenges to the Italian pension system in the coming 40-50 years. Even in the most optimistic
scenario (nr. 2), in which fertility rates would double compared to their present values, the
retirement age would have to be 68 years in 2080, if one would want to keep the depen-
dency ratio at 0.3.

5.2.4 Effects of changes in immigration levels

In the previous subsections, we have seen that changes in mortality coefficients, which
may be reasonably anticipated, will lead to a graying of the population and to a substan-
tial increase in the dependency ratios. Changing fertility patterns, induced by government
incentives or otherwise, will take two generations before significant effects on these depen-
dency ratios may be expected.

In this subsection, we investigate to what extent, changes in immigration policies af-
fect the composition, age distribution, and dependency ratios of the Italian population.
Compared to mortality and fertility, immigration can be much more effectively used as
an instrument to control the evolution of the population. Therefore, immigration policy is
probably one of the most efficient tools in the context of dealing with the pension problems.

Immigration has three important aspects for the issue of the dependency ratios:

1. Since the persons immigrating into Italy are predominantly of working age, they have
a direct impact on the denominator of the dependency ratio. This is in contrast with
fertility, where this impact is delayed by a generation.

2. The fertility of first–generation immigrant women is in practice more than double of
native Italian women.

5It should be mentioned that the dependency ratio assumes 100% participation rate.
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3. Since working age coincides with childbearing age, a relatively large proportion of
immigrant women are of childbearing age, which further proves the importance of
immigration policies.

The latter two aspects lead to a significantly increased effective fertility rate for the popu-
lation as a whole, which is obvious from Figures 3.4, 5.8, and 5.9.

Even though Italy is not a traditionally immigration country6, immigration has, if main-
tained at the modest present levels, a substantial effect on the development of the popula-
tion.

Figure 5.13: Effects of different immigration scenarios on the development of the total pop-
ulation (a) and on the fraction of first-generation immigrants in Italian society (b). The dif-
ferent immigration scenarios are depicted in diagram c. We have assumed that no changes
occur in fertility patterns and in mortality coefficients. The fertlity of immigrant women is
assumed to remain constant at Year-2000 levels.

This may be concluded from Figure 5.13a, which shows the evolution of the Italian
population over the period 2000-2080, for different immigration scenarios. As usual, it is
assumed in these simulations that mortality coefficients and fertility rates remain at their
year–2000 levels, so that the effects of immigration can be studied in isolation.

6Contrary to Great Britain and France, Italy was never a colonial superpower.
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Figure 5.13a shows that, in the total absence of immigration, the Italian population
would decrease to 23.5 million in 2080, and that, even if immigration rates were maintained
at their current modest level throughout this period, in that year (2080), 44 percent of the
population would consist of immigrants or descendents of immigrant women that entered
the country after the year 2000.

The three different immigration scenarios considered in our simulations are graphically
depicted in Figure 5.13c. The fraction of first–generation immigrants (excluding those who
entered Italy before the year 2000) in the total population is shown in Figure 5.13b, for the
period 2000–2080.

Figure 5.13a shows the effects of a gradual increase of the immigration rate on the total
size of the population. The cumulative effects of such an increase are substantial and may
even reverse the decline that would otherwise take place if fertility, mortality coefficients,
and immigration rates remained at year–2000 levels.

What is remarkable is that the scenario in which the target level of 250,000 immigrants
is reached by 2020 will result in a higher and more stable population more quickly7 (by
2010). This, in fact, confirms the findings of Bouvier (1981), Espanshade et al. (1982),
Heer (1986), and Feichtinger and Steinmann (1992) who showed that a continuous annual
flow of a given level of immigration will result in a stationary population, independent of
the rate of reproduction in the country. Of course the level at which the stable population
is reached then depends on the level of the net annual immigration.

The effects of increased immigration rates on the age distribution of the population
are shown in Figure 5.14. Contrary to changes in fertility patterns (which affect the young
cohorts) or in mortality coefficients (which affect the oldest cohorts), increased immigration
rates affect all age groups, although the younger cohorts benefit more than the older ones.
The latter effect is a result of the larger fertility of first-generation immigrant women. The
effects of immigration on the dependency ratio are shown in Figure 5.15, which depicts the
retirement age needed to keep that ratio at a value of 0.3. As we indicated at the beginning
of this subsection, increased immigration rates may indeed reduce this retirement age in the
period before 2050 (contrary to changes in fertility patterns, which take two generations
before the effects on the dependency ratio become apparent). However, it is also clear that
the potential effects on the dependency ratio allowed by realistic changes in the immigration

7By comparison, the immigration scenario in which the target level of 500,000 immigrants is reached by
2080, will result in a higher population only after 2065, and the stable population will appear after 2080,
when the immigration continues at that fixed level.

102



Figure 5.14: Effect of a change in immigration rates on the age distribution of the Italian
population in the year 2080, assuming that no changes occur between now and then in
fertility patterns and in mortality coefficients.

Figure 5.15: Effect of the different immigration scenarios on the retirement age if the
dependency ratio is to remain constant at 0.3 retirees for each worker.
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policy are quite limited8. The different effects of the two immigration policies (the 250,000
by 2020 and the 500,000 by 2080) on the dependency ratio is only evident after 20509. It
is only then that the dependency ratio benefits from higher immigration levels, and falls to
68% by 2080.

Until 2050, such changes could affect the retirement age needed to keep the dependency
ratio at 0.3 by one or two years, but not more.

5.3 Cumulative Variable Effects on the Population

In the preceding subsections, we have investigated the effects of changes in individual
variables on the size and the age distribution of the population, and on the dependency
ratios. However, in practice changes in mortality coefficients, fertility patterns, and im-
migration rates occur simultaneously. In this section, we study some of the cumulative
effects.

As we saw previously, the size of the Italian population would gradually decrease from
its present level of 58 million to 41 million in 2080, if all variables remained at their year–
2000 levels. However, reduced mortality coefficients, and increased fertility and immigra-
tion rates, all have the effect of slowing down this decrease. Therefore, a combination of
these scenarios may even lead to the opposite trend, i.e. a gradual increase in the size of the
population.

This is illustrated in Figure 5.16, which shows the evolution of the total population in
the period 2000 – 2080 in the following scenario:

• Fertility gradually increases to 1.7 children/woman by 2050, constant afterwards;

• Mortality decreases in an age– and gender–dependent way;

• Immigration gradually increases to 250,000/year by 2020, constant afterwards.

In this scenario, the total population will gradually increase, to reach a level of 67 million in
2080. For comparison, the figure also shows the combined effects of the mentioned changes
in mortality and fertility, when immigration remains at its year–2000 level, in which case,
the population remains fairly constant up to ∼ 2040, and decreases slightly afterwards, to

8Given the political climate in Europe today, it is safe to say that even an immigration level of a quarter
of million immigrant per year for Italy seems far-reaching.

9The effect of the latter policy on the dependency ratio is omitted from Figure 5.15.
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Figure 5.16: Cumulative effects of different population development scenarios on the total
population, over the period 2000-2080. Shown is the development of the total population
for a scenario in which fertility patterns, mortality coefficients and immigration rates all
remain at their Year-2000 levels (red), a scenario in which mortality coefficients gradually
decrease, in an age dependent way and the fertility for native Italian women gradually
increases to 1.7 in 2050 (grey), and a scenario in which in addition immigration rates
increase gradually to 250,000/year in 2020 and beyond (green). The fertlity of immigrant
women is assumed to remain constant at Year-2000 levels.

∼ 53 million in 2080. The observed increase in population is thus entirely due to increased
immigration (and the spin-off effect of increased fertility associated with it).

Figure 5.17 illustrates the changing age distribution of the Italian population in this
scenario. The evolution of this age distribution during the period 2000 – 2080 exhibits a
striking similarity with the one shown in Figure 5.1, where all variables remained at their
year–2000 levels (the (0,0,0) scenario). The increase in the total size of the population is
distributed over all age groups. The percentage of newborns in the total population (1.14%
is younger than 1 year) is not very different from the (0,0,0) scenario (1.08%).

However, mainly because of the decreased mortality coefficients, and the increased life

105



Figure 5.17: Changing age distribution over the period 2000-2080 for a scenario in which
mortality coefficients gradually decline, in an age-dependent way, fertility rates gradually
increase to 1.7 children per woman in 2050, and immigration levels increase to 250,000 per
year in 2020 and beyond.

expectancy resulting from that, the fraction of elderly persons is significantly larger in this
scenario. By 2080, 29.2% of the population will be 65 or older, compared to 26.3% for the
(0,0,0) scenario. The effects are even larger at higher ages: 13.4% of the population will
be 80 or older, compared to 8.8% for the (0,0,0) scenario, while centenarians will comprise
0.4% of the population (totally negligible in the (0,0,0) scenario).
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Figure 5.18: Cumulative effect of different population development scenarios on the re-
tirement age if the dependency ratio is to remain constant at 0.3 retirees for each worker.
Shown are the results for a scenario in which fertility patterns, mortality coefficients and
immigration rates all remain at their Year-2000 levels (red), a scenario in which mortality
coefficients gradually decrease, in an age dependent way (blue), a scenario in which in ad-
dition the fertility for native Italian women gradually increases to 1.7 in 2050 (grey), and a
scenario in which in addition immigration rates increase gradually to 250,000/year in 2020
and beyond (green).

Despite the overall increase in the total population, the problems for the pension system
are not at all alleviated in this scenario. This is illustrated in Figure 5.18, which shows
the retirement age that will be needed to keep the dependency ratio at a value of 0.3. This
retirement age is even larger than for the (0,0,0) scenario (Figure 5.1), over the entire period
from 2000 – 2080. The main factor responsible for this is the decrease in the mortality
coefficients. We already observed this phenomenon when the effects of mortality changes
were studied in isolation (see Figure 5.7).

The increased fertility and immigration rates partially counter the effects of the longer
life expectancy on the dependency ratio, but not nearly enough to restore the conditions we
found for scenario (0,0,0). In order to keep the dependency ratio at 0.3, the retirement age
would have to be gradually increased to ∼ 75 years by the year 2055, and it would only
slightly decrease afterwards.
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5.4 Conclusions

Predicting the future is a delicate, and intrinsically uncertain activity. This is especially
true for demographic developments. Who could in 1930 have predicted the present age
distribution of the Italian population (Figure 4.1)? World War II, dramatic improvements
in health care, the introduction of reliable birth control methods, and the massive entry of
females into the work force have all had profound consequences, which are reflected in the
present age distribution. Similarly consequential dramatic shocks may of course well occur
during the next 75 years.

Yet, despite this intrinsic uncertainty, there are some effects that seem quasi–certain,
mainly due to the fact that demographic developments are not only governed by unforeseen
shock effects, but also by a number of boundary conditions. The present age distribution
is one such boundary condition. The highly unusual imbalance between the younger and
older generations will propagate over time, as the population ages, as illustrated in Figure
5.1. Today’s depleted generation of children and young adults will be tomorrow’s work
force. And the aging baby boom generation will, on average, live considerably longer than
their parents. This will inevitably lead to a large increase in the dependency ratio, unless
the retirement age is substantially increased. We are not talking about an increase by one
or two years here, the effects are much larger than that.

We have studied a variety of other scenarios in which the three variables were changed
simultaneously. The effects on the size and the age distribution of the population are as
expected on the basis of the results observed for studies in which mortality, fertility, and
immigration were varied in isolation. The same holds for the effects on the dependency
ratio and on the retirement age needed to keep this ratio at a constant value. In total, we
studied 21 different scenarios. The results of these studies are summarized in Table 5.1.

Table 5.1 summarizes the most important outcomes of the 21 population scenarios we
have studied for this dissertation. These scenarios cover a very wide spectrum of possibili-
ties, some of them quite unlikely. This is reflected in the prediction of the total population
by the year 2080, which varies from as low as 23.5 million (for a scenario in which there is
no immigration at all, fertility rates remain at their year–2000 levels, and the life expectancy
does not further improve) to as high as 72 million (which is achieved for a gradual doubling
of the present fertility rates and a tripling of immigration levels, combined with a continual
decrease of mortality coefficients by 1% /year).

Yet, despite this enormous variety, the scenarios are remarkably unanimous when it
comes to the dependency ratio, especially in the relatively near–term future. Figure 5.19
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Table 5.1: Summary of results from 21 different population development scenarios. The
scenarios are indicated as (f, m, i), where f , m and i denote the chosen scenario for the
development of fertility, mortality and immigration, respectively (see below). Listed are
for each scenario the total population, the number of newborns, the percentages of seniors
over 65 and 80 years, the average age of the population, the dependency ratio (d.r.) for a
retirement age of 65, and the retirement age required for a dependency ratio (d.r.) of 0.3.
All results are given for the target year 2080. The last line shows the average results of all
21 scenarios.

Scenario Population Newborns % > 65 % > 80 Avg age (d.r.)65 Retirement
(f,m,i) (millions) (thousands) of pop d.r. = 0.3

(0,0,0) 41.2 443 26.3 8.8 45.2 0.455 70.7
(1,0,0) 46.9 550 23.7 7.8 43.3 0.401 69.1
(2,0,0) 67.5 675 22.2 7.2 41.8 0.380 68.3
(3,0,0) 39.6 420 27.1 9.2 45.7 0.473 71.2
(0,1,0) 46.1 444 33.2 15.4 49.3 0.631 76.3
(0,2,0) 47.5 446 34.5 16.5 50.0 0.669 77.2
(0,3,0) 43.6 444 29.8 12.0 47.2 0.539 73.5
(0,0,1) 23.5 134 35.1 12.6 51.5 0.638 74.6
(0,0,2) 32.7 192 32.6 11.1 50.7 0.565 73.0
(0,0,3) 54.8 684 23.5 7.7 43.2 0.400 69.0
(0,0,4) 58.6 766 22.2 7.0 42.7 0.369 68.0
(1,1,0) 51.9 553 30.0 13.7 47.1 0.554 74.6
(2,1,0) 55.5 680 28.3 12.8 45.5 0.523 74.0
(2,1,4) 72.0 908 25.5 11.0 44.4 0.449 71.5
(1,1,4) 69.2 837 26.4 11.4 45.2 0.465 72.0
(0,1,3) 60.5 686 29.8 13.5 47.0 0.550 74.5
(0,2,3) 62.2 688 31.0 14.5 47.6 0.583 75.5
(1,2,0) 53.4 557 31.3 14.7 47.8 0.586 75.6
(1,2,3) 67.2 767 29.2 13.4 46.4 0.537 74.3
(3,1,4) 62.8 756 28.5 12.6 46.5 0.515 73.5
(1,1,3) 65.5 762 28.0 12.5 45.8 0.507 73.3

Average 53.4 590 28.5 11.7 46.4 0.514 72.8

The numbering scheme of the scenarios is as follows: A zero (0) indicates that the variable
in question (f, m, i) remains unchanged with respect to the year–2000 level.
f = 1: fertility increases gradually to 1.7 children/woman by 2050, constant afterwards.
f = 2: fertility increases gradually to 2.4 children/woman by 2080.
f = 3: fertility decreases gradually to 1.1 children/woman by 2050, constant afterwards.
m = 1: mortality decreases for all ages by 1% per year.
m = 2: mortality decreases in age- and gender-dependent way.
m = 3: mortality decreases for all ages by 0.5% per year.
i = 1: no immigration at all.
i = 2: same as i = 0, but first–generation fertility rates the same as for Italian women.
i = 3: immigration increases gradually to 250,000/year by 2020, constant afterwards.
i = 4: immigration increases gradually to 500,000/year by 2080.
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Figure 5.19: Summary of the consequences of the evolution of the population for the re-
tirement age. Results of 21 different scenarios discussed in this chapter are used for this
purpose. The histograms show distributions of the retirement age for a dependency ratio of
0.3 for these 21 scenarios, for the years 2030, 2055 and 2080. See text for details.

shows three histograms in which the retirement age required for a dependency ratio of 0.3
is displayed. Each scenario predicts a value for this age and provides one entry in each of
the three histograms. The top histogram concerns the year 2030. The average retirement
age derived from all 21 scenarios is 69.2 years. Remarkably, there is very little spread in
this distribution. the standard deviation is only 0.7 years.

The uncertainty, i.e. the spread in the predicted retirement age, increases of course when
we look further into the future. In the year 2055 (the middle histogram in Figure 5.19), the
dependency ratio has increased so much that the 21 scenarios predict that a retirement age
of 74.5 years will be needed to keep the ratio of retirees and workers at 0.3. The standard
deviation of this distribution around this average has increased from 0.7 in 2030 to 2.0 years
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in 2055. The spread in the prediction increases to 2.7 years in 2080, when the 21 scenarios
predict that a retirement age of 72.9 years will be needed.

Figure 5.20: The effects of different scenarios on the retirement age, if the dependency ratio
is to remain constant at 0.3 retirees for each worker, for the period 2010-2080. The dots
represent the average of 21 different scenarios. The shaded areas represents one standard
deviation.

Figure 5.20 depicts the same findings in a different manner. The dots in this figure rep-
resent retirement age needed to keep the dependency ratio constant at 0.3 retirees for each
worker, as found by averaging the predictions from the 21 scenarios studied here and listed
in Table 5.1. The shaded area represents one standard deviation. This figure summarizes
and illustrates the tremendous problem facing the Italian pension system, particularly in the
period up to the year 2050.

During this period, the retirement age will have to be increased by 9 ± 2 years if the
dependency ratio is to remain constant. The uncertainty of ± 2 reflects the (large) variety
in the assumptions underlying the 21 different simulated scenarios.

This conclusion could only be changed by draconian measures, such as a reintroduction
of child labor, mandatory euthanasia programs, or mass deportations. For obvious reasons,
we have not included such scenarios in our simulations. As we have seen, more benign
policies, targeting an increase in immigration and fertility rates, would only start to have
substantial effects in the second half of the 21st century.
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Given this situation, and the very likely possibility that people would not accept a sub-
stantial extension of their working lives, new pension schemes should be introduced that
can be adapted to dependency ratios that are much higher than today’s value.
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CHAPTER 6
THE FUTURE OF THE PENSION SYSTEM

In this chapter, we investigate the effects of the demographic changes that may be ex-
pected on the pension system. We start by examining the structure of the work force in our
reference year, 2000. After that, we analyze the income and pension structures in that year,
as well as the income development in the period 1998 - 2002. We calculate the effects of
the Dini reform on the pension benefits of the average worker, and study the effects of the
demographic developments discussed in Chapter 5 on the total pension burden. We con-
sider measures that can be adopted by the government to further improve the sustainability
of the pension system by reducing the pension deficit. Finally, we look at the effects of
increased participation on the pension system.

6.1 Labor markets, incomes and retirement in 2000

6.1.1 The work force

We have used data from the Banca d’Italia’s Survey of Household Income and Wealth
(SHIW), described in Appendix A2, to obtain the information about the labor market and
the income structure of the Italian population needed to assess the future of the pension
system. The survey data were analyzed with the STATA package, as described in Chapter
3.2.

Table 6.1 shows an example of data extracted from this survey. The table lists for
every age cohort the number of individuals who are gainfully employed, the percentage of
the cohort they represent, the mean annual income they report, the spread in the income
distribution for that cohort (σrms), and the error on the mean annual income, defined as
σrms/

√
Ne, where Ne denotes the number of individuals employed in that cohort.

The fraction of people in each cohort who are gainfully employed is shown graphically
as a function of age in Figure 6.1. The error bars represent the statistical uncertainty in the
data, and the curve is the result of a fifth-degree polynomial fit:

y(%) = −949.59+124.92x−6.2534x2+0.15715x3−0.0019445x4+0.00000932x5, (6.1)

which gives a very satisfactory description of these these data (normalized χ2 = 36/41).
We can also split these age cohorts into males and females and determine work-,

retirement- and income-patterns separately for the sexes. Table 6.2 lists the percentage
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Table 6.1: Average employment and income of the population, as a function of age, in
2000.

Age Sample Employed Mean net income Spread, σrms Error on mean
(%) (e) (e) (e)

18 266 6.8 6833 2495 588
19 312 14.1 4311 3188 480
20 292 17.8 7481 6150 852

21 292 31.9 7695 3618 375
22 297 37.4 8700 3478 331
23 302 41.1 9116 3893 350
24 322 48.1 9445 4108 330
25 370 51.4 10163 5274 383
26 327 56.6 11035 5603 412
27 276 56.9 10359 4404 351
28 310 61.9 11101 5560 401
29 279 60.9 12729 7536 578
30 315 69.8 12585 5808 392

31 289 65.1 12594 5763 420
32 301 67.1 12740 6745 475
33 305 70.5 14290 8470 577
34 290 67.2 14589 9032 647
35 307 76.2 14117 7616 498
36 331 71.3 14707 10329 672
37 320 72.8 14440 7939 520
38 318 73.9 14343 7893 515
39 328 74.7 14068 5991 383
40 346 75.7 15584 8079 499

41 334 76.7 13515 6917 432
42 323 74.0 14840 7801 505
43 270 71.1 15481 8620 622
44 331 71.3 14296 7262 473
45 325 74.8 15788 8251 529
46 318 72.6 15509 13645 898
47 314 70.1 15337 11423 770
48 352 67.6 16019 9136 592
49 309 71.5 17308 13349 898
50 371 66.0 16410 8949 572

51 326 70.9 16159 9963 656
52 368 56.5 16294 11053 766
53 332 59.0 16515 10717 766
54 345 49.9 15792 8504 648
55 292 47.3 15948 10849 924
56 275 42.2 19898 22412 2081
57 293 39.6 16976 14178 1316
58 315 31.4 15300 8885 893
59 288 24.0 15974 11476 1382
60 294 19.1 16430 15417 2060

61 307 17.6 16747 10464 1424
62 278 13.3 15797 15561 2558
63 267 12.4 16404 10719 1866
64 249 12.8 20315 22615 3997

All 14571 53.6 14093 9253 105
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Figure 6.1: The fraction of people who are gainfully employed, as a function of age. The
curve represents a fit to the data. Data for the year 2000.

of gainfully employed males and females, as well as their annual incomes, for each male
and female age cohort.

A detailed comparison of these data, as shown in Figure 6.2, reveals that on average
about half as many women as men are gainfully employed. Also, women tend to retire
somewhat earlier than men, as illustrated by the bottom diagram of Figure 6.2, which shows
a gradual decrease in the ratio of female and male employees beyond age 50.

The same survey data can also be used to study other trends in the work-, retirement-
and income-patterns of the Italian population. We show two examples in Figures 6.3 and
6.4. The first example concerns a comparison of self-employed people and employees
working in a salaried position. The ratio of the numbers of these individuals is shown in
Figure 6.3, as a function of age. Clearly, the self-employed people start working later in
life, and they also retire at a later age, if at all.

