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ABSTRACT
The objective of this work was to compare the actuarially fair social security rates for the General Social Welfare Policy 
(GSWP), based on the social security factor rules and the minimum age proposal present in Proposed Constitutional 
Amendment n. 287/2016. The demographic changes that have taken place in Brazil in recent years raise questions about the 
sustainability of the national social security system and approving social security reform has been a government priority. 
Therefore, there is an undisputed need for an actuarial study that calculates actuarially fair rates and compares the current 
scenario with the reform proposals. Multiple decrement actuarial models were used to calculate the fair rates considering a 
standard family (25-year-old worker, spouse, and two children), in which the man is three years older than the woman. The 
IBGE 2015 Extrapolated (mortality) and Álvaro Vindas (disability) tables were adopted as biometric assumptions, and a 
real wage growth rate of 2% p.a. and real interest rate of 3% p.a. were used. It has been shown that under the social security 
factor rule current contribution rates are insufficient to cover social security benefits, since the actuarially fair rates are 
30.69% and 35.27% for men and women, respectively. However, if the social security reform were approved as submitted, 
the fair rates would be reduced to 22.25% and 21.60%, respectively. Besides the minimum age, part of this reduction is due 
to the proposed rules allowing pension values lower than the minimum wage.
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On December 5th, 2016, the head of the Executive 

sent the Proposed Constitutional Amendment (PCA) 
n. 287 (Brazil, 2016) to the Chamber of Deputies, aim-
ing to set out a new framework for social security, es-
tablish transitional rules, and make other provisions, 
based on the reason that such changes are needed for 
fiscal adjustment in Brazil. This proposed reform is 
based on the demographic changes that have occurred 
in the country in recent years and on the pressure they 
have exerted on the solvency of the Brazilian social se-
curity system, with the key point being the adoption of 
a progressive minimum retirement age (Lima & Ma-
tias-Pereira, 2014). 

Meneu, Devesa, Devesa, Dominguez, and Encinas 
(2016) note that introducing automatic adjustment 
mechanisms that can respond to changes in variables 
(particularly demographic ones) that affect the sustain-
ability of social security rules has become a trend in re-
forms to social security systems. Also according to the 
authors, these automatic mechanisms are nothing more 
than normative instruments that regulate the value of 
certain parameters in accordance with variations in 
pre-defined indicators, with the aim of maintaining the 
solvency of the social security system without the need 
for new reforms. Two of the automatic adjustment 
mechanisms that stand out are the reduction factors 
(such as the social security factor) that alter the value of 
retirement benefits in accordance with variations in 
some demographic indicator (in particular, life expec-
tancy) and those that associate retirement age with life 
expectancy (as in the case of adopting a progressive 
minimum retirement age). 

In Brazil, according to article 194 of the 1988 Federal 
Constitution (FC/88) (Brazil, 1988), social security is 
composed of three public authority initiatives: Health, 
Welfare, and Pensions, whose form of funding is de-
fined in article 195 of the FC/88. Regarding pensions, 
this is divided into three pillars: the General Social Wel-
fare Policy (GSWP), for which affiliation is obligatory 
for Brazilian workers ruled over by the Consolidation 
of Labor Laws and whose pension cover is guaranteed 
by the federal government and operated by the National 
Social Security Institute (INSS), which charges employ-
ers and employees monthly contributions to guarantee 
this assistance; the Special Social Welfare Policy 
(SSWP), for which affiliation is also obligatory for pub-
lic servants holding effective positions (whether with 
the Union, state, Federal District, or municipality); and 

the Complementary Pension Scheme (CPS), which is 
facultative and can be operated by open or closed com-
plementary pension entities.  

In light of the uncertainty caused by pension reform, 
workers may ask whether the contributions made in 
their favor over the course of their working lives – so 
that they have the right to pension cover – are charged 
in an actuarially fair way. An actuarially fair value is un-
derstood as being one for which the expected contribu-
tions are equal to the expected benefits (Afonso & 
Freire, 2015; Landes, 2014). In this spirit, based on the 
principle of mutualism, workers would imagine them-
selves in a capitalization scheme and compare the ex-
pected costs needed to have the right to the possible 
pension benefits with the current rates charged by the 
State [for further discussions on the concept of actuarial 
fairness, see Quessier and Whitehouse (2006)]. 

In this context, and focusing on the GSWP, the main 
aim of this article is to compare actuarially fair social 
security rates based on the current social security factor 
rule and the proposed minimum retirement age [set out 
in the original text of PCA n. 287/2016 (Brazil, 2016)], 
using a multiple decrement actuarial model that, for 
both rules, contemplates planned retirement and retire-
ment due to disability and their pension reversions, as 
well as death pensions for active employee.  

At this point it is worth mentioning that: first, re-
garding planned retirement, for simplicity it is consid-
ered that individuals retire as soon as they are eligible; 
second, for modeling purposes, aspects linked to pro-
gressive rule 85/95 will not be discussed, since as time 
passes, given the parameters adopted in this study, in-
dividuals would primarily become eligible via the social 
security factor rule. 

This study contributes to the literature by way of two 
central factors: first, the existing models in the Brazilian 
literature for calculating actuarially fair social security 
rates, such as Giambiagi and Afonso (2009), Afonso 
and Lima (2011), Penafieri and Afonso (2013), and 
Afonso and Freira (2015), are purely financial or single 
decrement models and therefore end up omitting ben-
efits such as retirement due to invalidity, among others. 
As a result, such studies tend to underestimate the value 
of the fair rates. Thus, the use of multiple decrement 
models enables a more accurate calculation of social se-
curity rates. Second, by comparing the social security 
factor rule with the minimum retirement age rule, the 
study enables potential impacts of the reform to be ver-

ified, thus enhancing the current debate regarding Bra-
zilian pensions and the legislation’s use of automatic 
adjustment mechanisms. 

In order to achieve the goal set, the rest of the text is 
organized into five sections. Section 2 discusses the re-
lated studies and the legislation inherent to the topic.  
 

Section 3 presents the assumptions and the models 
adopted to calculate the actuarially fair social security 
rates. Section 4 set outs the main results of the study and 
section 5 carries out a sensitivity analysis of the model 
parameters. Finally, section 6 presents the conclusions 
of the study. 

 
  

 
 

In the Brazilian literature, the study from Giambiagi 
and Afonso (2009) is one of the first to calculate bal-
anced social security rates. In this study, a financial 
model was developed for calculating balanced contri-
bution percentages – that is, which equate the contribu-
tion flow to the benefit flow – for a planned retirement 
benefit in accordance with pension contribution period 
(PCP). As a main result, the authors obtained social se-
curity contribution rates in the order of 25% for men 
and 27% for women, which led them to the conclusion 
that the current percentages (between 28% and 31%) 
were excessive. 

In a subsequent study, Afonso and Lima (2011) re-
visited the financial model from Giambiagi and Afonso 
(2009), incorporating probabilities of death into the 
analysis in order to make it an actuarial model. Despite 
the proposed innovation, this study presented similar 
results to its predecessor, as well as some modeling lim-
itations, such as the use of abbreviated mortality tables 
for ages higher than or equal to 80, thus leaving room 
for improvements.  

Penafieri and Afonso (2013) changed the focus of 
analysis and investigated whether the social security 
factor was actuarially fair based on the Giambiagi and 
Afonso (2009) financial model. The researchers con-
cluded that for early retirements the social security fac-
tor would tend to reduce the retirement benefits more 
than necessary to equate the contribution flow to the 
benefits flow. In the case of delayed retirement the re-
sult was the opposite. Thus, in general, the factor was 
not actuarially fair. Another relevant finding of the 
study was the pension subsidy for women being to the 
detriment of men, given the benefits that they receive in 
the social security factor calculation. 

More recently, Afonso and Freire (2015) expanded 
the Afonso and Lima (2011) actuarial model, improv-
ing the methodological procedures and incorporating 

the PCP death pension benefit. With the inclusion of 
this benefit in the mathematical procedures, the authors 
verified that for a couple with two children the fair rates 
surpassed 30% in most cases and that the predominant 
factor for the rise in this percentage was the age differ-
ence between couples. 

The aforementioned articles reveal the evolution of 
the Brazilian studies on social security rates and actuar-
ial fairness, also indicating a lack of research in the area. 
However, even with the advancements of the Giambiagi 
amd Afonso (2009) financial model towards the Afonso 
and Freire (2015) actuarial model, which also incorpo-
rates death pension benefits, the Brazilian literature still 
lacks multiple decrement actuarial models capable of 
modeling other benefits, such as retirement due to dis-
ability and death pensions for disabled people. Thus, 
the rates found in previous studies are underestimated 
since they omit the aforementioned benefits and should 
therefore be interpreted with due reservations.  

Fontoura, Cardoso, Rocha, Capelo, and Câmara 
(2006) and Oliveira, Beltrão, and Maniero (1997) pre-
sented the main actuarial studies on calculating social 
security contribution rates in a multi-decremental en-
vironment. The former is clearly lagged and needs ad-
justments in the model to accompany changes in legis-
lation, while the latter is dedicated to the SSWP and also 
needs updated. More recently, the study from Corrêa, 
Queiroz, and Ribeiro (2014) used a multiple decrement 
actuarial model to study how the solvency of a munici-
pal SSWP is affected by the variability of demographic 
events. Despite the relevance, the central aim of this ar-
ticle is not to discuss fair rates. Thus, these facts only 
highlight the relevance of this study. 

In relation to the international literature, some stud-
ies on actuarial fairness in the context of pensions can 
be highlighted. Ginn (2004) discusses the relationship 
between actuarial fairness and social fairness, with the 
main focus of this discussion being the traditional dif-
ference in the lifetime of men and women. Belloni and 
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Maccheroni (2013) studied the transition process of the 
Italian social security system from a defined benefits 
(DB) model to a defined contributions (DC) one. Ac-
cording to the authors, most workers that would still 
have the right to retire through the DB system would 
receive higher benefits than the actuarially fair ones, in-
dicating the generosity in the Italian system. However, 
this change in the system could lead to an excessive re-
duction in generosity, making the benefits lower than 
the actuarially fair ones.  

Heiland and Yin (2014) evaluated the actuarial ad-
justment mechanisms for the current benefits in the 
American social security system for workers who retire 
at different full retirement ages defined by the system. 
The authors found that the actuarial adjustment mech-
anisms improved with the passing of time and that the 
deviations from the fair benefits were currently less 
than 1%. 

