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Abstract: The sustainability and adequacy of pension systems are central to public policy
debates in aging societies. This paper introduces a novel microsimulation model with
probabilistic behavior to assess these dual challenges in the Spanish pension system. The
model employs a mixed-projection method, integrating a macro approach—using economic
and demographic aggregates from official sources such as the Spanish Statistics Office (INE)
and Eurostat—with a micro approach based on the Continuous Sample of Working Lives
(MCVL) dataset from Spanish Social Security. This framework enables individual-level
projections of key labor market variables, including work time, salary, and initial pensions,
under diverse reform scenarios. The results demonstrate the model’s ability to predict initial
pensions with high accuracy, providing detailed insights into adequacy by age, gender, and
income levels, as well as distributional measures such as density functions and quantiles.
Sustainability findings indicate that pension expenditures are projected to stabilize at
13.9% of Gross Domestic Product (GDP) by 2050. The proposed model provides a robust
and versatile tool for policymakers, offering a comprehensive evaluation of the long-term
impacts of pension reforms on both system sustainability and individual adequacy.
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1. Introduction
The pension system should allow individuals to enjoy a well-deserved retirement after

their working lives, serving as a vital or even the sole source of income for a significant
proportion of the older population. It acts as an essential safeguard against poverty among
older Europeans [1]. However, the demographic aging process in most developed coun-
tries poses serious sustainability challenges to welfare states, placing strain on healthcare,
dependency care, and particularly on pension expenditures [2,3]. Additionally, recent
economic crises have exacerbated pressure on public finances, necessitating substantial
pension system reforms [4].

These reforms have a clear macroeconomic effect in improving sustainability, as
demonstrated in several international studies [5,6]. In the Spanish case, this is particularly
highlighted by the work of De la Fuente et al. [7], among others. When studying the
sustainability of the system, it is equally important to evaluate adequacy to fully analyze a
pension system. System reforms influence individuals’ pensions at a micro level, shaping
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both their initial amounts and long-term adequacy [8]. A pension system is deemed
’sufficient and adequate’ when it prevents old-age poverty and provides a stable income
to support lifetime consumption during retirement [9]. Furthermore, adequacy may vary
depending on individual characteristics, as noted by Fisher et al. [10] and Sharn et al. [11].

In the literature, two main approaches are commonly identified to analyze the sustain-
ability of a pension system. Researchers can examine its effects at the macro level [12] or at
the micro level [13]. While macro models provide projections at an aggregate scale, they
are not particularly helpful for exploring how savings, health, and retirement decisions
are made at the individual level. With the availability of micro-level databases containing
extensive information and advanced econometric techniques, it is now feasible to use
microsimulators to evaluate policy effects at the individual level—an advantage that micro
models hold over macro models, as they provide detailed insights into individual behavior.

The purpose of this research is to analyze, simultaneously, the sustainability and
adequacy of the Spanish pension system. To this end, we have developed a microsimulation
model with probabilistic behavior that utilizes micro-level data from the Spanish Social
Security, which contains comprehensive information on individual workers.

In light of the above, this paper makes a significant contribution to the literature on
pensions by introducing a novel microsimulation model for Spain (and potentially for
other countries with similar socioeconomic and demographic contexts), leveraging detailed
micro-level data. The paper’s two principal contributions are as follows: First, it adopts a
micro-level approach that captures individual characteristics, enabling the projection of
labor market variables at the individual level and calculating the potential initial retirement
pension for each individual. Second, the simulator incorporates a micro-level approach
to capture individual retirement behaviors through a probabilistic model. This model
considers factors such as the minimum age required for eligibility for retirement benefits
and the threshold age to avoid early retirement penalties. We refer to this methodology as
“adaptive probability”, which enhances the accuracy of predicting initial pension benefits
under scenarios of gradual and incremental system reforms, exemplified by the retirement
pension reform introduced in Spain in 2011. These features—individual-level pension esti-
mation and probabilistic retirement behavior modeling—significantly improve the accuracy
of predictions for initial pensions under smooth system reform scenarios. Furthermore,
by integrating macro and micro analytical perspectives, this simulator enables a more
precise implementation of reforms and offers a comprehensive evaluation of the system’s
sustainability and adequacy. The model also provides highly disaggregated information
by age, gender, and income level, offering valuable evidence to support policy decision-
making. Finally, we can conclude that this study offers a substantial contribution to pension
research by introducing a novel approach for simultaneously evaluating the sustainabil-
ity and adequacy of a pension system, thereby providing the scientific community with
valuable insights.

The rest of the article is structured as follows: Section 2 reviews the relevant literature
on pension system sustainability and adequacy, emphasizing the advantages of microsimu-
lation models over traditional macro approaches. Section 3 describes the data sources and
methods used to develop a hybrid simulation model for contributory pensions in Spain,
including disability, orphanhood, widowhood, and retirement pensions. This section also
explains how macro and micro approaches are integrated to project pension expenditures
and evaluate adequacy with a gender-disaggregated perspective. Section 4 presents the re-
sults, focusing on sustainability projections, disaggregated adequacy metrics, and detailed
analyses of pension inflows, outflows, and replacement rates. Finally, Section 5 discusses
the main conclusions, highlighting the contributions of the hybrid model to understanding
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the interaction between sustainability and adequacy, and providing policy-relevant insights
to address income inequality and enhance pension adequacy.

2. Literature Review
Existing social security systems in most developed countries serve as the foundation

for both contributory and non-contributory pension schemes. In most cases, revenues
are generated from the earnings of current workers to finance the system’s pensions.
Consequently, one generation’s pensions are not funded by its own contributions, but
rather by those of the next generation. This scheme functions effectively when there is an
adequate ratio of workers to pensioners. However, the demographic aging process, coupled
with recent economic crises, poses a significant challenge to the sustainability of traditional
pension systems in these countries [14,15], placing pressure on public finances and creating
the need for substantial pension reforms, improving sustainability, as evidenced by the
Spanish case in the works of De la Fuente et al. [16], Jimeno [17], Boldrin et al. [18], Alonso
and Herce [19], and De la Peña et al. [20], among others.

There are two main approaches to analyzing the effects of a pension reform: macro-
level and micro-level methodologies. Macro models have traditionally been used to es-
timate pension expenditures, primarily focusing on the sustainability of the system. In
contrast, microsimulation models offer evidence on both the sustainability and adequacy
of pension systems, as demonstrated by the works of Borella and Moscarola [21] and Van
Sonsbeek [22], and others.

Microsimulation models enable the projection of various characteristics of hetero-
geneous individuals within a population, using either parameters set by researchers or
stochastic processes. These models support a wide range of approaches, distinguishing
between those that use cross-sectional or longitudinal data, open models (considering
migration flows) or closed models, and those that incorporate individual behavior into
decision-making processes, as highlighted in the studies by Li and O’Donoghue [13] and
Dekkers and Van den Bosch [23].