The second example concerns a comparison based on the education level of the em-
ployees. In Figure 6.4, we show the fraction of university-educated employees in the work
force as a function of age. Because of the duration of a university education, this fraction
is essentially zero until age 25. However, after that the fraction remains fairly constant.
Our data do not show any significant difference in retirement patterns based on the level of
education.
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Table 6.2: Average employment and income of males and females, as a function of age, in
2000.

MALES FEMALES
Age Sample Employed Mean income Sample Employed Mean income

(%) (e) (%) (e)

18 138 5.1 7099 ± 973 128 8.6 6192 ± 760
19 174 17.2 4116 ± 610 138 10.1 4702 ± 786
20 153 16.3 9163 ± 1632 139 19.6 5994 ± 577

21 151 33.1 8251 ± 551 141 30.5 7099 ± 493
22 162 42.6 9568 ± 433 135 30.4 7498 ± 460
23 153 49.7 8961 ± 436 149 32.2 9367 ± 587
24 169 55.0 10131 ± 379 153 40.5 8341 ± 579
25 191 56.0 11369 ± 556 179 46.4 8742 ± 467
26 187 59.9 11545 ± 451 140 52.1 10461 ± 749
27 153 65.4 11047 ± 447 123 46.3 9487 ± 556
28 176 70.5 12182 ± 555 134 50.7 9290 ± 450
29 141 80.1 12999 ± 824 138 41.3 12234 ± 601
30 156 80.1 13728 ± 603 159 59.7 11286 ± 429

31 144 79.9 13522 ± 545 145 50.3 11400 ± 639
32 154 80.5 14157 ± 581 147 53.1 10352 ± 743
33 155 83.9 14646 ± 795 150 56.7 13609 ± 782
34 128 83.6 15438 ± 544 162 54.3 13481 ± 1286
35 155 92.9 15809 ± 674 152 59.2 11010 ± 576
36 163 89.6 15951 ± 975 168 53.6 12344 ± 650
37 151 90.7 15943 ± 659 169 56.8 12705 ± 804
38 144 93.8 16305 ± 671 174 57.5 12007 ± 738
39 141 94.3 15061 ± 575 187 59.9 12729 ± 446
40 186 95.7 17099 ± 659 160 54.4 12393 ± 558

41 154 89.0 14505 ± 631 180 66.1 12095 ± 543
42 153 94.8 15628 ± 689 170 55.3 13468 ± 688
43 125 93.6 16965 ± 874 145 51.7 12526 ± 652
44 155 91.0 16208 ± 649 176 54.0 11332 ± 546
45 156 94.9 17623 ± 737 169 56.2 13004 ± 625
46 144 94.4 17639 ± 1457 174 54.6 12796 ± 679
47 145 89.7 16939 ± 1212 169 53.3 13391 ± 753
48 160 90.6 17686 ± 901 192 48.4 13568 ± 505
49 153 87.6 20187 ± 1308 156 55.8 11224 ± 538
50 199 88.4 18014 ± 716 172 40.1 12096 ± 633

51 171 89.5 17503 ± 800 155 50.3 12947 ± 1068
52 181 84.0 17602 ± 990 187 29.9 12862 ± 810
53 166 78.3 18104 ± 965 166 39.8 13164 ± 1146
54 158 69.6 17291 ± 856 187 33.2 13250 ± 887
55 155 61.9 17741 ± 1198 137 30.7 11236 ± 1080
56 130 56.9 20693 ± 2185 145 29.0 18325 ± 4387
57 149 53.7 19464 ± 1859 144 25.0 12045 ± 859
58 165 43.6 16434 ± 1159 150 18.0 12231 ± 843
59 143 35.7 17661 ± 1749 145 12.4 10861 ± 1206
60 142 28.2 18364 ± 2991 152 10.5 13330 ± 1478

61 158 25.9 16891 ± 1681 149 8.7 16064 ± 2596
62 144 22.2 16206 ± 2850 134 3.7 11107 ± 2520
63 127 20.5 17777 ± 2248 140 5.0 10751 ± 1304
64 112 23.2 18284 ± 3735 137 5.1 27938 ± 13299

All 7270 66.8 15501 ± 144 7301 40.4 11794 ± 133
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Figure 6.2: The fraction of females and males who are gainfully employed (top), and the
ratio of these fractions (bottom), as a function of age. Data for the year 2000.

Finally, the data from Table 6.2 also make it possible to determine the average duration
of the working career. On average, the male respondents from this survey are gainfully
employed during a period of 31.4 years, the females 19.0 years. These numbers are simply
obtained by adding the fractions of employed people in each cohort (the numbers from
column 3 in Table 6.2). However, it should be emphasized that the mentioned averages,
obtained in this way, include those who do not pursue a professional career that generates
income.
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Figure 6.3: The ratio of self-employed and salaried individuals, as a function of age. Data
for the year 2000.

6.1.2 Income distributions in 2000

We now turn to the income earned by the employed individuals1. In the following
figures, we show the average annual income for each age cohort. The vertical bars represent
the uncertainty (error) on this average value2. As discussed in Chapter 3, the data have been
fitted to a second-degree polynomial (Equation 3.11):

I(x) = β0 + β1x + β2x
2 + e,

where x represents the age and I(x) the average income for people of that age. An expres-
sion of this type implies that the incomes grow with age (a positive value of β1), but that the
rate of growth gradually slows down and may eventually come to a stop and even reverse
(for a negative value of β2). These phenomena reflect the effects of increasing productivity
early in a typical career, and the fact that the productivity often decreases near retirement.
Another factor that may play a role is the fact that highly paid individuals tend to retire

1For the income and pension analyses, the term “employed individuals” refers to both the salaried em-
ployees and the self-employed.

2This uncertainty is larger if the number of people in the cohort is small and/or the spread in incomes
among the members of that cohort is large.
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Figure 6.4: The ratio of university-educated and other employees, as a function of age.
Data for the year 2000.

earlier than those with a low income3. As a result, the average salary ceases to increase
much above age 50 and may even decline somewhat.

From the parameters β1 and β2, one may also derive the age at which the income reaches
its maximum, since that corresponds to the point where the derivative dI/dx = 0, i.e.

xmax =
−β1

2β2

. (6.2)

Figure 6.5 shows the average annual income for everyone who is gainfully employed, as a
function of age. In total, 14,571 individuals are included in this plot. The solid curve, which
represents the result of the fitting procedure, gives indeed a very reasonable description of
these data. The normalized χ2 of this fit (Equation 3.12) is 108/44. Closer inspection
shows that the χ2 is completely dominated by two data points, which are located more than
3 standard deviations from the fitted curve (the 19-year olds and the 41-year olds). We
checked that there is no reason why these cohorts should be treated separately, i.e. by some
other functional description (see Section 3.2 for a detailed discussion on this point). If we
leave these two data points out, the normalized χ2 becomes 51/42. Thus, we can conclude
that a second-degree polynomial gives a very satisfactory description of the average salary
as a function of age.

3Individuals with a low income will have to work longer to be able to obtain adequate pension upon
retirement.
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Figure 6.5: Average annual income of employed individuals, as a function of age. Data for
the year 2000.

We also used the income data to study systematic differences between the incomes of
different groups of employees. Figure 6.6 shows a comparison between the average annual
incomes of males and females. Both sets of data have been separately fitted to a second-
degree polynomial. Clearly, males earn on average more than females and the difference
increases with age. Also, the decrease of income later in life is more prominent for females
than for males. Based on the coefficients of the regressions (see Table 6.3), female incomes
reach a maximum at age 48, versus 54 for males. We also compared the incomes of self-
employed and salaried workers. The results are shown in Figure 6.7. Not surprisingly, the
incomes of self-employed people are, on average, somewhat higher4. Also, the decrease
of income later in life, which is evident for salaried employees, seems to be absent for
self-employed individuals.

Finally, we compared the income trends for persons with a university education and
those with other types of education. Figure 6.8 shows that when the university graduates
join the workforce, around age 25, the income difference is negligibe. However, the in-
comes of university graduates increase rapidly and reach values that are, on average, about
50% higher than for others.

4In Italy, professionals such as physicians and attorneys are classified as self-employed who contract their
services to their respective organizations.
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Figure 6.6: Average annual income for employed males and females, as a function of age.
Data for the year 2000.

Table 6.3 summarizes the regression results in studying the income distribution in 2000.
For each group of income earners, it lists the parameter estimates, the χ2 of the polynomial
fit to the average income for each age group and the average annual income for members
of this group.

6.1.3 Development of incomes, 1998-2002

The SHIW surveys of 1998, 2000, and 2002 were used to study the development of
average incomes over time.

The results are shown in Figure 6.9. During the 4 years covered by this study, average
incomes rose from e13,409 in 1998 to e15,228 in 2002, an increase of 13.6%, or 3.4% per
year. The error bars in Figure 6.9 indicate the standard deviations on these mean values.
Inflation contributed 9% to these increases. The remaining 4.6% constituted real-wage
growth, which thus amounted to 1.1 - 1.2%/year during that period. Price inflation has
been low since 1998. Before 1998, when the lira was the official currency5 , inflation rates

5Although euro became the official currency of eleven of the member countries of the European Eco-
nomic and Monetary Union (EMU) on January 1, 2002, it was officially introduced into and adopted by
these countries [Austria, Belgium, Germany, Spain, Finland, France, Greece, Ireland, Italy, Luxembourg,
the Netherlands, and Portugal] and the Vatican City, on January 1, 1999, at which point the exchange rates
between euro and the currencies of these eleven countries (and the Vatican City) were fixed and the euro-zone
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Figure 6.7: Average annual income of salaried and self-employed individuals, as a function
of age. Data for the year 2000.

were typically considerably higher. This is illustrated in Table A.6 (Appendix A), which
lists the annual increases in the consumer price index since 1948.

During the period 1998–2002, the participation in the workforce also increased some-
what. Of all 18-64 year olds responding to the 2002 survey, 54.3% indicated to be em-
ployed, vs. 53.6% in 2000 and 52.1% in 1998. These participation rates are derived from
the 1998, 2000, and 2002 SHIW data. However, when we calculate the participation rate,
using the actual age distribution of the population, combined with the participation rates
of the cohorts from the survey, we find a total participation rates that are slightly higher
than what was found from the survey data alone. For example, for the year 2000, we find
a participation rate of 55.4% for the 18-64 year olds, instead of the 53.6% found here. The
explanation for this discrepancy is the fact the actual age distribution of the population is
not exactly the same as the one used in the survey. The difference, however, is negligible.

We also investigated to what extent the income distribution (as a function of age) found
for the Year-2000 is different from the income distributions for the years 1998 and 2002.
Using dummy variables, we performed F-Tests to investigate these differences. The full
and partial models used (respectively) are as follows:

laws became effective.
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Figure 6.8: Average annual income of university-educated and other employees, as a func-
tion of age. Data for the year 2000.

Figure 6.9: Evolution of the average incomes in Italy in the period 1998–2002. Shown are
the incomes in e(left hand scale), as well as normalized to those in the year 1998 (right
hand scale). The contribution of inflation to these results is also shown. The grey area
indicates the real-wage growth.
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Table 6.3: Summary of the regression results for average income distributions in the year
2000. Shown are for each group of income earners the results of a second-degree poly-
nomial regression function(Equation 3.11), i.e. the values of the parameters β0, β1 and β2,
and indicators for the quality of the fit (χ2/df and R-squared). The last column lists the
average income for these groups (age cohorts 18-64). Standard errors on the β paremeters
and incomes are given in parentheses. The significance level of the parameters is indicated
as well.

Group # Obs. β0 β1 β2 χ2/df R-squared Mean income
(e)

All 7825 -4269∗∗ 746∗∗ -6.69∗∗ 51/42 0.0656 14093
(1308) (67) (0.83) (105)

Males 4869 -7051∗∗ 932∗∗ -8.66∗∗ 46/43 0.0719 15501
(1802) (92) (1.12) (144)

Females 2949 -3620∗ 694∗∗ -7.19∗∗ 54/40 0.0515 11794
(1649) (87) (1.10) (132)

Salaried employees 6113 -5840∗∗ 826∗∗ -7.97∗∗ 53/43 0.1007 13408
(1115) (58) (0.73) (89)

Self-employed 1721 -2588NS 704∗∗ -6.07∗ 61/42 0.0271 15713
(4553) (221) (2.56) (331)

University graduates 994 -14957∗ 1259∗∗ -9.58∗ 66/36 0.1099 19694
(7213) (348) (4.05) (407)

Other education 6832 -3237∗∗ 696∗∗ -6.56∗∗ 44/42 0.0603 13322
(1221) (63) (0.79) (101)

∗ Significant at the 5% level, ∗∗ Significant at the 1% level, NS Not significant

The full model:

I(x) = β0 + β1x + β2x
2 + β3d + β4dx + β5dx2 + e. (6.3)

The partial model:
I(x) = β0 + β1x + β2x

2 + β3d + e. (6.4)

Where I(x) is income, x is age, and e is the error term. d takes the values of one or zero, as
follows: For the 1998-2000 test, d = 1 if 2000, otherwise d = 0. For the 2000-2002 test,
d = 1 if 2002, otherwise d = 0. The test hypotheses are:

H0 : β4 = β5 = 0,

Ha : At least one of the coefficients is not equal to zero.

Excluding income values equal to zero or missing, and assuming normally distributed error
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Figure 6.10: Income distribution as a function of age in the years 1998, 2000 and 2002.
Shown is the result of the regression to age and age squared to the SHIW survey data.

terms, the F-Tests (Dielman, 1991) were performed:

F =
(SSER − SSEF ) / (K − L − 1)

SSEF / (n − K − 1)
. (6.5)

If a 5% level of significance is to be used, the decision rule would be to

Reject H0 if F > 3.0,

Accept H0 if F ≤ 3.0.

As we can see in the Table 6.5, in both cases, the null hypotheses cannot be rejected at
5% significance levels6. Accepting the null hypotheses means that the overall shapes of the
income distribution curves are not significantly different, implying that the rate at which
the incomes increase is the same for the years 1998, 2000, and 2002. Further inspection
of the parameter estimate tables allows us to see that the P − values of the d coefficient
(the dummy for the intercept) are significant (for both regressions). Thus, we can conclude
that, although the incomes in the years 2002 and 2000 are different from (greater than) the
years 2000 and 1998, respectively, the age-income profile is not significantly different.

6Incidentally, the null hypotheses cannot be rejected at the 1% or at the 10% significance levels, either.
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Table 6.4: Parameter estimates for the comparison of incomes between the years 1998 and
2000, and between 2000 and 2002, respectively.

1998 - 2000 Full Model
Parameter Coefficient Standard error P-value

Age 0.0724369 0.0047048 0.000
Age2 -0.0007456 0.0000583 0.000
d -0.1302993 0.1261744 0.302
dx 0.0085064 0.0065169 0.192
dx2 -0.0000899 0.0000805 0.264
Constant 7.720956 0.0906689 0.000

1998 - 2000 Reduced Model
Parameter Coefficient Standard error P-value

Age 0.0771171 0.0032431 0.000
Age2 -0.0007904 0.0000399 0.000
d 0.0587722 0.0093187 0.000
Constant 7.666621 0.0632962 0.000

R-squared: 0.0811 Regression Standard Error: 0.5711

2000 - 2002 Full Model
Parameter Coefficient Standard error P-value

Age 0.0809434 0.0046024 0.000
Age2 -0.0008356 0.0000566 0.000
d -0.2100032 0.1264166 0.097
dx 0.0076013 0.0064864 0.241
dx2 -0.0000896 0.0000798 0.262
Constant 7.590657 0.0895547 0.000

2000 - 2002 Reduced Model
Parameter Coefficient Standard error P-value

Age 0.0767692 0.0032547 0.000
Age2 -0.0007913 0.0000402 0.000
d 0.0555669 0.0094611 0.000
Constant 7.626288 0.0631483 0.000

R-squared: 0.0794 Regression Standard Error: 0.5769
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Table 6.5: F-test results for the year effects for the 1998 - 2000 and 2000 - 2002 income
regressions.

Period Model SS Parameters F-value Degr. of freedom

1998 - 2000 Full 4974.21409 5
Reduced 4975.30401 3 1.64 [2, 14946]

2000 - 2002 Full 4936.49316 5
Reduced 4936.96699 3 0.72 [2, 15084]

6.1.4 Pensions in the year 2000

The SHIW surveys also provide information about the pension income of retirees. The
analyses of the survey data for the pensioners closely follow the analyses of the income
distributions. Table 6.6 summarizes the pension data from the Year-2000 survey. The
respondents have been subdivided into age cohorts, for people age 57 and up. Respondents
aged 87 and higher have been grouped together, because of the small number of respondents
in each cohort, and the resulting large fluctuations.

For each cohort, we list the number of respondents, the fraction of these respondents
who report having income from a pension, the average annual pension amount per cohort,
the spread (σrms) around this mean value, and finally the error on this mean value.

Some of the most salient outcomes of this survey are presented graphically in Figures
6.11 and 6.12. Figure 6.11 shows the fraction of pensioners as a function of age. This
fraction increases from about one third at age 57 to 90% or higher for ages above 80. The
curve in this figure represents the results of fit to these data with an expression of the type:

y(%) = α0

[
1− α1e

−α2(x−α3)
]
, (6.6)

which describes an exponential increase towards an asymptotic value (α0). In this expres-
sion, x represents the age of the retiree, and y(%) represents the percentage of retirees in
each age cohort. The best fit was obtained for the following parameter values:

α0 = 94.3, α1 = 0.439, α2 = 0.166, α3 = 59.3,

and gave a normalized χ2 of 34.1/26.
The average annual pension amount received by these pensioners is shown as a function

of age in Figure 6.12. On the right hand scale, these amounts are expressed as a percentage
of the average last salary reported by the respondents in this survey (e16,730/year).

127



Table 6.6: Average fraction of pensioners and pension amounts, as a function of age, in
2000.

Age Sample Pensioners Mean income Spread, σrms Error on mean
(%) (e) (e) (e)

57 293 33.1 11363 6044 614
58 315 43.8 11354 5700 548
59 288 46.2 11831 6961 604
60 294 62.9 10513 5815 428

61 307 64.8 10129 5843 414
62 278 68.4 10699 6872 499
63 267 67.0 9658 5652 422
64 249 69.1 8702 5232 399
65 270 81.1 9699 5859 396
66 234 83.8 8682 6217 444
67 248 83.5 8845 4731 329
68 234 86.8 9377 5139 361
69 234 85.5 8251 4200 297
70 240 87.5 8350 5019 346

71 214 90.7 8660 6742 484
72 207 85.5 8875 5306 399
73 209 88.0 7911 4440 327
74 170 94.1 8120 4926 389
75 208 90.9 8300 3967 289
76 168 90.5 8627 4386 356
77 173 90.2 7808 4529 363
78 155 89.7 7628 3414 290
79 131 95.4 8590 4461 399
80 159 93.7 8512 4402 361

81 72 87.5 8184 3560 449
82 49 98.0 7672 4656 672
83 48 95.8 8102 3544 523
84 48 95.8 7741 4735 698
85 72 94.4 7750 3060 371
86 75 90.7 7682 3765 457
≥ 87 237 96.2 9156 7571 501

These results give rise to the following observations:

• The average pension amount decreases with age, from ∼ e11,000 (about 65% of the
last salary) for early retirees to ∼ e8,000 (under 45% of the last salary) for octoge-
narians. For reasons discussed in Section 6.2.2, we have fitted the experimental data
with an exponentially decreasing function. The result of this procedure is represented
by the curve in Figure 6.12:

y = 21946e−0.012706x.

This curve, which thus corresponds to an annual decrease of 1.27%, gives a reason-
able, albeit not perfect, description of the data. The normalized χ2 is 57.2 for 28
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Figure 6.11: The fraction of pensioners in each age cohort from 57 – 86, in the year 2000.

degrees of freedom.

• Measured as a fraction of the last earned income, the pension amounts are signifi-
cantly less than the 80% that could be accumulated before the Dini reform (which
did not affect these pensioners). We conclude from this that the average pensioner
worked, or rather contributed pension premiums, considerably less than the 40 years
that would yield a pension equivalent to 80% of the last income. At age 65, the nom-
inal retirement age, the average pension equals about 60% of the last earned salary,
which indicates that the average employee has contributed premiums during 30 years,
rather than 40.

The latter observation is consistent with our earlier conclusion, based on the employ-
ment data from Tables 6.2, that the average working career of Italian men (including those
who do not work) spans a period of 31.4 years.

6.2 Pension calculations

6.2.1 Effects of the Dini reform

The Dini reform of 1995 has fundamentally changed the way in which pension benefits
are calculated in Italy. In this section, we make a quantitative estimate of the effects of
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Figure 6.12: The average annual pension amount received by retirees in the year 2000, as
a function of age. The curve represents the result of an exponential fit to these data.

these changes. The age dependence of the average incomes discussed in Section 6.1 makes
such an estimate possible. Two aspects of the Dini reform are of crucial importance in this
context:

1. The pension benefits are calculated on the basis of the entire income history of the
beneficiary, and not on the average income enjoyed during the last few years of
service, as was the case before 1995.

2. The pension benefits become dependent on the age of retirement, i.e. on the expected
number of years during which these benefits will have to be paid. Before 1995, pen-
sion benefits were calculated on the basis of the number of years of service, regardless
of the retirement age.

The age distribution of the incomes, shown in Table 6.1 and Figure 6.5, applies to
the entire Italian population. It represents the income history for an average individual
employee, corrected for the effects of inflation and changes in overall productivity in the
economy. In real life, these effects will determine the actual income development during
the career of the employee (approximately 40 years). However, pension formulas such as
Equation 3.14 are precisely intended to eliminate these effects, thus translating the income
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history into age distribution of income that forms the basis of the pension benefits (Table
6.1).

Figure 6.13: The effects of the Dini reform on the pension system. Shown are for an
average employee who retires after 40 years of service the average annual pension amounts
before and after this reform. After the reform, the amounts depend on the retirement age.
All amounts are based on the income distribution listed in Table 6.1.

For this reason, the income distribution from Table 6.1 can be used to study the effects
of the Dini reform for an average employee. Let us consider, as an example, an employee
who retires after 40 years of service. Since the average income distribution is essentially flat
after age 50, the average income over the last 5 years of service, which formed the basis for
the benefit calculations under the old system, does not depend significantly on the precise
retirement age of this employee. For an average employee, this income was e16,730 in
the year 2000 (± e370, or 2.2%). Under the old system, this employee was entitled to a
pension equal to 40×2% = 80% of that amount, or e13,385/yr. These two amounts are
indicated by the solid and dashed lines in Figure 6.13, where the pension benefits under the
old and new system are compared for this average employee.