 

 
Currently, those covered by GSWP voluntarily retire 

in accordance with PCP, as laid out in Constitutional 
Amendment n. 20/1998 (Brazil, 1998), after completing 
35 years of contribution for men and 30 years for 
women. According to Act n. 8,213/1991 (Brazil, 1991b), 
the value of the monthly benefit corresponds to the sim-
ple arithmetical average of the highest contribution sal-
aries that correspond to 80% of the whole contributive 
period (𝑀𝑀𝑀, counting from July 1994, multiplied by the 
social security factor (𝑓𝑓𝑓, which according to Act n. 
9,876/1999 (Brazil, 1999) is given by:  

 

𝑓𝑓 𝑓
𝑇𝑇�. 𝑎𝑎
𝐸𝐸�

× �1 +
(𝐴𝐴� + 𝑇𝑇�. 𝑎𝑎)

100
�. 

In its formula, the social security factor adds the fol-
lowing factors: age at the moment of retirement (𝐴𝐴�), 
time of contribution up to the moment of retire-
ment (𝑇𝑇�), life expectancy on the date of retire-
ment (𝐸𝐸�), considering the biometric table for both 
sexes, as well as the contribution rate (𝑎𝑎𝑎, set at 0.31. 

Campos and Souza (2016) remind us that a way of 
inhibiting the effects of 𝑓𝑓 was by implementing Act. n. 
13,183/2015 (Brazil, 2013c), which refers to the pro-
gressive 85/95 rule. This rule is optional and can be cho-
sen by workers if the sum of their age at the time of re-
tirement and the contribution period is 85 and 95 years, 
for women and men, respectively, as long as there is a 
minimum contribution period of 30 years for females 
and 35 for males. These values are progressive and will 
reach 90 and 100 years by 2026. This progression can be 
seen in detail in Campos and Souza (2016). 

Act n. 8.213/1991 (Brazil, 1991b) also determined 
the retirement benefit for disability, which is paid to 
people who due to accident or illness are unable to 
work, except in the case foreseen in article 42 of Act n. 
8,213/1991 (Brazil, 1991b). This monthly retirement 
benefit corresponds to 𝑀𝑀. 

Finally, also based on the aforementioned law, there 
is the death pension benefit, which will be given to the 
dependents of public employee in the case of their 
death. The value of the benefit corresponds to 100% of 
the value of the insured person’s pension or of the ben-
efit that they would receive if they were retired due to 
disability on the date of their death. Regarding the pe-
riod the pension is received, it is known that the pen-
sion ceases for children at 21 years old, in accordance 
with line I of article 16 of Act n. 8,213/1991 (Brazil, 
1991b), while the spouse receives the benefit for the 
time stipulated in Act n. 13.135/2015 (Brazil, 2015a), 
summarized in Table 1. 
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Regarding the original reform proposal, according 
to the 1st article of PCA n. 287/2016 (Brazil, 2016), 
which among other points alters article 201 of the 
FC/88, the PCP benefit will correspond to a fixed per-
centage of 51% plus one percentage point for each year 
contributed of the simple arithmetical average of all 
contribution salaries (𝑀𝑀𝑀𝑀, with the total percentage 
limited to 100% and which cannot be lower than the 
minimum wage (MW) nor higher than the GSWP ceil-
ing. It is thus noted that 𝑓𝑓 will cease to be used with the 
alterations proposed by PCA n. 287/2016 (Brazil, 2016). 
The granting of this benefit depends on a minimum 
contribution period of 25 years and a minimum age, for 

both sexes, of 65. The text of PCA n. 287/2016 (Brazil, 
2016) also foresees that this age will be raised by one 
year whenever there is a one year increase in life expec-
tancy at 65 years old. 

It is worth remembering that for contribution pur-
poses employers are obliged to contribute 20% of their 
employees’ salaries on their behalf, as set out in line I of 
article 22 of Act n. 8,212/1991 (Brazil, 1991a), and that 
employees contribute in accordance with Table 2, based 
on Ministry of Finance Directive n. 8/2017 (Brazil, 
2017), which also sets the MW and the ceiling at R$ 
937.00 and R$ 5,531.31, respectively. 

 

 
The value of the benefit for retirement due to disa-

bility (permanent incapacity), when exclusively due to 
an accident at work, will be 100% of  𝑀𝑀�, according to 
PCA n. 287/2016 (Brazil, 2016), respecting the pension 
limits.  

Death pensions will undergo major modifications if 
PCA n. 287/2016 (Brazil, 2016) is approved. The 

monthly income value will correspond to a (fixed) fam-
ily quota of 50% plus individual quotas of 10% per de-
pendant, up to a limit of 100% of 𝑀𝑀�. The value of the 
benefit could therefore be lower than one MW. The in-
dividual quotas granted will not be reversible for the 
other beneficiaries, and this cessation period will be de-
fined in the terms of the act. 

 

 
 
This section presents the actuarial assumptions that 

represent the framework needed to carry out this study, 
as well as the multiple decrement actuarial models for 
calculating the expected present value of the benefits 
(namely: planned retirement, death pension for an ac-
tive employee, death pension for a non-working person 
in planned retirement, retirement due to disability, and 
death pension for a disabled person) and the actuarially 
fair social security contribution model. The models are 
defined based on the legal aspects discussed in section 
2.2. Moreover, whenever possible, the study sought to 
use the standard actuarial notation (Bowers, Gerber, 
Hickman, Jones, & Nesbitt, 1997). 

 
 
 
 

This subsection presents the main assumptions 
adopted in this study. They aim to portray the Brazilian 
reality and are based on previous studies, legal aspects, 
and try to maintain the conservative character of the 
analysis. In this spirit, the assumptions adopted are: 

 
 Family composition: in accordance with the Brazil-

ian Institute for Geography and Statistics (IBGE, 
2013) and Rodrigues and Afonso (2015), a standard 
family, composed of a couple (man and women) 
and two children (without gender distinction), is 
 
 
 
 


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assumed. In addition, according to the IBGE 
(2015), the husband will be three years older than 
the wife. Finally, based on the arguments set out in 
Health Brazil 2014: an analysis of the state of 
Healthcare and of external causes (Brazil, 2015b), it 
is assumed that the wife will have her first child at 
the age of 30 years old and the second one at the age 
of 32 years old. 

 Age of entry into the labor market: the worker, 
whether male or female, starts working at the age of 
25 years old, with the intention of minimizing ef-
fects of the rotation assumption, which will not be 
addressed in this study. Therefore, as in studies 
such as the one from Giambiagi and Afonso (2009), 
among others, a contribution density of 100% is as-
sumed; that is, there are no periods of work inter-
ruption caused by dismissals or other factors. 

 Economic factors: the real interest rate will be 3% 
per annum (p.a.) and the real wage growth rate will 
be 2% p.a., as according to Afonso and Freire 
(2015). To conclude the approach regarding the 
economic aspects, a real benefits growth rate of 0% 
will be adopted, which is consistent with the finding 
of Rocha (2015) that the readjustments to the ben-
efits of GSWP retirees and pensioners between 
2004 and 2015 did not represent the real gain. 

 Demographic factors: for able and disabled person 
mortality, the IBGE 2015 Extrapolated table will be 
used (separated by sex for able people and both 
sexes for disabled people and children). For entry 
into disability, which will be seen as an irreversible 
event, the table chosen will be the Álvaro Vindas 
one. 

 

 
As mentioned, the models developed in this study 

are multiple decrement, which according to Dickson, 
Hardy, and Waters (2013) are characterized by the ex-
istence of an initial state (common to all the individu-
als) and multiple exit states, with the possibility of tran-
sition from the initial moment. In addition, after the in-
dividual’s exit from the initial state to some exit state, 
reentry into the initial state or any other state transition 
is not allowed. In the context of pensions, for example, 
these multiple decrements indicate the reasons for 
which a worker can leave working life, including the fol-
lowing: death, disability, and retirement, among others.  

These factors are incorporated into the actuarial 
model using able people mortality rates, entry into dis-
ability etc., extracted from the respective biometric ta-

bles. However, according to Winklevoss (1993), the way 
biometric tables are created, they only cover the respec-
tive decrement to which they refer, so that they would 
need adjustments to be used in multi-decremental en-
vironments. In this case, the rates (chance of the decre-
ment occurring over the year) need to be converted into 
probabilities (chance of this decrement having occurred 
before the other decrements over the year in question). 
This conversion results in the construction of the ser-
vice tables. 

In this article, the death (m) and disability (d) decre-
ments were addressed. Let 𝑞𝑞�

� (�)  be the mortality rate 
for an active employee aged 𝑥𝑥 extracted from a mortal-
ity table and let 𝑞𝑞�

� (�) be the rate of entry into disability 
for an individual also aged 𝑥𝑥. So, according to Promis-
low (2011), assuming the traditional hypotheses of in-
dependence and uniform distribution of the decre-
ments over the year in the single decrement model, the 
probabilities of death and disability for a person aged x 
in a multi-decremental environment will be, respec-
tively:  

𝑞𝑞�
(�) = 𝑞𝑞�

� (�) −
1
2

�𝑞𝑞�
� (�)𝑞𝑞�

� (�)�, 

𝑞𝑞�
(�) = 𝑞𝑞�

� (�) −
1
2

�𝑞𝑞�
� (�)𝑞𝑞�

� (�)�. 

In addition, the probability of an active employee 
aged x reaching age 𝑥𝑥 𝑥 𝑥 and still being in work is 
given by:  

 
𝑝𝑝�

(�) = �1 − 𝑞𝑞�
� (�)� �1 − 𝑞𝑞�

� (�)�. 
 
Other important elements in the construction of the 

models to be presented in the subsequent sections, in 
particular in the composition of the benefits flows, refer 
to the random incomes. Let 𝑣𝑣 𝑣𝑣 𝑣𝑣𝑣𝑣  𝑣𝑣𝑣, in which 𝑖𝑖 
is the annual real interest rate of the market, so that the 
expected present value of a unitary whole life annuity-
due, is given by: 

 
𝑎̈𝑎� = � 𝑣𝑣�. 𝑝𝑝�

� (�)
�

�

���

, 

in which 𝑝𝑝�
� (�)

�  is the probability of someone aged 𝑥𝑥, in 
a single decrement environment, will survive at least 
age 𝑥𝑥 𝑥 𝑥𝑥. For incomes of a temporary nature, only ad-
justments in notation and to the upper limit of the sum-
mation are made. The decision was made to use annual 
payment instead of monthly annuities for simplicity 
reasons. 