Furthermore, within micro models, different methodologies can be identified [24]. One
approach involves integrating econometric analysis with life cycle theory, using financial
incentives such as peak value or accrual value to determine optimal retirement timing.
Examples of this application include Stock and Wise [25] and Coile and Gruber [26] in
the United States, Baker et al. [27] in Canada, Blundell et al. [28] in the United Kingdom,
Borsch-Supan et al. [29] in Germany, and Patxot et al. [30] in Spain, among others.

Another variant of microsimulation models that incorporates behavioral aspects em-
ploys a dual theoretical model approach. This methodology addresses a dual problem,
solving it as an exercise in optimal stopping, where the retirement age is determined at the
point where an individual’s utility or welfare is maximized. This welfare function considers,
on one hand, the marginal utility of consumption during retirement, and on the other, the
benefits of maximizing leisure in retirement. In this model, retirement decisions can be
made at any time but are irreversible once enacted. Notable works in this approach include
Jeon and Park [31], Dybvig and Liu [32], and Jeon et al. [33], who use a Cobb–Douglas,
Constant Elasticity of Substitution (CES) function, and a general utility function to represent
the utility of consumption and leisure, or Choi et al. [34] and Yang and Koo [35], who study
optimal consumption and investment decisions. These studies distinguish themselves
by employing various optimization variables and estimation methods within the dual
framework, such as differential equations or martingales.

There are studies focusing on the adequacy of pension systems, such as those con-
ducted by Knoef et al. [36] for the Dutch system, or Chia and Tsui [37], who assessed the
adequacy of Singapore’s pension system. Other works that simultaneously analyze sustain-
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ability and adequacy, mainly using microsimulation models, include those by Borella and
Moscarola [21], Van Sonsbeek [22], Buddelmeyer et al. [38], and Stensnes and Stølen [39].

3. Materials and Methods
3.1. Spanish Pension Simulation Design

Figure 1 illustrates the simulation structure employed in this study, which enables the
simultaneous analysis of the sustainability and adequacy of the social security contributory
pension system. To project pension expenditures up to the year 2060, and to evaluate their
adequacy with a focus on gender, three key factors are considered:

• Demographic Evolution: This is determined by three components: births, net migra-
tion flows, and life expectancy. Births and migration are particularly influenced by the
economic context.

• Economic Dynamics: These determine the state of the labor market, where factors such
as the activity rate, unemployment level, productivity, and Gross Domestic Product
(GDP) are crucial. These economic indicators are, in turn, influenced by demographic
trends, particularly those affecting the working-age population.

• Institutional Environment: This includes the current legislation and any changes
or modifications to it. These regulations affect existing pensioners through pension
revaluation and new pensioners, impacting both the calculation of initial pension and
eligibility to become a pensioner.
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Figure 1. Diagram of the hybrid pension simulation model.

To integrate these three modules, a hybrid or mixed model has been adopted, imple-
mented using the SAS code, which merges a macro approach and a micro approach. The
macro approach, highlighted in blue in Figure 1, is predominantly applied in the demo-
graphic and labor market/economy modules. Conversely, the micro approach, indicated in
gray, is used in the labor market module and in estimating variables affecting new pension-
ers. Since both approaches are employed within the labor market module, calibration of the
estimates is essential in certain scenarios to ensure consistency. Calibration is performed
from top to bottom, for example, for each individual, the probability of being employed is
calculated based on their characteristics. Then, using the macro-level unemployment rate,
individuals with the highest probabilities are selected as employed. This process facilitates
the calibration between the micro approach and macro-level data, enabling the validation
of results.
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3.2. Data

The datasets used in this study are sourced from multiple providers, all of which are
European or Spanish public institutions. These sources are described below, categorized by
whether they supply macro-level aggregated data or individual-level micro data.

3.2.1. Macro Data: Demographic and Macroeconomic Scenario

This section outlines the demographic and labor market modules and dataset, which,
in their central scenario, adhere to the core assumptions and data from the projections
by Eurostat and the European Commission’s Ageing Working Group (AWG) (European
Commission, 2017). This approach is categorized as “macro”, with a significant level of dis-
aggregation. Data are detailed by age, sex, and year, while variables such as Gross Domestic
Product (GDP) or the Consumer Price Index (CPI) are provided as single annual values.

The baseline demographic scenario is based on EUROstat Population Projections
(EUROPOP, Eurostat 2019). For Spain, these projections anticipate a gradual and moderate
increase in the fertility rate, from 1.32 children per woman in 2013 to 1.55 by 2060, marking
one of the lowest fertility rates globally. Additionally, the scenario predicts a significant
rise in life expectancy at birth during the same period, increasing by 6 years for men and
4.8 years for women, reaching 85.5 and 90 years, respectively, by 2060. However, the
recent COVID-19 pandemic has prompted a slight downward revision of these projections,
reducing expected life spans by approximately one year. Eurostat projects that the negative
net migration balance observed in Spain in recent years—approximately 100,000 people in
2014—will gradually diminish and reverse starting in 2025, following an upward path that
peaks at around 300,000 net inflows by 2050 and declines smoothly for the remainder of
the period.

According to Eurostat’s estimates, population growth is projected until the late 2040s,
followed by a gradual decline to approximately 47 million inhabitants, a figure slightly
higher than at the beginning of the projection period. In addition to this inverted U-shaped
trend, another significant outcome is the aging of Spanish society, as illustrated in Figure 2.
The percentage of the population over 65 years of age is expected to increase until 2050,
with slightly higher values for women due to their longer life expectancy.
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For the labor market variables, the projected evolution of the activity rate, differ-
entiated by gender, along with the unemployment rate through 2070, is illustrated in
Figure 3.
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Furthermore, concerning other macroeconomic variables, it is projected that both the
GDP deflator and the CPI will converge to a rate of 1.8% by 2025 and will remain constant
for the rest of the projection period.

3.2.2. Micro Data: Individual Working Life

As shown in Figure 1, the micro approach is primarily applied during two phases.
Initially, it involves the individual projection of key characteristics of a person’s working life.
Subsequently, using this information, the initial retirement pension for new pensioners is
calculated, mimicking the social security calculations. These calculations are performed us-
ing the MCVL (Continuous Sample of Working Lives), a dataset composed of anonymized
individual-level microdata extracted from social security records.

The administrative file comprises a 4% sample of individuals from the reference
population, which includes over 25 million people who have had some type of economic
interaction with social security during a particular year. These interactions involve making
contributions—either through employment or contributory unemployment—or receiving
some type of contributory benefit, such as retirement, disability, widowhood, orphanhood,
or benefits for family members. Consequently, each year, the MCVL contains information
on approximately 1 million people.

In various files, the MCVL provides retrospective information on the following:

1. Individuals: For each person selected in the sample, details such as date of birth,
gender, country of birth, nationality, autonomous regions, and more are reported.

2. Contribution base: For each individual and year, information is provided on the
monthly and annual contribution base. Data are available from 1980 onwards.