Under the new system, introduced by Dini, the annual income that forms the basis for
calculating the pension benefits is averaged over the entire 40-year career of this employee.
Of course, this average income7 is somewhat lower than that averaged over the last 5 years

7In the following, we will use the term reference income for the annual income that forms the basis for
the calculations of the pension benefits.
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of that career. It also depends somewhat on the retirement age of the employee, because
20-year olds tend to earn significantly less than 25-year olds. Therefore, someone who has
completed 40 years of service at the age of 65 has, on average, had a higher income than
someone who completes 40 years of service at the age of 60. This is illustrated by the full
dots in Figure 6.13, which show that the average reference income varies from e13,285/yr
for someone who completes 40 years of service at the age of 57, toe14,962/yr for someone
whose 40 years of service span the 25-64 year age bracket (and who thus retires at 65).

Figure 6.14: The ratio of the pension amounts received by an average employee who retires
after 40 years of service under the old and new rules. This ratio (in %) is given as a function
of the retirement age.

In addition to their lower reference income, early retirees also receive a smaller fraction
of that income as pension. Based on the conversion coefficients listed in Table 3.3 and
the fact that the average income fraction contributed to the pension fund (c in equation
3.14) is 32.7%8, we find that a 60-year old who retires after 40 years of service receives
40×0.05163×33% = 68.1% of the reference income as pension, vs. 40×0.06136×33% =
80.9% for a 65-year old retiree.

As a result, the actual annual pension received by a 60-year old employee retiring after
40 years of service decreases from e13,385 under the old system to e9,460 after the Dini

8Although pension contributions are set at 32.7% of the earnings, for the purpose of calculating the initial
pension amount, the rate 33% is used.
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reform, a decrease of 30%. For the average 65-year old retiree, the annual pension amounts
to e12,118, a 10% decrease with respect to the old system. The average reference income
and the resulting pension amounts are shown as a function of the retirement age in Figure
6.13. Figure 6.14 summarizes the fractional change in pension benefits resulting from the
Dini reform, for an average employee who retires after 40 years of service. Table 6.7

Table 6.7: The effect of the Dini reform on different categories of workers. Listed are
the percentual decreases in the average pension received, for different assumptions on the
retirement age and the number of years of service, as a result of the 1995 pension reforms.

Group Retirement age→ 65 63 61 61 59 59 57

↓ Years of service→ 40 40 40 35 40 35 35

All employees 7.9% 17.0% 24.8% 21.2% 31.7% 28.0% 34.0%
Male employees 6.3% 16.0% 24.4% 20.5% 31.8% 27.7% 34.1%
Female employees 4.0% 7.3% 17.0% 13.7% 25.2% 21.7% 28.8%
University-educated employees 19.7% 27.9% 35.1% 30.1% 41.5% 36.5% 42.2%
Employees with other education 4.4% 14.0% 22.1% 18.7% 29.3% 25.8% 32.1%

lists the effects of the pension reform for different categories of workers, and different
assumptions concerning the retirement age and the number of years of service.

These data illustrate the importance of the Dini reform as a tool for keeping the costs
of the pension system under control. An essential aspect of this tool are the β coefficients
(Table 3.3). These coefficients are at the present time defined such as to make the costs of
early retirement neutral to the system9. This is illustrated in Figure 6.15.

Early retirement, i.e. before age 65, will allow the retiree to collect pension benefits for
a longer period of time. For example, in the year 2000, the (remaining) life expectancy of a
60-year old male was 20.4 years (see Table A.1), vs. 16.5 years for a 65-year old, a differ-
ence of 3.9 years (24%). The smaller value of the β coefficient (and thus the annual pension
amount received) compensates for that difference10. The β coefficients and the remaining
life expectancy are shown as a function of the retirement age in Figures 6.15a and 6.15b,
respectively. The product of these two factors is plotted in Figure 6.15c. If the product of

9In the United States, actuarial fairness indicates the additional pension amount a retiree will receive
(upon retirement), by foregoing retirement (until maximum age of 70). However, the retirement system in
Italy does not follow such a system, as the level of pension [as a percentage of the last income calculated]
will not change past the age of 65. Only the reference income will change.

10The conversion coefficients compensate a difference of 19%, somewhat short of the 24% needed for
actuarial fairness.

133



Figure 6.15: The β coefficient (a), the (remaining) life expectancy for males (b), and the
product of these two (c), as a function of the retirement age.

the β coefficients and life expectancies remain constant, i.e. independent of the retirement
age, then the total integrated amount of pension benefits paid to the retiree is independent of
the retirement age. The data shown in Figure 6.15c indicate that this is almost exactly true.
In fact, the total amount is slightly higher for the early retirees. This small effect, about 1%
per year, presumably compensates the early retiree for increases in economic productivity
(real earnings growth) that would have occurred if s(he) had postponed retirement to the
age of 65. Given the tight relationship between the β coefficients and the remaining life
expectancy at the moment of retirement, it would be possible (using the data from Table
A.1) to calculate the values of the coefficients that would have to be applied for income
earned, beyond the official retirement age of 65. The results of this calculation are shown
in Table 6.8. In calculating the β coefficients, we have assumed that the trend observed in
the product of β and remaining life expectancy for early retirees will also apply to persons
retiring after age 65. This product thus continues to decrease by 0.8% per year and is 5.5%
less for people who retire at age 72 than for 65-year retirees.
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Table 6.8: The β-coefficients currently applied to early retirees (left) and β-coefficients
calculated in the same spirit for persons choosing to retire after age 65 (right).

Age β coefficient Age β coefficient

57 0.04720 65 0.06136
58 0.04860 66 0.06358
59 0.05006 67 0.06598
60 0.05163 68 0.06856
61 0.05334 69 0.07133
62 0.05514 70 0.07431
63 0.05706 71 0.07752
64 0.05911 72 0.08099

Allowing retirement past the age of 65 would allow the retirees to receive a pension that
is, in actuality, higher than their reference income. However, if they continued to contribute
premiums to the PAYG system, this would in itself not be unreasonable, given their reduced
remaining life expectancy and extended contribution period.

The β coefficients could also be used to provide incentives to employees to postpone
retirement, which could have a positive effect on the balance of the PAYG system. This
issue will be discussed in further detail in Section 6.3.

The reforms of 1995 will take effect gradually. The new system will only apply in full
for employees who started to work in 1996. For employees who started their career before
1977, the new system will have no effect. If we assume that everyone retires at age 65 after
40 years of work, then the effects of the Dini reforms will start to affect the pension burden
for society in 2017 and will be fully implemented in 2035.

Under these assumptions, the average pension will follow the trend indicated by the
full dots in Figure 6.16. Over a period of 18 years, the average pension will decrease by ∼
10%. Of course, because of the variety of the retirement pattern, the actual transition will
not be as abrupt as indicated by these dots, but follow a more gradual decrease, starting
earlier than 2017 because many people work fewer than 40 years. It may follow the line
indicated in Figure 6.16 or another pattern somewhere in the shaded area. Ultimately, the
result shows that the average cost per retiree will have been lowered by ∼ 10%.
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Figure 6.16: The evolution of the average pension amount in the next decades, as a result
of the 1995 Dini reform. See text for details

6.2.2 Effects of real-wage growth

The effects of real wage growth alluded to in the previous subsection also play an
important role for the sustainability of a Pay-As-You-Go pension system. The fact that
pension benefits are based on the past earnings history means that any increase in real
earnings translates into a larger number of retirees that can be supported by the premiums
withheld.

Such effects are illustrated in Figure 6.17, which shows the average income of pension-
ers as a function of age, i.e. as a function of the length of retirement. Two scenarios are
assumed, namely annual increases of 1% and 1.5%, respectively. We would like to recall
that the income data from Table 6.6, which were derived from the SHIW survey for the pen-
sioners of the Year 2000, are indeed well described by an exponential curve, corresponding
to a decline of 1.27% per year (Figure 6.12).

Another way to interpret the effects of real-wage growth and of the Dini reform is that
the premiums collected during the working career of the income earner will support that
income earner for a longer period of time after retirement. We calculated this effect for an
average income earner11. The retirement age and the number of years of service are only
important to the extend that they affect the relationship between the last income and the

11We make the same assumptions as previously (retire at age 65 after 40 years of service).
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Figure 6.17: Effects of real-wage growth on the pension income distribution of retirees.
Shown are the effects of annual increases of 1% and 1.5%, respectively.

career-averaged income, i.e. the effect of the Dini reform (see figure 6.14).
The results of this calculation are shown in Figure 6.18. In Figure 6.18a, the number

of years the retiree can be supported from the premiums collected during his/her working
career is plotted versus the level of these premiums. We compare the pension benefits the
retiree would receive after the Dini reform with those (s)he would be entitled to under the
old system. In both cases, a real-wage growth of 1%/year is assumed. In Figure 6.18b,
the effect of differences in real-wage growth is shown (1%/year vs. 1.5%/year), for the
post-Dini pension system.

This figure allows the following conclusions:

1. The Dini reform “buys” about 2 years. As a result of the modifications in the way
benefits are being calculated, an average employee can be supported for 20.0 years
after retirement, compared to 17.8 years under the old system.

2. The effect of real-wage growth is cumulative. Therefore, it becomes gradually more
important as the retirement period lasts longer. The difference between annual growth
rates of 1% and 1.5% is about 1 year on a retirement duration of 20 years.

3. The current premium level of 32.7% is adequate to support an average employee for
20 years after retirement, in the post-Dini era.
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Figure 6.18: The number of years a retiree can be supported with funds collected as pension
premiums, as a function of the level of the pension premiums (currently 32.7%). Shown
are the effects on this of the Dini reform (a) and the effect of growth in real wages that
occurs after the employee retires (b). These results assume a retirement age of 65.

4. This period (20 years) is not very different from the current remaining life expectancy
for retiring 65-year olds (16.5 years for males, 20.5 years for females).

It should be emphasized that these calculations do not concern the sustainability of the
Pay-As-You-Go system. What we have calculated here is the adequacy of the premiums
paid by one (average) employee over his/her working life for the support of this employee
during his/her retirement. The graphs seem to indicate that the current premium level is
adequate, given the current life expectancy. They also illustrate how much this premium
level (contribution rate) will have to be raised, should the life expectancy increase, given the
growth rate. For example, at an average annual real-wage growth rate of 1%, the premium
level would have to be raised to 40% if the life expectancy increased by 5 years.

However, in the Pay-As-You-Go system, there is an additional factor that threatens the
sustainability of the pension system: The low fertility rates. If the age structure of the pop-
ulation was stable, the problems of longer life expectancies could be dealt with by relatively
minor and gradual modifications à la Dini. The distortions of this age structure, which have
been discussed in detail in Chapter 5, form the real problem. In the next subsections, we
will attempt to assess this problem.
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6.2.3 Model calculations

We have developed a computer program, called EURACLE (see Appendix B2) to cal-
culate the effects of demographic changes on the balance of the PAYG pension system.
Input to this program is the age distribution that follows from a chosen population develop-
ment scenario, as discussed in detail in Chapter 5. The program allows the user to choose a
number of different scenarios to calculate the pension reference income. A number of pa-
rameters, including the retirement age, the level of the pension premiums, and the average
annnual growth of real wages, can also be varied at will.

Some important input information was derived from the SHIW survey data:

1. The participation distribution. We used Equation 6.1 to determine the fraction of
income earners for each age cohort. Combined with the actual number of people in
this cohort, this gives the age distribution of the income earners.

2. The average income for each age cohort was calculated with Equation 3.11, using
the parameter values from Table 6.3.

3. The fraction of pensioners in each age cohort was calculated with Equation 6.6. Com-
bined with the actual number in each cohort, this gives the age distribution of the
pensioners. The average pension amounts for each cohort depend on the details of
the simulated pension scheme (3.2.2).

The program calculates the balance of the PAYG system. Given the conditions specified
in the input, and the age distribution of the population in the target year, it calculates the
total amount of premiums collected, and the total amount of pensions disbursed.

We started by testing this program for our reference year, 2000. In that case, the number
of assumptions is minimal, since the numbers of income earners and pensioners, as well as
the amounts they contributed to/collected from the pension system are in principle known.
We found that the premiums paid in that year totalled e107 billion, while e111 billion was
paid out to the pensioners12. This balance between income and disbursements corroborates
our findings in the previous subsection, where we concluded that the current premium level
is adequate to support an average employee for about 20 years, which is close to the actual
remaining life expectancy of the average retiree.

12The amounts mentioned here are based on the net earnings reported by the SHIW respondents. In reality,
these amounts are probably ∼ 30% higher, but their ratio is not affected (see Section 3.2.4).
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It should be emphasized that the EURACLE program is quite differently structured than
the program (POPEVOLVE) we developed to study the evolution of the population. In the
latter program, each cohort was followed from year to year, modifying it for the effects of
death and immigration, and collecting its offspring. In EURACLE, we apply a set of rules
defining the pension system (a “pension scenario”) to the population in a target year. We
can change the rules and study the effects on that target population, as if these changed rules
had applied forever. Since any change in the rules will take time to be fully implemented,
the differences observed will, in practice, only manifest themselves gradually. Even though
our approach does not make it easy to predict the precise balance of the PAYG system at
any given point in the future, it has the clear advantage of illustrating the total effect that
eventually, i.e. on a time scale of a few decades, may be expected from modifications in
the existing system.

As an example, we compare here the results from two scenarios. Scenario 1 represents
the pension system as it was before 1995. The pension reference income is based on the
average income during the last 10 years of service, and for each year of service, pension
benefits equalling 2% of this reference income are being built up. The pension is indepen-
dent of the retirement age. The effects of real-wage growth show up as a gradual pension
decrease in the years after retirement, reflecting the fact that no compensation is received
for (real-wage) increases enjoyed by the income earners.

Scenario 2 assumes full implimentation of the Dini reforms of 1995, for all current and
future retirees. The pension reference income is based on the entire income history of the
retiree, and the starting pension depends, apart from the number of years of service, also
on the retirement age (Equation 3.14). The β coefficients from table 3.3 are applied.

The results of these two different scenarios are displayed in Figure 6.19. The figure
shows the balance of the pension system, i.e. the relative difference between pension dis-
bursements and premium income (contributions), as a percentage of the latter, for the pe-
riod from 2005 to 2080. For both scenarios, we have considered two growth hypotheses:
1%/year and 1.5%/year.

Initially, the system is well balanced, as we saw above. If scenario 2 had been ap-
plied to all of today’s retirees, there would even have been a surplus of about 10 - 13%,
depending on the growth hypothesis. However, as the effects of an aging population and
low fertility rates start to affect the dependency ratio, the budget deficit increases rapidly,
for all scenarios shown in Figure 6.19. Especially in the period 2025 - 2045, this pension
deficit grows very fast. Even in the most optimistic scenario displayed in Figure 6.19 (Dini
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Figure 6.19: Deficits in the PAYG system. Shown is the relative difference between pen-
sion disbursements and premium income (as a percentage of total premium income), for the
period 2005-2080, for pension systems as applied before and after the Dini reform. Mor-
tality, fertility and immigration are assumed to remain at their Year-2000 levels. The only
parameter that is changed in the simulations that led to these results is the annual growth
rate in real wages.

+ 1.5% growth/year), the budget deficit increases from 10% to 50% in this period. This
means that by 2045, 50% more money would be spent on pension disbursements than the
total collected sum of all contributions collected. Discounted back in current-value euros,
the deficit would be approximately e60-70 billion, which would have to be financed from
other sources.

Figure 6.19 illustrates the substantial effect of the Dini reforms on the balance of the
pension system. However, it will take about two decades before these reforms are com-
pletely implemented and, therefore, any improvement of the pension balance will be a very
gradual process. We have simulated this process in pension scenario 3. In this scenario, the
retirees are subdivided into three groups:

1. Group A are retirees who started to work before 1977, and are thus not subject to the
Dini reforms.

2. Group B are retirees who started to work after 1995, and the Dini reforms apply in
full to them.
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3. Group C are retirees who started to work between 1977 and 1995, and the Dini
reforms apply to the portion of their career that took place after 1995.

For example, if the target year of the simulations is 2040, then retirees of 88 years and
older fall in group A, the retirees of 70 years and younger fall in group B, and the 71-87
year-olds in group C. If the target year is 2020, then retirees of 68 years and older are still
subject to the old pension rules (group A), while the retirees of ages 57-67 fall in group C.
The results of these simulations are displayed in Figure 6.20, which shows the development

Figure 6.20: Deficit of the PAYG system, calculated with scenario 3, in which the gradual
implementation of the Dini reforms is modeled. Mortality, fertility and immigration are
assumed to remain at their Year-2000 levels. The real-wage growth rate is assumed to be
1.5% per year.

of the budget deficit for scenarios 1, 2 and 3 for the period 2010 - 2050, during which the
effects of the Dini reforms will become visible. The figure shows that the budget deficit
in scenario 3 (the pro-rata scheme) rises less steeply than in either of the other scenarios.
Nevertheless, it reaches a level of -56% in 2040, after which the situation slowly improves.

In Figure 6.21, the pension expenditures in scenario 3 (which models the gradual imple-
mentation of the Dini reforms) are expressed as a fraction of the Gross Domestic Product.
As discussed in Chapter 3.2.4, we have assumed that the total pensionable income of the
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Figure 6.21: Total pension expenditures as a fraction of GDP, according to scenario 3, in
which the gradual implementation of the Dini reforms is modeled. Mortality, fertility and
immigration are all assumed to remain at their Year-2000 levels. The real-wage growth rate
is assumed to be either 1.0% or 1.5% per year.

Italian population represents 40% of the GDP for these calculations. The figure compares
results for two different assumptions concerning the average growth rate: 1.0% and 1.5%.
The results are not very different. They are, however, dominated by the shock wave effects
of the demographic transitions around the middle of this century. In both cases, the pension
expenditures rise above 20% of the GDP.

In fact, all calculations mentioned above are still overly optimistic, since it is assumed
that fertility rates and mortality coefficients remain at Year-2000 levels. As we argued in
previous chapters, it is especially very likely that the mortality coefficients will continue to
decrease in this century. Figure 6.22a shows the effect of decreasing mortality coefficients
on the deficit of the PAYG system. The mortality coefficients were assumed to decrease
by 1% per year in these simulations, while fertility rates and immigration were kept at
Year-2000 levels (population scenario 0,1,0). Figure 6.22b shows that the total pension
expenditures remain well above 20% of GDP after 2040 in this scenario.

We have repeated these calculations for all 21 different population development scenar-
ios discussed in Chapter 5 (Table 5.1). For each scenario, the budget deficit in the years
2020, 2030, 2040, 2050, 2060, 2070 and 2080 is listed in Table 6.9. The last line in this ta-
ble contains the average deficit predicted in these 21 scenarios, together with an uncertainty
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Figure 6.22: The effect of decreasing mortality coefficients on the deficit of the PAYG
system (a) and on the total pension expenditures measured as a percentage of GDP (b).
The mortality coefficients were assumed to decrease by 1% per year. Fertility rates and
immigration were assumed to remain constant at Year-2000 levels.

determined by the spread in these 21 values (σrms).
Figure 6.23 shows histograms of the distribution of the predicted deficits in these 21

different scenarios, for the years 2030 and 2040, respectively. All 21 scenarios predict very
severe budget deficits in this period. These deficits are expressed in terms of a fraction
of the GDP in Figure 6.24. As before, this calculation assumes that the total pensionable
income represents 40% of the Gross Domestic Product. The error bars indicate the standard
deviation of the distribution of the results from the 21 different scenarios for each year. As
one should expect, error bars increase with time, since the predictions from the different
scenarios tend to diverge as one extrapolates into the future.

However, it is remarkable that all scenarios predict severe deficits for the period 2030-
2040, when the error bars are still reasonably small: 18.7±0.8% in 2030, 21.2±1.2% in
2040. The results are commensurate with our findings from the population simulations,
which indicated the agreement of the different scenarios on the drastic increases in the
dependency ratios that should be expected around that time (Figure 5.20).
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Table 6.9: Summary of results from 21 different population development scenarios. The
scenarios are the same as those used in Table 5.1. Listed is for each scenario the predicted
budget deficit of the pension system, as a percentage of the total amount of premiums
collected. A real-wage growth rate of 1.5%/year was assumed for these calculations, which
are all based on pension scenario 3.

Year → 2010 2020 2030 2040 2050 2060 2070 2080
Scenario (f,m,i) (%) (%) (%) (%) (%) (%) (%) (%)

(0,0,0) -5.8 -16.6 -38.9 -55.9 -50.3 -42.8 -37.2 -28.1
(1,0,0) -5.8 -16.6 -38.5 -53.6 -44.7 -32.8 -24.3 -15.1
(2,0,0) -5.8 -16.6 -38.4 -52.9 -42.8 -29.6 -20.1 -10.5
(3,0,0) -5.8 -16.6 -39.1 -56.7 -52.4 -46.6 -42.1 -32.6
(0,1,0) -7.2 -21.2 -48.6 -72.6 -74.6 -73.5 -71.2 -64.1
(0,2,0) -7.8 -23.2 -52.7 -79.3 -83.4 -83.3 -80.4 -72.9
(0,3,0) -6.5 -18.9 -43.8 -64.3 -62.5 -58.0 -53.9 -45.9
(0,0,1) -9.4 -24.5 -52.1 -73.1 -69.0 -68.4 -73.5 -71.1
(0,0,2) -5.8 -16.6 -39.1 -57.6 -55.4 -53.7 -55.5 -52.4
(0,0,3) -5.2 -13.4 -30.8 -43.4 -38.2 -31.4 -24.7 -14.8
(0,0,4) -5.5 -15.1 -34.4 -46.7 -37.3 -26.0 -16.5 -5.4
(1,1,0) -7.2 -21.2 -48.2 -70.1 -68.0 -61.4 -54.8 -46.6
(2,1,0) -7.2 -21.2 -48.1 -69.3 -65.9 -57.5 -49.5 -40.4
(2,1,4) -6.8 -19.6 -43.3 -59.4 -52.1 -40.6 -30.4 -20.9
(1,1,4) -6.8 -19.6 -43.4 -60.1 -53.7 -43.4 -33.8 -24.2
(0,1,3) -6.5 -17.9 -39.8 -58.6 -59.7 -58.3 -54.1 -45.7
(0,2,3) -7.1 -19.9 -43.7 -64.6 -67.5 -66.9 -62.2 -53.4
(1,2,0) -7.8 -23.2 -52.3 -76.7 -76.5 -70.5 -63.0 -54.2
(1,2,3) -7.1 -19.9 -43.3 -62.5 -62.2 -57.5 -50.6 -42.6
(3,1,4) -6.8 -19.6 -43.9 -63.1 -60.9 -55.3 -47.3 -35.5
(1,1,3) -6.5 -17.9 -39.5 -56.6 -54.6 -49.3 -43.2 -35.6

Average -6.7 -19.0 -42.9 -61.8 -58.7 -52.7 -47.1 -38.7
Spread (σrms) 1.0 2.8 5.8 9.4 12.4 15.5 17.9 19.3

6.3 Sustainability

As we saw in the previous section, the Dini reforms clearly have a positive effect on
the balance of the PAYG system. However, they fall far short of restoring sustainability,
especially for the critical period 2030 - 2050 when the demographic shocks will have their
largest effects. In this section, we discuss a number of measures that could be taken to
improve the balance. We estimate the effects of these measures in the same way as we esti-
mated the effects of the Dini reforms in the previous section, i.e. we calculated the balance
of the PAYG system as if the measure to be evaluated had been in place forever for every-
one that would be affected by it. However, it should be emphasized that any modification in
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Figure 6.23: Deficit in the Dini PAYG system (pension scenario 3) in the years 2030 (top)
and 2040 (bottom). The histogram shows the distribution of the predicted deficits for the
21 different population development scenarios from Table 6.9. The real-wage growth rate
is assumed to be 1.5% per year in all cases.

the system takes typically several decades before its effects are fully observed. Therefore,
it is not at all too early to contemplate solutions for the problems that can be foreseen for
the 2030 - 2050 time frame.