The next six subsections present the actuarial mod-
els for calculating the actuarially fair rate. According to 
the original text of PCA n. 287/2016 (Brazil, 2016), pen-
sions for spouses and children will cease in accordance 
with an act that is still to be published. Thus, since this 
act is not yet public knowledge, the technical proce-
dures for pensions concerning the period for enjoying 
the benefits are based on the current legislation: Act n. 
13.135/2015 (Brazil, 2015a) for spouses and Act n. 
8.213/1991 (Brazil, 1991b) for children. 

 
3.2.1 Planned retirement. 

Based on the contribution period rules according to 
PCA n. 287/16 (Brazil, 2016), which composes the list 
of programmable benefits, 𝑒𝑒 is considered as the age of 
entry into the labor market and 𝑟𝑟 is the contribution 
period. Thus, the monthly income value for an insured 
person is found via the expression 𝑚𝑚𝑚𝑚𝑚𝑚{𝑚𝑚𝑚𝑚𝑚𝑚[(0.51 +
0.01𝑟𝑟)𝑀𝑀�, 𝑀𝑀�, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶], 𝑀𝑀𝑀𝑀}, in which the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is 
the maximum value to be paid by the GSWP and 𝑀𝑀𝑀𝑀 
is the minimum wage, where 𝑝𝑝� �

(�) is the probability of 
an active employee aged 𝑒𝑒 remaining in work until age 
𝑒𝑒 + 𝑟𝑟, the age at which they would retire, and 𝐴𝐴� is 13 
times the monthly income (12 months plus the 13th 
wage foreseen in line VIII of the 6th article of the FC/88). 
Therefore, the present value of the future benefits 
(PVFB) for voluntary retirement according to the min-
imum age rule is:  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = 𝑝𝑝� �
(�). 𝑣𝑣�. 𝐴𝐴�. 𝑎̈𝑎���. 

For the 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) formula, based on the social secu-
rity factor rule, the difference would only be in the 
monthly income, which would correspond to 
𝑚𝑚𝑚𝑚𝑚𝑚[𝑚𝑚𝑚𝑚𝑚𝑚(𝑀𝑀𝑀𝑀, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶), 𝑀𝑀𝑀𝑀]. 

 
3.2.2 Retirement due to disability (permanent 

incapacity). 
This is the second case of retirement and comes 

about in the event of disability. It composes a list of risk 
benefits and, respecting the pension limits, its monthly 
value will be 𝑀𝑀�. Therefore, the annual retirement ben-
efit for disability, 𝐴𝐴�

(�), is 13 times 𝑀𝑀� (12 months plus 
the 13th wage). In this case, the individual is eligible to 
receive this type of pension from the first day of work-
ing; that is, the whole life flow receipts can begin at any 
age between 𝑒𝑒 and 𝑒𝑒 + 𝑟𝑟 − 1, because at age 𝑒𝑒 + 𝑟𝑟 the 
participant would receive an income due to PCP. The 
first step for the modeling is to apply 𝑝𝑝� �

(�), the proba- 
bility of an active employee aged 𝑒𝑒 surpassing all the 

decrements and reaching this same condition 𝑘𝑘 years 
later, followed by 𝑞𝑞���

(�) , the probability of someone aged 
𝑒𝑒 + 𝑘𝑘 becoming disabled over the course of this age. 
This is necessary, since the person will only have the 
right to the benefit if he or she moves from work into 
disability over the course of a particular year, and this 
event can only take place if the individual is working at 
the start of that year. With this, an annual income 𝐴𝐴�

(�) 
should be considered and a whole life annuity-
due 𝑎̈𝑎�����

� , whose difference in relation to 𝑎̈𝑎�  comes 
from the probability to be incorporated, which will 
be 𝑝𝑝�����

�  (�) , that is, the probability of a disabled person 
aged 𝑒𝑒 + 𝑘𝑘 + 1 living until the next year. It is worth re-
membering that 𝐴𝐴�

(�) will have different values for each 
age, since the calculation is done based on the average 
of all the contribution salaries up to that point. The 
PVFB for retirement due to disability is: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = � 𝑝𝑝� �
(�). 𝑞𝑞���

(�)
���

���

. 𝑣𝑣���. 𝐴𝐴�
(�). 𝑎̈𝑎�����

� . 

The 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) based on Act n. 8,213/1991 (Brazil, 
1991b) would change only in monthly income, which 
would be 𝑀𝑀. 

 
3.2.3 Death pension for a working person. 

Death pensions for active employees are another 
type of risk benefit. According to the current legislation, 
the monthly income value for this case will be what the 
worker would receive if they were to retire due to disa-
bility on the date of their death, 𝑀𝑀�, and can be granted 
at any age 𝑒𝑒 up to the end of 𝑒𝑒 + 𝑟𝑟 − 1, since at age 𝑒𝑒 +
𝑟𝑟 the worker will be retired and the death pension for 
an active employee will no longer apply in this context. 
The yearly value of this pension, which can be lower 
than one 𝑀𝑀𝑀𝑀, is  𝑃𝑃�

(�) = 13. 𝑀𝑀�. 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�), in order to 
fulfill the proposal of PCA n. 287/2016 (Brazil, 2016) 
regarding pension reversion quotas. For this article, the 
value of the 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�) can be 60%, 70%, or 80%, de-
pending on the family composition at the time. 

Knowing that 𝑒𝑒 is the age of entry into the market, 
in accordance with Winklevoss (1993, p. 117-118) it is 
assumed that 𝑢𝑢 is the difference between the ages of the 
worker and the spouse. According to this logic, 𝑦𝑦 and 𝑧𝑧 
are values which, added to the participant’s age, repre-
sent the ages of their two children. In scenarios in which 
there are no children or when they turn 21, the respec-
tive annuities will be 0, since the pension will be ceased.  
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assumed. In addition, according to the IBGE 
(2015), the husband will be three years older than 
the wife. Finally, based on the arguments set out in 
Health Brazil 2014: an analysis of the state of 
Healthcare and of external causes (Brazil, 2015b), it 
is assumed that the wife will have her first child at 
the age of 30 years old and the second one at the age 
of 32 years old. 

 Age of entry into the labor market: the worker, 
whether male or female, starts working at the age of 
25 years old, with the intention of minimizing ef-
fects of the rotation assumption, which will not be 
addressed in this study. Therefore, as in studies 
such as the one from Giambiagi and Afonso (2009), 
among others, a contribution density of 100% is as-
sumed; that is, there are no periods of work inter-
ruption caused by dismissals or other factors. 

 Economic factors: the real interest rate will be 3% 
per annum (p.a.) and the real wage growth rate will 
be 2% p.a., as according to Afonso and Freire 
(2015). To conclude the approach regarding the 
economic aspects, a real benefits growth rate of 0% 
will be adopted, which is consistent with the finding 
of Rocha (2015) that the readjustments to the ben-
efits of GSWP retirees and pensioners between 
2004 and 2015 did not represent the real gain. 

 Demographic factors: for able and disabled person 
mortality, the IBGE 2015 Extrapolated table will be 
used (separated by sex for able people and both 
sexes for disabled people and children). For entry 
into disability, which will be seen as an irreversible 
event, the table chosen will be the Álvaro Vindas 
one. 

 

 
As mentioned, the models developed in this study 

are multiple decrement, which according to Dickson, 
Hardy, and Waters (2013) are characterized by the ex-
istence of an initial state (common to all the individu-
als) and multiple exit states, with the possibility of tran-
sition from the initial moment. In addition, after the in-
dividual’s exit from the initial state to some exit state, 
reentry into the initial state or any other state transition 
is not allowed. In the context of pensions, for example, 
these multiple decrements indicate the reasons for 
which a worker can leave working life, including the fol-
lowing: death, disability, and retirement, among others.  

These factors are incorporated into the actuarial 
model using able people mortality rates, entry into dis-
ability etc., extracted from the respective biometric ta-

bles. However, according to Winklevoss (1993), the way 
biometric tables are created, they only cover the respec-
tive decrement to which they refer, so that they would 
need adjustments to be used in multi-decremental en-
vironments. In this case, the rates (chance of the decre-
ment occurring over the year) need to be converted into 
probabilities (chance of this decrement having occurred 
before the other decrements over the year in question). 
This conversion results in the construction of the ser-
vice tables. 

In this article, the death (m) and disability (d) decre-
ments were addressed. Let 𝑞𝑞�

� (�)  be the mortality rate 
for an active employee aged 𝑥𝑥 extracted from a mortal-
ity table and let 𝑞𝑞�

� (�) be the rate of entry into disability 
for an individual also aged 𝑥𝑥. So, according to Promis-
low (2011), assuming the traditional hypotheses of in-
dependence and uniform distribution of the decre-
ments over the year in the single decrement model, the 
probabilities of death and disability for a person aged x 
in a multi-decremental environment will be, respec-
tively:  

𝑞𝑞�
(�) = 𝑞𝑞�

� (�) −
1
2

�𝑞𝑞�
� (�)𝑞𝑞�

� (�)�, 

𝑞𝑞�
(�) = 𝑞𝑞�

� (�) −
1
2

�𝑞𝑞�
� (�)𝑞𝑞�

� (�)�. 

In addition, the probability of an active employee 
aged x reaching age 𝑥𝑥 𝑥 𝑥 and still being in work is 
given by:  

 
𝑝𝑝�

(�) = �1 − 𝑞𝑞�
� (�)� �1 − 𝑞𝑞�

� (�)�. 
 
Other important elements in the construction of the 

models to be presented in the subsequent sections, in 
particular in the composition of the benefits flows, refer 
to the random incomes. Let 𝑣𝑣 𝑣𝑣 𝑣𝑣𝑣𝑣  𝑣𝑣𝑣, in which 𝑖𝑖 
is the annual real interest rate of the market, so that the 
expected present value of a unitary whole life annuity-
due, is given by: 

 
𝑎̈𝑎� = � 𝑣𝑣�. 𝑝𝑝�

� (�)
�

�

���

, 

in which 𝑝𝑝�
� (�)

�  is the probability of someone aged 𝑥𝑥, in 
a single decrement environment, will survive at least 
age 𝑥𝑥 𝑥 𝑥𝑥. For incomes of a temporary nature, only ad-
justments in notation and to the upper limit of the sum-
mation are made. The decision was made to use annual 
payment instead of monthly annuities for simplicity 
reasons. 