3. Affiliation: Displays all contracts held by each person selected in the MCVL throughout
their working life, with details on the start date, type of labor relationship, part-
time/full-time status, type of contract, etc.

4. Pensions/benefits: Reflects the contributory benefits received by individuals, high-
lighting key details such as the type of benefit (retirement, widowhood, disability, etc.),
the date of recognition, revaluation, and more.

Previously, with retrospective information up to the base year provided by the MCVL,
estimates are obtained with a high level of disaggregation on labor market participation,
days worked in the year, or the annual contribution base, which will subsequently be used
in the projection.

Using the 2016 MCVL file, individuals who are not receiving a pension and are thus
considered active at the end of 2016 are selected. The most important labor-related variables
for each of these individuals are then projected up to 2060.
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As previously indicated, due to the high level of disaggregation of the information
offered in the MCVL, it is possible to obtain estimations with a high level of detail. Figure 4
shows, using the MCVL affiliation information, the days worked according to the age and
gender of the selected individuals, as well as the average annual contribution base of the
workers by age and gender.
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With this retrospective information, it is possible to generate data on the time worked
or wages that will be used later in the projection and simulation. Figure 4a,b illustrate the
time worked as well as the evolution of the contributory base for retired persons between
2014 and 2016, differentiated by gender.

Using these calculations and considering 2016 as the baseline, projections are individ-
ually made for the active population of that year, determining whether they are employed
or not, the number of days worked per year, and the annual contribution base until the
year 2060 or until the individual reaches the age of 75. These projections are based on socio-
demographic variables such as gender, age, educational level, and GDP growth. Figure 5a,b
display the average values of the contribution base and months worked, categorized by
gender and year, derived from the aggregation of individual data from the previously
conducted micro projection.
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This approach facilitates a deeper understanding of how demographic and economic
factors interact to shape future labor market outcomes and pension contributions.

3.3. Contributory Pension System Projection

Contributory pensions are economic benefits, typically indefinite, granted to benefi-
ciaries who have had a prior legal relationship with the social security system and meet
specific requirements depending on the type of pension. The amount of the pension is
determined based on contributions made by the worker and the employer during the
period considered for calculating the pension’s regulatory base.

The types of contributory pensions include the following:

1. Retirement: A lifelong economic benefit granted to workers who cease employment
due to age or reduce their working hours and salary as legally established.

2. Permanent disability: Covers the loss of wages or professional income suffered by
an individual affected by a pathological or traumatic process that reduces or nullifies
their working capacity. It can be partial, total, absolute, or involve major disability.

3. Survivorship: These benefits are designed to compensate for the economic need caused
by the death of certain individuals. They are classified as widowhood, orphanhood,
and family allowance.

This section presents the projection methodology for the five types of contributory
pensions: retirement, widowhood, disability, orphanhood, and family allowance. The
methodology differs between retirement pensions and the other four types. For retirement
pensions, a purely micro approach is employed using the MCVL from social security. This
micro method generates individual-level values for working time and salaries, enabling the
estimation of potential annual pensions for each person under existing legislation. These
micro estimates are then aggregated to obtain macro-level indicators, such as the average
initial pension.

For the other four types of contributory pensions (widowhood, disability, orphanhood,
and family allowance), a more macro projection method is applied. Instead of micro-level
calculations, projections are performed at the level of a “representative agent” by age
and gender. These values are derived from social security statistics (e.g., average pension
by age and gender) and data from the Spanish Statistics Office (INE) (e.g., population,
mortality rates).

This section outlines the main features of the pension model, which projects key
expenditure variables disaggregated by age, gender, and year for the four contributory
pensions mentioned (widowhood, disability, orphanhood and family allowance). The
projection of retirement pensions will be developed in greater detail in the next section.

Projection Model

The projection proposal will enable the estimation of total pension expenditure for
the analysis of the system’s sustainability, in addition to the average pension by gen-
der and age group, which provides information on adequacy while incorporating the
gender component.

Total pension expenditure in year t (Gt) is calculated using information disaggregated
by gender and age and can be expressed as follows:

Gt = ∑5
j=1 ∑2

s=1 ∑100
e=1 Pmj,s,e

t N j,s,e
t , (1)

where j refers to the type of contributory pensions considered (j = 1,. . .,5 relating to retire-
ment, widowhood, disability, orphanhood and family allowances), s is related to gender
(s = 1,2 for male and female), and e for age, while Pmj,s,e

t is the average annual pension of
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pension type j, for gender s and age e, and N j,s,e
t is the number of pensions in that year for

the same breakdown as above.

Number of pensions by gender and age

As regards the evolution in the number of pensions, a stock value, N j,s,e
t , is considered

along with annual inflow and outflow values.
With regard to pension inflows, referred to as Aj,s,e

t , a separate analysis will be made
for the calculation method of each type of contributory pension in the relevant section,
whereas the number of outflows in year t for a given age and gender is obtained on the
basis of the mortality rate, either from the Spanish Statistics Office (INE 2018) or Eurostat,
as Mortj,s,e

base, as follows:

Bj,s,e
t = (N

j,s,e
t−1 + Aj,s,e

t

)
× Morte,s

base, (2)

where N j,s,e
t−1 is the number of existing pensions for age e in year t−1.

The total number of pensions in a year is obtained from the pensions of the previous
year, together with the evolution of the inflows and outflows in that year.

N j,s,e
t = N j,s,e−1

t−1 + Aj,s,e
t − B

j,s,e

t . (3)

Average pension by gender and age

The other element that must be calculated is the pension for each contributory pension
type, indicated by Pmj,s,e

t . The initial pension for new pensioners, denoted as PmAj,s,e
t ,

will be described in each of the different sections below. The final average pension for
the outflows for each age and gender, referred to as PmBj,s,e

t , is calculated as the weighted
average of the number of existing pensions from individuals one year younger in the
previous year, revalued that year (called Revt), and the number of new pensions in the year,
so that

PmBj,s,e
t =

N j,s,e−1
t−1 × Pmj,s,e−1

t−1 (1 + Revt) +
1
2 Aj,s,e

t × PmAj,s,e
t

N j,s,e−1
t−1 + 1

2 Aj,s,e
t

, (4)

where 1/2 is used to specify that the year’s inflows are evenly distributed throughout the
year.