The measures discussed in the following can be subdivided into two classes:

1. They increase the revenues (contributions) of the pension system, or

2. They decrease the expenditures (benefits) disbursed by the system.

Of course, some measures are designed to achieve both goals. Crucial for all aspects of the
long-term sustainability are the β coefficients introduced in 1995. Therefore, we start by
examining these coefficients.
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Figure 6.24: Total pension expenditures as a fraction of GDP. Shown are the average results
of the 21 scenarios listed in Table 6.9. The error bars represent the dispersion (σrms) among
these different scenarios. Real wages were assumed to grow at a rate of 1.5% per year
during the period covered by these simulations.

6.3.1 The β coefficients

As discussed in Section 6.2.1, the β coefficients were introduced to reflect (offset) the
longer life expectancy of early retirees. We showed that the coefficients, as established,
are [in good approximation] inversely proportional to the remaining life expectancy of the
retiree (Figure 6.15). Therefore, the average cost to the pension system should not depend
on the retirement age, and thus on the duration of the period that pension is being paid.

In the same spirit, β coefficients should be adjusted for overall changes in life ex-
pectancy. In the various scenarios we considered in Chapter 5, we observed that the average
life expectancy increases, in some cases quite considerably (see Figure 5.4). For example,
in a scenario where mortality coefficients continue to decrease by 1% per year, the remain-
ing life expectancy of 65-year old males increases from 16.5 years in 2000 to 23.2 years in
2080, almost one year per decade. To account for this effect, all β coefficients would have
to be lowered, so that the total cost per retiree remains the same. In first approximation,
this would have to be done in such a way that the product of β and the (changing) life
expectancy remains constant. Second-order corrections for changes in real-wage growth
could be applied to improve actuarial fairness.
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Figure 6.25: Relative change in the β parameters that are applied to calculate the reference
pension income, as a function of a change in the life expectancy, for 65-year old males.
The insert shows how the absolute β-value for this group changes. Results are shown for
scenarios in which the real-wage growth amounts to 1%/year and 1.5%/year, respectively.

The effects of such changes on the β coefficients are illustrated in Figure 6.25. The
figure shows, for example, that the β coefficient for 65-year old males would have to be
reduced to 80% of its current value when the life expectancy has increased by 4.5 years. In
the mentioned mortality scenario, this situation would be achieved around 2055.

We have examined the effects of such gradual changes in the β coefficients for the
balance of the PAYG system. Pension scenario 4 allows for such changes to occur. We
assumed a scenario in which the mortality coefficients decrease by 1% per year. This leads
to an increase in the life expectancy of about 0.8 year per decade. Therefore, in 2010
β coefficients for 65-year olds would have to be decreased by 0.8/16.5 =4.8%, in 2020 by
0.8/17.3 = 4.6%, etc. By 2055, the β coefficients would be at 80% of their Year-2000 values
in this scheme13.

The starting pension of a new retiree is directly proportional to the value of the β co-
efficient for his/her age group. Therefore, the proposed modifications would improve the
balance of the pension system. However, as with all modifications, the savings obtained in
this way are only gradually realized. In 2055, the 20% reduction in starting pensions (com-

13Assuming other factors, including discount rate and the growth rate of the economy, remain unchanged.
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pared to Year-2000 levels) would only apply to new retirees. Pensioners who, in 2055, have
been retired for 10 years (since 2045) will have a pension that is about 16% less than the
Year-2000 level. For pensioners who have been retired since 2035 (20 years), the reduction
is about 12%, etc.

Figure 6.26: Deficit of the PAYG system, calculated with scenarios 3 and 4. In these
scenarios, the gradual implementation of the Dini reforms is modeled. In scenario 4, the
β coefficients are gradually reduced to compensate for the increased life expectancy of the
pensioners. Fertility and immigration are assumed to remain at their Year-2000 levels. The
mortality coefficients are assumed to decrease by 1% per year. The real-wage growth rate
is assumed to be 1.5% per year.

Figure 6.26 shows the improvement in the budget deficit that may be expected from
the implementation of such a system, for pension scenarios 3 and 4 (section 3.2.5), for
the period 2000 - 2080. The mortality coefficients were assumed to decrease by 1% per
year. By gradually adapting the β coefficients to the changing life expectancy, long-term
sustainability can be achieved. The figure shows that by 2080 the annual deficit has been
reduced to less than 20%, while if no changes had been made, pension disbursements would
exceed contributions by more than 60%.
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6.3.2 Increasing the retirement age

As discussed in chapter 1, most pension systems were designed in a time when the life
expectancy was considerably shorter than it is today. The increased life expectancy neces-
sitates fundamental changes in these systems. The discussion about β coefficients, and thus
about pension levels, in the previous subsection, outlined a possible way of implementing
such changes. Another way to achieve the same result is to increase the retirement age.

By increasing the retirement age, the dependency ratio is affected both in the numerator
and in the denominator. More people contribute to the pension system and fewer people
are supported by it. However, the effect of the increased contributions is less clear than that
of the reduction in the number of pensioners. The participation data from the Year 2000
(Figure 6.1) show a substantial decrease in the participation rate above the age of 50. By
age 64, only 1/8 of the population contributes to the pension system. It is unclear how that
would change if the retirement age were increased, say to 68.

We have modeled the effects of an increase in the retirement age to 68, assuming that
the average period during which workers contribute to the pension system increases by
1, 2 or 3 years, or not at all. Of course, both the collected premiums, and the level of
the pensions, depend on this parameter choice, since the number of years during which
contributions are paid enters into the formula. We have assumed that the average reference
income is not affected by these modifications. However, the β coefficients are applied to
ages that are 3 years larger14. For example, the coefficient β65 = 0.06136 now applies to
68-year olds, β64 = 0.05911 to 67-year olds, etc. This is pension scenario 5.

In Figure 6.27, we visualize the effects of such changes on the balance of the pension
system. The budget deficit is compared to that of scenario 215. As in that scenario, we
assume that all retirees at all times have been subject to the official retirement age (68
in this case) and the associated β coefficients. This comparison thus makes it possible to
assess the eventual effect of such a change in the retirement age, which in practice of course
would be introduced over time, with the associated gradual transition effects.

The figure includes the results of two different variants on this scenario. In one variant,
people do not pay any pension premium on income received after their 65th birthday. In that
case, increasing the retirement age does not lead to more revenue for the system. However,
the pension expenditure will, of course, decrease since retirees will start receiving pension
three years later. In the second variant, we have assumed that everyone works three years

14This demonstrates a straightforward cut in benefits.
15See section 6.2.3.

150



Figure 6.27: Deficit of the PAYG system when the retirement age is increased to 68. Shown
are the results for a scenario in which no pensium premiums are paid beyond age 64, and for
a scenario in which people work on average 3 years longer and pay full pension premiums.
For comparison, the deficit in the “standard” Dini scenario (# 2) is shown as well. The
mortality coefficients are assumed to decrease by 1% per year. The real-wage growth rate
is assumed to be 1.5% per year.

longer and pays the full pension premium over that revenue. In that case, the revenue of
the pension system does increase, and so does the pension expenditure, since the average
number of years people have worked, and contributed to the pension system, has increased
in this case.

The demographic scenario considered in these simulations assumes that the mortality
coefficients would decrease by 1% per year in these simulations. Contrary to Figure 6.19,
which is based on the assumption of constant Year-2000 conditions, the declining mortality
is the reason why the budget deficit does not return to more manageable levels beyond 2050,
when the worst effects of the distortion of the age distribution are over. The gradually
increasing life expectancy is responsible for the additional shortfall predicted in this case.

Figure 6.27 shows that the effect of increasing the retirement age from 65 to 68 on the
balance of the PAYG system, although significant, is by far insufficient to regain sustain-
ability. By demanding people to extend their working lives by (an average of) 10%, the
deficit is, in this scenario, in 2040 reduced from 62% to 47% of the total premiums paid,
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which is an improvement of 12 billion euros per year (discounted back to today’s currency
value).

Although the effects of an increase of the retirement age on the balance of the PAYG
system are very similar to those of a system of gradual reductions in the β coefficients,
there are some important differences. In the system discussed in Section 6.3.1, new 65-
year old retirees will see their starting pension, measured as a percentage of the last salary,
gradually decrease (see figure 6.25). In the example discussed in that section (6.3.1), in
which β65 is lowered from 0.06136 in 2000 to 0.04909 in 2055, the starting pension for
someone who has contributed 40 years to the pension system decreases from 72% to 58%
of the last salary. People who would like to retire with a higher pension, have the option to
work past the age of 65. In doing so, they increase the number of years of service on which
their pension is based, as well as the total contributions made towards their pension, since
they will continue to pay social security taxes. However, in the present Dini system, the β

coefficient remains unchanged for such individuals, who also do not make any contributions
towards their pension after age 65.

The difference between the two systems discussed above can be summarized as follows:

By increasing the retirement age, the fraction of pensioners is reduced, but pensions
remain the same or increase, depending on whether premiums are levied over the income
earned beyond age 65. By gradually adapting the β coefficients to the changing life ex-
pectancy, the fraction of pensioners increases, but each of them receives a lower pension.16

Since both systems, if imposed by the government, might encounter substantial resis-
tance, it might be more acceptable to introduce a system in which a formal retirement age
is abolished. Such a system could have the following elements:

1. People can retire at any age in a certain interval, e.g. from 57 to 72;

2. Until they retire, they contribute premiums to the pension system; and

3. The β coefficients that determine the pension level are revised annually, based on the
remaining life expectancy at the chosen retirement age.

In such a system, the freedom of retirees to achieve the pension level commensurate
with their preferred retirement age is maximized, while long-term sustainability of the pen-
sion system is achieved17.

16The conversion coefficients (β) decrease with improvements in longevity and life expectancy, and lower
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Table 6.10: Average pension received by someone with 35 years of service, as a function
of the chosen retirement age, in a system in which β coefficients are chosen so as to match
the remaining life expectancy of the retiree. Results for 2000 and 2040, assuming that
mortality rates are decreasing by 1% per year during this period.

2000 2040

Retire L.E. β Pension Fraction of L.E. β Pension Fraction of
@ age (years) (e/year) last salary (years) (e/year) last salary

57 22.9 0.04720 7687 45.9% 26.4 0.04084 6651 39.8%
58 22.1 0.04860 7915 47.3% 25.6 0.04197 6835 40.9%
59 21.2 0.05006 8153 48.7% 24.7 0.04301 7004 41.9%
60 20.4 0.05163 8408 50.3% 23.9 0.04418 7195 43.0%

61 19.6 0.05334 8687 51.9% 23.0 0.04546 7403 44.3%
62 18.8 0.05514 8980 53.7% 22.2 0.04680 7622 45.6%
63 18.0 0.05706 9293 55.5% 21.3 0.04823 7854 46.9%
64 17.3 0.05911 9626 57.5% 20.5 0.04972 8097 48.4%
65 16.5 0.06136 9993 59.7% 19.7 0.05137 8366 50.0%

66 15.8 0.06367 10369 62.0% 18.9 0.05307 8643 51.7%
67 15.1 0.06618 10778 64.4% 18.2 0.05488 8937 53.4%
68 14.3 0.06890 11221 67.1% 17.4 0.05682 9253 55.3%
69 13.7 0.07174 11683 69.8% 16.6 0.05889 9591 57.3%
70 13.0 0.07483 12186 72.8% 15.9 0.06110 9950 59.5%

71 12.3 0.07820 12735 76.1% 15.2 0.06349 10340 61.8%
72 11.7 0.08179 13320 79.6% 14.5 0.06604 10755 64.3%

In Table 6.10 we illustrate the practical consequences of such a system. The table lists
the annual pension amounts that an average retiree may expect after 35 years of service,
depending on the chosen retirement age. The average salary and the last salary are based
on the SHIW data (Table 6.5) and (Equation 3.11): e16,730 and e14,100, respectively18.
Results are compared for 2000 and 2040, assuming that mortality rates decrease by 1% per
year during this period. The results show a benefit reduction of around 13% and 19% for
those retiring at age 57 and 72, respectively. This difference in the benefit reduction reflects
the change in life expectancy for these two age groups: The life expectancy for 72 year olds
improves by 24% in 2040, while the 57 year olds see an improvement of only 15% in their
life expectancy.

βs mean lower pensions.
17Such a system of course will not benefit the intermediate problems of people retiring under the old system

and the pro-rata system until 2035, when the Dini reform would be fully implemented.
18For comparison purposes, the income distribution in 2040 is assumed to be the same as the year 2000,

so that we can easily observe the effect of a continuously revised β on the pension benefit received, given a
demographic scenario in which life expectancy increases more rapidly.
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6.3.3 Increasing participation

Even though a system of gradual modifications of the pension system such as the one(s)
discussed above will lead to long-term sustainability (as illustrated by Figure 6.26), the
Italian PAYG system will still face a lengthy period of substantial budget deficits. This is a
direct consequence of the distorted age distribution, resulting from several decades of very
low fertility rates, far below replacement levels. The effects of low rates of child birth will
peak around 2040, when people belonging to the populous cohorts born before 1970 will
all be retired, while the “baby busters”19 will have to come up with the premiums to pay
for the pensions of these retirees. Even after all the modifications discussed in the previous
sections, the pension system will still be faced with a deficit of the order of 40%, i.e. ≈
e50 billion (discounted back to today’s value). This will be an extremely heavy burden on
the Italian society.

The only realistic option we see in dealing with this problem would be a substantial
increase in the participation rates. Table 6.1 shows that, on average, only ∼ 50% of the
people in the age bracket 15-64 are gainfully employed. If this percentage could be in-
creased to 65-70%, during the period 2030 - 2050, then the problem would be reduced to
a manageable level. The population groups whose participation in the labor force can be
considerably increased are women and those aged 55-64.

We have modified the EURACLE program in order to be able to investigate the con-
sequences of such increased participation. We have only concentrated on the increased
income for the pension system that would result from this. Of course, such increased par-
ticipation would also affect the expenses of the PAYG system. Two effects play a role.
First, as the participation rate of elderly workers increases, the fraction of pensioners in
that age bracket (55-64) decreases. This reduces the expenses of the pension system. On
the other hand, the duration of the average career increases, with some delay. This leads to
higher pensions. In our calculations, we have assumed that these effects cancel each other.
The net result is thus that the total expenses of the PAYG system remain the same, but are
shared among a smaller number of pensioners.

In our model, we have assumed that the non-participation rates of elder workers (aged
55-64) and of females in the age bracket 18-54 decrease annually at the rate of 1%. We have
also assumed that this process started, as a result of a policy offering specific incentives, in
the year 2010. The participation rates of these groups in the year n can thus be described

19See figure 4.1.
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Figure 6.28: The effects of a gradual increase in the participation rate of females and of
55-64 year-olds on the total participation rate (the brown dashed curve). For comparison,
the total participation in the absence of changes in the rates for individual cohorts is shown
as well (the solid green curve) (a). The fraction of early retirees decreases as a result of the
increased participation of the 55-64 tear-olds (b). Mortality coefficients, fertlity rates and
immigration levels are assumed to remain at Year-2000 levels.

with an exponential function:

fpart(n) = 1−
[
1− fpart(2010)

]
e−0.01(n−2010). (6.7)

Figure 6.28a shows how the participation rates of elder workers (55-64) and females (aged
18-54) develop in this model. In the period 2010-2060, the participation of elder workers
gradually increases from 28% to 56%. The participation of females increases from 47% in
2010 to 68% in 2060. The participation rates of 18-54 year-old males are kept constant for
each cohort in these simulations (74% averaged over all cohorts in 2000).

Obviously, the fraction of early retirees decreases as a result of the increased participa-
tion of the 55-64 year olds. This is illustrated in Figure 6.28b, which shows that the fraction
of pensioners in the 57-64 age bracket gradually decreases from ∼ 60% in 2010 to ∼ 30%

in 206020.
The dashed (brown) curve in Figure 6.28a shows the effect of these assumptions on the

total participation rate (i.e. taking into account all cohorts from 18-64). It increases from
56% in 2010 to 68% in 2060. For comparison, the figure also shows the total participation

20Retirement before age 57 has not been considered in our studies.
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rate in the absence of the mentioned increases (the solid green curve). The (relatively small)
changes observed in the latter curve reflect the changing age distribution of the population,
since the participation rates per age cohort were kept constant in this calculation (see also
Section 6.1.3). Mortality coefficients, fertlity rates and immigration levels were all assumed
to remain at Year-2000 levels in these calculations.

Figure 6.29: Sensitivity of the deficit of the PAYG system under the assumption of gradual
increases in the participation rates of females and of 55-64 year-olds (according to the
scheme depicted in Figure 6.28). The triangles represent a scenario in which the mortality
coefficients remain at Year-2000 levels, the diamonds concern population scenario 0,1,0, in
which the mortality coefficients decrease by 1% per year. For comparison, the development
of this deficit under the currently envisaged scheme (Dini reforms, pension scenario 3,
absence of increased participation) is shown as well, by means of the full dots. Fertlity
rates and immigration levels are assumed to remain at Year-2000 levels. The real-wage
growth rate is assumed to be 1.5% per year.

The effects of the described increased participation on the balance of the PAYG pension
system are shown by the triangles in Figure 6.29. As mentioned above, we have only
considered increased contribution revenue in these calculations. For comparison, we also
show the results for exactly the same conditions (pension scenario #3, with population
scenario 0,0,0 and a real-wage growth of 1.5%/year), minus the increased participation.
This scenario, represented by the full dots, is the same that led to the results in Figure 6.20,
which illustrates the effects of the gradual implementation of the Dini reforms. And finally,
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we also show in this figure the effects of increased life expectancy. The diamonds show
the balance of the PAYG system for increased participation in a population scenario where
mortality coefficients decrease by 1% per year for all ages.

Figure 6.29 shows that a gradual increase of the participation rates would lead to a sub-
stantial improvement in the balance of the pension system. Rather than facing a situation in
which expenditures exceed contributions by as much 56% (in 2040), the deficit is reduced
to “only” 30% in the scheme described above. The figure also shows that the longer life
expectancy resulting from decreasing mortality coefficients may take a substantial bite out
of this gain.

However, it should be emphasized that achieving such increased participation rates is
easier said than done. The possibility of drawing higher pensions upon retirement may
create the necessary incentives for the 55-64 year old population to postpone retirement.
However, attracting more women to labor force may prove to be more complicated, as it
would require changes in labor laws [specifically targeting female workforce] that would
create incentives for the female cohort to increase their participation in the labor force.
Such laws may include, among other things, more flexible working hours, longer and more
favorable pregnancy and child-care leave. Achieving such an [ambitious] goal would, of
course, require very careful and dedicated planning, almost comparable to reorganizing a
country’s economy in times of war. Fortunately, there is time available for such planning.
And, given the current low participation level, there is in principle sufficient room for
achieving the level that is needed to deal adequately with the problem.

6.3.4 Survivor pensions and the revenue side

A comparison of Tables 6.1 and 6.6 reveals one striking effect that we have not yet
discussed. On average, 53.6% of all people in the age bracket 18-64 reported being gain-
fully employed, and thus contributed premiums to the PAYG pension system. On the other
hand, 76% of all people 57 and older, and 89% of all people 65 and older reported receiv-
ing a pension. An important contributing factor to this difference is the survivor pension,
received by spouses and, more rarely, children of deceased pensioners.

Survivor pensions extend the average period during which the average pensioner has to
be supported, mainly because:

• The surviving spouse is (in most cases) a woman;

• The life expectancy of women is about 4 years longer than for men the same age; and
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• On average, husbands are 3.5 years older than their wives.

Although the survivor benefits are typically significantly lower than the pension from which
they are derived, they extend the average period during which the PAYG system has to
provide old-age insurance to a 65-year old male retiree from 16.5 years to 24 years.

Due to the fact that there is no difference between the pension premiums paid by mar-
ried and unmarried workers, the former derive, on average, a much larger benefit from the
premiums (they) paid.

We would find it defensible to introduce a modification in the pension system in the
sense that people are offered the choice whether or not they want survivor benefits as part
of their retirement plan. In an era when both spouses are gainfully employed, the need for
survivor benefits seems to be smaller than in the past. If given the option, it may be the case
that many people would prefer to forego these benefits in return for a premium reduction
(obtained through tax credits). It may also be the case that those who do want these benefits
as part of their retirement plan are willing to pay the extra premium.

Modifications along these lines may help improve the balance of the PAYG system,
since it would

1. Limit the period during which disbursements have to be made to individual retirees
(i.e. those who choose to forego survivor benefits), and

2. Increase the revenue (contributions) received for those retirees who want survivor
benefits as part of their retirement plan.

It would also increase the transparency and fairness of the system.
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CHAPTER 7
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

Like most developed countries, Italy faces increasing challenges to the sustainability
of its public pension system, which was created in an era when the life expectancy of re-
tirees was much shorter than today. In Italy, these challenges are exacerbated by additional
factors, such as very low birth rates, little immigration and a historically generous public
pension system.

In this dissertation, the factors affecting the future sustainability of the Italian Pay-As-
You-Go (PAYG) system are systematically analyzed. In the first stage of our work, the
development of the population over the next 75 years is studied. The effects of (changes in)
mortality coefficients, fertility rates and immigration levels on the population’s size and age
distribution in a given target year are determined stochastically, with a computer program
that was specifically developed for this purpose. A second computer program uses the pre-
dicted population composition in the target year as input and calculates the consequences
of each population scenario for the PAYG system. This program was designed to study the
effects of specific changes in the system’s rules, changes regarding the official retirement
age, contribution levels, the relationship between pension levels and life expectancy, etc.