The next six subsections present the actuarial mod-
els for calculating the actuarially fair rate. According to 
the original text of PCA n. 287/2016 (Brazil, 2016), pen-
sions for spouses and children will cease in accordance 
with an act that is still to be published. Thus, since this 
act is not yet public knowledge, the technical proce-
dures for pensions concerning the period for enjoying 
the benefits are based on the current legislation: Act n. 
13.135/2015 (Brazil, 2015a) for spouses and Act n. 
8.213/1991 (Brazil, 1991b) for children. 

 
3.2.1 Planned retirement. 

Based on the contribution period rules according to 
PCA n. 287/16 (Brazil, 2016), which composes the list 
of programmable benefits, 𝑒𝑒 is considered as the age of 
entry into the labor market and 𝑟𝑟 is the contribution 
period. Thus, the monthly income value for an insured 
person is found via the expression 𝑚𝑚𝑚𝑚𝑚𝑚{𝑚𝑚𝑚𝑚𝑚𝑚[(0.51 +
0.01𝑟𝑟)𝑀𝑀�, 𝑀𝑀�, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶], 𝑀𝑀𝑀𝑀}, in which the 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is 
the maximum value to be paid by the GSWP and 𝑀𝑀𝑀𝑀 
is the minimum wage, where 𝑝𝑝� �

(�) is the probability of 
an active employee aged 𝑒𝑒 remaining in work until age 
𝑒𝑒 + 𝑟𝑟, the age at which they would retire, and 𝐴𝐴� is 13 
times the monthly income (12 months plus the 13th 
wage foreseen in line VIII of the 6th article of the FC/88). 
Therefore, the present value of the future benefits 
(PVFB) for voluntary retirement according to the min-
imum age rule is:  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = 𝑝𝑝� �
(�). 𝑣𝑣�. 𝐴𝐴�. 𝑎̈𝑎���. 

For the 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) formula, based on the social secu-
rity factor rule, the difference would only be in the 
monthly income, which would correspond to 
𝑚𝑚𝑚𝑚𝑚𝑚[𝑚𝑚𝑚𝑚𝑚𝑚(𝑀𝑀𝑀𝑀, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶), 𝑀𝑀𝑀𝑀]. 

 
3.2.2 Retirement due to disability (permanent 

incapacity). 
This is the second case of retirement and comes 

about in the event of disability. It composes a list of risk 
benefits and, respecting the pension limits, its monthly 
value will be 𝑀𝑀�. Therefore, the annual retirement ben-
efit for disability, 𝐴𝐴�

(�), is 13 times 𝑀𝑀� (12 months plus 
the 13th wage). In this case, the individual is eligible to 
receive this type of pension from the first day of work-
ing; that is, the whole life flow receipts can begin at any 
age between 𝑒𝑒 and 𝑒𝑒 + 𝑟𝑟 − 1, because at age 𝑒𝑒 + 𝑟𝑟 the 
participant would receive an income due to PCP. The 
first step for the modeling is to apply 𝑝𝑝� �

(�), the proba- 
bility of an active employee aged 𝑒𝑒 surpassing all the 

decrements and reaching this same condition 𝑘𝑘 years 
later, followed by 𝑞𝑞���

(�) , the probability of someone aged 
𝑒𝑒 + 𝑘𝑘 becoming disabled over the course of this age. 
This is necessary, since the person will only have the 
right to the benefit if he or she moves from work into 
disability over the course of a particular year, and this 
event can only take place if the individual is working at 
the start of that year. With this, an annual income 𝐴𝐴�

(�) 
should be considered and a whole life annuity-
due 𝑎̈𝑎�����

� , whose difference in relation to 𝑎̈𝑎�  comes 
from the probability to be incorporated, which will 
be 𝑝𝑝�����

�  (�) , that is, the probability of a disabled person 
aged 𝑒𝑒 + 𝑘𝑘 + 1 living until the next year. It is worth re-
membering that 𝐴𝐴�

(�) will have different values for each 
age, since the calculation is done based on the average 
of all the contribution salaries up to that point. The 
PVFB for retirement due to disability is: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = � 𝑝𝑝� �
(�). 𝑞𝑞���

(�)
���

���

. 𝑣𝑣���. 𝐴𝐴�
(�). 𝑎̈𝑎�����

� . 

The 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) based on Act n. 8,213/1991 (Brazil, 
1991b) would change only in monthly income, which 
would be 𝑀𝑀. 

 
3.2.3 Death pension for a working person. 

Death pensions for active employees are another 
type of risk benefit. According to the current legislation, 
the monthly income value for this case will be what the 
worker would receive if they were to retire due to disa-
bility on the date of their death, 𝑀𝑀�, and can be granted 
at any age 𝑒𝑒 up to the end of 𝑒𝑒 + 𝑟𝑟 − 1, since at age 𝑒𝑒 +
𝑟𝑟 the worker will be retired and the death pension for 
an active employee will no longer apply in this context. 
The yearly value of this pension, which can be lower 
than one 𝑀𝑀𝑀𝑀, is  𝑃𝑃�

(�) = 13. 𝑀𝑀�. 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�), in order to 
fulfill the proposal of PCA n. 287/2016 (Brazil, 2016) 
regarding pension reversion quotas. For this article, the 
value of the 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�) can be 60%, 70%, or 80%, de-
pending on the family composition at the time. 

Knowing that 𝑒𝑒 is the age of entry into the market, 
in accordance with Winklevoss (1993, p. 117-118) it is 
assumed that 𝑢𝑢 is the difference between the ages of the 
worker and the spouse. According to this logic, 𝑦𝑦 and 𝑧𝑧 
are values which, added to the participant’s age, repre-
sent the ages of their two children. In scenarios in which 
there are no children or when they turn 21, the respec-
tive annuities will be 0, since the pension will be ceased.  
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In accordance with the alterations of Act n. 13,135/2015 
(Brazil, 2015a), the annuities that characterize the flow 
of payments to spouses vary depending on their age. 
Thus, to meet these changes, an auxiliary function 
(𝑃𝑃𝑃𝑃𝑃𝑃���

(�)) was implemented, represented by the maxi-

mum between the spouse’s and children’s annuities. 
This approximation was adopted for simplicity to avoid 
the use of different random annuities over multiple 
lives. Therefore: 

 

𝑃𝑃𝑃𝑃𝑃𝑃���
(�) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������:�⌉

                      __ ; 𝑎𝑎𝑎�������:�� (�������)⌉
                      ____________________ ; 𝑎𝑎𝑎�������:���(�������)⌉

                       ___________________ �, 

in which 𝛼𝛼 𝛼 𝛼, for 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛼𝛼 𝛼 𝛼, for 21 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛼𝛼 𝛼𝛼 𝛼, for 27 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛼𝛼 𝛼
15, for 30 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, and 𝛼𝛼 𝛼𝛼 𝛼, for 40 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒.  

For 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒 
 

𝑃𝑃𝑃𝑃𝑃𝑃���
(�) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������; 𝑎𝑎𝑎�������:���(�������)⌉

                      ____________________ ; 𝑎𝑎𝑎�������:���(�������)⌉
                       ___________________ �. 

For the modeling of the problem, 𝑝𝑝� �
(�)and 𝑞𝑞���

(�) , 
should be considered as the probability of someone 
aged 𝑒𝑒 surpassing all the decrements and reaching the 
same condition 𝑥𝑥𝑥years later, and the probability of an 
active employee aged 𝑒𝑒 𝑒 𝑒𝑒 dying over the course of the 
year, respectively. The pension will only be paid in the 
case of the employee’s death, and this event can only 

happen if the individual is working at the start of the 
year. After that, the financial discount factor applies, 
which is an auxiliary function that represents the uni-
tary annuity due for each situation and the pension 
value in the respective period. Therefore, applying this 
idea in a succession of ages, the PVFB for death pen-
sions for workers is: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = � 𝑝𝑝� �
(�). 𝑞𝑞���

(�).
���

���

𝑣𝑣���. 𝑃𝑃𝑃𝑃𝑃𝑃���
(�). 𝑃𝑃�

(�). 

It is worth remembering that the pension value 𝑃𝑃�
(�) 

will be different for each portion of the summation, 
since this value is defined based on the average of the 
remunerations from July 1994 up to the corresponding 
date and in the quota. It is important to stress that in 
accordance with the current legislation, the expression 
for the annual benefit would be 13𝑀𝑀. 

 
3.2.4 Death pension for someone in planned 

retirement. 
In turn, death pensions for people in planned retire-

ment can only begin to be paid at any age counting 

from 𝑒𝑒 𝑒 𝑒𝑒, since it is only from this age that depend-
ents will have the right to this type of pension. Accord-
ing with the proposed pension reform, the monthly 
pension income corresponds to the retirement  
that gave origin to the pension multiplied by this  
quota; thus, the annual value is represented by  
 𝑃𝑃��

(�) = 13. 𝑀𝑀�. 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�). An auxiliary function,  𝑃𝑃𝑃𝑃𝑃𝑃���
(��), 

should also be implemented, whose definition and ap-
plication are similar to the case of the Death pension for 
a working person section. This reason also applies for 
defining 𝑢𝑢, 𝑦𝑦, and 𝑧𝑧. In light of this: 

 

𝑃𝑃𝑃𝑃𝑃𝑃���
(��) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������:�⌉

                    ___ ; 𝑎𝑎𝑎�������:���(�������)⌉
                       ___________________ ; 𝑎𝑎𝑎 �������:���(�������)⌉

                     ___________________ �,

in which 𝛽𝛽 𝛽𝛽 , for 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛽𝛽 𝛽𝛽 , for 21 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛽𝛽 𝛽𝛽𝛽 , for 27 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛽𝛽 𝛽
15, for 30 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, and 𝛽𝛽 𝛽𝛽𝛽 , for 40 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒. 

For 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒 

 

𝑃𝑃𝑃𝑃𝑃𝑃���
(��) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������; 𝑎𝑎𝑎�������:�� (�������)⌉

                     ____________________ ; 𝑎𝑎𝑎�������:���(�������)⌉
                     ___________________ �. 

 

The model is basically equal to that for death pen-
sions for active employees, with the difference being 
that the summation begins from 𝑟𝑟 and goes up to the 
extreme age of the table, due to the type of pension and 
the related probability, 𝑞𝑞���

� (�), which will be that of the 
biometric table itself (rate), since from the date of re-
tirement the individual will only be exposed to the 
death decrement. The PVFB for death pensions for peo-
ple in planned retirement is:  

  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(��) = � 𝑝𝑝� �
(�). 𝑞𝑞���

�(�).
�����

���

𝑣𝑣���. 𝑃𝑃𝑃𝑃𝑃𝑃���
(��). 𝑃𝑃��

(�). 