Finally, the average pension for each type of retirement, by age and gender, as the
mean of the different pensions calculated above, is determined using the following formula:

Pmj,s,e
t =

N j,s,e−1
t−1 × Pmj,s,e−1

t−1 (1 + Revt) +
1
2 Aj,s,e

t × PmAj,s,e
t + 1

2 Bj,s,e
t × PmBj,s,e

t

N j,s,e−1
t−1 + 1

2 Aj,s,e
t + 1

2 Bj,s,e
t

. (5)

The main characteristics of each of the several types of contributory pensions are
detailed below. To this end, for each type of pension, firstly, the number of pensions and
average pension benefit by age and gender in the baseline year are shown, which will
be taken as the starting values in the projection. Then, different estimation methods are
proposed for the most relevant variables in each case (initial pension, number of inflows,
etc.), which will be necessary to project these variables regarding the benefit amount and
the number of pensions.
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3.3.1. Widowhood Pension

Number of pensions and average pensions in the baseline year by gender

Using the baseline information, the figures below show the total number of widow-
hood pensions per age and gender, as well as the existing average pension, which are consid-
ered the starting values for the projection. In 2016, there were a total of 2,180,666 female wid-
owhood pensioners receiving an average monthly pension of EUR 655, and 178,385 male
widowhood pensioners receiving an average monthly pension of EUR 484. Based on this
stock, for the baseline year, the projected number of pensions, NVius,e

t , and average pension
amount, PenMViue,s

base, are shown in Figure 6.
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Figure 6. (a) Number of widowhood pensions per age and gender in baseline year; (b) average
pension per age and gender in baseline year [41].

Number of inflows

The number of new widowhood pensions in a certain projected year is calculated
by multiplying the population for that year by the probability of receiving a widowhood
pension for each gender s calculated in the baseline, ProbVius, which remains constant over
the entire projection period.

AVius,e
t = Poblas,e

t × ProbVius,e
base. (6)

Figure 7 shows ProbVius,e
base for each gender.
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The probability of widowhood inflows is calculated by dividing the number of new
widowhood pensions by age and gender in the baseline year by the existing population in
that year:

ProbVius,e
base = AVius,e

base/Poblas,e
base. (7)

This is shown in Figure 7a. The number of pension outflows and the total widowhood
is not significant compared to the standard estimate.

Initial Pension

The initial widowhood pension is calculated as shown below. The initial pension
in the baseline year is calculated for each gender and age as shown in Figure 7b. This
information is used to determine the differential between the initial pension for a certain
age and gender and the mean initial pension for that gender, so that

Di f PenAViue,s
base = PenAViue,s

base − PenAvius
base, (8)

where PenAVius
base is the average initial pension in the baseline year for s.

Next, the fact that new widowhood pensions must result from an outflow from the
system due to the death of the decedent, an individual of the opposite sex who was an active
worker BOcu−s, retired, BJub−s, or permanently disabled BInc−s, must be considered.
Therefore, the basis on which to calculate the widowhood benefit in year t is the mean
income of each of the three options considered:

IAV−s
t =

BasecotB−s
t−1 × BOcu−s

t−1 + PenBJub−s
t−1 × BJub−s

t−1 + PenBInc−s
t−1 × BInc−s

t−1

BOcu−s
t−1 + BJub−s

t−1 + BInc−s
t−1

, (9)

where BasecotB−s
t−1, PenBJub−s

t−1 and PenBInc−s
t−1 are the different incomes in employment,

retirement and disability situations of the decedent in the previous year. Once this value is
established, it is compared with the sum from the previous year to determine the increase
over the year. This amount is used to calculate the starting pension for a certain gender,
as follows:

PenAVius
t = PenAVius

t−1 ×
(
1 + IAV−s

t /IAV−s
t−1

)
. (10)

Next, to disaggregate this amount by age, the initial widowhood pension for a certain
year is calculated for the different ages and genders as follows:

PenAViue,s
t = PenAVius

t × (1 + Di f PenAViu e,s
base

)
. (11)

To calculate the final pension and average pension, the standard method indicated in
the previous section is used.

3.3.2. Disability Pension

Number of pensions and average pensions in the baseline year by gender

For the baseline year, Figure 8 shows the total number of disability pensions by age
and gender, as well as the existing average pension for the different stocks considered at
the start of the projection.

For the baseline year, there were 333,521 female disability pensioners receiving an
average monthly pension of EUR 800, and 609,628 male pensioners receiving an average
monthly pension of EUR 995. Using these baseline year values, the projected number of
pensions, NIncs,e

t , and the average pension, PenMInce,s
base, are calculated according to the

following expressions.
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Number of inflows

The number of new disability pensions is calculated by multiplying the working
population by the probability of becoming disabled for each gender s calculated in the
baseline year, ProbIncs, which remains constant over the entire projection period.

AIncs
t = Ocupas

t × ProbIncs. (12)

The probability of becoming disabled is calculated by dividing the total disabilities for
one gender by the working population of that gender in the year for the baseline year:

ProbIncs = AIncs
base/Ocupas

base. (13)

Once the total number of disabilities by gender has been established for a certain year,
this figure is disaggregated for different ages using the density function calculated in the
baseline year, which is constant throughout the projection period.

AInce,s
t = AIncs

t × denInce,s. (14)

The density function for each gender is calculated for the baseline year by dividing the
disability inflows for a certain age by the total number of inflows of that gender, as shown
in Figure 9.

denInce,s = AInce,s
base/AIncs

base. (15)
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Number of outflows

Given the unique characteristics of these pensions, the profile for disability outflows
differs somewhat from that of the rest of the population. Figure 10a shows the probability
of disability pension outflows for the baseline year according to data from the MCVL in
comparison with the mortality rate provided by the INE for the Spanish population in that
baseline year. Figure 10b depicts the mortality differential between the two series, which is

Di f MInce,s
base = MInce,s

base − Morte,s
base, (16)

where MInce,s
base refers to the disability pension outflow rate derived from MCVL data,

whereas Morte,s
base is the outflow rate linked to mortality calculated by the INE for the entire

population that year.
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Using this series, the estimated number of outflows for any year in the projection
period is calculated as follows: the outflow rate is initially estimated for a certain year by
combining the mortality rate published by an official agency (INE or EUROSTAT)—known
as Morte,s

t —with the excess mortality previously obtained in the baseline year.

MInce,s
t = Morte,s

t + Di f MInce,s
base. (17)

Outflows for a certain year are determined by applying this outflow rate to the sum of
pensions from the previous year and new pensions added that year:

BIncs,e
t =

(
NIncs,e

t−1 + AInce,s
t
)
× MInce,s

t . (18)

Initial pension

The initial disability pension is linked to the wages of a worker who experiences an
accident or illness. The initial pension for a specific gender and year, PAIncs

t , is determined
as the starting pension from the previous year, increased in the same proportion as the
wages (contribution base, Basecots

t ) increase between those two years.

PAIncs
t = PAIncs

t−1 × (1 + ∆ Basecots
t), (19)
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being ∆Basecots
t = Basecots

t /Basecots
t−1. After calculating the increase in the mean initial

pension, the pension for each age is then determined by using the differential found in the
mean initial pension by age for each gender in the baseline year, obtained in Figure 9.

PAInce,s
t = PAIncs

t × Di f PAInce,s
base, (20)

where the differential is calculated as Di f PAInce,s
base = PAInce,s

base − PAIncs
base, in which

PAIncs
base is the initial disability pension for each gender in the baseline year.