Of the three mentioned demographic variables which affect the population develop-
ment, immigration is the only one whose effects can be directly and predictably influenced
by laws and by government policies. Fertility is and remains the most uncertain variable in
the development of the population. One unique feature of our calculations is that a distinc-
tion is made between the fertility of native Italian and first-generation immigrant women.
The latter is much higher, which leads to substantial differences when extrapolated over 75
years.

Mortality is the 800-pound gorilla in these calculations, in the sense that it will develop
in a way that is uncontrolled, inevitable and highly consequential. Even if mortality co-
efficients stayed at their current levels, the highly distorted age distribution of the Italian
population would lead to a substantial increase in the dependency ratio (i.e. the ratio be-
tween the numbers of retirees and people of working age) in the coming 30 years. A further
decline of these coefficients, i.e. a further increase of the life expectancy, would only lead
to an even heavier burden on the pension system.
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It is reasonable to assume that mortality coefficients will continue to decline during the
21st century, as they have during the previous 50 years. The question is whether this decline
will apply uniformly and equally to all ages and both genders, or whether the decline will
be age- and gender dependent, as it has been in the past half-century. Concerning mortality,
we examine in this dissertation the effects of two different hypotheses. The first hypothesis
assumes an age-independent decline in mortality coefficients, at a rate of either 1% or 0.5%
per year. The second hypothesis assumes a continuation of the age-dependent decline in
mortality coefficients at the same average rates observed in the past 50 years.

Under the assumption that all other factors are equal, both the 1% and the age-dependent
scenarios lead to a population of approximately the same size in the target year 2080. How-
ever, the make-up and the age-distribution of the population in these two scenarios are quite
different, both in the intermediate term as well as in the final target year. These differ-
ences derive from the fact that the decline in mortality coefficients has been very different
from 1%/year for certain cohorts. For example, the decline in the mortality coefficients
for infants has been larger than 5%/year during the past half-century. On the other hand,
the mortality coefficients for people in the > 95 cohorts has been significantly less than
1%/year. Differences between the two mentioned scenarios are thus primarily apparent in
these corners of the age distribution.

The two scenarios differ especially in infant mortality, more so as time goes by. For ex-
ample, in the year 2030, infant mortality is already four times as high in the “1%” scenario,
compared to the “age-dependent” scenario. And in 2080, infant mortality has become an
almost unknown phenomenon in the age-dependent scenario, while it is still at about 1/3 of
today’s level in the 1% scenario (each year, 1000 newborns do not reach their first birthday,
vs. less than 30 in the age-dependent scenario).

Of course, the differences in infant mortality also have consequences for the total size of
the population, but these are relatively minor, and are offset by differences in the longevity
of people in the higher age cohorts. In all scenarios, the number of centenarians increases
gradually over the simulation period, most spectacularly so for the 1% scenario. In this
scenario, Italy would count about half a million centenarians by 2080, about a factor of 2
more than in the age-dependent scenario. The relative difference between the two scenarios
also increases gradually with time.

The gender differences in the age dependent scenario manifest themselves most strik-
ingly in the life expectancy. Since the decline in mortality coefficients has been substan-
tially larger for females than for males in many cohorts, the differences between the life
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expectancy in both scenarios are larger for females than for males. For example, for fe-
male newborns, the difference in life expectancy gradually increases to about 3 years (in
favor of the age-dependent scenario) by the middle of the century, and remains constant
afterwards. For male newborns, the difference is much smaller, about 1 year. In general,
the life expectancies calculated in the context of the age-dependent scenario show a better
continuity with the historical data than those calculated for the 1% scenario. The latter
exhibit a “kink” at the starting year of the simulations, a result in the sudden change of the
mortality trends with respect to the historical data.

Whereas the effects of declining mortality primarily affect the age distribution in the
cohorts > 70, changes in the fertility scenario manifest themselves in the contents of the
younger cohorts. For example, a gradual increase of the average fertility from 1.24 chil-
dren/woman to 1.7 by 2050 would increase the total population by 13%, and the annual
number of newborns by 24% in the final target year. The assumption that first-generation
immigrant women will follow the fertility habits of their native countries has substantial
demographic consequences. Even at the modest current immigration levels, this increases
the Italian population by 2% in 2030, 11% in 2060 and 26% in 2080 (assuming constant
fertility for both Italian and immigrant women). Even more importantly are its effects on
the age distribution. If immigrant women would adopt the same fertility habits as their Ital-
ian counterparts, the number of newborns in 2080 would be smaller by more than a factor
of 2.

It turns out that all reasonable population development models considered in this disser-
tation predict a sharp increase in the dependency ratio, with a peak around 2040, followed
by a slow (model dependent) decline. This is first and foremost a consequence of the cur-
rent distorted age distribution. The highly unusual imbalance between the younger and
older generation propagates over time, as the population ages. If one wants to keep the
dependency ratio at the current level of 0.3, the retirement age will have to be increased by
as much as 9 ± 2 years by the middle of the century, where the standard deviation reflects
the variations between the different models.

Differences between the model assumptions made in our population development stud-
ies turned out to have mainly consequences for the second half of the 21st century. It is
clear that fertility rates far below replacement levels, as we have witnessed during the past
20 years, are a major obstacle for achieving a balanced age distribution.

In the second part of our studies, we have examined the consequences of the demo-
graphic transitions described above for the balance of the public pension system. We have
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in particular analyzed the financial consequences of the Dini reforms (1995), which were
intended to improve the long-term sustainability of the system. These reforms will be im-
plemented over the next three decades and will reduce the deficit by an amount representing
about 25% of the total contributions, when fully implemented.

Yet, the deficit would reach dramatic proportions by the middle of the century if no
other modifications were made to the system. One of the most important elements of the
Dini reforms is the reduction of pension levels for early retirees. This is justified by the
longer life expectancy for this category of retirees. The reduction factors (“β coefficients”)
are approximately inversely proportional to the remaining life expectancy at the moment
of retirement. Such a system could also be envisioned to adapt future pension levels for
all retirees to further increases in the life expectancy. We have analyzed the consequences
of such a modification of the system and found that this is a crucial and powerful tool for
achieving long-term sustainability. However, long-term sustainability will require a well-
balanced age distribution.

We have also analyzed the consequences of an increase of the official retirement age.
An increase from 65 to 68 years would reduce the deficit of the pension system by an
amount representing about 15% of the total contributions, when fully implemented.

Our population development studies concentrated entirely on the dependency ratio,
i.e. on the ratio between the numbers of retirees and people of working age. However,
when it comes to sustainability of the pension system, this ratio does not tell the entire
story. This is because not all people of working age actually do work, or to be more pre-
cise, do not contribute to the PAYG system. Of all European countries, Italy has the lowest
participation rate of the elderly workers (aged 55 - 64): Only 27% of the people in these
cohorts contribute to the PAYG system. Also the participation rate of females in the below-
55 cohorts is much smaller than the European average: 47%. We have also analyzed the
effects of a gradual increase in these participation rates.

Our calculations show that if the participation rates of these underrepresented groups
increased to the same level as that of males below age 55 (∼ 75%) by 2040, the pension
deficit would be reduced from 55% to (a manageable level of) 5 - 10% of the total contri-
butions. However, achieving such an increase in participation rates would of course require
very major changes in the Italian society.

162



Conclusions and recommendations

In conclusion, our studies have shown that Italy’s PAYG pension system faces a major
and lengthy crisis. Even after full implementation of the Dini reforms, which in themselves
represented a major overhaul of the system, the pension deficit is expected to increase
rapidly, starting about 15 years from now. The deficit will peak around 2040, after which
the situation will gradually improve again. If the pension rules stayed as they are right
now, public pension expenditures would exceed contributions by more than 50% around
the middle of the century, and would then represent more than 20% of the Gross Domestic
Product, up from their current level of∼ 14% of GDP, already highest among the European
countries.

The reasons for this development are twofold:

1. The gradually increasing life expectancy of retirees; and

2. The distorted age distribution of the Italian population.

We have shown that the effects of the increased life expectancy could be dealt with by
measures such as an increase in the retirement age, a decrease in the pension levels, or some
combination of these. Such measures, which would gradually adapt the pension levels to
the retirees’ remaining life expectancy, may well restore sustainability once the population
has regained a stable composition.

However, the second cause of the looming crisis will be much more difficult to deal
with. The cohorts born between 1945 and 1980 are, on average, 48% more populous than
the cohorts born after 1980. So if the former cohorts are retired and the contributions come
from the latter cohorts, it is no surprise that major deficits are to be expected. All reasonable
population development scenarios are in agreement about that. And since the “baby bust”
has been going on since more than a generation, its effects on the pension system will last
at least as long.

Fortunately, the crisis will not be a surprise event, and there are still 15-20 years left
before it will strike in full force. However, because of the sheer magnitude of the prob-
lems that may be expected, it is not too early to contemplate strategies to deal with these
problems. Key to solution of these problems will be a substantially increased participation
in the work force. At the present time, about half of the 15-64 year olds are contributing
premiums to the PAYG system. This percentage will have to go up to 65-70%. Italy has
currently the lowest participation rates for both the 55-64 year-old population and females
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below age 55 among all European countries. Government policies can provide the right
incentives for both groups to increase their participation in the labor force. This point was
also strongly emphasized in the conclusions of the Lisbon European Council in 2000 as
a solution for overcoming the problems associated with the aging population, which are
common to the entire European Community.

Further modifications in the rules of the pension system will also be inevitable, and
benefits will have to become less generous than they have been in the past. We would
like to recommend several measures that seem fair, logical and beneficial for the long-term
sustainability of the pension (these measures will not, however, affect the intermediate
pension crisis):

1. Abolishing the official retirement age, combined with the introduction of a system
where people can choose the starting date of their retirement benefits, within rea-
sonable limits, e.g. 60 to 75. The level of these benefits will be determined by their
age at that time, roughly inversely proportional to their expected remaining life ex-
pectancy. Such a change in the pension system might be more easily accepted than
abrupt increases of retirement age, or decreases of the benefits, since it maximizes
the individual freedom of choice. We have demonstrated that such a system would
eventually lead to long-term sustainability. This measure should be introduced as an
annex to the Dini reform, as it will not help the pension crisis in the intermediate
term.

2. Revising the β coefficients annually, rather than once every decade. In this way,
shocks that may have destabilizing social effects can be minimized. Just as salaries
and wages are adjusted annually for the effects of price inflation, the effects of in-
creased life expectancy should also be implemented gradually.

For dealing with the intermediate pension crisis, we recommend to shift the focus from
reforms aimed at curtailing the expenditures to measures that will increase the income side
of the PAYG system, through increased participation, especially of women and elderly
workers. Such measures could either provide incentives to join or remain in the workforce,
or discourage early retirement.
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Recommendations for further research

More detailed research is needed to assess the effects of specific government policies in
providing incentives for females and the elder group of 55-64 year olds to increase partic-
ipation in the labor force. Especially, policies targeting the female workforce specifically,
such as, among other things, more flexible working hours, as well as longer and more favor-
able child-birth and child-care leave, would be necessary to substantially increase female
participation. Such policies could also have positive effects on the fertility rates.
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APPENDIX A
DATA AND SOURCES

A.1 Population data

Data on the evolution of the Italian population and on the change of life expectancy and
mortality coefficients in the period 1950-2000 were obtained from ISTAT. The composition
of the population in the year 2000, as well as the life expectancy and mortality data at that
time, which form the basis of our simulations, are tabulated in table A.1.

Data on the countries of origin of immigrants to Italy and the annual rates of immigra-
tion are tabulated in table A.2. These data were averaged over the period 1995-2000, on the
basis of the ISTAT report La Presenza Straniera in Italia: Charatteristiche Demografiche.
The fertility rates of first-generation immigrant women, as well as the numbers of immi-
grant women resident in Italy in the year 2000, are listed in table A.3. These data were
derived from the same report.

Historical data on the fertility rates of Italian women from 1955-2000 are tabulated in
Table A.4. This information was derived from the report “Tassi di fecondità per età della
madre – Confronti retrospettivi” (ISTAT 2003).
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Table A.1: The Italian population in the Year 2000. Listed are for each age the numbers of
males and females, and their mortality coefficients and life expectancy (L.E.).

Age Males Mortality (%) L.E. (yr) Females Mortality (%) L.E. (yr)

0 299603 0.521 76.54 283343 0.454 82.51
1 298770 0.029 75.94 282462 0.029 81.89
2 296988 0.022 74.96 280725 0.020 80.91
3 294292 0.018 73.98 278085 0.015 79.93
4 290659 0.015 72.99 274573 0.012 78.94
5 275313 0.014 72.00 259480 0.011 77.95
6 284256 0.013 71.01 268834 0.011 76.96
7 297154 0.013 70.02 280815 0.011 75.97
8 284371 0.012 69.03 269338 0.010 74.97
9 286066 0.012 68.04 272362 0.009 73.98
10 287506 0.012 67.05 274261 0.010 72.99

11 289266 0.014 66.05 274166 0.011 72.00
12 282701 0.017 65.06 268528 0.013 71.00
13 284334 0.023 64.07 270471 0.015 70.01
14 293894 0.029 63.09 281257 0.017 69.02
15 298015 0.038 62.11 284690 0.018 68.03
16 305623 0.049 61.13 290962 0.022 67.05
17 314183 0.061 60.16 301625 0.025 66.06
18 321238 0.074 59.20 307994 0.027 65.08
19 325836 0.086 58.24 311510 0.028 64.10
20 337806 0.093 57.29 323327 0.028 63.11

21 360463 0.097 56.34 345774 0.029 62.13
22 375128 0.099 55.40 360845 0.030 61.15
23 396590 0.099 54.45 381675 0.029 60.17
24 421205 0.096 53.50 406549 0.029 59.19
25 443311 0.091 52.56 427785 0.029 58.20
26 447319 0.091 51.60 432409 0.028 57.22
27 457407 0.091 50.65 439849 0.031 56.23
28 469573 0.095 49.70 452099 0.032 55.25
29 462222 0.095 48.74 446646 0.034 54.27
30 474767 0.096 47.79 461057 0.036 53.29

31 469073 0.099 46.83 456012 0.038 52.31
32 472179 0.102 45.88 462636 0.041 51.33
33 484256 0.103 44.92 476292 0.045 50.35
34 483659 0.105 43.97 476737 0.047 49.37
35 491545 0.109 43.02 484439 0.050 48.39
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Table A1 (continued)

Age Males Mortality (%) L.E. (yr) Females Mortality (%) L.E. (yr)

36 458792 0.114 42.06 456376 0.054 47.42
37 444115 0.123 41.11 442935 0.059 46.44
38 439411 0.131 40.16 436943 0.066 43.97
39 422415 0.139 39.21 421824 0.073 43.00
40 414855 0.146 38.27 412855 0.079 43.53

41 396780 0.155 37.32 397890 0.086 42.56
42 394953 0.168 36.38 396638 0.095 41.60
43 389282 0.182 35.44 392934 0.103 40.64
44 383107 0.198 34.50 387171 0.113 39.68
45 379916 0.218 33.57 386210 0.124 38.73
46 364812 0.241 32.64 368669 0.138 37.77
47 362808 0.274 31.72 369395 0.154 36.82
48 363175 0.304 30.81 370397 0.171 35.88
49 378279 0.333 29.90 386461 0.189 34.94
50 381823 0.361 29.00 390079 0.204 34.01

51 401266 0.399 28.10 411773 0.223 33.07
52 394661 0.427 27.21 404870 0.233 32.15
53 397434 0.468 26.32 410390 0.246 31.22
54 309636 0.530 25.45 321108 0.268 30.30
55 318933 0.600 24.58 331686 0.302 29.38
56 321959 0.670 23.72 338685 0.334 28.47
57 322205 0.761 22.88 341441 0.376 27.56
58 324027 0.817 22.08 345517 0.401 26.66
59 355332 0.883 21.23 382867 0.424 25.77
60 350904 0.968 20.41 378534 0.464 24.87

61 340883 1.043 19.61 371599 0.496 23.99
62 315751 1.164 18.81 348283 0.545 23.10
63 299136 1.305 18.03 336383 0.610 22.23
64 305357 1.449 17.26 345220 0.672 21.36
65 296046 1.613 16.50 339242 0.740 20.50
66 289147 1.795 15.77 334830 0.828 19.65
67 277595 2.001 15.05 329424 0.927 18.81
68 277185 2.223 14.34 332329 1.029 17.98
69 283381 2.443 13.66 346630 1.149 17.17
70 255418 2.708 12.99 317269 1.279 16.36

71 248636 2.967 12.34 314023 1.423 15.56
72 240397 3.294 11.70 310968 1.604 14.78
73 226700 3.674 11.08 303491 1.814 14.01
74 215456 4.116 10.48 295282 2.055 13.26
75 203214 4.514 9.91 286546 2.306 12.53
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Table A1 (continued)

Age Males Mortality (%) L.E. (yr) Females Mortality (%) L.E. (yr)

76 192240 5.023 9.36 280656 2.647 11.82
77 175872 5.512 8.83 272522 3.017 11.12
78 163160 5.946 8.31 259313 3.356 10.45
79 152432 6.284 7.81 248902 3.671 9.80
80 91815 6.857 7.30 154063 4.087 9.15

81 65161 7.687 6.80 113403 4.753 8.52
82 63127 9.156 6.32 111478 5.871 7.92
83 70937 10.71 5.91 130385 6.985 7.39
84 79165 11.97 5.56 150358 7.966 6.90
85 71313 12.95 5.24 140635 8.807 6.46
86 62255 13.52 4.95 126794 9.423 6.03
87 53259 14.46 4.64 112215 10.42 5.61
88 41082 15.48 4.35 91438 11.56 5.20
89 34307 16.98 4.05 79158 12.97 4.82
90 25584 18.42 3.78 61934 14.30 4.46

91 19673 20.16 3.51 50133 15.97 4.12
92 13695 21.82 3.28 36675 17.62 3.81
93 10160 28.35 3.05 28204 19.40 3.52
94 7085 22.53 2.83 20082 21.40 3.24
95 4374 27.47 2.63 13277 23.57 2.99
96 3045 29.93 2.43 9329 25.99 2.76
97 2057 32.29 2.26 6293 30.81 2.55
98 1343 34.77 2.10 4056 33.37 2.36
99 849 37.33 1.95 2487 4.538 2.18
100 516 39.99 1.81 1442 36.01 2.03

101 42.73 1.68 38.70 1.88
102 45.70 1.56 41.29 1.76
103 48.71 1.45 43.94 1.64
104 51.71 1.35 46.63 1.53
105 54.68 1.26 49.36 1.43
106 57.58 1.19 52.12 1.34
107 60.41 1.11 54.88 1.26
108 63.12 1.05 57.64 1.18
109 65.72 1.00 60.39 1.12
110 68.18 0.94 63.11 1.05
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Table A.2: Average net annual immigration into Italy, subdivided according to the country
of origin of the immigrants.
Source: La Presenza Straniera in Italia: Charatteristiche Demografiche (ISTAT 2000).

Region/Country Immigrants Region/Country Immigrants
of origin per year of origin per year

Europe 50,447 Asia 29,587

European Union Central Asia
France 1,159 Iran 107
Germany 1,261 Sub-Continent
United Kingdom 744 Bangladesh 2,976
Spain 888 India 3,329
Balkans Pakistan 2,554
Albania 21,555 Sri Lanka 3,503
Bosnia-Herzegovina 732 East Asia
Croatia 451 China 8,551
Yugoslavia 966 The Philippines 6,952
Macedonia 1,784 Japan 444
Slovenia 26
Eastern Europe
Poland 3,416 The Americas 12,594
Romania 9,837
Russia 1,580 North America

United States 881
Africa 39,946 Latin America

Argentina 41
North Africa Brazil 1,302
Algeria 2,180 Colombia 801
Egypt 3,849 Dominican Republic 1,017
Morocco 16,558 Peru 4,475
Tunisia 3,804
Central Africa Oceania 36
Ivory Coast 914
Ghana 2,112
Nigeria 3,137
Senegal 4,301 Total immigrants/yr 132,610
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Table A.3: Total number of immigrant women in Italy (year 2000) and the fertility of these
women (i.e. the average number of children per woman), according to their country of
origin.
Source: La Presenza Straniera in Italia: Charatteristiche Demografiche (ISTAT 2000), and
Abortion Policies: A Global Review (United Nations, 2001a).

Region/Country Immigrant Fertility Region/Country Immigrant Fertility
of origin women of origin women

Europe 263,169 1.6 Asia 116,518 2.8

European Union Middle East
France 15,354 1.7 Iran 2,412 2.8
Germany 20,910 1.3 Israel 749 2.7
United Kingdom 13,258 1.7 Sub-Continent
Spain 12,043 1.2 Bangladesh 2,533 3.1
Balkans India 10,184 3.1
Albania 45,270 2.5 Pakistan 2,171 5.0
Bosnia-Herzegovina 4,939 1.3 Sri Lanka 13,363 2.1
Croatia 7,604 1.6 East Asia
Yugoslavia 17,091 1.8 China 25,542 1.8
Macedonia 5,698 2.1 The Philippines 44,579 3.6
Slovenia 1,361 1.3 Japan 4,141 1.4
Eastern Europe
Poland 20,784 1.5
Romania 29,906 1.2 The Americas 111,693 2.5
Russia 10,141 1.4
Other North America
Switzerland 9,004 1.5

United States 31,817 2.0
Africa 115,059 4.4 Latin America

Argentina 3,577 2.6
North Africa Brazil 13,846 2.3
Algeria 1,588 3.8 Colombia 6,818 2.8
Egypt 6,109 3.0 Dominican Republic 8,545 2.8
Morocco 43,135 3.1 Peru 19,786 3.0
Tunisia 10,319 2.6
Central Africa Oceania 1,321 3.4
Ivory Coast 2,573 5.0
Ghana 6,916 5.2
Nigeria 11,543 5.2
Senegal 2,898 5.6
East Africa
Ethiopia 4,228 6.3
Mauritius 3,761 1.9 Total nr. of women 607,986
Somalia 4,990 7.3 Average fertility 2.53

171



Table A.4: Fertlity rates of female cohorts: 1955-2000. Listed are the annual number of
births per 1000 women in each cohort.
Source: “Tassi di fecondità per età della madre – Confronti retrospettivi” (ISTAT 2003).