In reference to the current legislation, which accepts 
a reversion of the pension benefit for the other depend-
ents when there is cessation for some beneficiary, the 
expression for the value of the annual pension, corre-
sponding to 13𝑀𝑀𝑀𝑀, would come before the summation 
of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(��).  

3.2.5 Death pension for someone retired due to 
disability. 

To conclude the approaches regarding pension ben-
efits, there is the death pension for someone retired due 
to disability. The recipient will get 100% of the original 
pension monthly, whose value is 𝑀𝑀�. Therefore, the an-
nual pension will be 𝑃𝑃��

(�) = 13. 𝑀𝑀�. 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�). The aux-
iliary function 𝑃𝑃𝑃𝑃𝑃𝑃���

(�)  is also present in the model for 
this benefit, whose annuities related to the children will 
be equal to 0 if their ages are higher than or equal to 21 
years old, or if there are no children. Taking 𝑢𝑢, 𝑦𝑦, and 𝑧𝑧 
as the values that when added to the participant’s age, 
𝑒𝑒 𝑒 𝑒𝑒, will represent the ages of the spouse and the two 
children, respectively, the value of 𝑃𝑃𝑃𝑃𝑃𝑃���

(�) , in compli-
ance with Act n. 13,135/2015 (Brazil, 2015a), will be: 
 

  

𝑃𝑃𝑃𝑃𝑃𝑃���
(�) = 𝑚𝑚𝑚𝑚𝑚𝑚�𝑎𝑎𝑎�������:�⌉

                      __ ; 𝑎𝑎𝑎�������:���(�������)⌉
                        ___________________ ; 𝑎𝑎𝑎�������:���(�������)⌉

                       ___________________ �, 

 
in which 𝛾𝛾 𝛾𝛾 , for 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛾𝛾 𝛾 𝛾, for 21 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒; 𝛾𝛾 𝛾𝛾 𝛾, for 27 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒, 𝛾𝛾 𝛾

15, for 30 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒, and 𝛾𝛾 𝛾𝛾 𝛾, for 40 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒. 
For 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒 
 
 

𝑃𝑃𝑃𝑃𝑃𝑃���
(�) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������; 𝑎𝑎𝑎�������:���(�������)⌉

                      ____________________ ; 𝑎𝑎𝑎 �������:���(�������)⌉
                       ___________________ �. 

 

The expression for the PVFB for the death pension 
for someone retired due to disability (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�)) is a lit-
tle more complex than the previous ones, since it re-
quires two events to happen for the pension to be paid. 
The first step is to contemplate 𝑝𝑝� �

(�), the probability of 
someone aged 𝑒𝑒 being in the same condition 𝑐𝑐 years 
later, 𝑞𝑞���

(�) , the probability of an individual aged 𝑒𝑒 𝑒 𝑒𝑒  
becoming disabled over the year, and the value of the 
annual benefit, 𝑃𝑃��

(�), that this occurrence will generate. 
If the individual is disabled, the second occurrence that 
should take place for the pension to start to be paid is 
the death of this disabled person, which is covered  

by 𝑞𝑞���
� (�) , the probability of a disabled person aged 𝑒𝑒 𝑒 𝑒𝑒 

dying over the year in a single decrement environment. 
This is only possible if the individual is alive at the start 
of the year, for which reason the model con-
tains 𝑝𝑝 ��� ���

� (�). It is important to stress that 𝑞𝑞���
� (�)  is an 

estimate derived from a single decrement environment 
(rate) and is therefore directly obtained from the bio-
metric mortality table for disabled people. Finally, the 
modeling inserts the financial discount factor 𝑣𝑣 and the 
auxiliary function 𝑃𝑃𝑃𝑃𝑃𝑃���

(�) . The PVFB for death pen-
sions for disabled people is:  

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = � 𝑝𝑝� �
(�). 𝑞𝑞���

(�) . 𝑃𝑃��
(�). � 𝑝𝑝��� ���

� (�). 𝑞𝑞���
� (�) . 𝑣𝑣���. 𝑃𝑃𝑃𝑃𝑃𝑃���

(�)
�����

���

���

���
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In accordance with the alterations of Act n. 13,135/2015 
(Brazil, 2015a), the annuities that characterize the flow 
of payments to spouses vary depending on their age. 
Thus, to meet these changes, an auxiliary function 
(𝑃𝑃𝑃𝑃𝑃𝑃���

(�)) was implemented, represented by the maxi-

mum between the spouse’s and children’s annuities. 
This approximation was adopted for simplicity to avoid 
the use of different random annuities over multiple 
lives. Therefore: 

 

𝑃𝑃𝑃𝑃𝑃𝑃���
(�) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������:�⌉

                      __ ; 𝑎𝑎𝑎�������:�� (�������)⌉
                      ____________________ ; 𝑎𝑎𝑎�������:���(�������)⌉

                       ___________________ �, 

in which 𝛼𝛼 𝛼 𝛼, for 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛼𝛼 𝛼 𝛼, for 21 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛼𝛼 𝛼𝛼 𝛼, for 27 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛼𝛼 𝛼
15, for 30 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, and 𝛼𝛼 𝛼𝛼 𝛼, for 40 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒.  

For 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒 
 

𝑃𝑃𝑃𝑃𝑃𝑃���
(�) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������; 𝑎𝑎𝑎�������:���(�������)⌉

                      ____________________ ; 𝑎𝑎𝑎�������:���(�������)⌉
                       ___________________ �. 

For the modeling of the problem, 𝑝𝑝� �
(�)and 𝑞𝑞���

(�) , 
should be considered as the probability of someone 
aged 𝑒𝑒 surpassing all the decrements and reaching the 
same condition 𝑥𝑥𝑥years later, and the probability of an 
active employee aged 𝑒𝑒 𝑒 𝑒𝑒 dying over the course of the 
year, respectively. The pension will only be paid in the 
case of the employee’s death, and this event can only 

happen if the individual is working at the start of the 
year. After that, the financial discount factor applies, 
which is an auxiliary function that represents the uni-
tary annuity due for each situation and the pension 
value in the respective period. Therefore, applying this 
idea in a succession of ages, the PVFB for death pen-
sions for workers is: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�) = � 𝑝𝑝� �
(�). 𝑞𝑞���

(�).
���

���

𝑣𝑣���. 𝑃𝑃𝑃𝑃𝑃𝑃���
(�). 𝑃𝑃�

(�). 

It is worth remembering that the pension value 𝑃𝑃�
(�) 

will be different for each portion of the summation, 
since this value is defined based on the average of the 
remunerations from July 1994 up to the corresponding 
date and in the quota. It is important to stress that in 
accordance with the current legislation, the expression 
for the annual benefit would be 13𝑀𝑀. 

 
3.2.4 Death pension for someone in planned 

retirement. 
In turn, death pensions for people in planned retire-

ment can only begin to be paid at any age counting 

from 𝑒𝑒 𝑒 𝑒𝑒, since it is only from this age that depend-
ents will have the right to this type of pension. Accord-
ing with the proposed pension reform, the monthly 
pension income corresponds to the retirement  
that gave origin to the pension multiplied by this  
quota; thus, the annual value is represented by  
 𝑃𝑃��

(�) = 13. 𝑀𝑀�. 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�). An auxiliary function,  𝑃𝑃𝑃𝑃𝑃𝑃���
(��), 

should also be implemented, whose definition and ap-
plication are similar to the case of the Death pension for 
a working person section. This reason also applies for 
defining 𝑢𝑢, 𝑦𝑦, and 𝑧𝑧. In light of this: 

 

𝑃𝑃𝑃𝑃𝑃𝑃���
(��) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������:�⌉

                    ___ ; 𝑎𝑎𝑎�������:���(�������)⌉
                       ___________________ ; 𝑎𝑎𝑎 �������:���(�������)⌉

                     ___________________ �,

in which 𝛽𝛽 𝛽𝛽 , for 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛽𝛽 𝛽𝛽 , for 21 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛽𝛽 𝛽𝛽𝛽 , for 27 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛽𝛽 𝛽
15, for 30 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, and 𝛽𝛽 𝛽𝛽𝛽 , for 40 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒. 

For 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒 

 

𝑃𝑃𝑃𝑃𝑃𝑃���
(��) = 𝑚𝑚𝑚𝑚𝑚𝑚 �𝑎𝑎𝑎�������; 𝑎𝑎𝑎�������:�� (�������)⌉
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The model is basically equal to that for death pen-
sions for active employees, with the difference being 
that the summation begins from 𝑟𝑟 and goes up to the 
extreme age of the table, due to the type of pension and 
the related probability, 𝑞𝑞���

� (�), which will be that of the 
biometric table itself (rate), since from the date of re-
tirement the individual will only be exposed to the 
death decrement. The PVFB for death pensions for peo-
ple in planned retirement is:  

  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(��) = � 𝑝𝑝� �
(�). 𝑞𝑞���
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𝑣𝑣���. 𝑃𝑃𝑃𝑃𝑃𝑃���
(��). 𝑃𝑃��

(�). 

In reference to the current legislation, which accepts 
a reversion of the pension benefit for the other depend-
ents when there is cessation for some beneficiary, the 
expression for the value of the annual pension, corre-
sponding to 13𝑀𝑀𝑀𝑀, would come before the summation 
of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(��).  