3.3.3. Orphanhood Pension

Number of pensions and average pensions in the baseline year by gender

Using the MCVL data, Figure 11 shows the total number of orphanhood pensions by
age and gender, NOr f s,e

t , as well as the existing average pension, PenMOr f e,s
base, which are

considered the starting values for the projection.

Mathematics 2025, 13, 443 14 of 27 
 

 

  
(a) (b) 

Figure 11. (a) Number of orphanhood pensions by age and gender in baseline year; (b) average 
pension by age and gender in baseline year [41]. 

For the baseline year, there were 161,344 female orphanhood pensioners receiving an 
average monthly pension of EUR 377, and 177,177 male pensioners receiving an average 
monthly benefit of EUR 377. Based on these starting figures, the projection up to 2060 is 
carried out as indicated below. 
Number of inflows 

The number of new orphanhood pensions in a certain projected year, 𝐴𝑂𝑟𝑓௧௦, , is cal-
culated by multiplying the population for that year, 𝑃𝑜𝑏𝑙𝑎௧௦,, by the probability of start-
ing to receive an orphanhood pension for each gender s calculated in the baseline year, 𝑃𝑟𝑜𝑏𝑂𝑟𝑓௦, which remains constant over the entire projection period. 𝐴𝑂𝑟𝑓௧௦, = 𝑃𝑜𝑏𝑙𝑎௧௦, × 𝑃𝑟𝑜𝑏𝑂𝑟𝑓௦௦, . (21) 

Figure 12 shows 𝑃𝑟𝑜𝑏𝑂𝑟𝑓௦௦,  for each gender. 

  
(a) (b) 

Figure 12. (a) Density function of orphanhood inflows in the baseline year by age and gender; (b) 
average initial pension in the baseline year by age and gender [41]. 

The probability of new orphanhood pensions is calculated by dividing the number 
of new orphanhood pensions by age and gender in the baseline year by the existing pop-
ulation in that year: 𝑃𝑟𝑜𝑏𝑂𝑟𝑓௦௦, = 𝐴𝑂𝑟𝑓௦௦, 𝑃𝑜𝑏𝑙𝑎௦௦,⁄ . (22) 

This is shown in Figure 12a. 
Number of outflows 

Similar to the case of disability pensions, orphanhood pensions have certain unique 
features. Figure 13 shows the difference between the orphanhood outflow rate obtained 

Figure 11. (a) Number of orphanhood pensions by age and gender in baseline year; (b) average
pension by age and gender in baseline year [41].

For the baseline year, there were 161,344 female orphanhood pensioners receiving an
average monthly pension of EUR 377, and 177,177 male pensioners receiving an average
monthly benefit of EUR 377. Based on these starting figures, the projection up to 2060 is
carried out as indicated below.

Number of inflows

The number of new orphanhood pensions in a certain projected year, AOr f s,e
t , is

calculated by multiplying the population for that year, Poblas,e
t , by the probability of

starting to receive an orphanhood pension for each gender s calculated in the baseline year,
ProbOr f s, which remains constant over the entire projection period.

AOr f s,e
t = Poblas,e

t × ProbOr f s,e
base. (21)

Figure 12 shows ProbOr f s,e
base for each gender.

The probability of new orphanhood pensions is calculated by dividing the number of
new orphanhood pensions by age and gender in the baseline year by the existing population
in that year:

ProbOr f s,e
base = AOr f s,e

base/Poblas,e
base. (22)

This is shown in Figure 12a.
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Number of outflows

Similar to the case of disability pensions, orphanhood pensions have certain unique
features. Figure 13 shows the difference between the orphanhood outflow rate obtained
from MCVL data in the baseline year, MOr f e,s

base, and the mortality rate provided by INE
for that same year. Therefore, the figure depicts the following:

Di f MOr f e,s
base = MOr f e,s

base − Morte,s
base, (23)

where Morte,s
base was already defined as the outflow rate linked exclusively to the INE

mortality tables.
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base in the baseline year by age and gender [41,42].

Next, the orphanhood outflow rate series is calculated for a certain projection year
as the sum of the mortality rate published by INE or Eurostat, Morte,s

t , and the outflow
differential for this population group as calculated above:

MOr f e,s
t = Di f MOr f e,s

base + Morte,s
t . (24)
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Thus, orphanhood outflows are determined as follows:

BOr f e,s
t =

(
NOr f e,s

t−1 + AOr f e,s
t
)
× MOr f e,s

t , (25)

where NOr f s,e
t−1 is the total number of orphanhood pensions by age and gender in the

previous period. The total number of orphanhood pensions does not differ substantially
from the standard estimation method.

Initial pension

The initial orphanhood pension is calculated as shown below. The starting pen-
sion in the baseline year, PenAOr f e,s

base, is initially calculated for each gender and age, as
shown in Figure 12b. This information is used to determine the differential between the
initial pensions:

Di f PenAOr f e,s
base = PenAOr f e,s

base /PenAOr f s
base, (26)

where PenAOr f s
base is the average initial pension in the baseline year for gender s.

Next, new orphanhood pensions, IAOt, must result from an outflow from the system
due to the death of the decedent, an individual who was an active worker, BOcu, retired,
BJub, or permanently disabled BInc. Therefore, the basis for calculating the orphanhood
benefit in year t is the mean income of each of the three options considered:

IAOt =
BasecotBt−1 × BOcut−1 + PenBJubt−1 × BJubt−1 + PenBInct−1 × BInct−1

BOcut−1 + BJubt−1 + BInct−1
. (27)

Once this value has been obtained and compared with the amount in the previous
year, the increase over the year is calculated. Using this amount, the initial pension for a
given gender is obtained as follows:

PenAOr f s
t = PenAOr f s

t−1 × (1 + IAOt/IAOt−1). (28)

Next, to disaggregate this amount by age, the initial orphanhood pension for a certain
year is calculated for the different ages and genders as follows:

PenAOr f e,s
t = PenAOr f s

t × (Di f PenAOr f e,s
base

)
. (29)

To calculate the outflow pensions, the final number of orphanhood pensions and
average pension, the standard method indicated in the previous section is used.

3.3.4. Family Allowance Pension

Number of pensions and average pensions in the baseline year by gender

For the baseline year, Figure 14 shows the total number of family allowance pensions
by age and gender, NFams,e

t , as well as the existing average pension, PenMFame,s
base, which

are the figures used to start the projection.
There were 28,914 female family allowance pensioners receiving an average monthly

pension of EUR 544, and 11,338 male pensioners receiving an average monthly pension of
EUR 496.
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Number of inflows

The number of new family allowance pensions is calculated in a manner similar to
that of orphanhood. The number of inflows is calculated by multiplying the population
for that year, Poblas,e

t , by the probability of receiving a family allowance pension for each
gender s calculated in the baseline year, ProbFams, which remains constant over the entire
projection period.