Age 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

≤ 15 2.8 3.8 4.4 5.4 6.7 0.8 0.2 0.2 0.1 0.3
16 5.7 7.1 10.7 11.1 14.6 7.5 3.9 3.4 3.2 3.1
17 12.8 14.6 20.4 21.5 27.9 16.6 7.5 6.8 5.8 9.6
18 24.8 26.6 37.9 38.1 47.0 28.3 17.6 11.8 8.9 9.6
19 41.2 44.0 58.7 59.5 70.3 55.1 33.2 22.2 14.5 15.4
20 62.8 65.1 87.6 84.8 96.2 74.3 47.3 31.4 20.0 20.7
21 85.4 89.4 113.8 111.5 118.0 89.2 62.1 43.3 26.4 25.8
22 107.9 113.6 138.3 136.1 136.8 104.2 78.7 55.1 34.8 32.0
23 123.2 134.2 157.9 155.8 144.8 114.7 90.8 67.6 44.0 40.0
24 136.4 150.8 170.8 167.9 151.3 122.5 101.3 78.5 54.8 47.9
25 143.9 158.7 175.9 167.2 154.0 124.4 108.0 90.4 65.7 57.9
26 146.3 162.8 179.0 163.8 149.8 123.2 108.7 98.4 75.2 66.5
27 145.2 157.6 172.6 159.4 142.0 116.4 107.4 103.0 83.7 76.7
28 142.6 150.9 164.2 148.3 131.6 105.2 101.4 102.4 88.4 8.5
29 133.2 144.2 150.8 134.4 121.7 98.1 95.2 99.5 89.5 90.3
30 127.4 133.1 144.3 122.7 108.3 89.1 85.3 93.0 89.6 93.7
31 118.1 120.7 131.9 110.9 95.3 75.9 76.6 84.5 84.6 90.7
32 109.3 111.0 120.1 100.5 84.2 65.0 66.3 73.9 7.2 87.7
33 98.9 100.3 107.0 89.3 72.8 54.8 55.3 63.5 66.8 78.2
34 91.4 89.6 95.5 79.1 63.0 47.8 47.5 53.6 58.9 70.7
35 83.1 81.1 84.3 71.3 54.7 40.1 39.2 44.8 48.8 60.6
36 78.0 70.8 73.7 62.9 47.0 32.4 31.1 36.4 39.6 50.3
37 68.7 61.1 62.4 54.6 39.8 25.9 23.8 28.2 30.7 39.6
38 59.6 52.6 52.1 45.2 33.1 20.9 18.4 21.6 23.5 29.9
39 50.5 44.5 43.5 35.9 27.3 16.4 14.2 16.0 17.6 22.4
40 41.3 36.7 34.5 28.9 22.0 12.2 10.2 11.4 12.5 16.1
41 32.4 29.4 25.7 21.5 17.0 8.6 6.8 7.3 8.4 10.3
42 24.5 21.5 18.3 15.3 11.9 5.8 4.5 4.6 5.2 6.2
43 16.0 14.2 12.5 9.7 7.7 3.7 2.8 2.6 3.2 3.6
44 10.1 8.3 7.3 6.0 4.8 2.1 1.5 1.6 1.9 2.0
45 5.7 4.9 4.4 3.1 2.7 1.2 0.8 0.8 0.8 0.8
46 2.7 2.4 2.4 1.7 1.2 0.7 0.4 0.4 0.3 0.5
47 1.1 1.2 1.2 0.8 0.5 0.3 0.1 0.1 0.2 0.2
48 0.4 0.5 0.5 0.2 0.2 0.2 0.1 0.0 0.0 0.2
49 0.2 0.3 0.4 0.2 0.1 0.1 0.1 0.0 0.0 0.1
50 0.2 0.3 0.3 0.1 0.2 0.1 0.1 0.0 0.0 0.1

All 2333.8 2407.9 2665.3 2424.7 2206.5 1683.8 1448.3 1358.3 1184.8 1242.8

172



A.2 Financial data

Data on the income distribution of the Italian population were derived from a number
of surveys conducted by the Banca d’Italia. These surveys are commonly referred to by
the acronym SHIW (Survey of Household Income and Wealth). In this study, we used data
from the surveys in 1995, 1998, 2000 and 2002. The 2000 data were used for reference pur-
poses. In this survey, a total of 21,000 individuals responded to the questions. Of course,
these surveys aim to collect responses from a representative cross section of the Italian
population. However, unevitably, some groups are either overrepresented or underrepre-
sented in the survey. To account for this, each individual repondent is assigned a weighting
factor. A weighting factor smaller than 1.0 indicates that the group to which this individual
belongs is overrepresented, a factor larger than 1.0 indicates an underrepresentation. In
our analysis, we used these weighting factors to obtain representative samples and income
distributions.

Table A.5 shows an excerpt of the answers of five randomly chosen individuals to ques-
tions relevant for our assessment of the income distribution in the year 2000.

In order to be able to determine the contributions of inflation and real-wage growth to
the incomes and pensions derived from surveys conducted in different years, it is important
to know the inflation rates. These were obtained from ISTAT (2005). Table A.6 lists the
annual increase in the consumer price index for the period 1948 - 2004.
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Table A.5: Survey of the income of the Italian population in the year 2000. Shown are the
answers of five randomly chosen respondents to selected questions relevant for the present
study.
Source: Survey of Household Income and Wealth (SHIW), Banca d’Italia, 2000

Q Respondent → # A # B # C # D # E

General
1 Year of birth 1943 1974 1963 1964 1926
2 Sex 1 1 1 2 2
3 Civil status 1 2 1 3 4

Employment
4 Type of employment 1 1 2 1 3
5 Type of profession 2 1 5 2 6
6 Sector of economy 3 2 2 3 5

Education
7 Highest completed level of education 8 2 3 4 2

Income
8 Income earner (no=0, yes=1) 1 1 1 1 1
9 Total annual income (e/yr) 50433 18078 10330 21666 18294
10 Income from salary (e/yr) 38740 18078 - 16012 -
11 Income from self-employment (e/yr) - - 10330 - -
12 Pension received (e/yr) - - - - 16785
13 Other income (e) 11694 - - 5653 1509

And finally
14 Sampling weight 0.55 0.38 0.40 0.35 0.34

Notes:

2. Male = 1, female = 2
3. Married = 1, single = 2, separated/divorced = 3, widow/widower = 4
4. Salaried = 1, self-employed = 2, pensioner = 3
5. Blue collar = 1, office worker/school teacher = 2, cadre/manager = 3, sole proprietor/member of arts or

profession = 4, other self employed = 5, pensioner = 6, not employed = 7
6. Agriculture = 1, industry = 2, public administration = 3, other = 4, not employed = 5
7. None = 1, elementary school = 2, middle school = 3, vocational school = 4, high school = 5, associate

degree = 6, bachelor’s degree = 7, graduate degree = 8
13. Other assets include Real Estate and financial assets
14. Sampling weights are provided by SHIW
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Table A.6: Annual change in the consumer price index. Negative numbers indicate a de-
crease in this index, positive ones an increase.
Source: ISTAT (2005), Variazioni Percentuali (FOI).

Year Inflation Year Inflation Year Inflation
(%) (%) (%)

1948 5.9 1967 2.0 1986 6.1
1949 1.5 1968 1.3 1987 4.6
1950 -1.3 1969 2.8 1988 5.0
1951 9.7 1970 5.1 1989 6.6
1952 4.2 1971 5.0 1990 6.1
1953 1.9 1972 5.6 1991 6.4
1954 2.7 1973 10.4 1992 5.4
1955 2.8 1974 19.4 1993 4.2
1956 5.0 1975 17.2 1994 3.9
1957 1.9 1976 16.5 1995 5.4
1958 4.8 1977 18.1 1996 3.9
1959 -0.4 1978 12.4 1997 1.7
1960 2.7 1979 15.7 1998 1.8
1961 2.9 1980 21.1 1999 1.6
1962 5.1 1981 18.7 2000 2.6
1963 7.5 1982 16.3 2001 2.7
1964 5.9 1983 15.0 2002 2.4
1965 4.3 1984 10.6 2003 2.5
1966 2.0 1985 8.6 2004 2.0
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APPENDIX B
COMPUTER PROGRAMS

B.1 Program for population development scenarios

The program POPEVOLVE was developed to determine the evolution of the Italian
population on the basis of a given input scenario. The program was written in FORTRAN
and was executed on a DEC-α computer.

Program POPEVOLVE
C
C This program calculates the evolution of a population based
C on the starting composition in a given year, plus assumptions
C on fertility, mortality and immigration
C Results are produced in the form of tables and histograms
C

IMPLICIT NONE
C
C All times are in years
C All fertility and mortality data are defined in fractions
C
C User variables:
C ===============

REAL nmale,nfemale,itfem,imfem,nall,nmdeath,nfdeath,ndeath
REAL mmale,mfemale,mcm,mcf,fert,imfert
REAL lem,lef,lem65,lef65,survm,survf
REAL nimm,nimf,totimm,imdeath
REAL age,ntot,n65,n80,n100,nact,nim,f65,f80,f100,fd,fd65
REAL mtot,ftot,nin,nout,nmout,nfout,nret,fmale,ffemale
REAL am,af,ap,dm,df,dp,afert,aimfert
INTEGER nyear,ntarget
INTEGER i, j, k, l
INTEGER sfert,smort,simmi
character*70 junkstring
DIMENSION nmale(120),nfemale(120),nall(120),itfem(120)
DIMENSION nmdeath(120),nfdeath(120),ndeath(120),imdeath(120)
DIMENSION nimm(120), nimf(120), imfem(120), totimm(120)
DIMENSION mmale(120),mfemale(120),fert(120),imfert(120)
DIMENSION mcm(120),mcf(120)

C
COMMON/SCEN/nyear,mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert

C
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C The population in 2000 is defined through 2 arrays, for males
C and females
C

DATA nmale/299603.,298770.,296988.,294292.,290659.,
+ 275313.,284256.,297154.,284371.,286066.,
+ 287506.,289266.,282701.,284334.,293894.,
+ 298015.,305623.,314183.,321238.,325836.,
+ 337806.,360463.,375128.,396590.,421205.,
+ 443311.,447319.,457407.,469573.,462222.,
+ 474767.,469073.,472179.,484256.,483659.,
+ 491545.,458792.,444115.,439411.,422415.,
+ 414855.,396780.,394953.,389282.,383107.,
+ 379916.,364812.,362808.,363175.,378279.,
+ 381823.,401266.,394661.,397434.,309636.,
+ 318933.,321959.,322205.,324027.,355332.,
+ 350904.,340883.,315751.,299136.,305357.,
+ 296046.,289147.,277595.,277185.,283381.,
+ 255418.,248636.,240397.,226700.,215456.,
+ 203214.,192240.,175872.,163160.,152432.,
+ 91815., 65161., 63127., 70937., 79165.,
+ 71313., 62255., 53259., 41082., 34307.,
+ 25584., 19673., 13695., 10160., 7085.,
+ 4374., 3045., 2057., 1343., 849.,
+ 516., 0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0., 0.,0.,0.,0.,0.,0.,0.,0.,0./

C
DATA nfemale/283334.,282462.,280725.,278085.,274573.,
+ 259480.,268834.,280815.,269338.,272362.,
+ 274261.,274166.,268528.,270471.,281257.,
+ 284690.,290962.,301625.,307994.,311510.,
+ 323327.,345774.,360845.,381675.,406549.,
+ 427785.,432409.,439849.,452099.,446646.,
+ 461057.,456012.,462636.,476292.,476737.,
+ 484439.,456376.,442935.,436943.,421824.,
+ 412855.,397890.,396638.,392934.,387171.,
+ 386210.,368669.,369395.,370397.,386461.,
+ 390079.,411773.,404870.,410390.,321108.,
+ 331686.,338685.,341441.,345517.,382867.,
+ 378534.,371599.,348283.,336383.,345220.,
+ 339242.,334830.,329424.,332329.,346630.,
+ 317269.,314023.,310968.,303491.,295282.,
+ 286546.,280656.,272522.,259313.,248902.,
+ 154063.,113403.,111478.,130385.,150358.,
+ 140635.,126794.,112215., 91438., 79158.,
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+ 61934., 50133., 36675., 28204., 20082.,
+ 13277., 9329., 6293., 4056., 2487.,
+ 1442.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0., 0.,0.,0.,0.,0.,0.,0.,0.,0./

C
C Next the mortality is defined through 2 arrays, for m and f
C

DATA mmale/.00520828,.00028554,.00022470,.00017836,.00014676,
+ .00013678,.00012822,.00012666,.00012132,.00011581,
+ .00012307,.00013802,.00017028,.00022670,.00029334,
+ .00037697,.00049352,.00060776,.00073771,.00085959,
+ .00092733,.00097306,.00099272,.00098575,.00096430,
+ .00093859,.00091399,.00090662,.00091330,.00095060,
+ .00095943,.00099047,.00101691,.00102908,.00105217,
+ .00108538,.00114300,.00122681,.00130944,.00138991,
+ .00145991,.00154526,.00168265,.00182054,.00198448,
+ .00218462,.00240855,.00273542,.00303709,.00332717,
+ .00361067,.00398895,.00426926,.00468460,.00530203,
+ .00600307,.00670054,.00761168,.00817257,.00883476,
+ .00967914,.01043366,.01164172,.01305379,.01449267,
+ .01613473,.01794729,.02009956,.02229512,.02442663,
+ .02707577,.02967382,.03293957,.03674184,.04115615,
+ .04513923,.05022952,.05512216,.05945846,.06284265,
+ .06857403,.07686740,.09155744,.10714975,.11968751,
+ .12953178,.13517575,.14461922,.15482707,.16981645,
+ .18422,.20164,.21816,.23518,.25348,
+ .27470,.29928,.32294,.34765,.37334,
+ .39994,.42734,.45698,.48711,.51713,
+ .54678,.57583,.60405,.63123,.65718,
+ .68177,.70842,.73377,.75773,.78027,
+ .80139,.82108,.83937,.85632,.87198/

C
DATA mfemale/.00453839,.00029595,.00020369,.00014871,.00011896,
+ .00011427,.00010993,.00010718,.00009697,.00009092,
+ .00010044,.00011383,.00012795,.00015238,.00016870,
+ .00018373,.00022231,.00025185,.00027216,.00028463,
+ .00028476,.00028758,.00029712,.00029460,.00028915,
+ .00028571,.00028464,.00030935,.00032141,.00033790,
+ .00035603,.00037811,.00040781,.00045475,.00046791,
+ .00049952,.00054064,.00058531,.00065731,.00073358,
+ .00079482,.00085798,.00094956,.00102827,.00112728,
+ .00124000,.00137849,.00153748,.00171298,.00189067,
+ .00204050,.00222982,.00233259,.00245988,.00268203,
+ .00301724,.00334404,.00375906,.00401131,.00424469,
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+ .00463501,.00496227,.00544922,.00610307,.00671823,
+ .00740471,.00827676,.00926899,.01028627,.01148625,
+ .01279243,.01423003,.01603731,.01813704,.02054796,
+ .02305682,.02647063,.03017266,.03355650,.03671045,
+ .04086919,.04753374,.05870970,.06985101,.07965518,
+ .08806685,.09423931,.10419299,.11560998,.12968401,
+ .14302328,.15966075,.17619548,.19400366,.21395251,
+ .23571,.25986,.28344,.30809,.33369,
+ .36005,.38699,.41289,.43938,.46633,
+ .49364,.52116,.54879,.57640,.60388,
+ .63112,.65474,.67769,.69991,.72134,
+ .74194,.76167,.78052,.79848,.81556/

C
C Next, the fractional annual change in mortality is given, for each age
C group, based on average trend observed from 1953 - 2000, for males and
C females separately
C

DATA mcm/0.0545,0.0758,0.0591,0.0523,0.0497,0.0464,0.0446,0.0419,
+ 0.0414,0.0404,0.0398,0.0368,0.0330,0.0276,0.0239,0.0210,
+ 0.0185,0.0158,0.0134,0.0114,0.0107,0.0109,0.0114,0.0121,
+ 0.0128,0.0135,0.0145,0.0158,0.0161,0.0153,0.0156,0.0158,
+ 0.0158,0.0161,0.0171,0.0176,0.0175,0.0167,0.0167,0.0167,
+ 0.0177,0.0185,0.0190,0.0192,0.0196,0.0197,0.0195,0.0187,
+ 0.0185,0.0186,0.0187,0.0184,0.0187,0.0186,0.0174,0.0166,
+ 0.0160,0.0152,0.0152,0.0152,0.0147,0.0148,0.0142,0.0133,
+ 0.0128,0.0123,0.0121,0.0116,0.0114,0.0114,0.0114,0.0117,
+ 0.0119,0.0118,0.0116,0.0119,0.0118,0.0119,0.0125,0.0133,
+ 0.0135,0.0131,0.0113,0.0099,0.0094,0.0095,0.0103,0.0105,
+ 0.0107,0.0102,0.0100,0.0094,0.0091,0.0087,0.0083,0.0076,
+ 0.0069,0.0063,0.0056,0.0049,0.0043,0.0041,0.0039,0.0037,
+ 0.0035,0.0033,0.0031,0.0029,0.0027,0.0025,0.0023,0.0021,
+ 0.0019,0.0017,0.0015,0.0013,0.0011,0.0009,0.0007,0.0005/

C
DATA mcf/0.0545,0.0755,0.0596,0.0537,0.0526,0.0488,0.0450,0.0420,
+ 0.0411,0.0404,0.0374,0.0354,0.0329,0.0312,0.0298,0.0306,
+ 0.0282,0.0273,0.0268,0.0275,0.0289,0.0293,0.0301,0.0316,
+ 0.0320,0.0326,0.0345,0.0333,0.0330,0.0323,0.0320,0.0315,
+ 0.0308,0.0298,0.0301,0.0294,0.0287,0.0275,0.0264,0.0257,
+ 0.0253,0.0246,0.0236,0.0234,0.0236,0.0230,0.0220,0.0212,
+ 0.0211,0.0205,0.0202,0.0202,0.0210,0.0217,0.0215,0.0207,
+ 0.0204,0.0200,0.0206,0.0213,0.0213,0.0221,0.0222,0.0222,
+ 0.0227,0.0232,0.0230,0.0229,0.0232,0.0235,0.0235,0.0236,
+ 0.0237,0.0238,0.0235,0.0232,0.0225,0.0225,0.0224,0.0226,
+ 0.0220,0.0209,0.0183,0.0165,0.0156,0.0152,0.0154,0.0149,
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+ 0.0142,0.0132,0.0125,0.0115,0.0107,0.0098,0.0088,0.0078,
+ 0.0068,0.0058,0.0049,0.0040,0.0032,0.0030,0.0028,0.0026,
+ 0.0024,0.0022,0.0020,0.0018,0.0016,0.0014,0.0012,0.0010,
+ 0.0009,0.0008,0.0007,0.0006,0.0005,0.0004,0.0003,0.0002/

C
C Next, the fertility is given for the (native Italian) females
C

DATA fert/0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.00030,0.00310,0.00620,0.00960,
+ 0.01540,0.02070,0.02580,0.03200,0.04000,0.04790,
+ 0.05790,0.06650,0.07670,0.08650,0.09030,0.09370,
+ 0.09070,0.08770,0.07820,0.07070,0.06060,0.05030,
+ 0.03960,0.02990,0.02240,0.01610,0.01030,0.00620,
+ 0.00360,0.00200,0.00080,0.00050,0.00020,0.00020,
+ 0.00010,0.00010,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0./

C
C And the fertility for first-generation immigrant women is as follows
C

DATA imfert/0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.0030,0.0062,0.0139,0.0269,0.0447,
+ 0.0681,0.0927,0.1171,0.1337,0.1480,0.1561,0.1587,
+ 0.1575,0.1547,0.1445,0.1382,0.1281,0.1186,0.1073,
+ 0.0992,0.0902,0.0846,0.0745,0.0647,0.0548,0.0448,
+ 0.0351,0.0266,0.0174,0.0110,0.0062,0.0029,0.0012,
+ 0.0004,0.0002,0.0002,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0./

C
C Next, the immigration data are given for males and females
C

DATA nimm/ 232., 232., 232., 232., 232.,
+ 232., 232., 232., 232., 232.,
+ 232., 232., 232., 232., 232.,
+ 232., 232., 232.,1510.,1510.,
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+ 1510.,1510.,1510.,1510.,1510.,
+ 2200.,2200.,2200.,2200.,2200.,
+ 3073.,3073.,3073.,3073.,3073.,
+ 2743.,2743.,2743.,2743.,2743.,
+ 1798.,1798.,1798.,1798.,1798.,
+ 991., 991., 991., 991., 991.,
+ 416., 416., 416., 416., 416.,
+ 203., 203., 203., 203., 203.,
+ 105., 105., 105., 105., 105.,
+ 105., 105., 105., 105., 105.,
+ 105., 105., 105., 105., 105.,
+ 105., 105., 105., 105., 105.,
+ 0., 0., 0., 0., 0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0., 0., 0., 0., 0.,
+ 0., 0., 0., 0., 0.,
+ 0., 0., 0., 0., 0./

C
DATA nimf/ 157., 157., 157., 157., 157.,
+ 157., 157., 157., 157., 157.,
+ 157., 157., 157., 157., 157.,
+ 157., 157., 157.,1197.,1197.,
+ 1197.,1197.,1197.,1197.,1197.,
+ 2215.,2215.,2215.,2215.,2215.,
+ 2237.,2237.,2237.,2237.,2237.,
+ 1810.,1810.,1810.,1810.,1810.,
+ 1159.,1159.,1159.,1159.,1159.,
+ 695., 695., 695., 695., 695.,
+ 488., 488., 488., 488., 488.,
+ 293., 293., 293., 293., 293.,
+ 146., 146., 146., 146., 146.,
+ 146., 146., 146., 146., 146.,
+ 146., 146., 146., 146., 146.,
+ 146., 146., 146., 146., 146.,
+ 0., 0., 0., 0., 0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,
+ 0., 0., 0., 0., 0.,
+ 0., 0., 0., 0., 0.,
+ 0., 0., 0., 0., 0./

C
DATA imfem/120 * 0./
DATA totimm/120 * 0./
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C
C----> Initialization
C
C Read the Initalization data in from popevolve.ini
C

open(unit=60,file=’popevolve.ini’,status=’old’)
C

read(60,’(a70)’) junkstring
read(60,*) ntarget
read(60,’(a70)’) junkstring
read(60,*) sfert
read(60,’(a70)’) junkstring
read(60,*) smort
read(60,’(a70)’) junkstring
read(60,*) simmi

C
close(unit=60)

C
C----> Continue initialization
C
C First, we fill the array with the total population
C

do i = 1,120
nall(i) = nmale(i) + nfemale(i)
itfem(i) = nfemale(i)

enddo
C
C
C Book histograms
C

call hlimit(10000)
call hbook1(1,’male population’,120,0.,120.,0.)
call hbook1(2,’female population’,120,0.,120.,0.)
call hbook1(3,’total population’,120,0.,120.,0.)
call hbook1(4,’deaths in prevous year’,120,0.,120.,0.)
call hbook1(5,’total first-generation immigrants’,120,0.,120.,0.)
call hbook1(6,’male mortality, target year’,120,0.,120.,0.)
call hbook1(7,’female mortality, target year’,120,0.,120.,0.)
call hbook1(8,’fertility of natives’,120,0.,120.,0.)
call hbook1(9,’immigrant fertility’,120,0.,120.,0.)