3.2.5 Death pension for someone retired due to 
disability. 

To conclude the approaches regarding pension ben-
efits, there is the death pension for someone retired due 
to disability. The recipient will get 100% of the original 
pension monthly, whose value is 𝑀𝑀�. Therefore, the an-
nual pension will be 𝑃𝑃��

(�) = 13. 𝑀𝑀�. 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄(�). The aux-
iliary function 𝑃𝑃𝑃𝑃𝑃𝑃���

(�)  is also present in the model for 
this benefit, whose annuities related to the children will 
be equal to 0 if their ages are higher than or equal to 21 
years old, or if there are no children. Taking 𝑢𝑢, 𝑦𝑦, and 𝑧𝑧 
as the values that when added to the participant’s age, 
𝑒𝑒 𝑒 𝑒𝑒, will represent the ages of the spouse and the two 
children, respectively, the value of 𝑃𝑃𝑃𝑃𝑃𝑃���

(�) , in compli-
ance with Act n. 13,135/2015 (Brazil, 2015a), will be: 
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in which 𝛾𝛾 𝛾𝛾 , for 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒, 𝛾𝛾 𝛾 𝛾, for 21 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒; 𝛾𝛾 𝛾𝛾 𝛾, for 27 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒, 𝛾𝛾 𝛾

15, for 30 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒, and 𝛾𝛾 𝛾𝛾 𝛾, for 40 ≤ 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒  𝑒𝑒. 
For 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒 𝑒 𝑒𝑒𝑒 
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The expression for the PVFB for the death pension 
for someone retired due to disability (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�)) is a lit-
tle more complex than the previous ones, since it re-
quires two events to happen for the pension to be paid. 
The first step is to contemplate 𝑝𝑝� �

(�), the probability of 
someone aged 𝑒𝑒 being in the same condition 𝑐𝑐 years 
later, 𝑞𝑞���

(�) , the probability of an individual aged 𝑒𝑒 𝑒 𝑒𝑒  
becoming disabled over the year, and the value of the 
annual benefit, 𝑃𝑃��

(�), that this occurrence will generate. 
If the individual is disabled, the second occurrence that 
should take place for the pension to start to be paid is 
the death of this disabled person, which is covered  

by 𝑞𝑞���
� (�) , the probability of a disabled person aged 𝑒𝑒 𝑒 𝑒𝑒 

dying over the year in a single decrement environment. 
This is only possible if the individual is alive at the start 
of the year, for which reason the model con-
tains 𝑝𝑝 ��� ���

� (�). It is important to stress that 𝑞𝑞���
� (�)  is an 

estimate derived from a single decrement environment 
(rate) and is therefore directly obtained from the bio-
metric mortality table for disabled people. Finally, the 
modeling inserts the financial discount factor 𝑣𝑣 and the 
auxiliary function 𝑃𝑃𝑃𝑃𝑃𝑃���

(�) . The PVFB for death pen-
sions for disabled people is:  
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It should be highlighted that the summation that co-
vers the chances of entry into disability only goes up to 
𝑟𝑟 𝑟 𝑟 because from 𝑒𝑒 𝑒 𝑒𝑒 the individual will not, for 
pension purposes, be exposed to entry into disability. 

Regarding the mathematical expression 
for 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�), with the current legislation the monthly 
income value is 13𝑀𝑀. 

 
3.2.6 Social security contribution rate. 

Social security contributions represent the offset re-
quired for individuals to have the right to the benefits 
mentioned in the previous sections. To describe the 
flow of contributions that employees and employers 
will make, the contribution rate should be applied to the 
flow of salaries, which grows annually via a real wage 
 

 growth rate, and the financial discount rate. However, 
as this value will only be collected if the employee is 
alive and working, it is essential that the model con-
tains 𝑝𝑝�

(�)
� , the probability of someone aged 𝑒𝑒 still being 

in work 𝑡𝑡 years later, in a multi-decremental environ-
ment. Consequently, the present value of the future 
contributions (PVFC) is: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 � 𝑝𝑝� �
(�). 𝑣𝑣�. 𝑆𝑆���

���

���

 

in which 𝑆𝑆��� is the annual salary at age 𝑒𝑒 𝑒 𝑒𝑒, 𝑣𝑣 is 
the financial discount factor, and 𝑎𝑎 is the actuarially fair 
rate found to equate 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 with all the 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 pre-
sented. 

 

 
 

The results described in Table 3 were found based 
on the assumptions listed in section 3.1, also consider-
ing that the employee receives one MW and that they 
will retire when eligible for the two cases; that is, for the 
current rule (social security factor rule) men retire at 
the age of 60 years old and women at the age of 55 years 
old, while for the PCA n. 287/2016 (Brazil, 2016) (min-
imum age) rule both retire at the age of 65 years old. 

In Table 3, it can be verified that the rate derived 
from the current rule is above the actual one (28%). A 

contribution percentage of around 31% and 35% on be-
half of men and women, respectively, would be needed. 
It is perceived that for males planned retirement repre-
sents 59.5% of the total cost, while for females this por-
tion is 78.2%, given that the flow of benefits in the latter 
case begins five years before. The pension rates are 
higher for men, since they are calculated based on the 
female mortality table, which presents a higher life ex-
pectancy. 

 

Given the equal percentages based on the original 
text of PCA n. 287/2016 (Brazil, 2016), it is noted that 
they were below what is currently applied. There was a 
reduction in these values to 22.25% for men and 21.60% 
for women, which means a 27.5% decrease for male 
workers and 38.7% for female workers, compared with 
the fair percentages found based on the current legisla-
tion. However, it is worth highlighting that these results 
would possibly rise if the illness, accident, and reclusion 
benefits and family and maternity wages were consid- 
 

ered in the model. Via a more detailed analysis, it can 
be highlighted that the retirement percentage due to 
disability was the only one that grew, for both sexes, 
compared with the contribution rates for the current 
rule, since the increase in planned retirement age to 65 
years old also implied a longer time for the occurrence 
of disability. This fact extends to the death pension ben-
efits for retirement due to disability; however, the re-
spective contribution rates decreased due to the new 
rule for calculating the pension. 

 

 
 

First, the impact of changing the mortality table for 
able people was analyzed, which is an assumption that 
causes a reduction in death rates over time. According 
to the IBGE, life expectancy at the age of 65 years old 
rose by approximately 1.5 years between 2000 and 2015; 
thus, in order to illustrate this growth, the IBGE 2015 
Extrapolated table for both sexes was improved by 30%. 
Improving a table consists of reducing the mortality 
rates and consequently increasing the life expectancies 
(Caldart, Motta, Caetano, & Bonatto, 2014). This pro-
cedure involves applying a reductive percentage to the 
probabilities (or rates, in the multi-decremental envi-
ronment) of the biometric table. 

Analyzing the current legislation, according to Table 
4 the fair rates will decrease compared to the standard 
scenario. At first, it could seem that improving the 
IBGE 2015 table would cause an increase in the percent-
ages; however, this only happens for females, for a num-
ber of reasons. The contribution rates for benefits re-
lated to disability will increase, given that they are in a 
multi-decremental scenario; therefore, the reduction in 
the death rate generates an increase in the probabilities 
of survival. However, death pensions for active employ-
ees and those for people in planned retirement are inti-
mately linked to the assumption in question. Thus, with 
the increase in 𝐸𝐸�, employees have a greater probability 
of dying and their contribution rates consequently de-
crease, since these pension benefits are only due in the 
case of a worker’s death. Planned retirement, in turn, is 

peculiar due to the presence of 𝑓𝑓. Improving the table 
causes an increase in the probability of survival and of 
whole life annuities. In contrast, retirement benefits will 
decrease, since there is the incidence of 𝑓𝑓, which falls 
with an increase in 𝐸𝐸�. For male workers, the fall in the 
retirement value had a greater weight then the increases 
in the probabilities of survival, therefore the contribu-
tion rate for this benefit rose slightly. However, due to 
the considerable falls in the pension percentages, the to-
tal rate fell to 28.75%. For female workers the analysis is 
similar. However, the incidence of 𝑓𝑓 did not cause a re-
duction in retirement benefit, since female workers 
would already receive one MW as a benefit in the initial 
situation described in section 4. Thus, the fair percent-
age for planned retirement rose to 30.11%, which 
caused a total contribution rate of 37.16%. 

The effects of the improvement based on PCA n. 
287/2016 (Brazil, 2016) leads us to an interesting con-
clusion. Due to the absence of 𝑓𝑓, the tendency was for 
the total contribution rate for both sexes to rise due to 
the reduction in the death rate. However, improvement 
also resulted in an increase in the minimum retirement 
age, so that the fair rates were 21.17% and 20.60% for 
men and women, respectively; that is, there was no con-
siderable difference compared to Table 3. This result re-
inforces the need for automatic adjustment mecha-
nisms in the legislation that respond to demographic 
changes, thus keeping the system stable (Meneu et al., 
2016).
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It should be highlighted that the summation that co-
vers the chances of entry into disability only goes up to 
𝑟𝑟 𝑟 𝑟 because from 𝑒𝑒 𝑒 𝑒𝑒 the individual will not, for 
pension purposes, be exposed to entry into disability. 

Regarding the mathematical expression 
for 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(�), with the current legislation the monthly 
income value is 13𝑀𝑀. 

 
3.2.6 Social security contribution rate. 

Social security contributions represent the offset re-
quired for individuals to have the right to the benefits 
mentioned in the previous sections. To describe the 
flow of contributions that employees and employers 
will make, the contribution rate should be applied to the 
flow of salaries, which grows annually via a real wage 
 

 growth rate, and the financial discount rate. However, 
as this value will only be collected if the employee is 
alive and working, it is essential that the model con-
tains 𝑝𝑝�

(�)
� , the probability of someone aged 𝑒𝑒 still being 

in work 𝑡𝑡 years later, in a multi-decremental environ-
ment. Consequently, the present value of the future 
contributions (PVFC) is: 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 � 𝑝𝑝� �
(�). 𝑣𝑣�. 𝑆𝑆���
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in which 𝑆𝑆��� is the annual salary at age 𝑒𝑒 𝑒 𝑒𝑒, 𝑣𝑣 is 
the financial discount factor, and 𝑎𝑎 is the actuarially fair 
rate found to equate 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 with all the 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 pre-
sented. 

 

 
 

The results described in Table 3 were found based 
on the assumptions listed in section 3.1, also consider-
ing that the employee receives one MW and that they 
will retire when eligible for the two cases; that is, for the 
current rule (social security factor rule) men retire at 
the age of 60 years old and women at the age of 55 years 
old, while for the PCA n. 287/2016 (Brazil, 2016) (min-
imum age) rule both retire at the age of 65 years old. 

In Table 3, it can be verified that the rate derived 
from the current rule is above the actual one (28%). A 

contribution percentage of around 31% and 35% on be-
half of men and women, respectively, would be needed. 
It is perceived that for males planned retirement repre-
sents 59.5% of the total cost, while for females this por-
tion is 78.2%, given that the flow of benefits in the latter 
case begins five years before. The pension rates are 
higher for men, since they are calculated based on the 
female mortality table, which presents a higher life ex-
pectancy. 