AFams,e
t = Poblas,e

t × Prob f ams,e
base. (30)

Figure 15 shows the ProbFams,e
base for each gender. This probability is calculated by

dividing the number of new family allowance pensions by age and gender in the baseline
year, AFams,e

base, by the existing population in that year:

ProbFams,e
base = AFams,e

base/Poblas,e
base. (31)Mathematics 2025, 13, 443 17 of 27 

 

 

  
(a) (b) 

Figure 15. (a) Density function of family allowance inflows in the baseline year by age and gender—𝑃𝑟𝑜𝑏𝐹𝑎𝑚௦௦, ; (b) average initial pension in the baseline year by age and gender [41]. 

Initial pension 
As is the case with orphanhood, the growth rate between two years for the average 

family allowance pension is determined as follows: 𝑃𝑒𝑛𝐴𝐹𝑎𝑚௧௦ = 𝑃𝑒𝑛𝐴𝐹𝑎𝑚௧ିଵ௦ × (1 + 𝐼𝐴𝑂௧ 𝐼𝐴𝑂௧ିଵ⁄ ), (32) 

where 𝐼𝐴𝑂௧ was defined previously. After obtaining this value, Figure 15a is used to dis-
aggregate by age, so that 𝑃𝑒𝑛𝐴𝐹𝑎𝑚௧,௦ = 𝑃𝑒𝑛𝐴𝐹𝑎𝑚௧௦ ×   (𝐷𝑖𝑓𝑃𝑒𝑛𝐴𝐹𝑎𝑚௦,௦ )  (33) 

and 𝐷𝑖𝑓𝑃𝑒𝑛𝐴𝐹𝑎𝑚௦,௦ = 𝑃𝑒𝑛𝐴𝐹𝑎𝑚௦,௦  / 𝑃𝑒𝑛𝐴𝐹𝑎𝑚௦௦ . The projection for retirement pen-
sions is described below. 

To calculate the outflow pensions, the final number of family allowance pensions and 
average pension, the standard method indicated in the previous section is used. 

3.3.5. Retirement Pension 

Spanish Retirement pension and the Implementation of 2011 Reform 
The public pay-as-you-go pension system is based on the principle of intergenera-

tional solidarity, meaning that active workers finance the benefits of those receiving a pen-
sion. The main source of funding for the contributory pension system is the social contri-
butions made by employers and employees as a percentage of the contribution base, lim-
ited by certain caps and minimums on earnings. System expenditures are generated by 
the payment of retirement benefits. A retirement pension is a financial benefit granted 
once the established age is reached, to individuals who fully or partially cease to perform 
the activity under which they were included in the social security system and can prove 
that they fulfilled the set contribution period (there are several types of retirement: ordi-
nary, partial, flexible and early). Prior to the 2011 reform, the main requirement for receiv-
ing a retirement pension was to have made social security contributions for at least 15 
years, with at least 2 years being within the last 15 years before the statutory retirement 
age. Once the pensioner’s right to receive this benefit has been acknowledged, the starting 
benefit received, also known as the initial pension, depends on the retirement age (65 
years old to receive 100% of the pension), the number of years of contributions (35 years 
to receive 100% of the pension sum) and the earnings (contribution bases) over the previ-
ous 15 years. It is calculated as follows: 𝑃𝐴𝐽𝑢𝑏 = 𝑟ଵ × 𝑟ଶ × 𝐵𝑅. (34) 

Figure 15. (a) Density function of family allowance inflows in the baseline year by age and
gender—ProbFams,e

base; (b) average initial pension in the baseline year by age and gender [41].

Initial pension

As is the case with orphanhood, the growth rate between two years for the average
family allowance pension is determined as follows:

PenAFams
t = PenAFams

t−1 × (1 + IAOt/IAOt−1), (32)
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where IAOt was defined previously. After obtaining this value, Figure 15a is used to
disaggregate by age, so that

PenAFame,s
t = PenAFams

t × (Di f PenAFam e,s
base

)
(33)

and Di f PenAFame,s
base = PenAFame,s

base/PenAFams
base. The projection for retirement pen-

sions is described below.
To calculate the outflow pensions, the final number of family allowance pensions and

average pension, the standard method indicated in the previous section is used.

3.3.5. Retirement Pension

Spanish Retirement pension and the Implementation of 2011 Reform

The public pay-as-you-go pension system is based on the principle of intergenerational
solidarity, meaning that active workers finance the benefits of those receiving a pension. The
main source of funding for the contributory pension system is the social contributions made
by employers and employees as a percentage of the contribution base, limited by certain
caps and minimums on earnings. System expenditures are generated by the payment of
retirement benefits. A retirement pension is a financial benefit granted once the established
age is reached, to individuals who fully or partially cease to perform the activity under
which they were included in the social security system and can prove that they fulfilled the
set contribution period (there are several types of retirement: ordinary, partial, flexible and
early). Prior to the 2011 reform, the main requirement for receiving a retirement pension
was to have made social security contributions for at least 15 years, with at least 2 years
being within the last 15 years before the statutory retirement age. Once the pensioner’s
right to receive this benefit has been acknowledged, the starting benefit received, also
known as the initial pension, depends on the retirement age (65 years old to receive 100% of
the pension), the number of years of contributions (35 years to receive 100% of the pension
sum) and the earnings (contribution bases) over the previous 15 years. It is calculated
as follows:

PAJub = r1 × r2 × BR. (34)

This method of calculating the retirement pension is based on the income earned
by the future pensioner in the years prior to retiring. Therefore, the benefit, referred to
as PAJub, is calculated as the regulatory base (BR) multiplied by the reduction factor, r1,
which depends on the number of years worked, and another factor, r2, which depends on
the retirement age. Using the formula shown in the equation above, each of the quantities
indicated in the formula must be developed, starting with the BR for a person who retires
in the year t:

BRt =

∑2
j=1 BCt−j + ∑15

j=3
IPCt−3

IPCt−j
BCt−j

15
. (35)

Therefore, BR is the mean contribution base over the last 15 years, where the amount,
BCi is the contribution base of year i, and the variable IPCi is the inflation rate in year
i. This contribution base is essentially the annual income earned within the thresholds
(the lower and upper limits depend on the worker’s job category). Contribution gaps are
filled less generously than in the past. The most recent 48 months are calculated using
the minimum contribution base, and all previous months are calculated using 50% of the
minimum contribution base, instead of 100% of the minimum base.

There are two more elements needed to calculate PAJub, which are considered reduc-
tion factors: the first of these is related to the number of years in which contributions were
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paid, called n, with a minimum of 15 years of contributions required in order to be eligible
to receive the pension. Its formula is as follows:

r1 =


0, i f n < 15,

0.5 + 0.03 (n − 15), i f 15 ≤ n < 25,
0.8 + 0.02(n − 25), i f 25 ≤ n < 35,

1, i f n ≥ 35.