C
C Initialize the output file
C

open (unit=43,file=’[wigmans.mc]popevolve.out’,
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+ form=’FORMATTED’,status=’NEW’)
C
C Write the simulated conditions to the output file
C

write(43,’(’’ calculations for the year ’’,I4)’) ntarget
write(43,’(’’ mortality scenario = ’’,I1)’) smort
write(43,’(’’ fertility scenario = ’’,I1)’) sfert
write(43,’(’’ immigration scenario = ’’,I1)’) simmi
write(43,*) ’ ’
write(43,*) ’ ’
write(43,*) ’ ’

C ****************************************************************
C Start the calculations
C

nyear = 0
1 continue

C
C Set the number of deaths to 0 for the new year
C

do i = 1,120
nmdeath(i) = 0.
nfdeath(i) = 0.
ndeath(i) = 0.
imdeath(i) = 0.

enddo
C
C Calculate the mortality for this year
C

call mortal(smort)
C
C Calculate the fertility for this year
C

call fertile(sfert)
C
C Calculate the immigration for this year
C

call immi(simmi)
C
C
C
C Now go ahead with the calculations
C Calculate the number of newborns
C

nall(1) = 0.
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do k = 1,120
nall(1) = nall(1) + itfem(k) * fert(k)
nall(1) = nall(1) + imfem(k) * imfert(k)

enddo
C
C Calculate the number of deaths
C

do j = 2,120
nmdeath(j) = nmale(j-1) * mmale(j-1)
nfdeath(j) = nfemale(j-1) * mfemale(j-1)
ndeath(j) = nmdeath(j) + nfdeath(j)
imdeath(j) = totimm(j-1)*mmale(j-1) + totimm(j-1)*mfemale(j-1)

enddo
C
C Calculate the life expectancy (male, female) for newborns
C

lef = 0.5
lem = 0.5
survm = 1.
survf = 1.
do k = 1,120
survm = survm * (1. - mmale(k))
survf = survf * (1. - mfemale(k))
lem = lem + survm
lef = lef + survf

enddo
C
C Calculate the life expectancy (male, female) for 65-year olds
C

lem65 = 65.5
lef65 = 65.5
survm = 1.
survf = 1.
do l = 66,120
survm = survm * (1. - mmale(l))
survf = survf * (1. - mfemale(l))
lem65 = lem65 + survm
lef65 = lef65 + survf

enddo
C
C Calculate the effects of mortality on the population composition
C

do i = 120,2,-1
nmale(i) = nmale(i-1) - nmdeath(i)
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nfemale(i) = nfemale(i-1) - nfdeath(i)
totimm(i) = totimm(i-1) - imdeath(i)

enddo
C
C Split newborns into males and females (51.4%/48.6%)
C

nmale(1) = 0.514 * nall(1)
nfemale(1) = 0.486 * nall(1)

C
C Add immigration, keep track of immigrant women
C and of surviving first-generation immigrants
C

do j = 1,120
nmale(j) = nmale(j) + nimm(j)
nfemale(j) = nfemale(j) + nimf(j)
imfem(j) = imfem(j) + nimf(j)
itfem(j) = nfemale(j) - imfem(j)
totimm(j) = totimm(j) + nimm(j) + nimf(j)

enddo
C
C Calculate new composition of population
C

do k = 1,120
nall(k) = nmale(k) + nfemale(k)

enddo
C
C Move one year further
C

nyear = nyear + 1
if ((nyear + 2000).lt.ntarget) go to 1

C
C Fill histograms and calculate summarizing variables
C

ntot = 0.
mtot = 0.
ftot = 0.
nin = 0.
nout = 0.
nmout = 0.
nfout = 0.
n65 = 0.
n80 = 0.
n100 = 0.
nact = 0.
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C
fmale = 0.
ffemale = 0.
f65 = 0.
f80 = 0.
f100 = 0.
fd65 = 0.
fd = 0.

C
do i = 1,120
age = float(i) - 0.01
call hfill(1,age,0.,nmale(i))
call hfill(2,age,0.,nfemale(i))
call hfill(3,age,0.,nall(i))
call hfill(4,age,0.,ndeath(i))
call hfill(5,age,0.,totimm(i))
call hfill(6,age,0.,mmale(i))
call hfill(7,age,0.,mfemale(i))
call hfill(8,age,0.,fert(i))
call hfill(9,age,0.,imfert(i))

C
ntot = ntot + nall(i)
mtot = mtot + nmale(i)
ftot = ftot + nfemale(i)
nim = nim + totimm(i)
nin = nin + nimm(i) + nimf(i)
nmout = nmout + nmdeath(i)
nfout = nfout + nfdeath(i)
nout = nout + ndeath(i)
if (i.gt.65) n65 = n65 + nall(i)
if (i.gt.80) n80 = n80 + nall(i)
if (i.gt.100) n100 = n100 + nall(i)
if (i.gt.15.and.i.le.65) nact = nact + nall(i)

enddo
C
C Calculate fractions of retirees, m/f and dependency ratio
C

fmale = mtot/ntot
ffemale = ftot/ntot
f65 = n65/ntot
f80 = n80/ntot
f100 = n100/ntot
fd65 = n65/nact

C
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C Output of population composition in target year
C

write(43,900)
900 format(1x,’age population males females’,
+’ deaths immigrants’)
write(43,*) ’ ’
do j = 1,120
write(43,999) (j-1),nall(j),nmale(j),nfemale(j),ndeath(j+1),

+ (nimm(j)+nimf(j))
enddo

999 format(1x,I4,5(5x,f7.0))
write(43,*) ’ ’
write(43,*) ’ ’
write(43,’(’’ calculations for the year ’’,I4)’) ntarget
write(43,*) ’ ’
write(43,*) ’ ’
write(43,’(’’ total population: ’’,f9.0)’) ntot
write(43,’(’’ fraction of males: ’’,f5.4)’) fmale
write(43,’(’’ fraction of females: ’’,f5.4)’) ffemale
write(43,*) ’ ’
write(43,’(’’ number of newborns (last year): ’’,f9.0)’) nall(1)
write(43,’(’’ number of immigrants (last year): ’’,f9.0)’) nin
write(43,’(’’ total first-generation immigrants:’’,f9.0)’) nim
write(43,’(’’ number of deaths (last year): ’’,f9.0)’) nout
write(43,’(’’ net population growth (last year):’’,f9.0)’)
+ (nall(1) + nin - nout)
write(43,*) ’ ’
write(43,’(’’ fraction of people 65 and older: ’’,f5.4)’) f65
write(43,’(’’ fraction of people 80 and older: ’’,f5.4)’) f80
write(43,’(’’ fraction of centenarians: ’’,f6.5)’) f100
write(43,’(’’ life expectancy newborns (m): ’’,f5.2)’) lem
write(43,’(’’ life expectancy newborns (f): ’’,f5.2)’) lef
write(43,’(’’ life expectancy 65-year olds (m): ’’,f5.2)’) lem65
write(43,’(’’ life expectancy 65-year olds (f): ’’,f5.2)’) lef65
write(43,*) ’ ’
write(43,’(’’ dependency ratio, retire at 65: ’’,f5.4)’) fd65

C
nret = n65
do k = 65,79
nact = nact + nall(k)
nret = nret - nall(k+1)
fd = nret/nact
write(43,’(’’ dependency ratio, retire at ’’,I2,’’: ’’,f5.4)’)

+ (k+1),fd
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enddo
C

write(43,*) ’ ’
C
C Histogram averages
C

am = 0.
af = 0.
ap = 0.
dm = 0.
df = 0.
dp = 0.
afert = 0.
aimfert = 0.
do j = 1,120
am = am + nmale(j) * (float(j)-0.5)
af = af + nfemale(j) * (float(j)-0.5)
ap = am + af
dm = dm + nmdeath(j) * (float(j)-0.5)
df = df + nfdeath(j) * (float(j)-0.5)
dp = dm + df
afert = afert + fert(j)
aimfert = aimfert + imfert(j)

enddo
C

am = am/mtot
af = af/ftot
ap = ap/ntot
dm = dm/nmout
df = df/nfout
dp = dp/nout

C
write(43,’(’’ average age of males: ’’,f5.2)’) am
write(43,’(’’ average age of females: ’’,f5.2)’) af
write(43,’(’’ average age of population: ’’,f5.2)’) ap
write(43,’(’’ average age of death (m): ’’,f5.2)’) dm
write(43,’(’’ average age of death (f): ’’,f5.2)’) df
write(43,’(’’ average age of death (all): ’’,f5.2)’) dp
write(43,’(’’ average fertility (natives): ’’,f5.3)’) afert
write(43,’(’’ average fertility (immigrant):’’,f5.3)’) aimfert
write(43,*) ’ ’

C
C And the histograms themselves
C
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call houtpu(43)
call hprint(0)
close(43)
STOP
END

*******************************************************************
*******************************************************************

SUBROUTINE MORTAL(iarg)
C
C This subroutine calculates the development of the mortality for
C males and females in different scenarios (indicated by the
C parameter iarg)
C Scenario 0: Mortality remains at Year 2000 levels
C Scenario 1: Mortality decrease for all ages by 1% per year
C Scenario 2: Mortality decrease in age dependent way, coefficients
C determined from trends in period 1953 - 2000
C Scenario 3: Mortality decrease for all ages by 0.5% per year
C

IMPLICIT none
C

REAL mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert
INTEGER nyear,iarg,l
DIMENSION mmale(120),mfemale(120),mcm(120),mcf(120),fert(120)
DIMENSION nimm(120),nimf(120),imfert(120)
COMMON/SCEN/nyear,mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert

C
if (iarg.eq.0) go to 9
if (iarg.eq.1) go to 5
if (iarg.eq.2) go to 3
if (iarg.eq.3) go to 2
go to 9

C
2 continue
do l = 1,120
mmale(l) = mmale(l) * 0.995
mfemale(l) = mfemale(l) * 0.995

enddo
go to 9

C
3 continue
do l = 1,120
mmale(l) = mmale(l) * (1. - mcm(l))
mfemale(l) = mfemale(l) * (1. - mcf(l))

enddo
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go to 9
C
5 continue
do l = 1,120
mmale(l) = mmale(l) * 0.99
mfemale(l) = mfemale(l) * 0.99

enddo
C
9 continue
RETURN
END

****************************************************************
****************************************************************

SUBROUTINE FERTILE(iarg)
C
C This subroutine calculates the development of the fertility in
C different scenarios (indicated by the parameter iarg)
C Scenario 0: Fertlity remains at Year 2000 levels
C Scenario 1: Fertlity increases by 0.63%/yr until 2050,
C constant after 2050
C Scenario 2: Fertility increases by 0.83%/yr until 2080
C Scenario 3: Fertlity decrease by 0.24%/yr until 2050,
C constant after 2050
C

IMPLICIT none
C

REAL mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert
INTEGER nyear,iarg,k
DIMENSION mmale(120),mfemale(120),mcm(120),mcf(120),fert(120)
DIMENSION nimm(120),nimf(120),imfert(120)
COMMON/SCEN/nyear,mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert

C
if (iarg.eq.0) go to 9
if (iarg.eq.1) go to 5
if (iarg.eq.2) go to 4
if (iarg.eq.3) go to 3
go to 9

C
3 continue
if (nyear.gt.50) go to 9
do k = 1,120
fert(k) = fert(k) * 0.9976

enddo
go to 9
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C
4 continue
do k = 1,120
fert(k) = fert(k) * 1.0083

enddo
go to 9

C
5 continue
if (nyear.gt.50) go to 9
do k = 1,120
fert(k) = fert(k) * 1.0063

enddo
C
9 continue
RETURN
END

************************************************************
************************************************************

SUBROUTINE IMMI(iarg)
C
C This subroutine calculates the changes in immigration patterns.
C The scenarios that can be simulated (indicated by the parameter
C iarg) are as follows:
C Scenario 0: Numbers of immigrants and first-generation fertility
C rates the same as averaged over the period 1995-2000
C Scenario 1: No immigration at all
C Scenario 2: Numbers of immigrants as in 1995-2000, but first-generation
C fertility rates the same as for Italian women
C Scenario 3: A gradual increase in the numbers of immigrants to
C 250,000/yr by 2020, afterwards constant. Fertility rates
C as in scenario 0.
C Scenario 4: A gradual increase in the numbers of immigrants to
C 500,000/yr by 2080. Fertility rates as in scenario 0.
C

IMPLICIT none
C

REAL mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert
INTEGER nyear,iarg,j
DIMENSION nimm(120), nimf(120), imfert(120)
DIMENSION mmale(120), mfemale(120), mcm(120),mcf(120),fert(120)
COMMON/SCEN/nyear,mmale,mfemale,mcm,mcf,nimm,nimf,fert,imfert

C
if (iarg.eq.0) go to 9
if (iarg.eq.1) go to 1
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if (iarg.eq.2) go to 2
if (iarg.eq.3) go to 3
if (iarg.eq.4) go to 4
go to 9

C
1 continue
do j = 1,120
nimm(j) = 0.
nimf(j) = 0.

enddo
go to 9

C
2 continue
do j = 1,120
imfert(j) = fert(j)

enddo
go to 9

C
3 continue
if (nyear.gt.20) go to 9
do j = 1,120
nimm(j) = nimm(j) * 1.032
nimf(j) = nimf(j) * 1.032

enddo
go to 9

C
4 continue
do j = 1,120
nimm(j) = nimm(j) * 1.017
nimf(j) = nimf(j) * 1.017

enddo
go to 9

C
9 continue
RETURN
END

*******************************************************************

*******************************************************************
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Input / output

The input of the POPEVOLVE program consists of a simple data file (‘popevolve.ini’),
which is read in immediately after all arrays have been defined and which contains 4 parame-
ters that define the conditions of the simulation:

• ntarget = the target year of the simulations,

• sfert = the fertility scenario (0, 1, 2 or 3),

• smort = the mortality scenario (0, 1, 2 or 3),

• simmi = the immigration scenario (0, 1, 2, 3 or 4).

The output consists of 3 parts:

1. The age distribution of the population in the target year,

2. A series of numbers characterizing that population,

3. A series of histograms.

In the following, we give an example of the (abbreviated) output for the simulations of scenario
(sfert,smort,simmi) = (1,2,3) in the year 2040.
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calculations for the year 2040
mortality scenario = 2
fertility scenario = 1
immigration scenario = 3

age population males females deaths immigrants

0 575514. 295876. 279638. 298. 754.
1 574332. 295321. 279012. 7. 754.
2 573358. 294881. 278476. 11. 754.
3 572219. 294358. 277862. 11. 754.
4 570837. 293708. 277129. 9. 754.
5 569168. 292911. 276257. 10. 754.
6 567108. 291913. 275196. 11. 754.
7 564654. 290712. 273942. 12. 754.
8 561709. 289259. 272450. 11. 754.
9 558349. 287593. 270757. 11. 754.

10 554479. 285664. 268815. 13. 754.
11 550184. 283517. 266667. 16. 754.
12 545395. 281116. 264279. 21. 754.
13 540295. 278554. 261740. 31. 754.
14 535005. 275892. 259113. 43. 754.
15 529591. 273162. 256429. 57. 754.
16 524269. 270473. 253796. 80. 754.
17 519126. 267869. 251257. 106. 754.
18 518828. 267913. 250915. 137. 5245.
19 518908. 268139. 250769. 168. 5245.
20 519868. 268800. 251069. 183. 5245.
21 521788. 269943. 251845. 191. 5245.
22 524781. 271631. 253150. 192. 5245.
23 528992. 273942. 255050. 187. 5245.
24 534438. 276886. 257552. 180. 5245.
25 544504. 281839. 262665. 174. 8555.
26 555784. 287415. 268369. 166. 8555.
27 568135. 293540. 274596. 164. 8555.
28 581440. 300155. 281285. 168. 8555.
29 595455. 307131. 288325. 186. 8555.
30 611639. 316012. 295627. 192. 10289.
31 627998. 324979. 303019. 204. 10289.
32 644293. 333907. 310386. 218. 10289.
33 660099. 342579. 317519. 229. 10289.
34 675101. 350839. 324262. 231. 10289.
35 687586. 357919. 329668. 242. 8822.
36 698731. 364310. 334421. 262. 8822.
37 708443. 369962. 338481. 296. 8822.
38 716335. 374668. 341667. 326. 8822.
39 722484. 378473. 344012. 374. 8822.
40 761606. 398805. 362801. 388. 5730.
41 766487. 401800. 364687. 407. 5730.
42 766932. 402417. 364515. 444. 5730.
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43 765388. 402036. 363352. 476. 5730.
44 761882. 400638. 361243. 495. 5730.
45 732690. 386082. 346608. 562. 3267.
46 751270. 395157. 356113. 653. 3267.
47 775996. 407921. 368075. 739. 3267.
48 752089. 395447. 356642. 831. 3267.
49 756386. 396938. 359449. 920. 3267.
50 757460. 396860. 360599. 997. 1752.
51 756552. 396898. 359653. 1085. 1752.
52 741789. 388671. 353118. 1132. 1752.
53 742185. 388212. 353973. 1245. 1752.
54 758610. 395178. 363433. 1453. 1752.
55 761381. 396214. 365167. 1716. 961.
56 769860. 400306. 369554. 1982. 961.
57 783131. 405015. 378116. 2322. 961.
58 788015. 406718. 381298. 2470. 961.
59 787554. 405924. 381630. 2680. 961.
60 801483. 411733. 389749. 3098. 486.
61 835312. 427216. 408095. 3365. 486.
62 854092. 434914. 419178. 3933. 486.
63 884070. 448381. 435689. 4707. 486.
64 919867. 463990. 455878. 5421. 486.
65 947314. 475924. 471389. 6041. 486.
66 941633. 470802. 470831. 6792. 486.
67 943372. 470556. 472816. 7777. 486.
68 950497. 471311. 479186. 8385. 486.
69 923069. 454444. 468625. 9232. 486.
70 930138. 453505. 476633. 9913. 486.
71 902737. 436581. 466155. 10619. 486.
72 893091. 426710. 466381. 11737. 486.
73 896159. 423410. 472749. 12814. 486.
74 875721. 409150. 466570. 14345. 486.
75 867703. 400777. 466926. 14359. 486.
76 796672. 361953. 434719. 15324. 486.
77 752141. 336771. 415370. 16201. 486.
78 720983. 318698. 402285. 16148. 486.
79 673956. 292883. 381073. 15944. 486.
80 640040. 274630. 365410. 16255. 0.
81 594611. 250197. 344414. 18136. 0.
82 569071. 235222. 333849. 22535. 0.
83 535094. 216037. 319057. 26329. 0.
84 495812. 195082. 300729. 28350. 0.
85 460805. 175776. 285029. 27672. 0.
86 409655. 152340. 257315. 26313. 0.
87 378811. 136334. 242477. 26530. 0.
88 348880. 121958. 226922. 27868. 0.
89 331255. 112591. 218664. 29269. 0.
90 301083. 99520. 201563. 30850. 0.
91 282097. 90334. 191763. 30804. 0.
92 242822. 75436. 167386. 30456. 0.
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93 211378. 63403. 147975. 23047. 0.
94 140085. 40630. 99455. 22609. 0.
95 119309. 33592. 85716. 21519. 0.
96 97546. 26501. 71045. 19763. 0.
97 76339. 20065. 56273. 17452. 0.
98 57950. 14773. 43177. 16194. 0.
99 46247. 11404. 34843. 12916. 0.
100 31653. 7608. 24046. 9701. 0.
101 20477. 4770. 15707. 6471. 0.
102 12143. 2737. 9406. 4239. 0.
103 7099. 1532. 5566. 2828. 0.
104 4223. 878. 3345. 1718. 0.
105 2288. 454. 1834. 996. 0.
106 1182. 223. 959. 543. 0.
107 574. 101. 473. 287. 0.
108 270. 45. 225. 147. 0.
109 123. 19. 104. 62. 0.
110 46. 7. 39. 26. 0.

results for the year 2040

total population: 62217512.
fraction of males: .4942
fraction of females: .5058

number of newborns (last year): 575514.
number of immigrants (last year): 256885.
total first-generation immigrants: 8547469.
number of deaths (last year): 726482.
net population growth (last year): 105917.

fraction of people 65 and older: .3124
fraction of people 80 and older: .1032
fraction of centenarians: .00129
life expectancy newborns (m): 82.26
life expectancy newborns (f): 89.14
life expectancy 65-year olds (m): 86.16
life expectancy 65-year olds (f): 90.78

dependency ratio, retire at 65: .5654
dependency ratio, retire at 66: .5238
dependency ratio, retire at 67: .4842
dependency ratio, retire at 68: .4465
dependency ratio, retire at 69: .4106
dependency ratio, retire at 70: .3769
dependency ratio, retire at 71: .3450
dependency ratio, retire at 72: .3151
dependency ratio, retire at 73: .2869
dependency ratio, retire at 74: .2600
dependency ratio, retire at 75: .2345
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dependency ratio, retire at 76: .2104
dependency ratio, retire at 77: .1888
dependency ratio, retire at 78: .1693
dependency ratio, retire at 79: .1512
dependency ratio, retire at 80: .1348

average age of males: 46.69
average age of females: 50.03
average age of population: 48.38
average age of death (m): 81.32
average age of death (f): 88.75
average age of death (all): 84.87
average fertility (natives): 1.598
average fertility (immigrant): 2.532
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B.2 Program to evaluate pension benefit scenarios

The program EURACLE was developed to determine the sustainability of the Italian Pay-
As-You-Go pension system. On the basis of a given input scenario, it calculates the income
and expenses of the system. The program was written in FORTRAN and was executed on a
DEC-α computer.

Program EURACLE
C
C This program calculates the intake (in the form of premiums)
C and output (in the form of pension payments) of the Italian PAYG
C pension system for a given target year. It uses the age distribution
C of the population in that target year as generated by the program
C POPEVOLVE. The subroutine PENSION allows the simulation of a
C number of different scenarios. Input parameters include the real-wage
C growth, the retirement age, the number of years premiums have been
C contributed beyond age 65 and the pension premium percentage.
C

IMPLICIT NONE
C

REAL nage,nemp,npens,femp,fpens
REAL nin,nout,ntot,nwork,fextra,lem65
REAL dr65,dr66,dr67,dr68,dr69,dr70,dr71,dr72,dr73,dr74
REAL eursal,eurpen,pref1,pref2,pstart,pstart1,pstart2,rwg
REAL fprem,premtot,pentot,fsust
REAL beta
REAL age,age2,age3,age4,age5
INTEGER i,j,k,l
INTEGER nyear,ntarget,nret,nextra
INTEGER sfert,smort,simmi,spen
character*70 junkstring
DIMENSION nage(120),nemp(120),npens(120),femp(120),fpens(120)
DIMENSION eursal(120), eurpen(120), beta(9)

C
COMMON/POPU/nage,ntarget,sfert,smort,simmi,lem65
COMMON/dini/nyear,nret,nwork,nextra,fextra,
+ pstart,pstart1,pstart2,rwg,beta,eurpen
DATA nemp/120*0./
DATA npens/120*0./
DATA femp/120*0./
DATA fpens/120*0./
DATA eursal/120*0./
DATA eurpen/120*0./
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DATA beta/0.04720,0.04860,0.05006,0.05163,0.05334,0.05514,
+ 0.05706,0.05911,0.06136/

C
premtot = 0.
pentot = 0.
pref1 = 0.
pref2 = 0.
fsust = 0.
nin = 0.
nout = 0.
ntot = 0.
nwork = 0.
fextra = 1.