 

Given the equal percentages based on the original 
text of PCA n. 287/2016 (Brazil, 2016), it is noted that 
they were below what is currently applied. There was a 
reduction in these values to 22.25% for men and 21.60% 
for women, which means a 27.5% decrease for male 
workers and 38.7% for female workers, compared with 
the fair percentages found based on the current legisla-
tion. However, it is worth highlighting that these results 
would possibly rise if the illness, accident, and reclusion 
benefits and family and maternity wages were consid- 
 

ered in the model. Via a more detailed analysis, it can 
be highlighted that the retirement percentage due to 
disability was the only one that grew, for both sexes, 
compared with the contribution rates for the current 
rule, since the increase in planned retirement age to 65 
years old also implied a longer time for the occurrence 
of disability. This fact extends to the death pension ben-
efits for retirement due to disability; however, the re-
spective contribution rates decreased due to the new 
rule for calculating the pension. 

 

 
 

First, the impact of changing the mortality table for 
able people was analyzed, which is an assumption that 
causes a reduction in death rates over time. According 
to the IBGE, life expectancy at the age of 65 years old 
rose by approximately 1.5 years between 2000 and 2015; 
thus, in order to illustrate this growth, the IBGE 2015 
Extrapolated table for both sexes was improved by 30%. 
Improving a table consists of reducing the mortality 
rates and consequently increasing the life expectancies 
(Caldart, Motta, Caetano, & Bonatto, 2014). This pro-
cedure involves applying a reductive percentage to the 
probabilities (or rates, in the multi-decremental envi-
ronment) of the biometric table. 

Analyzing the current legislation, according to Table 
4 the fair rates will decrease compared to the standard 
scenario. At first, it could seem that improving the 
IBGE 2015 table would cause an increase in the percent-
ages; however, this only happens for females, for a num-
ber of reasons. The contribution rates for benefits re-
lated to disability will increase, given that they are in a 
multi-decremental scenario; therefore, the reduction in 
the death rate generates an increase in the probabilities 
of survival. However, death pensions for active employ-
ees and those for people in planned retirement are inti-
mately linked to the assumption in question. Thus, with 
the increase in 𝐸𝐸�, employees have a greater probability 
of dying and their contribution rates consequently de-
crease, since these pension benefits are only due in the 
case of a worker’s death. Planned retirement, in turn, is 

peculiar due to the presence of 𝑓𝑓. Improving the table 
causes an increase in the probability of survival and of 
whole life annuities. In contrast, retirement benefits will 
decrease, since there is the incidence of 𝑓𝑓, which falls 
with an increase in 𝐸𝐸�. For male workers, the fall in the 
retirement value had a greater weight then the increases 
in the probabilities of survival, therefore the contribu-
tion rate for this benefit rose slightly. However, due to 
the considerable falls in the pension percentages, the to-
tal rate fell to 28.75%. For female workers the analysis is 
similar. However, the incidence of 𝑓𝑓 did not cause a re-
duction in retirement benefit, since female workers 
would already receive one MW as a benefit in the initial 
situation described in section 4. Thus, the fair percent-
age for planned retirement rose to 30.11%, which 
caused a total contribution rate of 37.16%. 

The effects of the improvement based on PCA n. 
287/2016 (Brazil, 2016) leads us to an interesting con-
clusion. Due to the absence of 𝑓𝑓, the tendency was for 
the total contribution rate for both sexes to rise due to 
the reduction in the death rate. However, improvement 
also resulted in an increase in the minimum retirement 
age, so that the fair rates were 21.17% and 20.60% for 
men and women, respectively; that is, there was no con-
siderable difference compared to Table 3. This result re-
inforces the need for automatic adjustment mecha-
nisms in the legislation that respond to demographic 
changes, thus keeping the system stable (Meneu et al., 
2016).
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Regarding disabled person mortality, the IBGE 2015 
– Both sexes table, whose complete life expectancy at 
birth, e�, is 75.5 years old, was used. However, it is quite 
true that disabled people are exposed to a higher proba-
bility of death compared to able individuals. In an at-
tempt to incorporate this question, the mortality tables 
for disabled males and females constructed by Ribeiro, 
Reis, and Barbosa (2010) was used, whose methodology 
was based on Bayesian statistical models for an urban 
population. The results are in Table 5. 

For the four cases, the total contribution rate falls, 
although by a negligible amount. It is perceived that the 
changes were only in the two benefits linked to the oc-
currence of death of a disabled person. The fair percent-
age for retirement due to disability was reduced due to 
the decrease in the flow for this benefit, given that with 
the changing of the table the individual became more 
prone to death. For this same reason, the rate for the re-
spective pension was raised. 

 
To conclude the approaches from the biometric field, 

the assumption of entry into disability was analyzed. 
The first calculations considered the Álvaro Vindas ta-
ble; however there is one table, from Gomes, Fígoli, and 
Ribeiro (2010), created based on real GSWP data, in 
which the probability estimates possibly represent the 
Brazilian scenario well. 

Considering the current molds, for a male worker 
with a standard family and with the new actuarial as-
sumption, Table 6 indicates an increase in the fair rate 
to 36.09%, that is, 8.09% above that practiced by the 
INSS. This value is primarily due to the percentages 

needed for retirement due to disability and conse-
quently its pension, which were 8.78% and 2.19%, re-
spectively. The table from Gomes et al. (2010) presents 
quite high estimates and this was reflected in the in-
crease in the benefits that are linked to disability. Based 
on the PCA n. 287/2016 (Brazil, 2016) rules, the contri-
bution rates behaved similarly to those for the current 
rule. There was an increase to 28.11% and 26.82% for 
men and women, respectively, with the retirement due 
to disability percentage standing out, which reached 
10.94% for males and 11.33% for females.  

 
 
In reference to the real wage growth rate that com-

poses the list of the economic assumptions, the fair so-
cial security contribution rates were calculated for a 
real wage growth rate of 1% p.a. In Table 7 it is possible 
to see the results of this application. As expected, the 

reduction in the growth rate caused a reduction in the 
contribution rate. In both cases, for both sexes, there is 
actuarial unfairness, since the current rates are config-
ured as insufficient for the current legislation and ex-
cessive for PCA n. 287/2016 (Brazil, 2016). 

 

The next approach addresses the question of the real 
interest rate. This assumption is extremely important, 
since besides being contained in all the models it is di-
rectly linked to the country’s political-economic ques-
tions. Thus, a variation in this assumption is expected 
to significantly alter the results. At this point, it is worth 
mentioning that even for a pay-as-you-go scheme the 
value of the contribution rates can be calculated as if 
the participants belonged to a capitalization scheme, as 
is done in notional defined contribution pension sys-
tems. These schemes have gained space in current pen-
sion reforms around the world [more details on the 
topic can be seen in Belloni and Maccheroni (2013)]. 

Due to the instability of the economic situation in 
Brazil, two scenarios were addressed: one with higher 
returns and another with lower returns. For the first 
case, a real interest rate of 4% p.a. was considered, in 
 

accordance with the study from Afonso and Lima 
(2011), while for the second, 2% p.a. was applied, with 
the aim of maintaining this difference of 1% between 
the scenarios and the rate defined in Section 3. 

Analyzing the more profitable scenario, the dis-
count factors fell due to the rise in the real interest rate, 
leading to lower values in the flow of contributions and 
benefits, with greater significance for it. Thus, the con-
tribution rates for the five cases were expected to de-
crease. This information, which is valid both for the 
current rule and for the PCA n. 287/2016 (Brazil, 2016) 
rule, can be ratified by Table 8. For the second case, de-
scribed in Table 9, the analysis is similar. The total con-
tribution rate for the current rule was around 42% and 
48% for men and women, respectively, while for the 
PCA n. 287/2016 (Brazil, 2016) rule the equivalent per-
centage was 30.96% for males and 29.29% for females. 
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Regarding disabled person mortality, the IBGE 2015 
– Both sexes table, whose complete life expectancy at 
birth, e�, is 75.5 years old, was used. However, it is quite 
true that disabled people are exposed to a higher proba-
bility of death compared to able individuals. In an at-
tempt to incorporate this question, the mortality tables 
for disabled males and females constructed by Ribeiro, 
Reis, and Barbosa (2010) was used, whose methodology 
was based on Bayesian statistical models for an urban 
population. The results are in Table 5. 

For the four cases, the total contribution rate falls, 
although by a negligible amount. It is perceived that the 
changes were only in the two benefits linked to the oc-
currence of death of a disabled person. The fair percent-
age for retirement due to disability was reduced due to 
the decrease in the flow for this benefit, given that with 
the changing of the table the individual became more 
prone to death. For this same reason, the rate for the re-
spective pension was raised. 

 
To conclude the approaches from the biometric field, 

the assumption of entry into disability was analyzed. 
The first calculations considered the Álvaro Vindas ta-
ble; however there is one table, from Gomes, Fígoli, and 
Ribeiro (2010), created based on real GSWP data, in 
which the probability estimates possibly represent the 
Brazilian scenario well. 

Considering the current molds, for a male worker 
with a standard family and with the new actuarial as-
sumption, Table 6 indicates an increase in the fair rate 
to 36.09%, that is, 8.09% above that practiced by the 
INSS. This value is primarily due to the percentages 

needed for retirement due to disability and conse-
quently its pension, which were 8.78% and 2.19%, re-
spectively. The table from Gomes et al. (2010) presents 
quite high estimates and this was reflected in the in-
crease in the benefits that are linked to disability. Based 
on the PCA n. 287/2016 (Brazil, 2016) rules, the contri-
bution rates behaved similarly to those for the current 
rule. There was an increase to 28.11% and 26.82% for 
men and women, respectively, with the retirement due 
to disability percentage standing out, which reached 
10.94% for males and 11.33% for females.  

 
 
In reference to the real wage growth rate that com-

poses the list of the economic assumptions, the fair so-
cial security contribution rates were calculated for a 
real wage growth rate of 1% p.a. In Table 7 it is possible 
to see the results of this application. As expected, the 

reduction in the growth rate caused a reduction in the 
contribution rate. In both cases, for both sexes, there is 
actuarial unfairness, since the current rates are config-
ured as insufficient for the current legislation and ex-
cessive for PCA n. 287/2016 (Brazil, 2016). 