(36)

The second reduction factor in Equation (34) is related to the retirement age, as
individuals below the age of 61, for the unemployed, and 63, for active workers, are not
eligible. Early retirement in the event of dismissal (in the case of general early retirement,
the minimum age for eligibility is 63 and the annual reduction coefficient is 7.5% per year
in advance of the standard age) is structured as follows:

r2 =


0, i f age < 61,
0.7 + 0.075 (age − 61), i f 61 ≤ age < 65,

1, i f age ≥ 65.
(37)

Once PAJub has been determined, certain maximum and minimum values stipulated
by law each year are applied so that the benefit falls between these two amounts. The above
refers to the calculation of new pensions in the system. Pensions already in the system will
be updated according to the annual CPI.

The reform also aimed to balance the financial sustainability of the pension system by
aligning benefit calculations with contribution periods. This approach reflects a broader
trend in developed countries to adapt pension systems to increasing life expectancy and
changing labor market dynamics. These adjustments were designed to ensure intergenera-
tional equity while maintaining adequate income levels for pensioners.

Based on this regulatory framework in place at the beginning of 2010, the pension
reform of 2011, which began to be implemented in 2013, essentially involved raising the
statutory retirement age from 65 to 67, gradually extending the calculation of the regulatory
base to 25 years, as well as the number of years required to receive 100% of the pension.
Table 1 shows the rate of implementation of the reform, up to full implementation in 2027,
for the most relevant parameters.

Table 1. 2011 Reform—evolution of the statutory retirement age, number of years for calculation of
the BR and coefficient related to the minimum time worked to avoid penalization [41].

Year Retirement Age Years Calculation BR
Min. Years of

Contribution to
Avoid Penalization

2012 65.00 15 35.0
2013 65.08 16 35.5
2014 65.17 17 35.5
2015 65.25 18 35.5
2016 65.33 19 35.5
2017 65.42 20 35.5
2018 65.50 21 35.5
2019 65.67 22 35.5
2020 65.83 23 36.0
2021 66.00 24 36.0
2022 66.17 25 36.0
2023 66.33 25 36.5
2024 66.50 25 36.5
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Number of pensions and average pensions in the baseline year

For the baseline year 2016, Figure 16 shows the total number of retirement pensions
by age and gender, as well as the existing average pension. These are the values that will
be used to start the projection.
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There were 2,125,985 female pensioners receiving an average monthly pension of EUR
756, and 3,605,892 male pensioners receiving an average monthly pension of EUR 1,211.
Based on this volume of retirement pensioners, the way in which pension inflows are
generated and the starting pension are described below.

Initial retirement pension

Figure 17 shows the average retirement pension by age and gender in the baseline
year, as well as the proportion of individuals who retire that year. Higher initial pensions
are observed for younger ages and a sustained difference in benefits is seen for the entire
estimated age group. Regarding the projection years, individual employment history
information is available up to 2060 or until the person reaches the age of 75. By applying
the formulas indicated in the previous section for calculating the initial pension to each
individual in each projection year, the individual starting pension is determined.
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Number of retirement inflows

In terms of the starting retirement pensions, MCVL data have been used to calculate
the effect that the 2011 reform is having on the behavior of monthly inflows (rather than at
discrete ages as most simulators do), finding the behavior shown in Figure 18.

Mathematics 2025, 13, 443 20 of 27 
 

 

 

Figure 17. Average pension (dashed line), pension by age (solid line), and proportion of retired 
individuals (dotted line) by age and gender in baseline year [41]. 

Number of retirement inflows 
In terms of the starting retirement pensions, MCVL data have been used to calculate 

the effect that the 2011 reform is having on the behavior of monthly inflows (rather than 
at discrete ages as most simulators do), finding the behavior shown in Figure 18. 

As shown, the distribution of male inflows has not been altered by the introduction 
of the 2011 reform, with only a slight upturn in inflows at the age of 65 and 3 months in 
the last 2 years (2015 and 2016). However, the number of female inflows is much more 
sensitive to the implementation of the reform, as the minimum contribution period is not 
reached, which forces many women to delay their retirement as the statutory retirement 
age shifts. 

 

Figure 18. Retirement inflows according to age and month over the past 4 years. Men (above) and 
women (below) [41]. 

This sensitive response to the implementation of the reform, in light of the inflows at 
the voluntary and statutory retirement age, is reflected in the projection of this model up 
to 2060. 

4. Results 
In this section, the simulation results are presented from both the sustainability and 

adequacy perspectives, with different levels of disaggregation in the estimations. 

Figure 18. Retirement inflows according to age and month over the past 4 years. Men (above) and
women (below) [41].

As shown, the distribution of male inflows has not been altered by the introduction
of the 2011 reform, with only a slight upturn in inflows at the age of 65 and 3 months in
the last 2 years (2015 and 2016). However, the number of female inflows is much more
sensitive to the implementation of the reform, as the minimum contribution period is not
reached, which forces many women to delay their retirement as the statutory retirement
age shifts.

This sensitive response to the implementation of the reform, in light of the inflows at
the voluntary and statutory retirement age, is reflected in the projection of this model up
to 2060.

4. Results
In this section, the simulation results are presented from both the sustainability and

adequacy perspectives, with different levels of disaggregation in the estimations.

4.1. Sustainability of the Spanish Pension System

Regarding the sustainability of the contributory pension system, Figure 19 illustrates
the evolution of pension expenditures as a percentage of GDP (Figure 19a), as well as the
proportion of each pension type in total expenditures (Figure 19b).

The COVID-19 crisis led to an increase in expenditure because of falling GDP, which
later stabilized. Without the implementation of the 2013 reform, the trend suggests that
pension expenditures would reach more than 13.9% of GDP (The estimated value of
expenditure as a percentage of GDP falls within a range similar to that found in other studies
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conducted for Spain, such as [7], which reported a value of 13.5%, or Independent Authority
for Fiscal Responsibility (AIReF), which found it to be 13.4%), a value similar to those
reported in other studies, such as the Ageing Report 2018 by the European Commission
(2018) estimated in 13.9 in 2030. This expenditure is expected to remain stable from the 2050s
onward. Regarding the distribution of different components of this expenditure, retirement
pensions, already constituting the largest share, increase their proportion, primarily offset
by a reduction in widowhood pensions.
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Figure 19. (a) Expenditure on contributory pensions (and retirement); (b) percentage of total expendi-
ture on contributory pensions for different pension types [41].

Figure 20 shows the five types of contributory pensions estimated in this microsim-
ulation model, presenting the average pension and the number of pensioners for each of
them during the projected period. The results of the previous figure are confirmed, since
retirement pensions represent the greatest future expense, both due to the greater number
of pensioners, in comparison to the other contributory pensions, and the average pension,
which is higher.
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Figure 20. (a) Average pension by type of contributory pension; (b) number of pensioners by type of
contributory pension [41].

4.2. Adequacy of the Retirement Pension System

The adequacy of the pension system is a critical element when analyzing pension
systems and potential reforms. A system that generates benefits to protect older individuals
from poverty and ensures sufficient income is fundamental.