C
C Read the initialization data from euracle.ini
C

open(unit=61,file=’euracle.ini’,status=’old’)
C

read(61,’(a70)’) junkstring
read(61,*) ntarget
read(61,’(a70)’) junkstring
read(61,*) sfert
read(61,’(a70)’) junkstring
read(61,*) smort
read(61,’(a70)’) junkstring
read(61,*) simmi
read(61,’(a70)’) junkstring
read(61,*) spen
read(61,’(a70)’) junkstring
read(61,*) nret
read(61,’(a70)’) junkstring
read(61,*) nextra
read(61,’(a70)’) junkstring
read(61,*) fprem
read(61,’(a70)’) junkstring
read(61,*) rwg

C
C Convert premium and real-wage growth from % to fraction
C

fprem = fprem/100.
rwg = rwg/100.

C
close(unit=61)

C
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C Initialize the output file
C

open(unit=44,file=’[wigmans.mc]euracle.out’,
+ form=’FORMATTED’,status=’NEW’)

C
C Write the simulated conditions to the output file
C

write(44,’(’’ calculations for the year ’’,I4)’) ntarget
write(44,’(’’ mortality scenario = ’’,I1)’) smort
write(44,’(’’ fertility scenario = ’’,I1)’) sfert
write(44,’(’’ immigration scenario = ’’,I1)’) simmi
write(44,’(’’ pension scenario = ’’,I1)’) spen
write(44,*) ’ ’
write(44,’(’’ retirement age = ’’,I2)’) nret
write(44,’(’’ extra years worked beyond 65 = ’’,I2)’) nextra
write(44,’(’’ pension premium = ’’,f4.1,’’%’’)’) fprem*100.
write(44,’(’’ real-wage growth = ’’,f3.1,’’%/year’’)’) rwg*100.
write(44,*) ’ ’

C
C Call the POPEVOLVE program to evaluate the age distribution
C of the population in the target year, for the chosen scenario
C

call population
C
C Calculate the number of employees in each age group
C and the average duration of a career
C

do i = 18,64
age = float(i)
age2 = age*age
age3 = age*age*age
age4 = age*age*age*age
age5 = age*age*age*age*age
femp(i) = -950 + 124.9*age - 6.25*age2 + 0.157*age3

+ - 0.00194*age4 + 0.0000093*age5
femp(i) = femp(i)/100.
nwork = nwork + femp(i)
nemp(i) = nage(i) * femp(i)
if (nemp(i).lt.0.) nemp(i) = 0.

enddo
C
C Calculate the average salary for each age group
C (based on Year-2000 data)
C
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do i = 18,64
age = float(i)
age2 = age*age
eursal(i) = -4269 + 746*age -6.69*age2
if (eursal(i).lt.0.) eursal(i) = 0.

enddo
C
C Calculate the pension reference income and the starting pension
C based on an average career (pre-Dini)
C

do k = 55,64
pref1 = pref1 + eursal(k)/10.

enddo
pstart1 = pref1 * nwork * 0.02

C
C Calculate the pension reference income and the starting pension
C (at age 65) based on an average career (post-Dini)
C

do k = 15,64
pref2 = pref2 + eursal(k)*femp(k)/nwork

enddo
pstart2 = pref2 * beta(9) * nwork * fprem

C
C Calculate the pensions for each age group on the basis of the
C chosen scenario (indicated by the parameter spen)
C

call pension(spen)
C
C Calculate the fraction of pensioners in each age cohort
C

do j = 57,120
age = float(j) - 59.32
age = age * -0.1663
fpens(j) = 94.306 * (1. - 0.439*exp(age))
fpens(j) = fpens(j)/100.
if (fpens(j).lt.0.) fpens(j) = 0.

enddo
C
C Make corrections for increased retirement age. Fractions shift to
C cohort + number of extra years worked
C

if (spen.ne.5) go to 11
do j = 120,57,-1
fpens(j) = fpens(j-nextra)
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enddo
11 continue
C
C Calculate the number of pensioners in each age cohort
C

do j = 57,120
npens(j) = nage(j) * fpens(j)

enddo
C
C Calculate the dependency ratios for this population
C as well as the total number of people
C

do l = 15,64
nin = nin + nage(l)

enddo
do l = 65,120
nout = nout + nage(l)

enddo
do l = 1,120
ntot = ntot + nage(l)

enddo
ntot = ntot/1000000.
dr65 = nout/nin

C
do l = 65,73
nin = nin + nage(l)
nout = nout - nage(l)
if (l.eq.65) dr66 = nout/nin
if (l.eq.66) dr67 = nout/nin
if (l.eq.67) dr68 = nout/nin
if (l.eq.68) dr69 = nout/nin
if (l.eq.69) dr70 = nout/nin
if (l.eq.70) dr71 = nout/nin
if (l.eq.71) dr72 = nout/nin
if (l.eq.72) dr73 = nout/nin
if (l.eq.73) dr74 = nout/nin

enddo
C
C Write total population and dependency ratios to the output file
C

write(44,’(’’ The total population is ’’,f5.2,’’ million’’)’)
+ ntot
write(44,*) ’ ’
write(44,’(’’ The dependency ratios are as follows’’)’)
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write(44,’(’’ retirement age 65: ’’,f5.4)’) dr65
write(44,’(’’ retirement age 66: ’’,f5.4)’) dr66
write(44,’(’’ retirement age 67: ’’,f5.4)’) dr67
write(44,’(’’ retirement age 68: ’’,f5.4)’) dr68
write(44,’(’’ retirement age 69: ’’,f5.4)’) dr69
write(44,’(’’ retirement age 70: ’’,f5.4)’) dr70
write(44,’(’’ retirement age 71: ’’,f5.4)’) dr71
write(44,’(’’ retirement age 72: ’’,f5.4)’) dr72
write(44,’(’’ retirement age 73: ’’,f5.4)’) dr73
write(44,’(’’ retirement age 74: ’’,f5.4)’) dr74
write(44,*) ’ ’
write(44,*) ’ ’

C
C Write for each age the number of people, the fraction of income
C earners, their average salary, the fraction of pensioners,
C their average pension
C

write (44,900)
900 format(2x,’age population income earners avg salary’,

+’ pensioners avg pension’)
write(44,*) ’ ’
do j = 1,110

write(44,999) j,nage(j),femp(j),eursal(j),fpens(j),eurpen(j)
enddo

999 format(1x,I4,5x,f7.0,2(8x,f5.4,8x,f6.0))
C
C Calculate the total amount of euros collected from employees
C and the total amount of pension that has to be paid
C

do k = 1,110
premtot = premtot + fprem * nemp(k) * eursal(k)
pentot = pentot + npens(k) * eurpen(k)

enddo
C
C Convert total amounts into millions of euros
C

premtot = premtot*fextra/1000000.
pentot = pentot/1000000.
fsust = 100.*pentot/premtot
nwork = nwork*fextra

C
C Output of results
C

write(44,*) ’ ’

203



write(44,*) ’ ’
write(44,’(’’ Duration of average career: ’’,f4.1,’’ years’’)’)
+ nwork
write(44,’(’’ Life expectancy at age 65 = ’’, f5.1,’’ years’’)’)
+ lem65
write(44,’(’’ Reference income (pre-Dini): ’’,f6.0,’’ euros’’)’)
+ pref1
write(44,’(’’ Starting pension (pre-Dini): ’’,f6.0,’’ euros’’)’)
+ pstart1
write(44,’(’’ Reference income (post-Dini): ’’,f6.0,’’ euros’’)’)
+ pref2
write(44,’(’’ Starting pension (post-Dini, retirement age): ’’,
+ f6.0,’’ euros’’)’) pstart2*fextra
write(44,*) ’ ’
write(44,’(’’ Total premiums collected (Meuro):’’, f9.0)’)premtot
write(44,’(’’ Total pensions payed (Meuro): ’’, f9.0)’)pentot
write(44,’(’’ This corresponds to ’’, f5.1,’’ percent’’)’) fsust

C
close(44)
STOP
END

C

*************************************************************************
*************************************************************************
C

SUBROUTINE PENSION(iarg)
C
C This subroutine calculates the pension amounts for each age group
C according to different scenarios, indicated by the parameter iarg.
C Scenario 0: Current situation. Pension amounts as derived from SHIW
C survey data. Use only for years 2000 - 2005.
C Scenario 1: Everything remains as before 1995. Reference income based
C on last 10 years of service. Starting pension 2% for each
C year of service.
C Scenario 2: It is assumed that all changes proposed by Dini have been fully
C implemented, for every retiree. Reference income based on
C average over entire career. Lower starting pension for early
C retirees (different beta coefficients applied for age <65).
C Scenario 3: The Dini reforms are gradually implemented, as intended
C Scenario 4: As scenario 3, but the beta coefficients are changed
C annually, inversely proportional to the changing life
C expectancy.
C Scenario 5: The retirement age is increased to a chosen value (nret)
C All beta coefficients are shifted to the new retirement
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C age. The fractions of pensioners (fpens) are shifted to
C to higher ages, depending on the number of extra years
C worked before retirement.
C

IMPLICIT none
C

REAL pstart,pstart1,pstart2,age,rwg,lem65,fleng
REAL beta,eurpen,nage,nwork,fextra,fdini
INTEGER nyear,ntarget,nret,iarg,nextra,ageAC,ageBC
INTEGER sfert,smort,simmi
INTEGER i,j,j1,k,l
DIMENSION beta(9),eurpen(120),nage(120)

C
COMMON/POPU/nage,ntarget,sfert,smort,simmi,lem65
COMMON/dini/nyear,nret,nwork,nextra,fextra,
+ pstart,pstart1,pstart2,rwg,beta,eurpen

C
if (iarg.eq.0) go to 1
if (iarg.eq.1) go to 2
if (iarg.eq.2) go to 3
if (iarg.eq.3) go to 4
if (iarg.eq.4) go to 5
if (iarg.eq.5) go to 6
go to 9

C
1 continue
pstart = 21946.
do i = 57,120
age = float(i)
eurpen(i) = pstart * exp(-0.012706*age)

enddo
go to 9

C
2 continue
pstart = pstart1
do j = 57,120
age = float(j)
eurpen(j) = pstart * exp(-rwg*(age-65.))
if (j.le.65) eurpen(j) = pstart

enddo
go to 9

C
3 continue
pstart = pstart2
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do k = 57,65
eurpen(k) = pstart * beta(k-56)/beta(9)

enddo
do k = 66,120
age = float(k)
eurpen(k) = pstart * exp(-rwg*(age-65.))

enddo
go to 9

C
4 continue
fleng = 1.

41 continue
ageAC = ntarget - 1952
ageBC = ntarget - 1970

C
C If there are no Dini folks yet
C

if (ageAC.lt.57) go to 2
C
C If everybody falls under Dini reforms
C

if (ageAC.gt.119) then
pstart2 = pstart2 * fleng
go to 3

endif
C
C First the people who are completely subject to Dini reforms
C

if (ageBC.lt.57) go to 42
do i = 57,ageBC
pstart = pstart2 * fleng
age = float(i)
if (i.le.65) eurpen(i) = pstart * beta(i-56)/beta(9)
if (i.gt.65) eurpen(i) = pstart * exp(-rwg*(age-65.))

enddo
C
C Now the people who fall under the transitions rules
C

42 continue
j1 = ageBC + 1
if (j1.lt.57) j1 = 57
do j = j1,ageAC
fdini = float(ageAC-j)/18.
age = float(j)
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if (j.le.65) then
eurpen(j) = fdini*pstart2*fleng*beta(j-56)/beta(9)

+ + (1.-fdini)*pstart1
endif
if (j.gt.65) then
eurpen(j) = (fdini*pstart2*fleng + (1.-fdini)*pstart1)

+ * exp(-rwg*(age-65.))
endif

enddo
C
C And finally the people who are grandfathered (Dini does not apply)
C

do k = ageAC+1,120
pstart = pstart1
age = float(k)
eurpen(k) = pstart * exp(-rwg*(age-65.))
if (k.le.65) eurpen(k) = pstart

enddo
go to 9

C
5 continue
fleng = 16.5/(lem65-65.)
go to 41

C
6 continue
fextra = 1. + (float(nextra)/nwork)
pstart = pstart2 * fextra

C
do l = nret-8,nret
eurpen(l) = pstart * beta(l-nret+9)/beta(9)

enddo
do l = nret+1,120
age = float(l)
eurpen(l) = pstart * exp(-rwg*(age-float(nret)))

enddo
go to 9

C
9 continue
RETURN
END

*******************************************************************

*******************************************************************
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Input / output

The input of the EURACLE program consists of a data file (‘euracle.ini’), which is
read in immediately after all arrays have been defined. This file contains 4 parameters that
define the age distribution of the population in the target year of the simulations:

• ntarget = the target year of the simulations,

• sfert = the fertility scenario (0, 1, 2 or 3),

• smort = the mortality scenario (0, 1, 2 or 3),

• simmi = the immigration scenario (0, 1, 2, 3 or 4).

The next 5 parameters define the specifics of the pension scenario:

• spen = pension scenario (0,1,2,3,4 or 5),

• nret = retirement age,

• nextra = number of years contributed after age 65,

• fprem = percentage of premium contributions,

• rwg = percentage of annual real-wage growth.

The output consists of :

1. A summary of the characteristics of the population in the target year (dependency
ratios, total population),

2. For each age cohort, the number of people, the participation fraction, the average
income, the fraction of pensioners and the average pension amount,

3. Information relevant for the balance of the PAYG system (average duration of con-
tributions, average starting level of pensions at retirement age pre- and post-Dini,
total amounts of contributions and disbursements, ratio of disbursements and contri-
butions).

In the following, we give an example of the output for pension scenario 3 (i.e. simulation of the
gradual implementation of the Dini reforms) for population scenario (sfert,smort,simmi)
= (0,1,0) in the year 2030.
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calculations for the year 2030
mortality scenario = 1
fertility scenario = 0
immigration scenario = 0
pension scenario = 3

retirement age = 65
extra years worked beyond 65 = 0
pension premium = 32.7%
real-wage growth = 1.5%/year

The total population is 55.80 million

The dependency ratios are as follows
retirement age 65: .4526
retirement age 66: .4140
retirement age 67: .3799
retirement age 68: .3487
retirement age 69: .3198
retirement age 70: .2934
retirement age 71: .2690
retirement age 72: .2467
retirement age 73: .2257
retirement age 74: .2060

age population income earners avg salary pensioners avg pension

1 422770. .0000 0. .0000 0.
2 422288. .0000 0. .0000 0.
3 421575. .0000 0. .0000 0.
4 420747. .0000 0. .0000 0.
5 419873. .0000 0. .0000 0.
6 419147. .0000 0. .0000 0.
7 418673. .0000 0. .0000 0.
8 418620. .0000 0. .0000 0.
9 419031. .0000 0. .0000 0.

10 420136. .0000 0. .0000 0.
11 422011. .0000 0. .0000 0.
12 424777. .0000 0. .0000 0.
13 428577. .0000 0. .0000 0.
14 433440. .0000 0. .0000 0.
15 439458. .0000 0. .0000 0.
16 446562. .0000 0. .0000 0.
17 454629. .0000 0. .0000 0.
18 465887. .0285 6991. .0000 0.
19 477811. .1397 7490. .0000 0.
20 490165. .2336 7975. .0000 0.
21 502710. .3124 8447. .0000 0.
22 515229. .3786 8905. .0000 0.
23 527316. .4340 9350. .0000 0.
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24 538665. .4805 9782. .0000 0.
25 550726. .5195 10200. .0000 0.
26 561495. .5525 10605. .0000 0.
27 570868. .5806 10996. .0000 0.
28 578577. .6047 11374. .0000 0.
29 584658. .6258 11739. .0000 0.
30 627864. .6444 12090. .0000 0.
31 633529. .6612 12428. .0000 0.
32 634755. .6764 12752. .0000 0.
33 634123. .6905 13064. .0000 0.
34 631658. .7035 13361. .0000 0.
35 605372. .7156 13646. .0000 0.
36 627276. .7267 13917. .0000 0.
37 655622. .7367 14174. .0000 0.
38 635393. .7455 14419. .0000 0.
39 643742. .7529 14650. .0000 0.
40 649075. .7586 14867. .0000 0.
41 652706. .7623 15071. .0000 0.
42 642670. .7638 15262. .0000 0.
43 648114. .7628 15439. .0000 0.
44 669988. .7589 15603. .0000 0.
45 677936. .7518 15754. .0000 0.
46 692002. .7413 15891. .0000 0.
47 711233. .7272 16015. .0000 0.
48 722368. .7093 16125. .0000 0.
49 728195. .6875 16222. .0000 0.
50 748405. .6616 16306. .0000 0.
51 789167. .6318 16376. .0000 0.
52 814704. .5982 16433. .0000 0.
53 852166. .5610 16477. .0000 0.
54 896231. .5205 16507. .0000 0.
55 931768. .4773 16524. .0000 0.
56 933369. .4319 16527. .0000 0.
57 943032. .3850 16517. .3341 5486.
58 958725. .3377 16494. .4274 5649.
59 938646. .2909 16457. .5064 5819.
60 954904. .2459 16407. .5733 6001.
61 935065. .2043 16344. .6300 6313.
62 934216. .1677 16267. .6779 6612.
63 947578. .1378 16176. .7186 6899.
64 936097. .1170 16073. .7530 7173.
65 939064. .0000 0. .7821 7438.
66 871915. .0000 0. .8067 7388.
67 834343. .0000 0. .8276 7337.
68 811884. .0000 0. .8453 7286.
69 770189. .0000 0. .8603 7235.
70 743221. .0000 0. .8730 7185.
71 701879. .0000 0. .8837 7134.
72 685641. .0000 0. .8928 7082.
73 663386. .0000 0. .9005 7031.
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74 638167. .0000 0. .9070 6980.
75 619403. .0000 0. .9125 6929.
76 577504. .0000 0. .9172 6878.
77 559431. .0000 0. .9212 6826.
78 541988. .0000 0. .9245 6775.
79 544448. .0000 0. .9274 6674.
80 528758. .0000 0. .9298 6575.
81 533709. .0000 0. .9318 6477.
82 500435. .0000 0. .9335 6380.
83 477419. .0000 0. .9350 6285.
84 349377. .0000 0. .9362 6192.
85 333812. .0000 0. .9373 6100.
86 312074. .0000 0. .9382 6009.
87 287171. .0000 0. .9389 5919.
88 263283. .0000 0. .9395 5831.
89 261319. .0000 0. .9401 5745.
90 229656. .0000 0. .9405 5659.
91 197441. .0000 0. .9409 5575.
92 159687. .0000 0. .9413 5492.
93 130845. .0000 0. .9415 5410.
94 112597. .0000 0. .9418 5329.
95 90953. .0000 0. .9420 5250.
96 72386. .0000 0. .9421 5172.
97 55907. .0000 0. .9423 5095.
98 43434. .0000 0. .9424 5019.
99 33945. .0000 0. .9425 4944.
100 22713. .0000 0. .9426 4871.
101 15969. .0000 0. .9427 4798.
102 10886. .0000 0. .9427 4727.
103 7083. .0000 0. .9428 4656.
104 4463. .0000 0. .9428 4587.
105 2711. .0000 0. .9429 4519.
106 1605. .0000 0. .9429 4452.
107 906. .0000 0. .9429 4385.
108 486. .0000 0. .9429 4320.
109 253. .0000 0. .9430 4256.
110 82. .0000 0. .9430 4192.

Duration of average career: 25.1 years
Life expectancy at age 65 = 83.9 years
Reference income (pre-Dini): 16379. euros
Starting pension (pre-Dini): 8234. euros
Reference income (post-Dini): 14141. euros
Starting pension (post-Dini, retirement age): 7132. euros

Total premiums collected (Meuro): 81559.
Total pensions payed (Meuro): 121212.
This corresponds to 148.6 percent
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B.3 Program to regress the SHIW data

The Stata program was extensively used for the analysis of the SHIW data. An example of
the input/output of this program is shown below. It concerns the regression of the employment
data in 2000 with a fifth-degree polynomial (Equation 6.1, see Figure 6.1).
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221



[88] Jejeebhoy, Shireen J. (1991), “Women’s Status and Fertility: Successive Cross Sec-
tional Evidence from Tamil Nadu, India, 1970-80,” Studies in Family Planning, Vol.
22, No. 4 (July-August): 217-230.

[89] Jensen, Eric R. (1990), “An Econometric Analysis of the Old-Age Security Motive for
Childbearing,” International Economic Review, Vol. 31, No. 4 (November): 953-968.

[90] Kalipeni, Ezekiel (1995), “The Fertility Transition in Africa,” Geographical Review,
Vol. 85, No. 3 (July): 286-300.

[91] Kannisto, Vaı̈no (1996), The Advancing Frontier of Survival. Odense, Denmark:
Odense University Press. (Text available at http://www.demogr.mpg.de).

[92] Kannisto, Vaı̈no, Kaare Christensen and James W. Vaupel (1997), “No Increased Mor-
tality in Later Life for Cohorts Born During Famine,” American Journal of Epidemiol-

ogy, Vol. 145, No. 11 (June): 987-994.

[93] Kanisto, Vaı̈no, Jens Luritsen, A. Roger Thatcher, and James W. Vaupel (1994), “Re-
ductions in Mortality at Advanced Ages,” Population and Development Review, Vol.
20, No. 4 (December): 793-810.

[94] Kermack, W. , A. McKendrick and P. McKinlay (1934), “Death-Rates in Great Britain
and Sweden: Some General Regularities and their Significance,” Lancet, Vol. 226, No.
5776 (March): 698-703.

[95] Keyfitz, Nathan (1978), “Improving Life Expectancy: An Uphill Road Ahead,” Amer-

ican Journal of Public Health, Vol. 10: 954-956.

[96] Krause, J. T. (1957), “Some Implications of Recent Work in Historical Demography,”
Comparative Studies in Society and History, Vol. I, No. 2 (January): 164-188.

[97] Landry, Adolphe (1934), La Révolution démographique: Ètudes et essays sur les
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