 

The next approach addresses the question of the real 
interest rate. This assumption is extremely important, 
since besides being contained in all the models it is di-
rectly linked to the country’s political-economic ques-
tions. Thus, a variation in this assumption is expected 
to significantly alter the results. At this point, it is worth 
mentioning that even for a pay-as-you-go scheme the 
value of the contribution rates can be calculated as if 
the participants belonged to a capitalization scheme, as 
is done in notional defined contribution pension sys-
tems. These schemes have gained space in current pen-
sion reforms around the world [more details on the 
topic can be seen in Belloni and Maccheroni (2013)]. 

Due to the instability of the economic situation in 
Brazil, two scenarios were addressed: one with higher 
returns and another with lower returns. For the first 
case, a real interest rate of 4% p.a. was considered, in 
 

accordance with the study from Afonso and Lima 
(2011), while for the second, 2% p.a. was applied, with 
the aim of maintaining this difference of 1% between 
the scenarios and the rate defined in Section 3. 

Analyzing the more profitable scenario, the dis-
count factors fell due to the rise in the real interest rate, 
leading to lower values in the flow of contributions and 
benefits, with greater significance for it. Thus, the con-
tribution rates for the five cases were expected to de-
crease. This information, which is valid both for the 
current rule and for the PCA n. 287/2016 (Brazil, 2016) 
rule, can be ratified by Table 8. For the second case, de-
scribed in Table 9, the analysis is similar. The total con-
tribution rate for the current rule was around 42% and 
48% for men and women, respectively, while for the 
PCA n. 287/2016 (Brazil, 2016) rule the equivalent per-
centage was 30.96% for males and 29.29% for females. 
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As mentioned, the approaches used previously con-

templated workers who receive one MW and start their 
working life at the age of 25 years old. But, what would 
happen with the rates for a different starting salary or a 
different age of entry into the labor market? To answer 
these questions, figures 1 and 2 present the results for 
the total contribution rates, considering 1 to 10 MWs 
and starting ages between 20 and 29, respectively. 

First, note that from six minimum wages upwards, 
the total rate does not vary due to the existence of ceil-
ing. In general, the increase in the starting salary results 
in a lower total rate, which is lower than the current 
rates in all cases, according to the minimum age rule 
foreseen in PCA n. 287/2016 (Brazil, 2016). In the cur-
rent molds, men who start their working lives receiving 
six minimum wages or more would need 28.21% of 
their salary to be used as social security contributions, 
while for women this percentage would be 31.16%. 
 
 
 
 
 
 
 
 
 

With the proposals of PCA n. 287/2016 (Brazil, 2016), 
these percentages would fall to 21.30% for male work-
ers and 20.50% for female workers. 

Regarding the different ages of entry into the labor 
market, in most cases a decrease is perceived in the total 
rates with the increase in the hypothesis in question. A 
reduction is perceived in the percentages for planned 
retirement and its pension and a rise in the rates for 
death pensions for active employees and for retirement 
due to disability and its respective pension, since the 
planned retirement ages will also be raised, and conse-
quently the probabilities of death for able and disabled 
people and of entry into disability will be lower. Specif-
ically in the male case for the current rule, the decrease 
in rates related to the planned benefits was practically 
compensated by the increase in the percentages for the 
non-planned benefits, which explains the constant ten-
dency. 

 
 
 
 
 
 
 
 
 

   

 

 
 
   

 
 
 
Finally, one point to highlight in the analyses car-

ried out is the difference between the sexes. With the 
current rule, women always present higher fair rates 
than men; however, this is not the case when we go on  
 

 
 
 
 

to analyze the proposed pension reform. These facts in-
dicate that the proposed changes affect women more 
and in some cases too much, thus heating the debate 
even more. 
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the total contribution rates, considering 1 to 10 MWs 
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First, note that from six minimum wages upwards, 
the total rate does not vary due to the existence of ceil-
ing. In general, the increase in the starting salary results 
in a lower total rate, which is lower than the current 
rates in all cases, according to the minimum age rule 
foreseen in PCA n. 287/2016 (Brazil, 2016). In the cur-
rent molds, men who start their working lives receiving 
six minimum wages or more would need 28.21% of 
their salary to be used as social security contributions, 
while for women this percentage would be 31.16%. 
 
 
 
 
 
 
 
 
 

With the proposals of PCA n. 287/2016 (Brazil, 2016), 
these percentages would fall to 21.30% for male work-
ers and 20.50% for female workers. 

Regarding the different ages of entry into the labor 
market, in most cases a decrease is perceived in the total 
rates with the increase in the hypothesis in question. A 
reduction is perceived in the percentages for planned 
retirement and its pension and a rise in the rates for 
death pensions for active employees and for retirement 
due to disability and its respective pension, since the 
planned retirement ages will also be raised, and conse-
quently the probabilities of death for able and disabled 
people and of entry into disability will be lower. Specif-
ically in the male case for the current rule, the decrease 
in rates related to the planned benefits was practically 
compensated by the increase in the percentages for the 
non-planned benefits, which explains the constant ten-
dency. 
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The recent discussions regarding social security 

have not been in vain, as the relevance of this topic for 
the well-being of Brazilians is undeniable. The question 
of whether there is a surplus or deficit, one of the con-
troversies in social security, ultimately leads to discom-
fort among citizens, who are concerned about the use 
of their pension resources, which is intimately linked to 
the contribution rate charged by the INSS. The aim of 
this study was to verify the actuarially fair percentage 
for the GSWP, based on the current molds and on the 
new parameters suggested by PCA n. 287/2016 (Brazil, 
2016). 

According to the assumptions initially made (espe-
cially the real interest rate), the results presented 
showed indications that the contributions currently 
collected on behalf of workers are insufficient to cover 
their future benefits. Since all contribution amounts are 
exclusively used for pensions, as according to line XI of 
article 167 of the FC/88, the missing portion to obtain 
actuarial fairness has to be covered by other sources. 
Moreover, it would be interesting for the government 
to make it clear to society which benefits should be ef-
fectively covered by social security contributions and 
which ones should be borne by other social security re-
sources. This would make it clear what the social secu-
rity rate would actually need to cover. 

The results showed that for the current rule the cur-
rent rates, at around 31% and 35% for men and women, 
respectively, fall short of what is needed. This conclu-
sion is inconsistent with the studies from Afonso and 
Lima (2011) and Giambiagi and Afonso (2009), whose 
calculations indicated that the current contribution rate  
 

was excessive. The main reasons for the difference be-
tween the results were the inclusion of a model related 
to the pension benefits and the disability decrement. In 
relation to the study from Afonso and Freire (2015), the 
conclusions were similar to those of this article, due to 
the use of models for pensions, however with higher 
percentages, since they ignored the disability decre-
ment. 

Within the scope of PCA n. 287/2016 (Brazil, 2016), 
the primary results were inconsistent with those ob-
tained based on Act n. 8,213/1991 (Brazil, 1991b). If the 
pension reform is approved as submitted, the fair social 
security rates would be 22.25% and 21.60% for men and 
women, respectively. Thus, it is perceived that the cur-
rent rate would be above the fair one. Comparing the 
results of PCA n. 287/2016 (Brazil, 2016) with those de-
rived from the current legislation, it is perceived that 
women are more adversely affected than men, since 
there is a difference of approximately 13.67% between 
the actuarially fair rates for the former, while for the lat-
ter it is 8.44%. Commonly for both sexes, it is important 
to highlight the reduction in the percentages for the 
pensions that occurred due to the possibility of the ben-
efit being lower than one MW. 

To conclude, it is worth remembering that the orig-
inal text of PCA n. 287/2016 (Brazil, 2016) was submit-
ted to a special commission in Congress and at the mo-
ment some alterations have been made, notably the dif-
ferentiation in the minimum age between men and 
women and the new method for calculating the PCP. 
The new proposal has not yet been voted on by the 
Chamber of Deputies. 
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The recent discussions regarding social security 

have not been in vain, as the relevance of this topic for 
the well-being of Brazilians is undeniable. The question 
of whether there is a surplus or deficit, one of the con-
troversies in social security, ultimately leads to discom-
fort among citizens, who are concerned about the use 
of their pension resources, which is intimately linked to 
the contribution rate charged by the INSS. The aim of 
this study was to verify the actuarially fair percentage 
for the GSWP, based on the current molds and on the 
new parameters suggested by PCA n. 287/2016 (Brazil, 
2016). 

According to the assumptions initially made (espe-
cially the real interest rate), the results presented 
showed indications that the contributions currently 
collected on behalf of workers are insufficient to cover 
their future benefits. Since all contribution amounts are 
exclusively used for pensions, as according to line XI of 
article 167 of the FC/88, the missing portion to obtain 
actuarial fairness has to be covered by other sources. 
Moreover, it would be interesting for the government 
to make it clear to society which benefits should be ef-
fectively covered by social security contributions and 
which ones should be borne by other social security re-
sources. This would make it clear what the social secu-
rity rate would actually need to cover. 

The results showed that for the current rule the cur-
rent rates, at around 31% and 35% for men and women, 
respectively, fall short of what is needed. This conclu-
sion is inconsistent with the studies from Afonso and 
Lima (2011) and Giambiagi and Afonso (2009), whose 
calculations indicated that the current contribution rate  
 

was excessive. The main reasons for the difference be-
tween the results were the inclusion of a model related 
to the pension benefits and the disability decrement. In 
relation to the study from Afonso and Freire (2015), the 
conclusions were similar to those of this article, due to 
the use of models for pensions, however with higher 
percentages, since they ignored the disability decre-
ment. 

Within the scope of PCA n. 287/2016 (Brazil, 2016), 
the primary results were inconsistent with those ob-
tained based on Act n. 8,213/1991 (Brazil, 1991b). If the 
pension reform is approved as submitted, the fair social 
security rates would be 22.25% and 21.60% for men and 
women, respectively. Thus, it is perceived that the cur-
rent rate would be above the fair one. Comparing the 
results of PCA n. 287/2016 (Brazil, 2016) with those de-
rived from the current legislation, it is perceived that 
women are more adversely affected than men, since 
there is a difference of approximately 13.67% between 
the actuarially fair rates for the former, while for the lat-
ter it is 8.44%. Commonly for both sexes, it is important 
to highlight the reduction in the percentages for the 
pensions that occurred due to the possibility of the ben-
efit being lower than one MW. 

To conclude, it is worth remembering that the orig-
inal text of PCA n. 287/2016 (Brazil, 2016) was submit-
ted to a special commission in Congress and at the mo-
ment some alterations have been made, notably the dif-
ferentiation in the minimum age between men and 
women and the new method for calculating the PCP. 
The new proposal has not yet been voted on by the 
Chamber of Deputies. 
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