This paper focuses on incorporating adequacy measures with disaggregated perspec-
tive, estimating different elements that affect pension expenditure, especially retirement
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pensions. It begins by analyzing the evolution of pension inflows and the average initial
pension over the projection period. The average retirement pension in the system is then
analyzed as well as the number of retired pensioners, as shown in Figure 21.
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The average pension demonstrates linear and consistent growth throughout the period,
with annual growth rates of 2.4% per year. In terms of the total number of pensioners,
we project significant growth, driven by growth rates of approximately 4.0% mid-period,
tapering to 1.7% annual increases in the last decade. This trend elevates the number
of pensioners from nearly 6 million to 18 million. The combination of these alongside
institutional and labor market elements is propelling pension expenditures upwards.

It is possible to delve deeper into generating estimates for various levels of pension
benefits— beyond the average value typically provided in most research—whether for the
initial pension, existing pensions within the system, or by types of pensions and gender.
As an example, Table 2 illustrates the evolution of the retirement pension for the 2nd, 4th,
6th, and 8th deciles of the income distribution in the selected years.

Table 2. Evolution of 4 deciles of retirement pensions. Total number of pensioners [41].

Year per20 per40 per60 per80

2020 849.89 1112.39 1295.04 1430.95
2025 1104.44 1348.63 1469.53 1614.95
2030 1262.36 1587.24 1725.15 1877.41
2035 1426.95 1776.54 1942.86 2139.86
2040 1620.86 1968.48 2195.51 2400.42
2045 1853.01 2175.74 2437.66 2668.92
2050 2101.07 2369.52 2718.86 2942.47
2055 2278.26 2616.08 2950.38 3233.78
2060 2545.22 2870.40 3271.36 3531.87

The analysis of Table 2 enables the determination of whether the pension system
acts as a reducer of inequality by examining the distance between the different deciles of
the retirement pension distribution. As time progresses, there is an increasing dispersion
in the distribution of retirement pensions. This outcome is particularly significant when
conducting analyses on the adequacy of the pension system.

Continuing with a gender-disaggregated analysis, we track the evolution of initial
pensions and the number of retirement inflows throughout the projected period (Figure 22).
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In the initial years, the growth of the initial pension is noticeably contained due to the
implementation of the 2011 reform, a trend that dissipates after 2027. It is also observed
that the differential between men and women is maintained over time, with amounts of
EUR 2886 and EUR 2367 per month, respectively, representing 82% of the male benefit. The
estimated values for the initial pension align with the range reported in the 2018 Ageing
Report by the European Commission.

Regarding the inflows into the retirement system, although significantly lower for
women at the beginning of the period, there is a convergence in the number of new
pensioners starting from the 2050s.

The micro approach allows us to generate results with a higher level of disaggregation.
For instance, Table 3 presents the initial pension for new pensioners by age in specific years.

Table 3. Average initial pension in a 3-year projection (2020, 2030, 2040) [41].

Age Year 2020 Year 2030 Year 2040

63 13,790.92 21,737.44 25,361.51
64 14,435.65 23,974.37 27,729.09
65 18,843.15 28,039.39 32,365.88
66 18,011.99 28,731.27 33,194.67
67 17,193.02 24,840.44 31,581.23
68 16,220.34 24,960.63 31,396.34
69 15,199.88 25,262.49 31,332.19
70 13,932.43 25,531.74 30,947.03
71 13,518.26 25,749.41 30,604.55
72 13,829.49 25,537.91 30,653.65
73 14,383.82 25,965.78 30,643.13
74 13,825.94 26,094.46 30,732.16
75 12,029.43 25,558.98 30,540.88

Measuring adequacy, two concepts are commonly used: the substitution rate, which
compares the average pension to the average wage in a given year, and the replacement
rate (TR), measured as the first pension received by a new pensioner relative to their last
wage before retirement.

TRi =
initial pensioni

last wagei
. (38)

Considering the microsimulation previously described, this value can be calculated
individually using the datasets. Figure 23 presents the average replacement rate for the
projected period.
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Figure 23. Replacement rate of new retirement pensioners [41].

It is observed that, at the beginning of the period, the initial pension accounts for 60%
of the last salary received for both men and women. This variable is expected to remain
constant throughout the period, with a slight increase towards the end.

Alongside calculating the average ”replacement rate”, the micro approach allows for
the generation of results with a higher level of disaggregation. For example, if one wishes
to analyze the adequacy of the system for all new pensioners in a specific year, it is possible
to calculate the density functions that link the two variables of interest (initial pension and
last salary) using non-parametric estimations [43].

In 2025, there is a positive relationship between the initial pension and the last salary,
as illustrated in the surface graph (Figure 24) through a diagonal line with a positive
slope. The majority of new female pensioners receive an entry pension of EUR 10,000 per
year, which is slightly higher for men. In both cases, some workers achieve the maximum
pension of nearly EUR 38,000 per year, a situation that occurs more frequently among men
than women.
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These figures incorporate a key element for analyzing adequacy, as they detail the
number of pensioners at each pension level. This allows for the determination of the
percentage of individuals who receive a low pension, insufficient to provide adequate
income in old age.

5. Conclusions
The vast majority of simulation models focus on analyzing the sustainability of pension

systems using different approaches, such as accounting aggregates or general equilibrium
models. The novelty of this paper lies in proposing a new simulation model for pension
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expenditure that not only analyses sustainability but also adequacy, offering a high degree
of disaggregation in the results. To achieve this, we propose a mixed model that combines
a macro approach, utilizing data from public institutions like INE and Eurostat, with a
micro approach using the MCVL dataset from Spanish Social Security, which projects
relevant labor market variables such as work time and wages at the individual level. This
dual approach allows for the generation of gender-disaggregated calculations of various
pension-related variables, introducing an innovative element of analysis previously absent
in pension modeling.

In terms of sustainability, the projected pension expenditure as a proportion of GDP is
expected to reach 13.9% by the end of the projection period. The inclusion of gender analysis
reveals consistently lower earnings for women compared to men throughout the period,
highlighting the importance of considering gender in pension systems. Regarding adequacy,
disaggregated calculations of new pensions are performed and analyzed using density
functions and by assessing different deciles of the pension distribution. This detailed
analysis provides valuable insights into the risk of poverty among pensioners and could
inform policy improvements to address income inequality and enhance pension adequacy.

Considering the characteristics of our model, there are several potential extensions
that could enhance its capabilities in future research. First, replacing the current macro
approach with a general equilibrium model, combined with the micro approach, could
provide a more comprehensive framework for analyzing interactions between economic
and demographic variables. Second, incorporating machine learning methods into the
retirement decision analysis would improve the model’s predictive power and flexibility.
Lastly, given the model’s emphasis on adequacy and poverty analysis, integrating the
concept of ‘household’ into the databases would be highly valuable. This could be achieved
by utilizing household surveys, offering richer insights into income distribution and social
inequalities at a more detailed level.
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